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A study on Quantum Dot light emitting diodes using metal oxide.

Kim Dae Han

Department of Display Science and Engineering,
The Graduate School,

Pukyong National University

Abstract

In this study, QD-LEDs (Quantum Dot light emitting diodes) device were
prepared by CdSe/CdS/ZnS Quatunm dot and metal oxides materials (WOs,
MoO3;) using nano milling and sol-gel methods. The structures of device are
ITO (Indium-tin-oxide) / WO3; (Tungsten oxide), MoOs; (Molybdenum oxide) /
PVK (Poly-9(vinlycarbazole) / Quantum Dot (QD) / ZnO (Zinc Oxide) / Al
(Aluminum). Each of layers are consist oft Anode, HIL (Hole injection layer),
HTL (Hole transport layer), EML (Light emission layer), EIL (Electron injection
layer) and Cathode. We compared electrical and optical properties of devices
composed of WO3 and MoQs, that fabricated nano-milling, sol-gel methods. It was
confirmed that primary wavelength spectrum of approximately 620 nm (red series)
and half width were about 30 nm. Thought current (J) - voltage (V) - luminance
(L) graphs, that devices fabricated WO; nano-milling, sol-gel methods showed
350, 400 cd/m?® luminance and 0.4, 0.4 cd/A, efficiency characteristics and 0.15 %,
0.3 % external quantum efficiency (EQE). Also MoOs; nano-milling, sol-gel
methods showd 160, 210 cd/m® luminance and 04, 04 cd/A, efficiency

characteristics and 0.03 26, 0.4 % external quantum efficiency (EQE).

keyword : Quantum Dot, Nano-milling, Metal oxides, Quantum Dot light emitting diodes
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Exciton
radius

* R << 3 : Strong Confinement
* Electron and hole are quantized
*R>>a : Weak confinement

[Z29. 2.7] Bo] &35} F&A 75 &3} [15]
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Al 24 Metal Oxide

<= QLED ¢ OLED AaAbol A-¥ %43 (Hole injection layer, HIL) /

ol

& 4% (Hole transport layer, HTL), A# Y% (Electron injection
layer, EIL) / #AA %% (Electron transport layer, ETL) o] MoOx
(Molybdenum oxide), WOx (Tungsten oxide), NiO (Nickel oxide) V.0s
(Vanadium oxide), ZnO (Zinc oxide), AZO (Aluminium zinc oxide), CuOx
(Copper oxide) &3 #- n-type, p-type T54eES o]&38 A7t 7433
| 9171 WelA ot S
ZEA AL Qo) Mi=gle] s A3 A4 EHE (Dopant) 2 A=AdS %
Aet7]7h fek17,18]

n-type #5438 E 28 A9 AA olF5=7F wEw HOMO levele] Zlo] <%

Wi ek [16] FEARE 2 A3 Ba, £F

N

oA A7kE AEel &5 Hoz dolke Ae WolFr, vE p-type
XX 57k W2w LUMO levele] 7] wjo

H AR 45 Ho2 ot A& FolFe 9T 3
=1 %

SarehE whuhe Pyse
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Characteristics Materials HOMO (eV) LUMO (eV)
Zn0O 75 4.2
AZO 7.6 4.4
n-type
V205 75 45
TiO« 8.1 4.4
NiOy 54 1.8
WOy 51 1.6
p—type
MoOy 5.3 2.3
CuOx 5.3 2.8

[®. 2] 543 =7 Bl
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Al 32 RF Magnetron Sputter

s PAst= WS A7 Egdo® Z%3sE PVD (Physical vapor

o.
o)
o)
o)
wn
=
o
2
ok
)
B

KT
.
a2
o
ot
o|\
By

ot
ol
rlr
@
<
-
o
=
™
=
o
=N
<
Q
(o]
o)
=
o.
o)
(o)
o)
wn
=
o)
2

PVD %24 % 2¥E®  (Sputtering) WS ©]&3% RF Magnetron
1
=]

Sputtering WHS o] &3] A+E & It ~HEE (Sputtering) S

1852 Groveol olste] A5 A Hlomw dAA= webs FAdst=d de
polt wy Fol sjolth A ZAWe AEew we oUAE A4 9
AFE0] Target W FASS] Target £H 9 AELS ALY dAEF &
A e MEgdoR FESY Targets T43%= dAEC] WA W&y
= Age e,
H
. lon (or Atom) /
A /
LS *‘;‘T /
1 \ /f
* Target Surface '\ l.f .. Abs‘trate
Ihte's
4 || AT
i 4" 1g
Cathode

[29. 2.8] Sputtering ¥
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RF Sputtering ®2] & 4%

o

scillating power sourceZ AR-&-3}lo] A A
ANgw= 29Ego] Jhesta v oA Aol 7] ujize] DC
Sputtering ®.t} @o] zojxut ©rH o R A Targete] & HIEAlo]
FA Fob I £t Ao v P4 £ v AA o8 WolA

GAE Beetr] ffe A (gun)ol mFIUEER
= AAStY ol23E dovl= aolyA HAAEo] Bl ZwelA A &F

A s ek SAG AAE R ®E 2A Thad o] Lses

r Water cooled
t t hold
RF power ,— target holder
supply

Cathode shielc' I

Substrate

Roughing Valve

Rotary
Pump

Foreline Valve

[Z29. 2.9] RF Magnetron Sputter 1 &F=
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Hole ?
Injection Hole . [

Layer Transport \:)

Layer Eml.ay Electron Cathode

er
Transport
e : Lay’:: Electron

HTL Injection
Layer
ETL

Layer Transpori,
Layer ®

HIL

HE
RARARARRSE
EEEZXZECRR

[2%. 2.13] QLED 279 T2 % @394
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(29 29] ¢ Zo] 4% QD-LEDs 4%}

o

EEERE]

wlk
=

RER

$AH 0 2 Hopping

il

& wjo] 7] oy A7F Blow W

A HaL o] o7|Axbse] &1

o} [21,22]
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42 AALTZLAY] B8

Xn

i~ Yinjection recombination nfluorescence

N

n-injection 2 AFo=HY FJE Aaret ¥ (WhEAbo] FasA A
At 93] Av¥E = AEE W3, n-recombinations AAF oA A E
A7)z ol dis] A4 2 A5 A7IA F9 vE YEhiY wpx o
A3 oA7[=} ol oa dFe] A8 ¥ o7|A 9 H]E n-fluorescence®
Sast Azt Ao AAFTLS 59 n-injection?

2
e Eolvl AdiM = veTEE A 8soF k23]
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2) 9 R-9kx &4 (External quantum efficiency, EQE)

of Atk B-E &7 W

SE I whabE o] T Fasy] Wi

o

n;
2
2n

Nezternal output

oF Al E = "ol A7)

ske] @Al oA

wle

K, heJ

next

bl 2uabel AR ()-AHV)-FE(L)

5

o] &
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A 14 QD-LEDs £AF A&

rfe
rO

TolAE CdSe/CdS/ZnS o], & 7 771 A3 =45 7S

L

OLED %3#%S 1A43%= #7715 WAl diAste] QD-LEDs 2AHE #2353

Sputterg ©]&3 ITOE 3% 3tA1, A3 FHSTS a54sE B2 WO,

’ H 1l = &=
9} MoOsE Abg3stal, A3 43S PVK (Poly(N-vinycarbazole))Z ©o]-& 3}

A FUEL #7122 Zn0, Cathode= AlE o] &3l AAE FA AT
H go A= QD-LEDs A2 BAo| Al 7)o T A=< ITO =%, 739
H L o '114?:;%,

AARA 8 oF AR AT 9 ¥4 Poz oFojd 4T
=

=7 i
AE T55

oNr

CwRE A% F9% =29 4

(Thermal evaporation) o &2 &5 FAs = WWS 7|&3F90)
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ITO Sputtering

o

Nano Milling & Sol-gel

-

[ Spin Coating Process ]

* HIL, HTL, EML, ETL

<]~

[ Al Thermal evaporation ]

[2%. 3.1] QD-LEDs 23 A% 73
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1.1 RF Magnetron SputterE °]£€3lo ITO %

Anode® 2:0]+= ITOE= PVD w29 RF Magnetron Sputtering® < ©] 83}
o Faeth AA [17 3219 Ao 2220 Sputtere] < #ojth WA A
at7]e] kAl AW (Chamber) Wil Folol= FE3 o]EA 5 olAE,
IPAS o] &3le] ©& & 2EH7 HZ (Rotary pump)Z Hol A= EHAES
HlEA It 22 & ITO Target (Indium Oxide (95 wt%) : Tin Dioxide
5 wt%), A4 5 cm, 74 3 cm, LTS Research) o4 10 cm A =2l A%
ol 23 7S Axsch A% & 2EE HE 2 1.0x10° Torre] A A
T 2712 A T A Z(Diffusion pump)E 30 AR oIS 3 &
1.2x10° Torre] i ¥ el 2 ) 7A 710 F FAs7] e oA WA
10 7 55 AAS 93 Pre-Sputtering S 2 A gt}

Pre-Sputtering S v}3 & ol=2 2 7}~ (Ar, &% 4N)9} 24 7k~ (O, | 4N)
2 MFC Alo]7]& 50 scem, 1 scem &2 %4 o] 50x102 Torrd &%
7F A H RS ok e ET fAEHE S € § % RF Powers 100 W

_'?4
2 AA 3 T dyds o= Reflect PowerE 5 W o]st2 &< & 40
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[2¥. 3.2] RF Magnetron Sputter
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1.2 ITO 71# AA R UV && Ad &4

RF SputterZ ©]€3te] Anodeo] 15 mm x 15 mm =7] ¢ ITOZ =3 3
< ITO 71 AMAstaL UV && AgEs AdstA =HAo MATAHES st

ofrE 1% EW Sl doldls §7187, vy BY 5o BeEe 34

il

Q3. MAFAHL olMlE  (Aceton), &S (Ethanol), IPA (Isopropyl

alcohol) =08 77z} 10 B4 2S99 A 7oA AHFE 3 T Ny gasE 9|

[29. 331 UV 2& A7
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1.3 Spin—-Coating

Cathodeg A<

)

i)

¥ 51 ¥ (Spin—coating)

2=

2!

il

2]

ol

dr
T
o

ﬁo
W

o
N

r
el

Nlo
o

oo

Mo

Mo
e

B
<]

o

TH

e

Hlo
T
J)
2

0

0
ToR
"

|

rvze)

Ho

[2¥. 3.4] Spin Coating #A
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14 35 4

of)

o 3 - WO b

L ATolM= QD-LEDs &AE AztaAdA Ay FYFTY a5Ast=
Tl &, 28 §HHH O Apolo] wE Axpe] EAS dolE T WA
WO; (Tungsten Oxide, A7} d=glx], &% 995%)E o] &3 +=d HA¥
FUST oA FW HEstE e v Alojz= yx st WOs
Ux 242 93] WO; powder® MEK (Methyl ethyl ketone) &wjo] &3
A1 & 223 Yo} E(Zirconia ball) 0.5 mm¥} 7 ZF 11 5 9 Ay
2 23 & fAEY(Planetary mill, Fritsch) 1000 rpm & & 1A 7F SoF H3
SFATE 220 W+l (mesh)& ©]&3te] A|2s ol && AE F 220 nm Afo]=
dHd &7 AlA Ui Ao]2e] WOs7F 24te &9S FH|3ke] 3000 rpm
/30 sec o E 23 IWATE 2 F®W ¢ F 150CE 30222 FEAH
g st

Mill Jar
WO; Powder l

1000 rpm 1h 220 nm Under

= Milling ) Size Filtering
Zirconia ball At ' — ]
~N
WO; Solution
MEK Solution

[2¥. 3.5] WO; &3 #A
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15 AF FYF a9 FAH - WO;3 Sol-gel®

WO; &94& Sol-gel HHe=z ws7] 98] H,WO, Powder(Tungsten acid,
99.99%)E NH,OH (Ammonium hydroxide, Junsei
Chemical, 28%)°] &3] AlA Azgrh 80Tl 12 A&t WHgS Al7|d &

H,WO,+2NH,OH — (NH,), WO, +2H,0 [26]
Aol e FAHoE AF3I A4S 220 nm THE AE F 3000 rpm / 30
sec Ao 2 237 FIYIAY. 23 FZEHI 717 o= (NHy).WO4 + 2H.0
o] EHo] o} dEd o]F 350 T ¢ %A 30 & oA 71dsd

WO;3 + 2NH3 . HyOollA &3 WO;3 T H=1.

(NH,), WO, — WO, +2NH, + H,0 [26]

2 Tungsten wo
\. \ ’VJ\\ / \ acid \ ’ ’
[Z2%. 3.6] WO; Sol-gel &4 3
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vk F8 - MoOs Wiz

of)

16 3& 4

=

MoOs; (Molybdenum Oxide, A17} <=2 %], +X 995%)E o] &3ty =d
B FHTAAY EH HesE g8 v AtolzE vx EHen =4
o] ¢ke] WO; v= 24 =43 FddA At MoO; powders MEK
(Methyl ethyl ketone) &wfe] &aAIzl $ X223 Yo} & (Zirconia ball)
0.5mm¥ A 7 1 115 9 A&Fv= EF & FA4EY 400 rpmo =
8 AIZF Ft sk th 220 H4(mesh)E o] &3le] A 2o} BE& 7
3 220 nm Abol= FEY T3 AA Y= Aol =9l MoOsy7} BAME g8

vlake] 3000 rpm / 30 sec A0 R ~¥ FHSATD, ~¥ HY F F 150

il

TE 30702 dxg 9k

Mill Jar
MoO; Powder l

400 rpm 8h 220 nm Under
Milling - Size Filtering

Zirconia ball  — ¥
\ % : —
MoO; Solution
MEK Solution

[Z. 3.71 MoO3 & #A

_33_



1.7 A% =45 &% F4 - MoOsz Sol-gel®H

MoO; €92 Sol-gel o=z WE7] Y& MoO; Powder (Molybdenum
Oxide, AlZ2v} ¢=2 %], % 99.99%)5 H-.O, (Hydrogen peroxide, A]ZLv}
gzl A, 35%)el &l AA AxFTE 80Tol 2A17tEet vhES Al71d &
o] Aol Fafo A g w=dAlS "t o] & kst Hol e

2

Ak A8 &

2

ol

Lo

awp G=EA)E HreE $ 70T 308 WESAI & ompxjdto =
2-Methoxyethanol (A]2v} &= %], 99.8%) F7I= ¥ i 60TCol] 30% HF3-A
71 3 2443 w<b A3l ol H.O, ¢ PEGS} 2-Methoxyethanol> 53

21:025: 1259 Hl&R2 PATR[27-29] 919} 2 FAHOE Az &9
220 nm ZEHZ AE % 3000 rpm / 30 sec o2 23 FHI}YPY. =7

I8 3 T 3H0CTE 0Fo=2 I8 st

MoO; + H,0; + PEG +
2-Methoxyethnoal
: . 350°C Baking

o~ Qi
N 003

\ \ Sk / ) Solution f

e

M003

s

[2¥. 3.8] MoOs; Sol-gel &4 #A
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4= (HTL)S PVK (Poly(9-vinylcarbazole, OSM, 1.2g/ml)<S S22
(Chlorobenzene)oll Z=H] 1 @ 100 vl &2 &A1 S 60TCoA 1A3F

W WH(Stirring) ¥+ $ PVDF (Polyvinylidene fluoride) A& <] 220 nm 2
ErES AE F 1500 rpm / 30 sec 27 o2 ~¥FIE & 120T=E
A s

[Z2E. 39] PVK & #+%
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52 4% @ F 57 $92 T4 A4 CdSe/CdS/ZnS

AR (NZZ 2~ 20 mg/ml) & AR
1

0

ol 1500 rpm / 45 sec o2 2~

[«

0% dxelz wHE BEMLE 4% sk

1.10 AA FJF 9 ¥4 - ZnO

npxjato 7 whshE7kx] A =3 ARpd A FUE=O0FE Zine acetate
dihydrate (AZ2v} <=2]%], 99.99%)= 2-methoxyethanol (A]Z1w} L= %],
99.8%) ¢} Ethanolamine (A]Z1v} =8 %], 995%) &Ho] z+zF 1 : 965 :

028 o A#ZH=Z &|AZ F 60
O~

TollAd 24 AzF wyt Al ZnO &9d&
AHE £ 120Cel 10& IA = AT

3000 rpm / 60 sec o2

Zinc acetate dehydrate - A

2-Methoxyethnol - B Ethanolamine - C

A:B:C=1:9.65:0.28 (Weigh ratio)

[Z¥. 3.10] ZnO A #A
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of

AE T3 Al 94

111 & 4 5%

(3

Cathode® 2:o]= Al A FHWHES o]&sto] FAIT AA AR F4F
THA A FE Zlgke] e RS VMK mtAAE AR § d FERV]e ¥
288 HAZ (rotary pump)E 1.0x10° Torrd #A 13 Y= A4 3 3
A Z (Diffusion pump)2 302 A% ddS & F 1.2x10° Torre] 1 %

AR 7HEo] 2F 100 nm 419 AlE =33

2 D

QD Sample
Pattern Mask

\117/

10% Torr High Vacuum

[2dE. 3.11] ¥ & $F EFAx 2 Iy
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Metal Electrode
> Electron Injection Layer (EIL)

Emission Layer (EML)

rrrrrrrrrrr

Lkt L Hole Transport Layer (HTL)
- —> Hole Injection Layer (HIL)

Transparent Conduction Oxide
4 —— Substrate
T L

WO, L 244 1 25 nm MoO; LHe 24 2 30 nm
WO, Sol-gel : 40 nm Mo O; Sol-gel : 50 nm

[Z29. 3.12] QD-LEDs &% +&%

2.2eV

2.3eV 3.9eV

4.2eV 4.2eV

48eV o0, PWK s Al
ITO  5.1ev 7nO

5.3eV 5.5e\/

Energy gap (eV)

6.0eV

7.5eV

[2%. 3.13] QD-LEDs 2% o] W=7 tholoj1
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A 24 QD-LEDs 239 EA 37}

=

dolr i  FHO A#715  AFM  (Atomic  force  microscope,
OLYMPUS(Japan), AX70, BX40-3232H0O2)& &3l <olr Uty 1 & A sksth
wEHASES o8& AT FUAST FW FHE dotrr] 93 FE-SEM
(Field Emission Scanning Electron Microscope JEOL(Japan), EM-2100F)2.
2 A3 AHES 4 4 gt 283 Keithley 2400 Source meter (T)#€
HE|U B, Tektronix)Z Zzbol] Q17ke A gte] W9o} @AS AAsto] 317}

S 2Ad N W wAE o Ak o] W wAsE N CS-2000 (3

H =7, Spectroradiometer, Minolta) &2 =% 3dle] Axlo] 4 EXS FA
stdal, gxd "WEnH7Z|E o] H EETo] 2= (Photo diode)ol &2+
AFE Jez SAkete] 7t A @3 axtel 525 A7 #s A9
Z3sto] AF(Q)-AFHV)-A =) g= 4ol A5kt

_39_



Intensity (a.u.)

L T T
500 600 700 800
Wavelength (nm)

[Z¥. 4.1] Quantum Dot Emission / Absorbtion Spectra

Form Solution (Toluene)
Emission Peak 625 nm
Absorbtion Peak 612 nm
Typical FWHM < 35 nm
Concentration 20 mg/ml
Quantum Yield > 80 %

[£ 3] Quantum Dot &4
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Al 24 PL# EL 373 ¢] Shift

—— WO, Sol-gel
—— WO, Grinding
r —— Quantum dot PL

=
o
T

o
(o]
T

o
=N
T

Normalized Intensity (a.u.)

2

550 600 650 700
Wavelength (nm)

[2¥. 4.2] WO3E HILE A}83 QD-LEDs £%¢ PL / EL

PL Ux=EHEL Sol-gel EL
Peak 625 nm 640 nm 630 nm
FWHM 31 nm 45 nm 42 nm

[¥ 4] PL / EL 54 vl

_41_



—_ ol MoO, Sol-gel
S MV — MoO, Grinding
& | — Quantum dot PL
_-? 08}
2]
c
)
c 06f
2
N 04t
©
£
o 0.2}
4
500 550 600 650 700
Wavelength (nm)

[21¥. 4.3] MoOsE HILZ A&3% QD-LEDs 449 PL / EL

PL =% JEL Sol-gel EL
Peak 625 nm 640 nm 629 nm
FWHM 31 nm 45 nm 42 nm

[¥ 5] PL / EL §4 #®lx&
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2 AFoNA AFEE CdSe/CdS/ZnS G S ol &3] QD-LEDs &%H& A
z2bate] Ao 2291 FAH ] PeakE Al 2HE A2 PL Peak ¢+ EL Peak<}
Hlaste] Aww gty [29 42, 4318 AHEW PL Peak= 625 nm <1t
Sol-gel B3 Yx 2 Hoz A# © Ax= 2442 630 nm, 640 nm= L}EF

=]
Wk ¢F 5, 15 nm X AAHolE st ed ol 7 A olf = AW
T Ak HA F e A oY A oA 22 M= A U R FFE <l
Energy transferel] 2J3gF X

ootk WL Mg A FAH ) A/ BE
el s el 2 ol ol Qo] A =719 vhe YA oUA T 4
How 2 vhe YA FrHel AnHon gyHon 2w dAE
MR AUAT A Hol A4 Ho] @go] Ar)E Aeluh

o &L offf ok

core el FHd¥ AF A&7t AAES &3 wFst=d, PL 22 4+
Quantum Dot& A3t U= core W AAE olYAE 7hstH HAAE o
7] @ F Mol vtE 3PS vl 1} ELS doj=E QUMHSHE 7t
3l Haet AEFE FY F AATe] Hol A=d FUAHLE core WellA]

relaxation time©] Zojx A o7} oA Hr}.

T WA 2= QD-LEDs &AFe] g8+ Aol 217 € v Quantum Dot

ol
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Al 32 WO3E ©] €3 QD-LEDs £#9 54

3.1 QD-LEDs £&#+9 93 o]n] X

Solution X

Sol-gel ¥

—

[Z29. 4.4] WO3E HILE Al£3 QD-LEDs &% 93 o]u]X

1412 AFNAHE Aol AHEE bR} Sol-geld o wHEolx
WO; 89, A% F 945 24, £ae] W ov] S vhEhe,
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3.2 QD-LEDs 4*9 AFM &4

-56.0 nm

1.5 nm

-1.5 nm

[29. 45] WO3E HILZ A& % QD-LEDs &4¢ AFM
(a) U= 233 (b) Sol-gel ¥
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3.3 QD-LEDs 4 #}¢] FE-SEM &4

PKNU SEI 150KV X50000 100nm WD 83mm

-

PKNU SEIl 150KV X50,000 100nm WD 83mm

[Z9. 4.6] WO3E HILZ A}8€3% QD-LEDs £ A9 FE-SEM
(a) Y= 2% (b) Sol-gel ¥
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3.4 QD-LEDs 479 #3H4, 474 54 24

3501 (a)

200 -
150 |-

100 |-

Luminance (cd/m’)

o
]
i
]
!
4
L
*
?

8

(b)

Current density (mAlcm)
3

2 6 10

Volagte (V)
% 04l (c) /
S osl /
=
% 0.2 /

/A
= e
a 0.1 o A
= A A
S
0.0 - 5
Volagte (V)

[Z9. 4.7] WO3 (Yx=£4)E HILZ A£3F QD-LEDs
(a) Luminance (b) Current density (c) Current efficiency
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o~
£
8 ol
8
S 200t
=
E 100}
—
o=
o azee-e
a 8 10
Volagte (V)
“E so0| (b
g oo} )
E 400 |
2 300}
)
< 4
B 00}
-—
£ |
E 100 |}
(&3 0' M‘,..y'"
a 8 10 12
Volagte (V)
= 0.5
= ()
O o4t
oy
S osf
S
&5 02}
=
g “T /—
S
o | —m—n—, -—"
0.0 .
4 5 B

[Z2¥. 4.8] WO3 (Sol-gel)E& HILZ A}&3 QD-LEDs
(a) Luminance (b) Current density (c) Current efficiency
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HIL A5 WOsE Y= 33 Sol-gel Ho= A Zete] QD-LEDs 4%}
S A 9 1A [19 44]= WOE e o= ARg Az

A7 BEAS JEREE) - VA - L3R 2d42E5 Sal Lot

6V Mool NE 247k wastl 8 VIE 343 HE0} 28 A e

=
r>~1
4
=t
ki
|
=
[4>4
2
|
oy
o
ki
4
=
I
il

WE 220 wyetol 9 ViE 348 #5728 MY e A% 549
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