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Fig.2 Schematic of the anion-exchange within
the perovskite QDs™
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Fig. 4 The illustration of IPQD synthesis by
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2018 4F, Bi C. H. % PR Tk ik, =R T
A L R CsPbX, & T iR, it 5 il 5t
W 95 B T AT G 3R CsP(XY); T,

JEA3HI ) CsPbBr I, 5 &1 U AHE TG AL S LY
W, R R AR RGeS
() LED 7EJCEPREMT (PR 60% ) T 3 600 h
B ELRREANVE B A BERERRAL, HA KR et

RIRES, ENIMEECERE TFE2E 5L,
fi IPQD sk, fHEE. LA N G BB ATRE, W
IPQD FEXGHL T P N BEE T A, I ARG
BT R e  MERRE,  FLE T TR AR
IABIRRENS , TEARZ T2 7 B I ATEAT R I 1 ]
ST 1 RN |1 7 NN P I~ #/ 1 SR TR E8ii s gl B[
HiE TR AEImRmS, Wtz e,

3 RFHEREGRR

3.1 IPQD B4

IPQD 1) & 653 5 5 50 21 SR 7 s 1 R B0
[, GnEls, T apsb A ReRtR s, Tmarm
HLFEGE R A, WM — 200, A
WA P 1) HRaE [ R M0 5 4 R Ak
Js 2) T REGRER A T ROt 3) T RiB A
R E EINIY S

c®q ~ Conduction Bar

A

(©
Excitation Doped ions
\ v l Y
| l I

5 EFANREREREE "

Fig.5 Schematic of luminescence principles for
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B S2 L CsPbX, i+ fL A 30 R OGRIB 2 e 7 &t
(Mn™: T, — °A, BRI &) , Mn™ B8ROk
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ZE BRI 1A R0, RS
PR & SO E B 842 . Shao H. 28 ™ FIE AEA
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GBI 3 RO, SCB T O A il
KA. AN BT BA G @R Mn™ B8R
IRITE R DB RS, i 19 000 K #7575 4 250
K, BRI T RA RS, Luo C. % P A%
T Tm” ., Mn* $t48241 CsPbBr,,Cyo o 145, 70
T B SR Mn B9 T, BERIS A Tm 89 'G, B
KA AR, AR HE T T R T R AR AR )
Mn* B RER A REREE RS, FE3RAT PLQY S 54% 1
FY DGR T X Tl Mn® 38
PLQY 2B N, 54 Tm™ W8S 7T
R ZS SR E ME MBS E R, X3k 5 PLQY Y
oAt A AR RE L. Wang Y. % M 1EB
%% Mn™ ) CsPbCl, f F 5 itk — 44874 Sn*', LB
Sn™" GIAJE T A RN, Rk R I
RS2 N, TR Mn™ BB 2ARCRA i s, BT
JH PLQY AR T 43%, HHEEAYE Sn’ B E
FREE TR AR IR E T, FFEE 25 h fEEHE
JERATE, BRI ESOUIRIFAE (ILEI8) o K
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Fig. 7 Density of states of the cubic CsPbBr; with

corresponding contributions of elements to energy band"'
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Fig. 8 Luminescence photos of Mn:

CsPbCl; quantum dots with different molar

ratios under ultraviolet light irradiation for
1mj

a certain period of time
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IPQD 7E45/R,, SEHEFIENEINE S A5 T Sy i an,
A 2R OA 1 OAm VENECAM KL, KEEAHLAL
& OA F1 OAm Kt E7E IPQD 21hi, XTARHG #R (54
YEH, {0 OA Fll OAm &L e/ Sy vk, itk
a2 RE RN OB R PR B, Ah, Kt

PLURCIR A S M xR R (i, B RE b2E,
IXCRR T HAR GRS N . BRE SR UE AR S
PERIEOL T, SR AILA AL AR B R B TCALRCAAR LA B =
RN L ERE S EIE TPQD & JR AN FH Y E 2k

H AT oE &30, B AR 0 4B R4 K X IPQD 1y
I P BE RS 2 R R i 3. Pan J. % USRI
A e AR 52 J8 3 W B ) 5 | AR e 5 — P L IR A

( didodecyldimethyl ammonium bromide, DDAB) ,

fii CsPbX, T & 19 PLQY M 49% 42T+ & 71%, B
AR T CsPbX, I 0 2 0 1% f BE
5 OA/OAm #f 3 i CsPbX, #H ., 1 4% (9 LED E
A = RS ETRCF (external quantum efficiency,
EQE) . Huang Y. H. % " & 1 T DDAB #f ¥ 1y
CsPbl, 7t T 1, 51 AfY DDAB A 5 1 & 3 1 47 [#]
G55 01 0 R Ik A 1 A A, SEEE PLQY HR4k
60 d KT 80%, %1 LED gt M B HA45 5k &t
TEAMEREH AT . Song 1. Z. %5 U U7 LR AL B
DDAB FISER 3 R AR EEIME AT, AR08 H it
iy, W40 LED #8{4H% =5 EQE ik 11.6%. Bao Z. 251"
L SCN™ 1B N BCAA NS CsPoX, A7 ikt ab B, [
KT Po” FMELFEIFHE R T PLQY, HetE/E Y IPQD
il % 1Y) LED % /F Pk BB %5 T 25%. Park J. H. % 1Y
SR, /IMATR L IR A 2 a2 IPQD AR 1H
BiAL R MIEREAURAENE, IS IPQD 2 PERE
MEEYE; MREKBK, SRR, &EF
=283 — H LA £ ( didecyldimethyl ammonium
bromide, DDeAB) ECAMLAL G AY TPQD #41E T =44
RZ%t LED, H CE 5 31.7 cd/A, EQE 5 9.7%, b
165 OAm FLIAM GRS LED 425 1 16 5.

TEHL R A UL (et 242 5 TPQD S Ha R (1)
BRAE . Song J. Z. % WURFAA ML - TTHLAILBCA
TR EiL IPQD DAFE LR ALRAS, B miAe = Ak
() LED, 5| A4 HL -ZnBr, FLAKGEHE 3 IPQD %8
SHE A MR L, CAMA & A 4 8 kY
MnBr, . GaBr,, InBr, WEE A RIFERI/EH . Yang F. 55
PABIA K BURAE LB, AOUmEl TSR
4, 183 T PLQY N 38.4% 145t CsPb(Br/Cl),, i
H & T IPQD 11 L faf 200 T4 is Mg, e 445 2]
EQE 4 1.96% [Fe/E . w6 £k~ LED,

4 1PQD 7 LED iy B
I T1548 LED % 956 bE R 6 55 5 T4
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W= PLQY FIEAR A BLAS, TPQD 19 & 6 =3
W, FER GBS A SR p ) B, BT
M4 (quantum dot light-emitting diode, QLED )
AL A3 R CBURE A IR R TR . EUR
TAHER TR RO R, TEIDEUEE A
St i B R, RIS R & s R iR
KRG, WEIREARE AOCE AR R R
Al e R A (white light-emitting diode,
WLED) ¥ Chen D. Q. &5 " LAECHIENEAUE
J6# Mn: CsPb(Cl/Br), 1 ¥ i fll 4 {8 &k Jf: CsPbBr, i
T ACRBAERES, M T — B R OERER
SFERH R WLED #xff (LK 9) o R )
EORFIHAMINEGL, B A2 ORI IR A, 43
5038 i HL T f£ 5 )2 (electron transport layer, ETL )
2 AEH)Z (hole transport layer, HTL ) , )5 1E
PR ENZEAHFOET (WK 10b) , 25
W 10a fiizn, Ho ETL A HTL 3044 G 80w 11
REPY N2 O i 2k A H

e
white light
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a) i F4i
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<
= ———
§ 23
g
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z
§Z}
g
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Fig. 9 Schematic illustration of all
perovskite WLED device "
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Fig. 10 Quantum dot electroluminescent diode

YO RFME Ge e T S B, T T
MOEA ROBtERRLE . Bl @ik R, (HAE
LED 19 5EBriz FlHOG U ALRCRAR, 2015 4F, Song
). Z. 4 W UAGE R FH IPQD 4 LED, {H EQE #%
It (S2Ff0E EQE M 0.12% ) o RS TAHL -
TCHLZAL A SR 75, TPQD I B I K Fa s
PEL AN E MR R e v MY, (AR Y LED
arFRE AR, RS TAE 10 h I gs 09 &0
5 A 2 SRR Y 80% 7 AR AIR A FRL B AL IR AN B
BlAa E YRR T IPQD 7E LED H Ry, i JLAE R
FRRIX SR, 22 N SGH BE DRSS AR FI GG R

145]
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RESEAA R T — Sl bt &,

a A AL A R A 3 22, X 23 BHLAGH
fap (R4, T REAIIE 7 AR A RERE, R, el it
23 PR ARG 2 52 27 FPERE I OCHE . Zhang
X. Y. % PR TE LED /9 HTL Al fUR 62 2 [0
S| A—Z 25 ERY) (perfluoro ionomer, PFI) , 1]
WNEASS, RESTFEARCE, IR ek
Fe 2R . Liu B, Q. 45 B9 HVE: 8- FRKkngs
4R ( 8-Hydroxyquinoline aluminum salt, Algs) 5| A
TPBI, JERUEIH ETL ( TPBI/Alqy/TPBI) , DASCERe,
far - AT H ey B, e HEZ5 A1 LED ¥ EQE %48
Z5H 9 LED $2 5 T 36 f%. Shi Y. F. 4 ™' v 48 7 —
UK - BT - 462%4K”  (insulator-perovskite-
insulator, IPI) YZ5H, HERTE 2 ER FH#E A BSERD,
L DT 388 o 05 Bk e BB T PR VA, IR K, R
FHIZSH % 9 LED B CE #2517 30 %, EQE LM
0.74% $2 5 5.53%.

FETHIH AR 2SR 2 B9 TPQD B 56k, Hid
TCHLFEC AR 2 BELAR 2544 Fr) PR A7 A% % 1 AR 14 1) ol vl
FEARRCR, PRI, FEARUEM RS MR IR e
(14 L 7 Al S iR A AR A 1), Li I HL %
TR T HIEC B / IR CBRIR AR R A5 0k
AP AL PR ) 7 A R LA 2 B, 2l 3 4k
5, BN REE SR, SRR .
B8 S I RO 25 F AR RE PR FEE RS B 1K [l
CsPbX, LED ) EQE 4 6.27%, A4 T 58 I P i 4k
PRI E 50 4%, CE 2 30 f%. T. Chibo 45 ' i@ i
AR RN AR BB A, (AL 3 (1) 2 (0 A5k
" LED ) EQE ik 5] 8.73%, J{ A 2017 452 L) fi
# EQE. X4, T. Chibo %5 ™ Fi| FH L& F1 HI WS
IR CsPbBr, Hilil 45 T F & Fac 4 i 4162 IPQD, Jf:
¥i7& T EQE ik 21.3% M a454k9 LED,

EQE Ryt UK HEE4E PR, IPQD Y LED
WFFEab AR 1 FiR,

F1 IPQD MR EBIA X LED AR #HRE

Table 1 Research progress of electroluminescent all-inorganic perovskite QDs LED

AR | BOURCE | SEE

Fhr = # SR fam me (cdA™")  (ImW') (edm™) EQE% JRUFS
% 0.14 0.07 742 0.07
2015  ITO/PEDOT: PSS/PVK/QDs/TPBI/LiF/Al ~/40/10/10/40/1/40 %4 0.43 0.14 946 0.12 [4]
i3 0.08 0.06 528 0.09
. % - - 35 1.90
ITO/PEDOT: PSS/PVK/QDs/TPBI/LiF/Al  40/40/20/8/42/10/100 [14]
2016 S - - 330 3.00
ITO/ PEDOT: PSS/PFI/QDs/TPBI/LiF /Al ~/25/40/~/40/~/~ 7 0.19 - 1300 0.06 [23]
2017 ITO/PEDOT: SS/Poly-TPD/QDs/TPBI/Liq/Al  130/40/20/~/50/1/100 % - 31.7 - 8.73 [21]
ITO/PEDOT: PSS/PolyTPD/QDs/TPBI/LiF/Al  —/30/40/20/40/1/100 %} 13.3 - 13000 6.27 [22]
ITO/PEDOT:PSS/PVK/QDs/ETLs/Cs,CO/Al  —/40/10/20/35/1/100 % 4.69 1.84 452 1.43 [24]
2018 ITO/LiF/QDs/LiF/Bphen/LiF/Al ~/4/~/8/~1~/~ 7 9.86 - - 2.99 [25]
ITO/PEDOT: PSS/QDs/TPBI/Lig/Al 130/40/-/50/1/100  £T. 10.6 119 - 21.3 [50]
ITO/NiOX/PVK/QDs/TPBI/LiF/Al - 7 54.6 53.4 8353 17.4 [53]
2019 110/PEDOT: SS/Poly-TPD/QDSTPBULIF/AL  —/~/-/~/60/1/150 & B B 93 01l o
PN - - 29 0.87
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Research Progress in Optics of All-Inorganic Perovskite Quantum Dots

SONG Rong, LIYing, WEI Xuran, QIAN Jun

(' School of Printing and Packaging, Wuhan University, Wuhan 430079, China )

Abstract: Compared with traditional semiconductor quantum dots, all-inorganic perovskite quantum dots have the

advantages of excellent luminous performance, adjustable emission wavelength, and high photoluminescence quantum

yield. They are ideal materials in the field of optoelectronics and have been widely used in light-emitting diodes, solar

cells and other optoelectronic devices. The research progress of all-inorganic perovskite quantum dots in recent years was

reviewed. Firstly, the synthetic methods of all-inorganic perovskite quantum dots were introduced. Then the effects of

ion doping and ligand modification on all-inorganic perovskite quantum dots were analyzed. Additionally, the application

of all-inorganic perovskite quantum dots in light-emitting diodes was described. Finally, the future development trend of

all-inorganic perovskite quantum dots was prospected to provide further reference and in light-emitting diodes.

Keywords: all-inorganic perovskite; quantum dot; ion doping; ligand modification; light-emitting diode
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