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Abstract We report on the light-emitting diode (LED) characteristics of core-shell CdSe/ZnS nanocrystal
quantum dots (QDs) embedded in TiO,thin films on a Si substrate. A simple p-n junction could be formed when
nanocrystal QDs on a p-type Si substrate were embedded in ~5 nm thick TiO; thin film, which is inherently
an n-type semiconductor. The TiO, thin film was deposited over QDs at 200°C using plasma-enhanced
metallorganic chemical vapor deposition. The LED structure of TiOo/QDs/Si showed typical p-n diode current-
voltage and electroluminescence characteristics. The colloidal core-shell CdSe/ZnS QDs were synthesized via
pyrolysis in the range of 220-280°C. Pyrolysis conditions were optimized through systematic studies as
functions of synthesis temperature, reaction time, and surfactant amount.

Key words CdSe/ZnS nanocrystal light-emitting diode; colloidal quantum dots; TiOs; pyrolysis; chemical vapor

deposition.
.M £
HF=A] A (quantum dot)S AU geld =71 dEk
SFEAS Zhe 5 UA-E(quantum well)o|Lt FAFA
(quantum wire)?-= THE 553 d7]% 353 EAS
Hol X2 o]5 83 A B’ FALAL 38AT )

k] Qs Y0 53] FRo|=wo| o
A Vedd FAHe dee A2A (precursor)e] A€

bl

I FHSPA Y] /7Y TE, AFRE 55 AAFe
2A O Azt o) A FAe] e xE Y
;G o= xﬂzz] 5 101 _4,2 A Gy 011;}35) u}
SA A4S 8 oA AzxEe 544 vl &
A ZH(biological labelling) 52 &9 E27|o 2] &
LA Wol AMgEo] 97 U} FHOoRE Ho)
W FEEA T okt A 7ol &oldt e &&sh
Hgrio]l e Bt oAt S&AF &k KsE
Ao} i R e e A5 A9E dH
2 olgHy Yt Rege AfFel A WA

Corresponding author
E-Mail : etkim@cnu.ac.kr (E. T. Kim)

379

7‘—41-4 Si -4]"]-4 -r]"ﬂ)‘i AW LOT FEYA 42
Artaeztel T EYE 227F sk a7
A= FHE 7 Aok HE 24 YW
ste] CdSeyt CdS Yx=Z4AE TiOY SiO0, At
7 FHE AREste] FeHA Hgol| o
o (lasing) 54& T At BuFHALE>D 1
1} oA A A g (electroluminescence: EL)C|Y A7 0=
B3P ol 54 Ades BRiHA UA &

B Ao M= Fig. 1014 Hel 73} 7ho] FRo|=w
o= FAE core-shell %2 CdSe/ZnS W=Z24 U=t
AL p ¥ Si Aol 21X Tio, vhet Qhell ¢lwd st
wgtiol o= AxE AFete] EL §4S skt ot

Atk olw] TiO,= n & HEEA o] 7] wj &
of 2 Al pn &S &4 AT
71HskdTE. TiO, BFehe Si Aol A

200°C H|9te] v A H2oAx ZZo] 7153



380 B3] - FATIE -

QDs n-type TiO,

[ ] .;\....... 000

Fig. 1. A schematic diagram of light-emitting diode structure
with CdSe/ZnS nanocrystal quantum dots (QDs) embedded in
TiO, thin film.

enhanced metallorganic chemical
(PEMOVCD) ¥-& AR-3I3TE B3t F20]= CdSe/ZnS
e ol oM e E T Fa wgsel
2 Wedd 4% 54L =sad aoh

vapor  deposition

=13 -3

2. o3 UH

i)

Core-shell 1-322] CdSe/ZnS W=ZA AL pyrolysis
Holl ofsf AlzEox Tt T 37 FekAoNA Ar 7k
S AHHoE fYATIE shedEl 127mge]  Cdogt
160 mg®| dodecanoic acidE 200°C7}A] 7}Eg $ triotyl-
phospine oxide (TOPO)2} hexadecylamine (HDA) Z}z:
1.8g == 25¢g5 FYsIth ol Hst= CdSe W=
A% FEL=7A &9l $ 2ml9  trioctylphospine
(TOP)°ll 80 mg®] SeE 2 Se AFAE WEA T
sto] WEZAIA CdSe WA S AT ol F ZnS
shell 72 FAE e Zelrm &5F 200°C7HA] &
Fo Znd S AFAE 13200 4H & 4 "ojrg
= ez FYadtk Zndt S AFAIE 1mlg
diethylzinc (ZnEt;)®} 250 pl2]  hexamethyldisilathiane
((TMS),S), 2ml¢] TOPE 410 A=At Znd} S A
A FYo] B F EEkAA 2EE 180°CTHA] B
o] A7 B3t FA]8Fe] ZnS shell 7+Z& FA s Th
Hhgo] $RE & FEAAE JRo® YA 22
2I3 TS 4o ve &Yoo 3.5 Ad dXstd
Asl= CdSe/ZnS We2dd RS At} o

EER
Aol AR7EINA S43t B3a A 47 R

AU ZAJEOL 2100F, 200kV)® 325nme|  helium-
cadmium (He-Cd) #¢|HE AME-3St 372F(photolumi-
nescence: PL)& ©]§3te] ¥7t=ojxit)

wsgtjol = Az A|Zs7] flsled CdSe/ZnS Ui

14 - #E8) - 9AE - S - Ao

—_ 20 sec

:E L

g

2 3 sec

T (x2) 60 sec
S | ” (x10)

et

£ 300 sec
EI (x10)

300 400 500 600 700 800
Wavelength (nm)

Fig. 2. PL spectra of CdSe/ZnS nanocrystal QDs synthesized
at 240°C for various reaction time (3, 20, 60, and 300 sec.).
The excitation was by 325nm He-Cd laser at room
temperature.
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Fig. 3. PL spectra of CdSe/ZnS nanocrystal QDs synthesized

with two different amounts (1.8 and 2.5 g) of surfactants
(TOPO and HDA).
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Fig. 4. PL spectra of CdSe/ZnS nanocrystal QDs synthesized

at various temperatures (220, 240, 280 and 280°C). The
reaction flask was contained under air or N, environment.
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Fig. 3. (a) Typical current-voltage curve of TiO,/QDs/Si LED
devices. (b) CCD image of EL characteristics at 28 V.
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