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Influence of Agglomeration in CdSe/ZnS Quantum Dot on
The Performances of Light-emitting Diode

WANG Li, RONG Jia-ling, CAO Jin", ZHU Wen-qing, ZHANG Jian-hua”
(Key Laboratory of Advanced Display and System Application, EMC, Shanghai University, Shanghai 200072, China)
# Corresponding Author, E-mail: ¢2007@ shu. edu. cn, jhzhang@ staff. shu. edu. cn

Abstract; Light-emitting diodes containing multilayer laminated structure are fabricated by spin-
coating CdSe/ZnS quantum dots (QD) films as emitting layer. The dependences of process condi-
tions and parameters on the electroluminescence and the QD film morphology are researched by using
atomic force microscopy. The results show that with the increased thickness of QD, the multi-layer
nano-particle films are formed, which leads to the QD nano-particles agglomerate and the brightness
of device decrease. In addition, the annealing temperature of the QD layer has an important impact
on the device brightness. When annealing temperature is low, the device shows poor performance
due to the solvent volatized incompletely. When annealing temperature is above 150 °C, the heat
generated from annealing will cause the agglomeration of the QD nano-particles and then the per-

formances of devices decline.
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CdSe@ ZnS f&F S A AOGIZ M T A B
W& ( Quantum dot light-emitting diodes, QLED ) FJ
oR e L ifs TR KR S, Coe %7 F
2002 AEF ARG B HER SE I T B 5152 QD i
JEE R i &, T VE T PEBE R 4FAY QLED £5F(1.6
cd/A@2 000 cd/m?), Q. J. Sun %" F 2007 4F
AT B B2 4R B QLED 48 T =S aR
g1 f8 G kAR, R OEPERE (1.1 ~2.8 cd/A)
FEARBENS T LA R R . B. H. Kang % F
2010 4R QD BB AW L ICZ i@ X QD
VI RS B R 9 S BT B A 480t QLED 44
(7.5 ¢d/A) . S. Biswas 2572012 4EHF5E T8
i BE XF K % e CdSe/ZnS T A B L.
Qian %' F 2011 AFR AW T2 09 ZnO Gk
e LR ) = e R (O SO =5 N R = <
=55 QLED #8F (#55%.0. 17 Im/W, 58518, 2
Im/W, 20563, 8 Im/W) , #RFE RE A 3 B Bl U A
T ZnO YUK AR TR B AR B Y e & b 5 i
o, R QLED grfFiyPERe 2 245 2R K ry 48
L SR H BT 5, QLED P BEAT I Al 1 A HL
IR W R U QD A B & ek e
AR BN 70 1 R HE

QD FARHE A A0 T J2 25 46 A B 358 s B s
BEHNLE ( >6.0 eV) 1 QLED #51F BA B i)
HIOEAR 2 RS AR EN FERRZ
—; BRBLZ A8, HIE QD KOGIEEE, 4K A
3 22 18] A AH B A FH DA GRS 700 3 1 5 A T
) QD R T RAE, L E QLED MERE T FEAY 1%L
HZE, AXH & T BZE58 10 QLED #3148, 58
T QD B T 2% QLED g HHERERI 2

2 % B

KM ITO (20 Q/0) BB A Hd I , 38 i W5
HVEYE TS, FH UV-ozone AL BH T 10 min L)
1= 110 YT pR K, AR5, BEYR 20 nm JE1) PE-
DOT: PSS ( poly (3, 4-ethylenedioxythiophene ) : poly
( styrenesulfonate) ) 1E N %5 7 AJZ, FE ik 1Bk

e

TR B KCEHE] 435 4 5 000 r/min, 150 °C 30
min, KRR A AT ER N, KR KERR
40 nm JEE 2 7L 2 poly 9 ,9-dioctyluorene-co-
N- 4, butylphenyl diphenylamine ( TFB) FIAS[F] /& &
A ASTRNE KR BE Y CdSe/ZnS QD JZ1E b &
2. TFB## % H 1 000 r/min, 110 °C iE k 30
min, X TA[E QD 2R A, QD JZ )5 il
T i@ Uk e R R TS, BE IR B 3 43 il R 500,
1 000,1 500,2 000,3 000 r/min, Xf i i QD JZJ&
BEAR R 15,12,10,8,5 nm, 18 Kk iR B F E]
110 °CA130 min, X F A [FEE KRB A7 14,
QD ZJEFEE A 10 nm, 1R K 4350 F 25,
110,150,180 C , i K HFE]FA 30 min, QD )il
ot UE I A B s 28 R B NRKIR ZE K 40
nm [ F1EHi)Z tris-(8-hydroxyquinoline) alumi-
num (Alqy) 0.5 nm B F7F AJZ LiF #1100 nm
MY AL, 58 A QLED #fF il 25 .

EREMTAEEAE RS x 107 Pa, AHLZ
VI 4 T v S ) DR R g 4 72 0.1 ~ 0. 2
nm/s 22 (8] OFR 3 R E BE SR A 95 R 3 v W
¥5. el TFB % 8 mg/mL BIEEW W, QD H
16 mg/mL B R, PEDOT: PSS TFB QD Y
TEVRIEERE B B G E , 28 F Y AT 3 mm x
3 mm, #F 0RO % RS R R REME B
Keithley 2400 HLi# i1 PR 650 SGigitims, QD
TFB . Alq, B 62 & 661 ( Photoluminescence,,
PL) i e A e g 5 i B e iR Wi Y Oy e H
S F-4500 Wi, RIAES R R+ ) BRI &
TFB , Alq, S5 WL RNESE FYLHRE A ], CdSe
@ ZnS &= 5 4L F Ocean Nano Tech A ], FF
A I £ Ry A e U RV TC B e N 2s R
B se .
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K2 E & ZAH BT QD il 4 1T 2%
FORUNRE M RE LA K 2 15 1 52 el 1 45 4 4 8]
1(a) fi7n, B 1(b) A QD WesUE otk hiE
AL, QD BABHRDEBUR IR H AL T 535 nm,
RN 35 nm, FAT/H A T ANE QD 2R
JETHARZ ESHGAATF] 9 QLED #844F , #4544 .
ITO/PEDOT: PSS (20 nm)/TFB (40 nm)/QD (x
nm) /Alq, (40 nm) /LiF (0.5 nm)/AL(100 nm) , H
Hx 4R 5,8,10,12,15 nm, #4502
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Fig. 1 (a) Device structure of QLED. (b) Photolumines-
cence spectra of CdSe@ ZnS, TFB and Alq,, the in-
set shows the structure of the CdSe @ ZnS quantum
dot.
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Fig.2 (a) Current density-voltage characteristics of QLEDs
with different thickness of QD. (b) Brightness of the
QLEDs with different thickness of QD, the inset

shows the electroluminescence spectrum of the

QLEDs with different thickness of QD.
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E 3 ANEJERE QD JZH) AFM REHESIE (2 pm x2 pm) . (a)5 nm;(b)10 nm;(¢)15 nm,
Fig.3 AFM images (2 pm x2 pm) of the interfacial morphology of different thickness of QD. (a) 5 nm, (b) 10 nm, and
(c¢) 15 nm.
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Fig. 4

based on different annealing temperature of QD.

(a) Electroluminescence spectrum intensity of QLEDs. (b) The characteristics of current efficiency-current density
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AFM images (2 pwm X2 wm) of the interfacial morphology of QD with different annealing temperature. (a) 25 °C, (b)
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