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Lanthanum hexaboride (LaB6) thin films were used as protective layers in alternating current plasma display panels (AC-PDPs). 
The firing voltages and discharge delay time of protective LaB6 thin films were evaluated and compared with the conventional 
protective MgO layers in planar-type test panels filled with 5%–15% Ne-Xe. By employing LaB6 thin films as protective layers, 
both the firing voltages and discharge delay time decreased drastically. Improvements in the discharge properties of the LaB6 thin 
film could be attributed to the lower work function, offering more priming electrons during the discharge process. 
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Owing to their high luminance, high contrast, wide viewing 
angle, and full color display, alternating current plasma dis-
play panels (AC-PDPs) have become regarded as one of the 
leading flat-panel display devices today. Among the ele-
ments composing today’s AC-PDPs, the panel’s protective 
layer plays an important role in influencing the driving 
voltages of AC-PDPs and preventing AC-PDPs from ion 
sputtering. However, the discharge voltages of AC-PDPs 
with conventional magnesium oxide (MgO) protective lay-
ers are still considered to be too high to permit standard 
integrated circuits. Hence, it is necessary to develop a new 
protective layer to obtain high-performance AC-PDPs.  

Recent research in this field has focused on doping MgO 
with impurities or coating an additional thin protective layer 
on the MgO layer in hopes of enhancing the secondary 
electron emission yield of the protective layer in AC-PDPs; 
this research includes studies into the effects of MgO doped 
with ZnO [1], MgO doped with Si [2], MgO doped with 
SiO2 [3], MgAl2O4/MgO double layers [4], SrO/MgO dou-
ble layers [5], LaF3/MgO double layers [6], and so on. In 

addition, some new protective materials such as La2O3, 
CeO2, SrO, and SrCaO cold cathodes have also been devel-
oped [7,8] with the aim of replacing the conventional MgO 
protective layer to improve the overall performance of 
AC-PDPs. 

In this letter, we propose the use of a lanthanum hexabo-
ride (LaB6) thin film as a new protective layer in AC-PDPs. 
This film’s many promising qualities include its low work 
function (2.3–3.0 eV), low sputtering yield, and excellent 
mechanical stability against ion bombardment. A handful of 
reports on the application of LaB6 to be as a cathode mate-
rial for PDPs have been published in recent years; however, 
these studies only focused on LaB6 thick films that were not 
transparent, and the films’ gas discharge properties were not 
discussed in detail [9,10]. In our study, protective LaB6 thin 
films with a high transmission rate were prepared by the 
electron beam evaporation method. Moreover, the discharge 
characteristics of these films were analyzed and compared 
with those of MgO thin films by measuring the discharge 
delay time (td) and firing voltages (Vf) in test cells filled 
with Xe-Ne gas mixtures. 

In our study, the gas-discharge characteristics of LaB6 
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thin films and MgO thin films were measured in a pla-
nar-type test panel by the opposite discharge method. Con-
sidering the very small size of the discharge cell of 
AC-PDPs, a macro cell was introduced, based on the simi-
larity law and Paschen’s law in gas-discharge theory. It has 
previously been established that the gap length of discharge 
cells in general AC-PDPs is about 100 m, and the pressure 
of the cells filled with inert gases (Ne and Xe) is about 
300–400 torr. Thus, in accordance with the similarity law 
and Paschen’s law, the gap length of the discharge cell in 
our experiment was set to ~3 mm (i.e. the magnification of 
30), and the pressure was set to 1–20 torr. A schematic dia-
gram of our macro-cell testing configuration is shown in 
Figure 1.  

In our experiment, an ITO layer with a thickness of 130 
nm was prepared by the magnetron sputtering method, and a 
transparent dielectric layer with a thickness of 21 m was 
formed by using the screen-printing method. A 5 mm diam-
eter MgO thin film was subsequently deposited on the die-
lectric layer as a protective layer and a LaB6 thin film was 
then deposited on a separate dielectric layer with the same 
diameter. Both films were fabricated by electron beam dep-
osition, as summarized in Table 1. In addition, an ultravio-
let-visible spectrophotometer was used to test the visible 
light transmittance of both films. This assessment indicated 
that the LaB6 thin film with a thickness of 40 nm presented 
high transmission of ~90% in the visible light wavelength, 
which was very similar to the MgO thin film with a thick-
ness of 800 nm. 

A previous study indicated that the breakdown voltages 
in AC-PDPs cells decreased significantly as the ion-induced 
secondary electron emission of the panel’s protective layer 
increased [11]. This study also reported that the ion-induced 
secondary electron emission efficient of a protective MgO 
layer with (111) surface had the highest value in compari-
son with the other orientations of (200) and (220).  

Figure 2(a) shows the XRD pattern of the fabricated 
MgO thin film tested in our experiment. It can be seen that 
the MgO thin film has perfect crystallinity and the intensity 
of (111) orientation peak is the strongest. Thus, we can con- 

 

 

Figure 1  Schematic diagram of the macro-cell configuration used for the 
investigation of discharge properties of LaB6 thin films and MgO thin films. 

 

Figure 2  The XRD patterns of fabricated thin films. (a) MgO thin film; 
(b) LaB6 thin film. 

clude that our fabrication technology has achieved a protec-
tive MgO layer with high ion-induced secondary electron 
emission efficiency. 

In addition, according to some published reports focusing 
on the relationship between work function and the crystal 
face of LaB6, the work function of various orientations is in 
the range of 2.41–2.90 eV, and the order is described as: 
(346) < (100) < (110) < (111) [12,13]. Figure 2(b) shows 
the XRD pattern of our fabricated LaB6 thin film with 
background noise excluded. With a strong preferred orien-
tation to the (100) plane, this film exhibits fine crystallinity. 
We have thus concluded that the evaporating conditions 
shown in Table 1 are feasible for obtaining low work-  
function LaB6 thin films that are very suitable for AC-PDPs. 

As shown in Figure 3, the firing voltages and discharge 

Table 1  Deposition conditions of MgO thin films and LaB6 thin films 

 MgO thin films LaB6 thin films 

Vacuum 3×108 torr 9×107 torr 
Distance between 

Substrate and target 
50 cm 50 cm 

Substrate temperature 100°C 400°C 

Diameter of thin films 5 mm 5 mm 

Thickness of thin films 800 nm 40 nm 
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Figure 3  Firing voltages and discharge delay time versus gas pressure of the test panels with MgO and LaB6 protecting layers. (a) Xe 5%; (b) Xe 10%;   
(c) Xe 15%. 

delay time of fabricated LaB6 thin films and MgO thin films 
were measured in 5%–15% Ne-Xe and plotted against gas 
pressure. We observed two important phenomena in the 
firing voltage results:  

(1) As the pressure increased, the firing voltages of both 
the LaB6 thin films and MgO thin films increased, indicat-
ing that the device worked in the right-hand side of the 
Paschen curve. A possible reason for this finding is that the 
minimum pd (where p and d are pressure and gap length, 
respectively) adopted in our experiment is about 3 torr mm, 
which is still higher than the lowest point (i.e. turning point) 
in the complete Paschen curve.  

(2) No matter how large the pressure was, LaB6 thin 
films presented much lower firing voltages than MgO thin 
films. The lower firing voltages of LaB6 thin films are likely 
due to their lower work function, offering an important and 
effective supplement for the priming source needed in the 
gas discharge. 

It is known that the discharge time lag is composed of the 
formative time lag (tf) and the statistical time lag (ts) [14, 
15]. The formative time lag is defined by the time required 
to build up the discharge through the avalanche process 
from the end of the initiatory lag, which mainly relies on the 
electric field strength, as shown in eq. (1). On the other 
hand, the statistical time lag is defined by the time elapsed 
between the instant application of external voltage and the 
arrival of initial seed electrons in the gap, which represents 
the variation of the priming state of the cell, as shown in  
eq. (2). 
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where t+, te, E, K+, Ke, n0, and Ps are the time taken for the 
ion to arrive to the cathode, the time taken for the electron 
to arrive to the anode, electric field strength, mobility of ion, 
mobility of electron, number of seed electrons, and the 
chances that an electron will produce an avalanche, respec-
tively. As the gas pressure increases, a higher E is required 
to form the avalanche process and tf is reduced according to 
eq. (1). As a result, the discharge delay time for both LaB6 
thin films and MgO thin films decreased. Moreover, owing 
to the lower work function of the LaB6 thin film, there are 
more priming particles in the cell and the ts of LaB6 thin 
film is shorter. Hence, the discharge delay time of the LaB6 
thin film is much shorter than that of MgO thin film, as 
shown in Figure 3. 

In conclusion, the test cells with LaB6 thin films at 
Xe-Ne gas mixtures consistently showed lower firing volt-
ages and shorter discharge delay time, compared with the 
conventional cells protected by MgO thin films. The possi-
ble mechanism is due to the lower work function of LaB6 
thin films, which offer more of the priming electrons nec-
essary to the discharge process of AC-PDPs.  
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