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Studies on the Optical and the Electrical Characterization of
Organic Electroluminescence Devices of Europium Complex Fabricated
with PVD(Physical Vopor Deposition) Technique

EHH - FHE” . &XAT - SEES
(Myung-Ho Lee - Han-Sung Lee - Young-Kwan Kim - Jung-Soo Kim)

Abstract - Electroluminescent(EL) devices based on organic materials have been of great interest due to their
possible applications for large-area flat-panel displays. They are attractive because of their capability of
multi—color emission, and low operation voltage. An approach to realize such device characteristics is to use
active layers of lanthanide complexes with their inherent extremely sharp emission bands in stead of commonly
known organic dyes. In general, organic molecular compounds show emission due to their 7~ @ * transitions
resulting in luminescence bandwidths of about 80 to 100nm. Spin statistic estimations lead to an intemal quantum
efficiency of dye-based EL devices limited to 25%. On the contrary, the fluorescence of lanthanide complexes is
based on an intramolecular energy transfer from the triplet of the organic ligand to the 4f energy states of the
ion. Therefore, theoretical internal quantum efficiency is principally not limited.

In this study, Powders of TPD, Eu(TTA)i(phen) and AlQ; in a boat were subsequently heated to
their sublimation temperatures to obtain the growth rates of 0.2~0.3nm/s. Organic electroluminescent
devices(OELD) with a structure of glass substrate/ITO/Eu(TTA)s(phen)/Al, glass substrate/ITO/TPD/Eu(TT
Als(phen)/Al and glass substrate/ITO/TPD/Eu(TTA)s(phen)/AlQyv/Al structures were fabricated by vacuum
evaporation method, where aromatic diamine(TPD) was used as a hole transporting material,
Eu(TTA)s(phen) as an emitting material, and Tris(8-hydroxyquinoline) Aluminum(AlIQs) as an  electron
transporting layer. Electroluminescent(EL) and current density-voltage(J-V) characteristics of these OELDs
with various thickness of Eu(TTA)s(phen) layer were investigated. The triple-layer structure devices show
the red EL spectrum at the wavelength of 613nm, which is almost the same as the photoluminescent(PL)
spectrum of Eu(TTA)s(phen). It was found from the J-V characteristics of these devices that the current

density is not dependent on the applied field, but on the electric field..

Key Words : Electroluminescence(EL), Photoluminescence(PL), Trapped-charge-limited current(TCLC), Electron
transporting layer(ETL), Hole transporting layer(HTL), Eu(TTA);(phen)
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7]{roughness)7} El& 4 glgich

2E N8 AH3 quartz $lo] 300408 AZZE
sto] &Fstgetl, TPDE A7 oF 20A28 49
o] 2 EHa:, al0¢ ThE AEeE del A
(grain) 3717} A Uebd& & 4+ rh ditFes
HANA BEAL grain 277t F45F ¢Fsich. AUH
EMe olrrL} AVAELE 5L WY, EF grain
o] ZAAIA Atgt Zo] dojut Helol(carrier)d] olF
g wegegs Y 54& Ho]=RIth ol: Al
& Az} AYS(ETL)LE AHEEH I dled thE Algel
ulslA A=Y olF =yt wiETH: FE FHE st o
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ch ®Ee PR g2 3t 7P $2 2] 2lol& U 3.7 Eu(TTA)s(phen) | tunneling =4

Ehlle= B A7)(average roughness): 30A0% EL 4&xlo] ol |71EL Lo o&8)x] ofo}
TPDRTH= & AAA FHo] HL WA ol 100Co]stoll = @ o] (thermal ion)oll &Jg M3} =
Eu(TTA)s(phen)®] 32t elulzl2 ®do] ¥=&® 21 oo 2 qdnrg wx 9gog o 4 olth olyy A
22 FHo| golE HoiFa glom HHY BE A gzayo|n] xol A9 QS wx] ot EL &2}o]
71T 10A oJUg n¢ Re=ge Hog Wy £ Hda 33e H-AHA Ba

gich

Fowler-Nordheim®] ©]da 4].2[1]1-13]

__ 2.2V 87d 1/2 g3/2
=Sy & =~ Tsbhy @m0 )

oly Ztzte] A 4ES Alatsid A9} kE UER
o,
I = AF?exp (£ ) 2 FAY 4 Qrc)

12} Fe} BAE olsﬂam sisl & o WuisE 44

ol
I= erxp(—Tk)
& A8l FPg zpHoZ o33t ¥ MAEIE 2
s,
A N__ &k
2 BEANY 4+ 9lth
A71A, [= HRW, F= AA, 83 k&= A
(barrier)2] ¥ejoj -4 6}“ S!}E}DilE-](parameter)OI

tl. mietd Bd HF(NHEe AAY d5(1/F)0 vl s)
Zra(ciA]l waf dAof Hlaﬂaﬂ T7} v}c & ¢ =
elct,

38 16¢ B33 o] F2Y JZoln, IY 17
< AE FZY EL &3 FoM FHo] A 48 &
718 {organic) #HA] FA7} 650A FAE 2=
ITO/TPD/Eu(TTA)3(phen)/A1Q3/A1  £2}8]  1/Fo] tfdl
1/F) ag=E vehd Zolth, ol&g 23} ojaiziz]
2 A% tjolel 8} Fowler-Nordheim 4o tjgdsle]
T ZHAM FRE)o] nAgels I g2 o 4t
A FRolA doleg} 33 Fo] Ux|Flx] g A
or7te] o o|&(thermal ion) WAl HFAE Z7}
U Ao g AzsojAc)

222 o FEL EHE 5] gHAdE 99
o go] 9 o] ®lrlo]l thdt Richardson-Schottky
F7}slok & Zoltt. [14]

-

il 4

> rlo

> o=
to Y

o (v AR
jrs = BTzexp[—(z—leTF ]

/2
A= (47155 )’

r

A71H, s £ G ol Walol ¥ AFolW, B
BuY 4, xE A3 QRS 87 BUY A
E08 ouA] Aol § slul et

[

{(c)Eu(TTA)3( phen)
3% 14, TPD, AlQs, Eu(TTA)s(phen) =tute] AFM Image
{300A).
Fig. 14. The AFM image of TPD, AlQs;, Eu(TTA)3{phen)

Films (300A).
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ITO '

00
oO

23 15, Tunneling?] EAIE.
Fig. 15. Schematic diagram of tunneling.

Ooo

A=l 16 A= thX(single-layer)3} o] &
(double-layer)$] R E 713 ¢l sample A%} BY

tunneling 1@ Z(graph)& B.oiF3 gl I3 166
A RIZo] xhE(single-layer)z} o]%(double-layer)
FZE A AdE 5 A7 §ARE AU 17vel A
tunnelinge] Yold& & 4= U7, I3 176AM& 2
3 162t @] H=x}(electron)} H-F(hole)o] Ztz}e]
A (transporting layer)& FaiA FYol ol B
t} w2 HQlolA tunnelingS Yoiuiz AYE 12vo]

A dojdg Halstgrt

—e—SAMPLE B
—a—SAMPLE A
> %
=
A \
'y
- .
VAN
Saa SSel
N i =
0.04 0.06 0.08
v
%) 16. Sample A%} B +XojA4 2] tunneling 4.
Fig. 16. Tunneling characteristics in the sample A
and B.
ol #Z(hole)o] BF ALZ(HIL)ol &Jsfirf

Aglo] E|x|ul, MA}(electron):= Eu(TT4)s(phen)e] %
< Z F3 B Hos MU A 37 1700
A AP A=A} AYH(ETL)z BF AYE(HIL)E 7}
sty tunneling Agte] u#7tz, dEol F4e¢]
71&N5E FA3] F/1EE B3 gl o] 1y
JefZ(graph)d] 71&7171 o FF3Ithe Y olyz]
A (energy barrier)o] Wolz|AL} olLH Wi=o &
(band width)o] FolxlE Z-& oulsia|nt o] RE2
Bt o 92 d-771 "astelel Al [15]
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-49
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% 17, Sample C-7-RoA 2] tunneling S543.
Fig. 17. Fowler-Nordheim plot for a OELD with a
structure of a glass substrate/IT0/TPD(300

A)/Eu(TTA)3(phen) (50 A )/41Q3(300A ) /A1,

3.8 MRe ¥z &F

EL 3ol Zxef EL Lo AF U=y #
AE doliz] 93l AF Wxo ¥l x(Luninance) 4l
#e st ¥ 182 Keithley 2383} MINOLTA
CHROMAMETERS AH2-3to] =] A]ZHdelay time)S 5%
2 3l &3 Folth. 4F FReAM M W =
E Uehle U332 F27 50AY Ffof tistoq A
Feob fixete] BAE stk &% Hzp EL 42}
of z2: A{ wUxe} EL WP  AZ|(emission
intensity)= A< vl eg viepytrt. 2P 189
(a)2 B, Ago] ¢F 10v7} = AF YUE(current
density)7} F73] F7lsla ol AF Wxe FJl
2 3 =7 SIS o 4 AUtk 1Y 184 (b)e=
AF U= Hxe] FAUY turn-ono] EHE= 0.003 A/
af o] AR LEoH= ¥HEI dPFos Frst
cirt 17vel A Hcele] d3el oF 30cd/nfe] WHE ¥
t}, ojumje] AF{ W= oF 0.184/aio|Th

A=

—_ =

0.20
ITO/TPD/Eu(TTA)3(phen)/AIQ3/Al : 130
TPD : 300A
— 0.15 Eu(TTA)S(Phcn) : S0A . 425§ c
g AIQ3 : 300A . 5
= " q208
g 0.10 - 1152
. &
- . =,
£ " {10~
™ » .
3 0.05 - e -
[ ] L
[ . L 15
[ ] .. ¢
0.00 = & P Py 1 0
0 5 10 15
Voltage|V]

(a) B¢} AF UE, luminance2}e] TA.




W
>

H ITO/TPD/Eu(TTA)3(phen)/AIQ3/Al ]
TPD : 300A /
Eu(TTA)3(phen) : 504 °

AIQ3 : 3004 /

AN

Luminance[ed/
S

0 -»“0-0—0/'/.

. ‘lE-S 0.01 - 0.1
Current Density|A/a]

(b) AF W=2} luminanced] A,

3% 18, AF PR EL AxjolM Mz HF
W%, luminance$}e] A,

Fig. 18. The voltage-current density-luminance
characteristics of a glass substrate/I1TO
/TPD(300A ) /Eu(TTA)3(phen) (50 A ) 7A1Q,
(300A)/A1.

3.9 9 Eh¥ AlXI(photograph)

= dqolA Azgh EL A=l WP RE L AUoE
e 3 Aoz v o, 4F Tz A xE
Ztzh ¥ st 95 Aol ¥ wae sty

HE 47t goen, ol T A3 2z

#HAd S stdct olF TR EL Axl= 4t& 3

uigte]  9le] Zxx ot 49
(life-time) = ZA|7} ¢fgtony, 4txe] ZHL7t o]
TEE Z31 BE WHolM ZaFE Wo| uigich
ol o]59 ZRole Hxl ALE(ETL)o] glo] BB
83| YPS(enitting layer) 22 §¢lo] FHi& uiy
HAzbe f4dol 3 aslo] Aol 7o F¥ol g o]
Wo] ZEo} £yo] ¥ Hog HyldHcrh a3 o]
T TERY AQY UH DEE AL sl £235
Arh

thE 28 19¢ o533 A5y Uug 2Hog A2
2 X 2um(4md ) O] %2 B Rofl=
Eu(TTA)3(phen) 3}ute] Ezjs 50A¢ mjy] Wy 2
ol, 1§ 202 4F T2 EL AxlolA wpEql
Eu(TTA)a(phen) ®}ate] FAI7} 50A oldt o wje] w
2522 Eu(TTA)s(phen) ol A7} ofyd AlQs 2iutol A
AAYol dojut Aol P = Bolth 1109
¥l 300cd/molth wWFEo] Eu(TTA)s(phen):
AMol31, AlQz: Aol

4.8 B

2 dro M Af20] 3H4d8F Eu(TTA)s(phen) S 7HA]
2 w3, o3 M PE9 B 4XE Asl W)
. Py 542 dT7siden, wze FzolM A
F AYFHIL)Y A2 AYS(EL)Y FAE o 300A
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L8 BN YFF(enitting layer)e] FAE 300
Ao 50Ace AWM FY AL A=
EL W% 428 #z}sidct.

(a) o]& T2} EL 42}
{1TO/TPD(300A ) /Eu(TTA)3(phen) (700 A ) /A1)

(b) & F29 EL &3}
(ITO/TPD(300 A ) /Eu(TT4)3(phen) (50 A ) /A1Q3(300 A ) /1)

3% 19. EL £2te] HA(red) W3 AR,
Fig. 19. The photographs of the red emission of
EL device.

% 20. EL £2}2] S8 (green) W AL,

Fig. 20. The photographs of the green emission of
EL device.

(ITO/TPD(300 A }/Eu(TTA)3(phen) (<50 A ) 7A1Qs(300 A ) /A1)

2 d7olMd= PD FIF g o] 88tof 0.5A/sec
o =81 3% 428 AY(quartz) 713 $lof TPD,
Eu(TTA)a(phen), A10;2] Butg HAsted BeHd B4
Wivis, FRE 2MEA S4std 4% A4 B
¥ F a-stepd ol&tl FAE ZAFsfdch Y
Eu(TTA)a(phen) ute] PL, EL AWEYH S &As1E,
Al 7HA] Typed] MHF-ANI-V) B4 ZH, 3= 5
7z} 334t 2 d31E B3l @S AEL e
o gl

(1) AfZo] /¥ Eu(TTA)s(phen)e] F&+a EAdql
UWrvis. ERE &322 Eu®ol 23 4302 350mol
A #3e] ¥]3(peak)E LIERWAL].

(2) WZZ(emitting layer) &2 A}E-8F Eu(TTA)s(p-
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