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Electrical and Optical Properties of Top Emission OLEDs
with Ba/Ag Transparent Cathodes
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Abstract

We have fabricated top emission organic light emitting diodes with transparent Ba/Ag double layer

cathodes deposited by using thermal evaporation method. The device structure was glass/Ni(200
nm)/2-TNATA(5 nm)/a-NPD(15 nm)/AlgzC545T (1 %, 35 nm)/BCP(5 nm)/Ba(10 nm)/Ag(8 nm). The
optical transmittance of the Ba(l0 nm)/Ag(8 nm) layer was over 60 % in the visible wavelength

region. The maximum efficiency of the device was 13.7 cd/A at 0.69 mA/cm® and the efficiency of

over 10 cd/A was achieved at wide range of current densities and luminances.
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Fig. 1. The device structure of the top emission

OLED with transparent cathode.
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Fig. 2. Transmittance variation of the Ba/Ag
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Fig. 4. Luminance and efficiency variation as a
function of current density in the top
emission OLED with Ba(10 nm)/Ag (8
nm) transparent cathode.

mA/cm®ll A 137 cd/AclQe™, o
95.1 cd/m’o| Atk CH45TE ERER
Wikl OLEDY €8 6~9 cd/A
2 Husn Wa[17], Ba/AgE T F52
2 AMgsta Co5TE ¥ ZRER A A9
W OLEDE W2 AFUE 9 3= HYdAM 10
cd/A ol w2 &8 eyt

18 5% Ba(l0 nm)/Ag (8 nm) F9H &=
o] 3 Mwuls} OLEDY EL ~=8Ey”& e
Aolt}, 525 nmelf A 7 w3 w7 BAEHUS
o CIE (Commission International de 1'Eclairage)
AR g (034, 061)=, 5% ‘?5 o AE g o]
g A% =4 i FE AHzte Mz H
el Ao}

&2 069
el Eis
g

Q) =
S S

Ut
= o

4. &2 &

238 o

gate] 4

ATl A= Ba/Ag £
8 A7) 9 st

23 OLEDE #|#Halw, A49)
A BEAS ZAEIYTH Ba/Ag olE3 S Ag @
H8 ¢+ FFEJZE JeldSTE Ball
nm)/Ag(8 nm) O]%io% 400 nmolA 80 %, 700
nmll A 60 %9 FH=E vedden 15 Q/C]
o g& AHqES 4@4%‘4. w3 Ba/Ag °1F %
2 Ba®] & AFFE Qldo] AHRH OLEDS

o

il

o

876

10+ ./..}‘
/ \
5 08} . ]
: |
2> 06} i \.\
2 / i
2 0.4} [ ] 5
c .
de M
]
0.0 - ‘ e
400 450 500 550 600 650 700 750
Wavelength (nm)
a3 5. Ba(l0 nm)/Ag(8 nm) % &3& o]&
g A} OLEDS EL 2~¥9Ee3,
Fig. 5. Normalized electroluminescence spectrum

of the top emission OLED with Ba(10
nm)/Ag(8 nm) transparent cathode.

=4 A%02 A%l Bay/Ag £ 3¢ o
28 AWRF OLEDE 10 VoA 113 cd/m’, 18
Vel 9700 cd/m’e) =S el =3

069 mA/cm’ A 137 cd/A9 E&S JEhgge
o, de AF A% 9 Fw HYAA 10 cd/A o]
49 8¢ et 4% CIE Azu:e

034, 0612 TzEdole] A4 34 Hio

T8l HHEYT Ba/Ag TY 3L olg@ A

Hug OLED: Ba/Ag®] —8— FEAE, 2 W

A, BEH HAA Fhow ¢ty nFE, 1

§_%9] :T_Lz:ﬂ_o] 7}"50]'7] EH'E‘OH s&7T% OLED

gagdold Agd & e Aoz B
Hn 23

[1] C. W. Tang and S. A. VanSlyke, "Organic
electroluminescent  diodes”, Appl. Phys.
Lett., Vol. 51, No. 12, p. 913, 1987.

[2] C. W. Tang and S. A. VanSlyke, and C. H.
Chen, "Electroluminescence of doped organic
thin films”, J. Appl. Phys., Vol. 85, No. 9,
p. 3610, 19%9.

81 B%3], A4,
-4 JJr LA

[e] = O
g, olEg,
o) =]
=]
EEA

5
e §7] 2 A
T 58, A7) AR T
], 16iﬂ, 5%, p. 409, 2003.

[4] N. Ibaraki and M. Kobayashi, "Views on



(5]

(6]

(7]

(8]

the present and future promise of OLED
displays”, SID'06 Digest, p. 1760, 2006.

W. E. Howard and O. F. Prache, "Micro-
displays based upon organic light-emitting
diodes”, IBM J. Res. & Dev., Vol. 45, No. 1,

p. 115, 2001.

A. Nathan, A. Kumar, K. Sakariya, P.
Servati, and A. Sazonov, "Amorphous
silicon back-plane electronics for OLED

displays”, IEEE ]. Select. Topics Quantum
Elect., Vol. 10, No. 1, p. 58, 2004.

T. Suzuki, "Flat
ubiquitous product applications and related
Appl.

panel displays for
impurity doping technologies”, J.
Phys., Vol. 99, p. 111101, 2006.

T. Sasaoka, M. Sekiya, A. Yumoto, J.
Yamada, T. Hirano, Y. Iwase, T. Yamada,
T. Ishibashi, T. Mori, M. Asano, S. Tamura,
and T. Urabe, "A 13.0-inch AM-OLED
display with top-emitting structure and
adapative current mode programmed pixel
circuit (TAC)”, SID'01 Digest, p. 384, 2001.
G. Gu, V. Bulovic, P. E. Burrows, S. R.
Forrest, and M. E. Thompson, "Transparent
organic light emitting devices”, Appl. Phys.

Lett., Vol. 68, No. 19, p. 2606, 1996.

[10] G. Parthasarathy, C. Adachi, P. E. Burrows,

and S. R. Forrest, "High-efficiency transparent
organic light-emitting devices”, Appl. Phys.
Lett.,, Vol. 76, No. 15, p. 2128, 2000.

877

[11]

[12]

AN AR A g8 3] =T, 4194 A9E, 200604 9
P. E. Burrows, G. Gu, S. R. Forrest, E. P.
Vicenzi, and T. X . Zhou, "Semitransparent
cathodes for organic light emitting devices”,
J. Appl. Phys., Vol. 87, No. 6, p. 3080, 2000.
L. S. Hung, C. W. Tang, M. G. Mason, P.
Raychaudhuri, and J. Madathil, “Application
of an ultrathin LiF/Al bilayer in organic
surface—emitting diodes”, Appl. Phys. Lett,
Vol. 78, No. 4, p. 544, 2001.

[13] R. B. Pode, C. J. Lee, D. G. Moon, and J. L

[14]

[15]

[16]

[17]

Han, "Transparent conducting metal electrode

for top emission organic light-emitting
devices : Ca—-Ag double layer”, Appl. Phys.
Lett,, Vol. 84, No. 23, p. 4604, 2004.

L. S. Hung, L. S. Liao, C. S. Lee, and S.
T. Lee, "Sputter deposition of cathodes in
organic light emitting diodes”, J. Appl
Phys., Vol. 85, No. 8, p. 4607, 1999.

S. M. Sze, "Physics of
devices”, Wiley, p. 251, 1981.
AFAM, AR, B9, “ITOY

T
SH= HE
Gl

semiconductor

EHA
w2 OLEDs® EAAT", A

1A RS =4, 189, 123, p. 1143,
2005.

H. Kanno, Y. Hamada, and H. T.
Takahashi, "Development of OLED with

high stability and luminance efficiency by
co—doping methods for full color displays”,
IEEE ]. Select. Topics Quantum Elect., Vol.
10, No. 1, p. 30, 2004.



