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Abstract

For display drivers employ typically a-Si n-channel
field effect transistors, they require an inverted OLED
structure with a cathode as the bottom contact. ITO is
regarded as the bottom cathode and can be applied to
large size AM-OLED and transparent inverted OLEDs.
We report the effective structure to improve the
efficiency of electron injection from ITO cathode to Algs.
We report the effective structure to improve the
efficiency of electron injection from ITO cathode to Algs
and studied the current density-voltage characteristics
of trilayer (Algs-LiF-Al), LiIF and Mg inserted between
ITO and Algs, respectively. We discovered that 1 nm
Mg afforded the highest efficiency.

Objectives and Background

The component of conventional bottom-emitting
OLEDs is to evaporate the organic materials on
transparent indium-tin-oxide (ITO) anode substrate and
covered with the reflective layer as cathode. The n-channel
a-Si field effect transistor with high mobility is regarded as

ideal for future large area and low cost active matrix display.

It is desirable that the bottom contact of the OLED be the
cathode. Forrest etal' used reflection of MgAg as the base
substrate, and sputtered ITO above organic layers to make
the inverted top emitting OLED. But the intense radiation
energy caused by sputtering would damage the organic
layer and the gap states created would induce more
nonradiative relaxation of injected carriers.” In relevant
researches reported, certain protective capping layers
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have been used as buffer for reducing the sputtering
damage."*** There are studies reported that replacing the
ITO anode by gold6 and TeO,/Ag’ thin film is effective to
fabricate inverted OLED. Coupled with the transparent
cathode of ITO, this methodology can also make
transparent inverted OLED,®

In generally, cathode and anode in OLEDs are
demanded to have low and high work function
respectively. Because the lower work function material
such as Al/LiF or Mg:Ag of cathode can be made to
inject electron into organic layer. On the other hand,
high work function of ITO is most suited to function as
anode in conventional OLED. However, one of the
major challenges in inverted OLEDs is to prepare a
bottom cathode providing effective electron injection,
especially when using transparent ITO of high work
function as cathode. In this paper, we studied the
device structures for enhancing the electron-injection
capability of the ITO cathode in inverted OLEDs.

Results and discussion

Recently, C. C. Wu et al’ has reported the use of
the ultrathin Algs-LiF-Al trilayer as an effective
composite electron injection layer for bottom Al and Ag
cathodes of inverted top-emitting OLEDs. The
chemical reaction for the ultrathin Algs/LiF/Al trilayer to
inject electron injection has been expressed as:

3 LiF+AI+3 Algs AlF3+3 Li*Algs
in which [Li*Algs] is believed to be the active injecting



species.

However, we find the efficiency of electron
injection by Alqgs-LiF-Al trilayer only makes a limited
improvement upon using ITO as the cathode that is not
as good as one which uses Al or Ag instead. Figure 1
shows the current-voltage characteristics of the
devices with the structure of ITO substrate (cathode)/
trilayer /Algs (80nm)/LiF (1nm)/Al (100nm, anode) in
comparison with the same device structure without the
trilayer. Although the trilayer appeared to enhance the
efficiency of the electron injection, we will show in this
paper that there is a better choice.
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Fig. 1 J-V characteristics of ITO as the bottom cathode
with and without the ultrathin Algs-LiF-Al trilayer.

The optimized thickness of LiF inserted between
Algz and Al is 1nm in conventional bottom-emitting
OLED component. But when used in inverted OLED
component with ITO as the bottom cathode, we have
discovered that LiF can also increase electrons
injection efficiency as shown in Fig. 3. Schlaf et al’
reported that the work function is reduced as the LiF
layer is evaporated on Al surface. We propose that the
ITO work function can also be reduced because of the
of the LiF layer and the electron injection efficiency is
improved. We noted that the optimal thickness of LiF
between ITO and Algz is 3 nm not merely 1nm as
depicted in Fig. 2 for the thickness of the buffer-layer is
dependent upon the initial energy barrier.'® Therefore,
the different cathode and organic materials which have
different initial energy barriers necessitate the
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thickness of Li be optimized. The efficiency of electron
injection from the optimized LiF layer is determined to
be better than that of the Alg3/LiF/Al trilayer.
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Fig. 2. J-V characteristics of different LiF thickness
inserted between ITO and Algs.
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Fig. 3. Comparison of the J-V characteristics of trilayer,
LiF and Mg as electron injection layer over ITO as
cathode.

Additionally, we find that magnesium as low work
function metal deposited on ITO surface can also
improve the electron injection efficiency [Fig. 3].
However, the best thickness for magnesium is only 1
nm, and thicker Mg produced no better efficiency as
shown in Fig. 4. We suggest that the results could be
rationalized from the charge transfer dipole model. The
electrons of the magnesium is moved strongly toward
ITO surface which induces a charge transfer dipole and
in turn, reduces the barrier height between ITO and
Algs with low coverage of magnesium. The sketch map
of surface is shown in Fig. 5(a). Because ITO surface is
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not the ideal, we think the 1 nm of magnesium is unable
to form an intimate contact membrane on the surface.
When the thickness of the magnesium increases
gradually, the surface forms a magnesium membrane
which reduces the interfacial electron transfer and the
electronic interaction among magnesium atoms [Fig.
5(b)].
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Fig. 4. J-V of different Mg thickness deposited between
ITO and Alga.
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Fig. 5. Sketch map showing the magnesium electrons
distributed onto the surface of ITO. (a), Electrons are
moved toward the surface and induce a large surface
dipole with low coverage, (b) After forming the
membrane of the magnesium, the surface dipole is
reduced due to the interaction among magnesium
atoms.

Summery

We report three kinds of ultrathin layers as an
effective composite electron injection layer for bottom
ITO cathodes of inverted OLEDs. Although the trilayer
and LiF that have been reported can enhance the
efficiency of electron injection above Al or Ag as
cathode, it is not as effective when ITO used as
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cathode. In this present work, we discovered that the
best efficiency of electron injection from ITO cathode is
by inserting 1nm of Mg between ITO and Algs.
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