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Mechanisms of injection enhancement in organic light-emitting diodes
through insulating buffer
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Three types of organic light-emitting diodes are fabricated. Tris-8-hydroxyquinoline aluminum
(Algs) is used as an electron-transporting lay&TL) and sodium stearatéNaS) as an
electron-injecting buffer. The optimal thickness of NaSt for electron injection is different for
cathodes of different metals, such as Mg, Al, and Ag. This is attributed to the different work
functions of cathodes, which result in different initial barrier heights for electron injection from
cathodes into ETL, and explained based on tunneling theo30@} American Institute of Physics
[DOI: 10.1063/1.1764943

Highly efficient injection of carriers from electrodes is tum efficiency in polymer EL devices and given an explana-
needed for the development of high-performance organition in terms of the tunneling model. Recently, Zhagl*
light-emitting diodegOLEDs).**3In 1997, the introduction  at this laboratory made detailed calculations based on tunnel-
of LiF into OLEDs was proved to be an effective way for ing model, showing that various parameters, such as the re-
improving electron injection from Al into tris-8- sistivity ratio of buffer to organic layer, position of the con-
hydroxyquinoline aIuminurr(Aqu).1 Thereafter, it has been duction band minimum of the buffer relative to the lowest
found that many insulators with proper thicknesses, includunoccupied molecular orbitdLUMO) of the organic layer
ing MgF,,* NaClI? CsF2 and ALO,,* have similar effects on and the thicknesses of both layers, may affect the electron
electron injection into a variety of organic semiconductors.injection in the system of cathode/buffer/organic layer. More
Meanwhile it has been shown that besides electron, hole irrecently, it was demonstrated that the introduction of LiF
jection could also be enhanced by introducing insulatingoetween indium-tin-oxidéITO) and N, N’-bis(1-naphthy]
buffers at some interfacés’ -N,N’-diphenyl4d, 1'biphenyl 4,4-dimaine (NPB) can en-

In general, it is believed that the similar characteristicshance hole injection or not is dependent on the initial barrier
of devices with different insulating buffers should result height (IBH) for hole injection from ITO into NPE. For
from similar mechanismi®****The debate on the mecha- large IBH (the ITO used is treated by Hplasma and hence
nism has mainly focused on two models. One is tunnelinthas low work function resulting in large IBH for hole
probability enhancement resulting from buffer-induced en1'njection),16 LiF greatly enhances the hole injection; for
ergy level realignment;’*the other is the chemical reac- small one(the ITO is treated by UV ozone and hence has
tion model?3_15by which it is thought alkali atoms or alkali- high work function resulting in small IBH for hole
earth atoms in the compounds.g., LiF, Csk adopted are injection),’® however, it will weaken the hole injection. Ad-
liberated and improve the electron injection due to their lowditionally, it has also been found that in the case of
work functions. However, the chemical reaction model isLiF-induced hole injection the optimal thickness of the
unable to explain the buffer-induced hole injection buffer layer is dependent on the values of IBHs. The larger
enhancemerit,’ because such metals would reduce the holahe IBH s, the larger the optimal thickness will be. Such
injection. Meanwhile, even for electron injection it is inap- behaviors have been explained based on the tunneling model.
plicable to the cases of AD; (Ref. 4 and PMMA? which In this letter, it is demonstrated experimentally that the
do not contain any metal atoms with low work function. optimal thickness of sodium stearadaSh as an electron-
Additionally, in terms of chemical reaction model Hueg injecting buffer at cathode side also depends on the IBH at
al.”™ found that in the ternary system of Ag/LiF/Aldhe  the interface of the cathode/electron-transporting layer
release of Li is thermodynamically inhibited and hence con{ETL). The optimal thickness of NaSt increases with IBH.
cluded that LiF could not enhance the electron injection fromrhese phenomena indicate that the mechanism of
Ag to Algz. Such a conclusion was also drawn by Hell  Nast-induced electron injection enhancement in OLEDs is
al.”™ experimentally. However, it was demonstrated recentlyhot a chemical reaction but energy level alignment and
that LiF with 3.0 nm thickness could greatly enhance theynneling.
electron injection from Ag to Alg' _ . Three types of OLEDs with the same structure, i.e.,

Before LiF was introduced into OLEDs, Kinet al”  cathode/NaSt(with varied thicknesgAlqs; (65 nm/NPB
had demonstrated that insertion of Langmuir-Blodgetigs nm/ITO, were fabricated, named, respectively,
films of polymethyl methacrylate (PMMA) between \iq o1 EDs, AI-OLEDSs, and Ag-OLEDs corresponding to
Al and  poly2 - methoxy-5 {2 - ethylnexyloxy - 1,4 - the use of Mg\Ag, Al and Ag as cathode. The details of
phenylene-vinylen(MEHPPV) resulted in enhanced quan- sample fabrication and measurement of current density—
luminescence—voltagél —L—V) characteristics are shown
3E|ectronic-mail: xyhou@fudan.edu.cn elsewheré.

0003-6951/2004/84(26)/5377/3/$20.00 5377 © 2004 American Institute of Physics

Downloaded 23 Jun 2004 to 202.120.224.18. Redistribution subject to AIP license or copyright, see http://apl.aip.org/apl/copyright.jsp


http://dx.doi.org/10.1063/1.1764943

5378 Appl. Phys. Lett., Vol. 84, No. 26, 28 June 2004 Zhao et al.

300 T Y T . T ¥ ‘\fg T L T T T T

<< S 200
E 250} . E
2 E
< (a) 2>
E 200} onm ) £ 100
% 150} ——1.0nm 1 g
< ~=O=—3.0nm A &
3 100} —050nm AA/A 1 3 °F
c —
g sof =5 ] € 6.0k
3 B ok

O R O et b : '
<~ 6.0k} < g 2.0k
5 ® £
S Onm 5 00f¢
g 4.0k} ——1.0nm - 0 2 4 6 8 10 12 14
S ~—0O—3.0nm /f Voltage(V)
o A
2 sock ——>5.0nm Y- )
"C’ ’ A/‘\‘ FIG. 3. 1-V (a) andB-V (b) curves measured from Ag-OLEDs with a NaSt
€ - buffer of various thicknesses.
5 =
- o0 . _ o

0 3 " P T T Y composite cathode. As can be seen, such type of device is

different from AlI-OLEDs. The current injection is slightly
Voltage (V)

enhanced by the layers of 0.5 and 1.0 nm N@s¢ 1.0 nm
FIG. 1. 1-V (a) andB-V (b) curves measured from Al-OLEDs with a NaSt Iayer even looks bettEbUt eVIdentIy deteriorated by 2.0 nm

buffer of various thicknesses. layer. From Fig. 2 it is considered that the optimal thickness
of NaSt for electron injection from Mg to Algis about
1.0 nm.

Zhanet al? at this laboratory have shown the effect of Figure 3 shows thel-V and L—V curves of

NaSt on electron injection in OLEDs and an optimal thick- Aq o Eps. Different from the above mentioned cases, with
ness of 3.0 nm for NaSt-enhanced electron injection was ob; 1 5 3ym NaSt layer inserted between Adpd Ag, both —V

tained. For the integrality of_the expe_zrimental o!ata in thisand L—V curves are shifted toward high voltage region com-
study, we repeated the experiments with the device structuig, o \ith the device without NaSt. Further increasing the

of ITO\NPB\AIg;NaSt\Al and obtained the same results. \js; layer thicknes&3.0 nm, current injection of the device

Figure 1 shows thel-V and L-V curves of . : o
is gradually enhanced. When the thickness of NaSt is in-
Al-OLEDs. It can be seen that a thi.0 nm layer of NaSt creased to 5.0 nm, the device shows optimal current injection

enhances not only the current injection but also the bright;, .4 £ output. The NaSt layer thickness over 5.0 nm shifts

ness. A 3.0 nm NaSt shows the optimal effects and a 5.0 N6 | _y andL—V curves back to the higher voltage region.
one shows the degradation of current injection and EL OUtgjniiar phenomenon has also been observed in the case of
put. So, the NaSt optimal thickness of 3.0 nm is also 0bpq, iF/Alq, and a qualitative explanation on it was givén.
tained for Al-OLEDs here. In short, compared with the cases of AI-OLEDs and

Figure 2 ST\Q"ES htheII—V and L-V dcur:ves hOf Mg-OLEDs, a large optimal thickness of Na&t0 nn) for
Mg-OLEDs, in which the electron is injected through Mg electron injection from Ag to Algis definitely observed.

because Mg contacts directly with NaBt Algs) for Mg\Ag The optimal thickness of NaSt for electron injection ver-
sus the IBH betweek of different cathode and LUMO of

< 300 v v T Alq; are plotted in Fig. 4. The work functions of Mg, Al, and
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FIG. 4. Optimal thickness of NaSt for electron injection vs the initial barrier

FIG. 2. 1-V (a) andB-V (b) curves measured from Mg-OLEDs with a NaSt height between Fermi levéE;) of cathode and LUMO of Alg The dashed
buffer of various thicknesses. line is a guide for the eye.
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Ve BH 4 as expected, i.e., linear to the IBH, according to the model.
This indicates the model is very simple. However, it is suf-
ficiently helpful to qualitatively understand the experimental
phenomena.

As the most-investigated buffer in OLEDs, LiF shows
quite  different  optimal  thickness at different
st interfaces;”1%182%he range of which varies from several

angstroms to several nanometers. Although these results

FIG. 5. Schematic diagram of the tunneling model without and with a NastVéreé reported by different groups, it can be believed that
buffer. Vi, denotes the voltage drop across NaSt buffer layer in the case opuch a large difference results not from the experimental er-

©

optimal thickness of NasSt. ror but an intrinsic reason. The present experiments might be
helpful to give a qualitative explanation to those phenomena.
Ag are about 3.7, 4.3, and 4.6 éVrespectively, and the In conclusion, we have shown the dependence of opti-

LUMO of Alqgs is about 3.0 eV below the vacuum leél. mal thickness of NaSt for electron injection on IBH between
Therefore, the IBH of Mg-OLEDs, AI-OLEDs, and ETL and different cathodes. The larger the IBH is, the larger
Ag-OLEDs are about 0.7, 1.3, and 1.6 eV, respectively. Iithe optimal thickness will be. This is attributed to the differ-

can be clearly seen in Fig. 4 that the optimal thickness ofnt work functions of cathodes, which result in different ini-

NaSt increases with IBH. A tentative dashed line to guide thdial barrier heights for electron injection from cathodes into
eye is drawn through the three experimental points. NoticeETL, and can be understood based on tunneling model.
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