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Abstract 
A transparent plasma display was developed using 
transparent glass barrier ribs. Glass barrier ribs were 
fabricated via a wet etching process. Glass barrier ribs 
created using a top and bottom etching process showed 
better transparency compared to those created through 
only a top etching process. A see-through phosphor layer 
was obtained by coating the sidewall of the barrier ribs 
with a conventional opaque phosphor. A fabricated 
prototype of a transparent plasma display was clear 
enough to see the background beyond the panel and was 
well operated by a conventional driving scheme. The 
maximum luminance was 1150 cd/m2 and the maximum 
luminous efficacy was 1.35 lm/W in a Ne+13.5%Xe gas-
mixture and green cells. 

 
 

1. Introduction 
 

There is a great challenge for researchers to create 
wiser and friendlier advanced information displays. A 
transparent display is believed to be one of the 
promising candidates for intelligent display of the 
future [1]. Several studies have reported transparent 
displays based on display technologies such as organic 
light-emitting diodes and liquid crystal displays [2], 
[3]. These technologies are however well known to 
have technical limitations related to the development 
of large displays. On the other hand, a plasma display 
has fewer limitations for large displays due to its 
simple structure and easy fabrication. If a transparent 
display can be realized based on plasma display 
technologies, a transparent plasma display would 
therefore be most attractive as a large transparent 
display. Some research groups have reported the 
possibility of transparent plasma displays [4], [5]. 
They approached the task of developing transparent 

plasma displays by proposing new structures and new 
component materials. In the present study, a 
transparent plasma display that uses the novel concept 
of transparent barrier ribs is proposed. Given that 
conventional barrier ribs greatly reduce the level of 
transparency, these types of barrier ribs should be 
replaced with transparent barrier ribs. Transparent 
barrier ribs are developed by etching of thin glass. 

 
 

2. Fabrication process 
 

 

 
 

Fig. 1.  Process for the fabrication of the glass 
barrier ribs. The top and bottom of the glass are 
etched simultaneously. 

 
 

Glass barrier ribs were developed through a wet 
etching process with a 20 % hydrofluoric acid (HF) 
solution. Figure 1 shows the fabrication process of the 
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glass barrier ribs. In step A, 15 nm thick titanium layer 
for adhesion and 700 nm thick copper layer for the 
etching mask are deposited onto the thin glass. 
Generally, gold is used for the mask material in a HF 
solution due to the small undercut [6], [7]. However, 
in this study, copper was used for the mask material as 
it is inexpensive. This copper mask showed good 
performance also. The thin glass used here is 145 µm 
thick, which corresponds to the height of the barrier 
ribs. A photoresist was patterned to etch the copper 
mask in step B and the thin glass is subsequently 
etched with a 20 % HF solution in step C. Finally, 
titanium and copper layers are stripped in step D. 

 
 

3. Results and discussion 
 

There is a reason for etching the top and bottom of 
the glass simultaneously. Figure 2 shows the 
transmittance of glass barrier ribs fabricated with 
different etching processes; the first set shown used 
only a top etching process whereas the second 
involved the simultaneous etching of the top and 
bottom. Simulation and measurement data show that 
the top and bottom etching process is superior because 
the average incident angle between the glass and the 
air is smaller. The difference in the transmittance 
between the simulation and measurement data is 
attributed to pinholes that exist on the etched glass 
barrier ribs. 

 
Fig. 2.  Transmittance of glass barrier ribs 
fabricated with a top etching process and with the 
top and bottom etching process. 

 
 

Figure 3 shows fabricated glass barrier ribs created 
via the top and bottom etching process. These closed 
glass barrier ribs have a sub-pixel size of 1.08×0.36 

(mm)2, which was designed for 42-inch VGA 
resolution. The glass barrier ribs are suitably 
developed, as shown in Figure 3(a). They are 
transparent enough to see the image beyond the 
barrier ribs, as shown in Figure 3(b). If the pinholes 
on the etched glass barrier ribs are removed, the 
transparency is improved. 

 

 
(a)  

 

 
(b) 

 
Fig. 3.  Fabricated glass barrier ribs. (a) Scanning 
electron microscope image. (b) Image showing the 
transparency of the barrier ribs. 

 
 

 

 
(a)  

 

 
(b) 

 
Fig. 4.  Glass barrier ribs coated with the 
conventional green phosphor: (a) these barrier ribs 
exposed to UV light of 245 nm. (b) Image showing 
the transparency of these barrier ribs. 
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Figure 4 shows glass barrier ribs coated with a 
conventional green phosphor. The phosphor covers 
only the sidewall of the barrier ribs. This method is 
similar to the phosphor coating method reported Choi 
et al. [5]. This coating method helps to make the 
phosphor layer see-through, even with the opaque 
phosphor. However, attaining high transparency with 
this process is a challenge, and the image beyond the 
phosphor layer will be distorted due to the opaque 
phosphor layer on the sidewall. 

 
 

 
 

Fig. 5.  The developed transparent plasma display. 
 

 
Figure 5 shows the developed transparent plasma 

display panel. Its cell geometry is nearly identical to 
that of a conventional plasma display panel but 
several differences are apparent: the transparent rear 
dielectric layer and transparent glass barrier ribs 
which sidewalls are coated with the phosphor. The 
developed transparent plasma display was operated 
successfully in a conventional driving scheme. We 
obtained the maximum luminance of 1150 cd/m2 and 
the maximum luminous efficacy of 1.35 lm/W in a 
Ne+13.5%Xe gas-mixture and green cells. 

 
 

4. Summary 
 

This study proposes a transparent plasma display in 
which opaque barr ier  r ibs are replaced with 
transparent glass barrier ribs. Glass barrier ribs were 
developed in a wet etching process with a 20% HF  

 
 
 
 
 
 
 
 
 
 
 

solution. Copper was used for the mask material and 
titanium was used as the adhesion material. The top 
and bottom etching process was introduced; this 
etching process showed better transparency of the 
glass barrier ribs compared to only a top etching 
process. A see-through phosphor layer was obtained 
by coating the sidewall of the barrier ribs with a 
conventional phosphor. The transparent plasma 
display panel developed in this study had a sub-pixel 
size of 1.08×0.36 (mm)2. The developed transparent 
plasma display showed good transparency and was 
successfully operated using a conventional driving 
scheme. The luminance of 1150 cd/m2 and the 
luminous efficacy of 1.35 lm/W were obtained. 
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