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ABSTRACT 

The effect of LiF thickness on the electrical and luminescent characteristics in OLEDs has been studied by carefully 
varying thickness value range from 0 nm to 1.2 nm. It’s interesting to find that the device with 0.2 nm LiF layer per-
forms the largest current and comparative lower luminescent efficiency, while the one with 0.6 nm LiF performs an-
other current peak (lower than that of device with 0.2 nm LiF layer) but the highest luminescent efficiency in all devices. 
Here the much enhanced electron injection and destructive efficiency for 0.2 nm LiF device are understood by the 
chemical interaction model at cathode interface, while the fairly increased electron injection and much improved effi-
ciency for 0.6 nm LiF device would be interpreted by other mechanisms, and LiF plays a protective part in preventing 
the deposition-induce photoluminescence from quenching by Al cathode. 
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1. Introduction 

Since the report of Tang and VanSlyke [1] of multilayer 
organic light-emitting devices (OLEDs), tremendous 
efforts have been made to improve the device perform- 
ance. To improve the performance of OLEDs, carrier 
injection and transport mechanisms for organic materials 
have been widely investigated. A famous approach for 
efficient electron injection into Alq3 was first reported by 
Hung et al. [2], who used Al metal together with a thin 
interlayer of LiF. Although the effects of this layer cath- 
ode on electron injection have been well recognized, the 
role of the LiF electron injection layer (EIL) has long 
been in dispute [2-4]. A number of mechanisms have 
been proposed in the literatures, including: (a) the insu- 
lating buffer model, which attributes electron injection 
enhancement to the tunneling effect. The biased LiF 
layer would take a large electric field because of its ex- 
cellent insulating property (with wide band gap of 12eV), 
and shift the electronic states of electrode to a higher 
level thus a more direct electron injection into the lowest 
unoccupied molecular orbital of the electron transporting 
material can be obtained [4-6]; (b) Chemical reaction 
model, in which chemical interaction takes place at the 
interface of LiF/Al or Aluminum 8-hydroxyquinoli- 
nate(Alq3)/LiF/Al [7-9]. The subsequent observed phe- 
nomena include the LiF dissociation and Alq3 anion for- 

mation with Li doping. The XPS results further indicate 
that this reaction does not occur at LiF/Al interface in the 
absence of Alq3, but in the presence of it [9]; (c) Bang 
bending model, which makes the band bended to a cer- 
tain extent, leading it easier for electron to inject into the 
organic material [10]. The significance of these studies 
lies in that they each support one of the different catego- 
rized models. For example, using a LiF-doped Al com- 
posite cathode to replace the conventional layer electrode 
of LiF/Al exhibits the almost identical beneficial effect 
on the I-V and L-I characteristics, and the enhanced elec- 
tron injection in devices with a composite cathode can be 
attributed neither to tunneling through an insulator nor to 
the band bending at the metal-organic interface [11]. An- 
other study by Wang et al., however, opposed the result 
and showed that a Ag/LiF(3 nm) cathode can also increase 
the electron injection by varying the LiF thickness [12]. 

In this paper, we have researched the optical and elec- 
trical performances dependence of the OLEDs on the 
thickness of LiF interlayer. Although other researchers 
have published articles to indicate that different optical 
properties would be obtained when the LiF thickness 
changes, the step of LiF thickness change in their re- 
searches are much larger than that as we did. In our ex- 
periments, it is interesting to find that there are two cur- 
rent peaks when carefully increasing LiF thickness from 
0 nm to 1.2 nm, which is different with that of others. 
And, a conclusion can be safely drawn that different *Corresponding author. 
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mecha- nisms for enhanced electron injection would play 
a part when LiF thickness changes. 
2. Experiment 

In our experiments, the structures of reference OLEDs 
are consist of indium tin oxide(ITO) substrates as anodes, 
molybdenum oxide(MoO3) as hole injecting layers, NPB 
as hole transport layers, Alq3 as electron transport layers, 
LiF as electron injection layers and Al as cathodes. The 
sequences of each layer are as follows: glass substrate/ 
ITO/MoO3 (10 nm)/NPB (40 nm)/Alq3 (60 nm)/LiF 
(Xnm) /Al (100 nm), of which chooses X value between 
0 nm to 1.2 nm with an increasing step of 0.1 nm. The 
ITO/glasses substrates were used after routinely clean 
process without oxidization treatment [13]. The devices 
were prepared by thermal evaporation from resistively 
heated crucibles in three connected vacuum chambers. In 
one of the chambers, organic films of Alq3 and NPB are 
deposited at a pressure of 2 × 10-4 pa at a deposition rate 
of 0.1 nm/s, MoO3 and LiF layers were deposited in the 
adjacent evaporation chamber at a pressure of 4 × 10-4 pa, 
at rates of 0.03 nm/s and 0.01 nm/s, and metal Al elec-
trodes were deposited at a pressure of 8 × 10-4 pa, at a 
rate of 1.5 nm/s. The rates of evaporation and thicknesses 
of the film were monitored via Model TDM-200 measure 
unit produced by Weitai Company. All samples were 
rotated at uniform velocity during deposition so as to 
guarantee the homogeneous films. 

The current density (J) – luminance (L) – voltage (V) 
characteristics of the devices were measured by a Keith- 
ley SMU 2400 source-measure unit and BM-8 multi- 
function radiant measurement meter in ambient condition 
after device fabrication. Photoluminescence quenching 
experimental was tested via LS 45 Fluorescence Spec- 
trometer (PerkinElmer). 

3. Results and Discussion 

Figure 1 displays the typical current characteristics of 
the OLEDs mentioned above, and the specific current 
values at given voltages are also plotted in the insert of 
Figure 1. As is shown in Figure 1, all devices with a LiF 
interlayer perform obviously larger current than that of 
standard devices, illustrating that all LiF layers with 
thickness less than 1.2 nm improve electron injection 
effectively, which is consistent with the reference reports 
[2]. However, we can also find that devices show different 
current performances with the LiF thickness change. To 
show the changing law of the current more clearly, we 
compared the current density at given voltage 12 V, 10 V 
and 8 V, respectively. As is shown in insert, all three 
curves at the given voltage have the same profile. Here 
the one at 12 V is chosen as an example. When LiF 
thick- ness increases from 0 nm to 0.2 nm, the current 
density in- creases sharply and reaches its maximal value 

(678 mA/cm2) at 0.2 nm. Then, it decreases rapidly when go 
on increasing LiF thickness from 0.2 nm to 0.4 nm. While 
further increasing LiF thickness from 0.4 nm to 0.6 nm, 
current density of the device increases again and reaches 
another maximal value (490 mA/cm2) at 0.6 nm. Lastly, 
the current density decreases slowly while LiF thickness 
further increases to 1.2 nm. Therefore, two maximal 
values of current density can be found with the increase 
of LiF thickness. None of the existing injection 
mechanism, including chemical reaction model, band 
bending, tunneling model etc. can explain the 
two-maximal-value phenomenon independently. Thus, a 
hypothesis can be easily drawn that there may be more 
than one electron injection mechanisms are needed to 
explain the two-maximal-value phenomenon. 

In order to further investigate the influence of LiF 
thickness on the luminescent characteristics of devices, 
the current efficiency curves in devices are also plotted in 
Figure 2. It can be seen that the standard device without 
LiF layer, which performs the lowest current efficiency, 
exhibits the maximal value of only 1.5 cd/A. After add-
ing a LiF interlayer, luminous efficiency of all the de-
vices are improved obviously, which probably because 
the  

 

Figure 1. the current-voltage and current-LiF thickness char-
acteristic for OLEDs with different thickness of LiF layer 
between the Al cathode and light-emitting-layer. 
 

 

Figure 2. The EL efficiency-current characteristic for OLEDs 
with different thickness of LiF layer between Al cathode 
and Alq3. 
improved electron injection making the carrier more 
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balance in the emitting layer. As we all known, not only 
the injection barrier of the hole is much lower than that 
of the electron, but also the mobility of the hole trans-
porting layer is far greater than that of electron, thus the 
device is in a hole-rich status [14]. Therefore, devices 
with LiF layer help to improve the electron injection, 
making carriers of the light-emitting layer more balanced 
and reducing the hole-current leakage of devices, then 
the luminous efficiency is improved. However, it also 
shows that not all the devices follow the law that the 
more balanced the carriers are, the higher luminous effi-
ciencies are performed. For example, the current of de-
vice reaches its maximal value when the LiF layer is 0.2 
nm but its luminous efficiency is only 3.9 cd/A, which is 
not the maximal value and is even lower than that of 
other devices with LiF interlayer. As for comparison, the 
device with LiF thickness of 0.6 nm, has the highest 
maximal efficiency of 6.5 cd/A. Therefore, it indicates 
that a large part of exciton in light emitting layer must be 
quenched when LiF thickness is 0.2 nm. 

To confirm the quenching phenomenon in the light 
emitting layer, we have further conducted photolumines- 
cence (PL) experiment, which compares the PL intensity 
of four kinds of films with structures of Alq3 (30 nm), 
Alq3 (30 nm)/Al (2 nm), Alq3 (30 nm)/LiF (0.2 nm)/Al(2 
nm) and Alq3 (30 nm)/LiF (0.7 nm)Al(2 nm). As is 
shown in Figure 3, the largest PL intensity of 629 A.U. 
at a wave- length of 505 nm has performed in the neat 
Alq3 film. After evaporating a 2 nm Al on the Alq3 layer, 
the PL intensity of the light-emitting layer reduced to 390 
A.U. and about 38% of total intensity is lost, which re-
veals that Al atoms have a severe quenching effect on the 
light-emitting layer. When inserting a 0.7 nm LiF layer, 
the PL intensity is increased to 491 A.U., which indicates 
that the quenching effect of Al has been prevented obvi- 
ously and the LiF layer plays the protective function. In  

 

Figure 3. The photoluminescence (PL) curves for the films 
of Alq3, Alq3/Al, Alq3/0.2nm LiF/Al and Alq3/0.2nm LiF/Al, 
which the thickness of Alq3 and Al is 30nm and 2nm, re-
spectively. 
fact, quenching effect of Al has been almost prevented 
by the 0.7 nm LiF layer, because the Alq3/LiF (0.7 nm) 

film plays the comparable PL intensity (489 A.U) with 
that of Alq3/LiF (0.7 nm)/Al (2 nm), of which the further 
deposition of Al layer takes near no effect on PL inten- 
sity. On the contrast, when inserting a 0.2 nm LiF layer 
between Alq3 and Al, the PL intensity is only 348 A.U., 
which is even lower than that of Alq3 (30 nm)/Al (2 nm). 
Given that both of the LiF layers with thickness value of 
0.2 nm and 0.7 nm have the same chemical states, the 
LiF layer with 0.2 nm thickness would prevent the diffu-
sion of the Al atom and reduce the PL quenching effect 
in a certain extent as the one with 0.7 nm thickness does, 
thus improve the PL intensity, which is opposite to the 
experimental results. Therefore a different chemical state 
can be deduced for LiF layer at Alq3/Al interface when 
its thickness changes from 0.7 nm to 0.2 nm, another 
quenching factor may also be introduced into Alq3 layer. 
Here the chemical reaction mechanism is the most prob-
able explanation for the lowest PL intensity in Alq3 (30 
nm)/LiF(0.2 nm)/Al(2 nm) film. According to the chemi- 
cal reaction model, Li was reported being released when 
the chemical reaction took place at the ternary interface 
of Alq3/LiF/Al, and diffusing into Alq3 layer, which would 
exert certainly destructive effect on luminescent charac-
teristics [15].  

4. Conclusions   

In summary, we have carefully changed the thickness of 
LiF electron injection layer and studied the optical and 
electrical characteristics changes of OLEDs. Two peaks 
in current density were founded by differing LiF thick- 
ness from 0 nm to 1.2 nm. The device with 0.2 nm LiF 
layer performs the largest current and comparative lower 
luminescent efficiency, while the one with 0.6 nm LiF 
performs another current peak (lower than that of device 
with 0.2 nm LiF layer) but the highest luminescent effi- 
ciency in all devices. Here the much enhanced electron 
injection and destructive efficiency for device with a 0.2 
nm LiF layer are understood by the chemical interaction 
model at cathode interface, while the fairly increased 
electron injection and much improved efficiency in the 
one with a 0.6 nm LiF layer, would be interpreted by the 
other mechanisms, and LiF taking a protective function 
in preventing the deposition-induce photoluminescence 
from quenching by Al cathode.   
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