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Development of Large-screen Ultra-high-definition 
Plasma Display Panels for Super Hi-Vision 

Super Hi-Vision (SHV) is a next-generation ultra-
high-definition video standard with 33 million pixels, 
or sixteen times as many as today’s Hi-Vision standard. 
It will deliver highly immersive images that will give 
viewers the feeling of being right in the scene. This feature 
discusses the work being done to develop self-emissive, 
direct-view plasma display panels (PDPs) to be released 
as consumer SHV displays. We will start by discussing 
the obstacles that need to be overcome to making PDPs 
larger screens and ultra-high resolution and the research 
being done to overcome these obstacles. After that, we 
will discuss two PDPs that the findings of this research 
have enabled us to develop. They represent important 
milestones on the path to SHV, with half the number of 
scanning lines (2,160 lines) the standard requires. One 
of these devices is an ultra-high-resolution 58-inch PDP 
with a pixel pitch of 0.33 mm, and the other a large-
screen (103-inch diagonal) PDP with a pixel pitch of 
0.591 mm. Finally, we shall discuss the work being done 
to develop PDPs with the 4,320 scanning lines required 
by SHV.

1. Introduction 
NHK Science & Technology Research Laboratories 

(STRL) is researching Super Hi-Vision (SHV)1) 2), a next-
generation video standard that will far surpass today’s 
Hi-Vision standard. Delivering the ultimate highly 
immersive video experience, it will make the viewer feel 
part of the scene. It is an ultra-high-definition video 
system with 4,320 scanning lines (four times as many as 
Hi-Vision) and 33 million pixels (sixteen times as many 
as Hi-Vision). The number of scanning lines and pixels 
the standard will use were determined by experimentally 
evaluating the effect of a much wider viewing angle on 
people. One test examined how a wide-viewing-angle 
image projected on a screen could influence test subjects 
when the image was tilted (center of gravity disturbance). 

The test showed that viewers start to be influenced to 
move their bodies when the viewing angle approaches 
20°, and the effect saturates at between 80 and 100°3). The 
feeling of immersiveness saturates at a viewing angle of 
about 100°. For this reason, SHV will have a viewing 
angle of 100°. Figure 1 compares the number of pixels, 
screen sizes, and viewing angles of SHV and Hi-Vision, 
and Figure 2 shows the relationship between pixel pitch 
(the parameter that determines the number of pixels in 
a standard) and screen size.

The target screen sizes for PDPs and other direct-view 
SHV displays will likely range from 70 to 150 inches 
(screen sizes are measured diagonally from corner to 
corner). While liquid crystal displays (LCDs) are easy to 
adapt to higher resolutions (85-inch SHV displays have 
already been attained4)), PDPs, which are self-emissive, 
direct-view displays, are relatively easier to make larger 
and would be logical choices for screen sizes mentioned. 
Organic electroluminescent displays (OELDs) are easy to 
make thinner and lighter. R&D is being done to increase 
their screen sizes, but a number of obstacles need to be 
overcome before these devices will be able to present SHV 

programs.
As shown in Figure 2, the pixel 

pitches of SHV displays with screen 
sizes between 100 and 150 inches 
range from 0.29 to 0.43 mm. 
Achieving these pitches in a PDP 
has been considered to be difficult5) 

since the luminous efficiency of 
the ultaraviolet (UV) that excites 
the phosphors decreases as cells 
become smaller, thus requiring 
higher power consumption. As 
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higher-resolution panels become larger, their electrode 
resistance and inductance increase and the voltage 
waveforms of the cells on the panel surface become non-
uniform. The result is discharge variations. We have 
tried to overcome these obstacles through investigations 
involving discharge theory and electric circuit analysis, 
simulations to analyze cell discharge characteristics, 
and simulations to analyze discharge variations on the 
panel surface. In what follows we will discuss the work 
being done based on the theory and simulations and the 
resulting large-screen/high-resolution panel prototypes.  

2. PDP Structure and Features
Figure 3 shows a three-electrode surface-discharge type 

PDP with a basic stripe structure. The cells that make up 
the panel pixels are formed between two glass plates, 
and each color’s light-emitting region is separated by a 
barrier rib. Each cell has a pair of transparent display 
electrodes (the scan electrode and sustain electrode) that 
are parallel to each other on the front substrate and an 
address electrode on the rear substrate and used for pixel 
selection. To generate UV light, PDPs use xenon (Xe) 
mixed to a concentration of about 10% with chemically 
stable noble gases such as neon (Ne) and/or helium (He) 
to enable stable cell discharging. This gas mixture is kept 
at a pressure of about half an atmosphere. PDPs make 
outstanding SHV displays for the following reasons:
(1) Their color reproduction and moving-picture response 

are outstanding.
(2) They are self-emissive/direct-view displays that 

support wide viewing angles and natural gradation 
displays.

(3) Their simple structure makes it relatively easy to 
manufacture large screen panels.

PDPs have a faster moving-picture response [Item 
(1) above] than that of LCDs. The response speed 
is determined by the light-emission time needed to 
reproduce the image. This time should be as short as 
possible for moving-picture response. The light-emission 
time of impulse-driven like PDPs is longer than the time 
taken by the impulse driving method*1 used in cathode 
ray tubes (CRTs), but much shorter than the time taken 
by the hold-drive method*2 of LCDs.

Since SHV’s moving-picture response characteristics 
have yet to be evaluated, we will use examples from Hi-
Vision to discuss them. The Advanced PDP Development 
Center (APDC) has created an evaluation method that 
defi nes a parameter called ‘Full HD Moving-picture 
Resolution Speed’ as the maximum speed at which a 
device can display the Full HD*3 resolution normally. 
APDC has released example values of the Full HD 
Moving-picture Resolution Speed (Table 1)6). For example, 
the 1,200 pixel/second fi gure shown in Table 1 means 
a fi lmed object can move across the entire width of the 
screen in 1.6 seconds (= 1,920/1,200) with no loss of 
Full HD resolution. This 1,200 pixel/second fi gure is the 
same as conventional impulse-driven displays that use 
phosphors with a short decay characteristic7). It means 
that even if a reproduced object moves two-thirds of the 
way across the screen in one second, the system can 
maintain the Hi-Vision resolution of 1,080 lines. Products 
that use phosphors with a normal decay characteristic 
have Full HD Moving-picture Resolution Speed fi gures 
that range from 400 to 800 pixel/second. The Full HD 
Moving-picture Resolution Speed of impulse-driven like 
PDPs using phosphors with a short decay characteristic 
is estimated to be 1,000 pixel/second6).

3. Progress on Ultra-high-resolution Displays
3.1 Guiding Principles for Attaining Ultra-high Resolution

The world’s fi rst Full HD 50-inch PDP was commercially 
released in 2006 and had a pixel pitch of 0.59 mm. A 
42-inch Full HD PDP with a pixel pitch of 0.48 mm was 
released in 2007.

Direct-view SHV displays with 100-inch diagonal 

*1 A display method in which the displayed image rapidly disap-
pears.

*2 A display method in which the displayed image is held until 
the next image is displayed.

*3 A Hi-Vision system is with 1,920 × 1,080 (H × V) pixels. ‘Full’ is 
added to distinguish this system from TVs that have a mini-
mum of 650 scanning lines, which are sometimes labeled 
‘Hi-Vision compatible’.
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PDP

Full HD moving-picture resolution speed 
(pixel/second)

Driving method

Conventional hold drive Conventional impulse drive

Normal decay80Hz 120Hz 240Hz Short decay

400-800100 200 600 1,200

Table 1: Full HD moving-picture resolution speed example
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class will require a pixel pitch of about 0.3 mm, but as 
previously mentioned, lowering PDP pixel pitches to this 
level will be difficult. We are meeting this challenge by 
investigating a number of technologies that will give us 
a better understanding of UV light-emission mechanism 
under the following behaviors to higher gas pressure: the 
generation efficiency of excited atoms, cell wall surface 
losses. These technologies include discharge simulation 
technology8) to analyze electron and ion drifts, 
generation of excited atoms*4 by electron collisions, and 
UV radiation, as well as plasma diagnostic technology9) 

that uses the principles of laser beam absorption to 
measure excited atoms that radiate UV light. We have 
made the following findings pertaining to improving 
resolution and efficiency10):
(1) Losses of excited atoms at the wall surfaces increase 

when the discharge cells are small, but these losses 
can be suppressed by increasing the gas pressure 
inside the cell to roughly atmospheric pressure.

(2) The discharge voltage is higher in small cells, but 
the densities of excited atoms emitting the UV 
radiation increases, and the efficiency of generating 
excited atoms is about the same as for conventional 
discharge cells.

These findings have enabled us to explicate the 
discharge light-emission mechanism within miniaturized 
cells theoretically and experimentally. We started 
making experimental prototypes after verifying their 
potential application to ultra-high-resolution devices.

3.2 Prototype Small Experimental Panel with Pixel Pitch 
of 0.3 mm

We created a prototype panel with a 0.3 mm pixel pitch 
by using a screen printing method*5, which can be used 
to make difficult-to-form barrier ribs. We investigated a 
large number of issues including the printing paste and 

printing conditions and eventually succeeded in creating 
a small panel prototype with a screen measuring about 
one inch11). To coat the micro cells with phosphors, we 
considered factors such as how the phosphors would 
spread as a particulate or as a paste. The gas in the 
prototype panel was a mixture of Ne and Xe conforming 
to the guiding principles for ultra-high resolution, 
and it was raised to a pressure of 93 kPa. When the 
Xe concentration was 15%, we obtained a luminance 
of about 1,200 cd/m2 for white created by lighting the 
red, green and blue cells simultaneously with 15 kHz 
repeated pulses. We exhibited the panel at the 2005 NHK 
STRL Open House12) (Figure 4). Our ultra-high-resolution 
prototype panel had a pixel surface area just one-ninth 
that of the 50-inch PDPs on sale in 2005, which had a 
pixel pitch of about 0.9 mm. Creating a small prototype 
panel with a pixel pitch of 0.3 mm was the first step to 
reaching our goal of large-screen/ultra-high-definition 
PDPs for Super Hi-Vision.

In 2006, we created a 6.5-inch prototype panel with 
a pixel pitch of 0.3 mm and succeeded in reproducing 
a moving image13). Later, we refined the panel’s design 
by improving the structure of the electrodes, optimizing 
the height of the barrier ribs, and making the phosphor 
surface uniform. These refinements increased the 
luminous efficiency by nearly 50%, and we exhibited a 
stable image display on it at the 2007 Open House14).

4. Increasing the Screen Size
4.1 Trend of Enlargement

The world’s largest Hi-Vision PDP (103 inches diagonal) 
was unveiled at the International CES (Consumer 
Electronics Show) in January 2006 and released the 
following July. A 108-inch diagonal LCD flat panel 
display was unveiled at the 2007 International CES. This 
record was broken by a 152-inch PDP unveiled the next 
year and released in July 2010.

These large panels are fabricated by using multipanel 
equipment*6. Such equipment is useful for making a 
variety of screen sizes, since it lets a manufacturer create 
four 50-inch panels from a single sheet of glass substrate 
for a 103-inch panel (with 4-panel cutting), or nine 50-
inch panels from a single sheet of glass substrate for a 
152-inch panel (with 9-panel cutting). 152-inch screens 
have a height of about 1.8 meters, so they can show 
roughly life-size human subjects and could be used for 
applications such as public viewing.

To enable manufacturers to produce large panels 
with SHV-class pixel pitches, researchers will need to 
develop production processes that can make large ultra-
high-resolution panels. Researchers should minimize 
the number of prototypes needed to ensure there is 
little discharge variation over the panel’s surface by 
developing simulation technology that can analyze the 

4

*6 Equipment that cuts several compact glass panels from a 
single sheet of glass. Used to reduce product cost and increase 
production volumes.

*4 High-energy atoms that have gained energy from discharges 
or similar process. Some excited atoms radiate UV light when 
they return to their original energy state.

*5 A type of stencil printing in which holes are created in the 
plate itself, and the ink is rubbed on to form the printed im-
age.

(a) 0.9 mm pixel pitch

(b) 0.3 mm pixel pitch

Figure 4: White and color bar display test on panels with high 
gas pressure
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variation. 

4.2 Panel Discharge Analysis Simulations
The voltage waveform varies for each cell on the panel 

surface, and this causes discharge variations. Figure 
5 shows how the voltage and current waveforms vary 
depending on the position of the cell and illustrates the 
analysis used to display stable images with uniform 
luminous15).

Techniques based on general-purpose electric 
circuit analysis simulations use a single resistor as an 
approximation for each discharge cell. They assume that 
the electrical conductivity of these resistors will change 
over time and analyze the cell structure and power 
source conditions16). In contrast, the analysis simulation 
illustrated in Figure 5 was created to explicate the 
discharge mechanism by analyzing panel operations. It 
couples a electric circuit simulation with a cell discharge 
simulation8) that we developed to provide detailed 
analyses of the behavior of electrons, ions, and excited 
atoms. The analysis includes ionization coefficients, 
excitation coefficients, and other discharge parameters, 
so it can be applied to deferent kinds of gases and 
panel conditions. It can also be used to understanding 
UV radiation characteristics as well as electrical 
characteristics.

4.3 Prototype 58-inch PDP with Pixel Pitch of 0.33 mm 
(2,160 Scanning Lines)

We analyzed the characteristics of a 58-inch panel 
with a pixel pitch of 0.33 mm by using a cell discharge 
simulation and a panel discharge analysis simulation. 
Figure 6 shows the relationship between the Xe 
concentration (horizontal axis), luminous efficiency 
(red line; left axis), and luminance variation (blue 
line; right axis). As the Xe concentration increases, 
luminous efficiency improves but luminance variation 
also increases. The Xe concentration should therefore 
be set to a value at which the luminance variation is 
low and luminous efficiency is high - the range of values 
highlighted in Figure 6 enables a high-luminance, 
uniform display.
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Figure 6: Analysis results for 58-inch panel with pixel pitch of 
0.33 mm

Figure 7: Example of image reproduced by ultra-high-definition 
58-inch PDP with pixel pitch of 0.33 mm (2,160 scanning lines)

Screen size (horizontal × vertical)

Pixel pitch (horizontal × vertical)

1,267mm    712mm

0.33mm    0.33mm

Theoretical values

Measured values

3,840    2,160

16:9
Screen aspect ratio 
(horizontal : vertical)

Number of pixels 
(horizontal × vertical)

Table 2: Specifications of ultra-high-definition 58-inch PDP



Broadcast Technology  No.47, Winter 2012 ● C NHK STRL

Figure 7 shows an example image reproduced on our 
prototype ultra-high-definition PDP with a pixel pitch of 
0.33 mm (2,160 scanning lines). Table 2 shows the PDP’s 
specifications.

4.4 Prototype Large-screen (103-inch) PDP (2,160 
Scanning Lines)

In order to increase the screen size, we used a panel 
discharge analysis simulation to analyze electrical 
characteristics, such as the voltage waveforms of cells on 
the panel surface, and UV radiation characteristics17). We 
found that using the cell structure and electrode structure 
of currently available 50-inch Hi-Vision panels would 
increase the voltage and current waveform variation if 
they were to be applied to a 100-inch panel with 2,160 
scanning lines (four times the screen area of a 50-inch 
panel); the simulated panel was unable to display an 
image uniformly. We also gained insights such as the 
need to reduce electrode resistance and inductance. 
We addressed these issues by verifying that discharge 
variation can be reduced to around the problem-free 
level of the 50-inch panel by changing the electrode’s 
structure and widening it. Widening the electrode reduces 
the resistance and decreases the variations in the voltage 
waveform and other characteristics, but it also causes 
light emission within cells to be blocked by the electrodes, 
thus lowering the luminance. And while making the 
electrodes thicker does reduce resistance, manufacturers 
would be restricted by their inability to change the 
electrode thickness during the manufacturing process. 
Researchers will have to devise efficient approaches to 
panel development by considering all these factors in 
combination.

We fabricated a 103-inch diagonal PDP prototype with 
2,160 scanning lines and verified that it could display 

stable images with limited discharge variation. Figure 8 
shows an image reproduced by this PDP, and Table 3 lists 
the PDP’s specifications.

5. Progress on SHV
5.1 Driving Technology for Mega-pixels Panels

We created a prototype 58-inch diagonal ultra-high-
definition PDP with a pixel pitch of 0.33 mm and 2,160 
scanning lines, and a prototype large-screen (103-inch) 
PDP with a pixel pitch of 0.591 mm and 2,160 scanning 
lines. These prototypes are important milestones on 
the path to developing 100- to 150-inch diagonal PDPs 
with the 4,320 scanning lines of the SHV standard. This 
section discusses the work to overcome one of the major 
development obstacles for SHV displays - the driving 
technology for ultra-high-resolution large-screen panels.

We will start by describing the driving method used 
by PDP panels. Instead of using light emission intensity, 
PDPs display gradations by controlling the number of 
light emissions with pulse discharges. Hi-Vision PDPs 
generally use the ‘Address- Display- period Separation’ 
(ADS) scheme with a subfield method like the one 
illustrated in Figure 9 (a). This method divides each field 
of the image into multiple subfields. For each subfield, 
it then performs linear sequential scanning one line 
at a time in the screen’s vertical direction, dividing the 
operation into an addressing period (in which it selects 
the pixels to display), and a display period (in which it 
displays the gradations). For example, the method might 
divide a single field into eight subfields, weighted light-
emission times with luminance values that are integer 
powers of 2 (1, 2, 4, 8, 16, 32, 64 and 128) and reflect 
the temporal summation ability of the eye to display 256 
gradations.

SHV has four times as many scanning lines as Hi-
Vision, so it requires an addressing period that is four 
times longer. Since one sequence (including the display 
period) is longer than the period for one field, SHV systems 
cannot scan the panel at the same speed as Hi-Vision. 
Increasing the scan speed shortens the addressing time per 
line and makes address discharges unstable. We tackled 
this issue by scanning multiple lines simultaneously for 
several subfields (the Multiline Simultaneous Scanning 
Method)18). For example, as shown in Figure 9 (b), this 
method might scan Subfields (SF) 1 to 3 two lines at a 
time (green diagonal lines), and the subsequent subfields 
one line at a time (orange diagonal lines). Since this 
method scans multiple lines simultaneously, it lowers 
the screen’s vertical resolution, but we were able to 
suppress the degradation in resolution by using carefully 
selecting the subfields to be simultaneously scanned 
and by carefully setting the pixel values. The resulting 
Multiline Simultaneous Scanning Method can shorten 
the total addressing period by 25% while maintaining 
picture quality19).

This driving technology minimizes picture quality 
degradation, just like data compression, and shortens 
the addressing period as much as possible. Since the time 
it saves can be made part of the image display period, it 

6

Figure 8: Example of image reproduced by large-screen 
(103-inch) PDP (2,160 scanning lines)

Screen size (horizontal × vertical)

Pixel pitch (horizontal × vertical)

2.269mm    1,277mm

0.591mm    0.591mm

Theoretical values

Measured values

3,840    2,160

16:9
Screen aspect ratio 
(horizontal : vertical)

Number of pixels 
(horizontal × vertical)

Table 3: Specifications of ultra-high-definition large-screen 
(103-inch) PDP
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should be possible to use this technology to luminance 
enhancement, improve picture quality (through higher 
frame rates etc.), and reduce power consumption.

5.2 Manufacturing Large Ultra-high-resolution SHV Panels
If panels with a pixel pitch of 0.33 mm and a size 

equivalent to four 58-inch panels (2,160 scanning lines) 
can be manufactured, they can be used in 116-inch 
diagonal PDPs with the full number of scanning lines for 
SHV. However, the process of manufacturing such large 
(100-inch or larger) panels with small pixel pitches has 
yet to be developed. Researchers will need to draw upon 
the knowledge offered by discharge theory and support 
tools such as discharge simulations to explore different 
ideas and develop guidelines. Manufacturing technology 
will also have to be improved to handle the new processes 
for making large ultra-high-resolution panels. Panel 
manufacturing yields will also have to be increased*7. A 

development regime that closely integrate simulations 
and manufacturing will be crucial to the success of this 
effort.

5.3 SHV Applications
Finally, we will briefl y describe some of the possible 

applications of SHV. The advent of highly immersive 
consumer SHV displays should enable applications like 
those shown in Figure 10. SHV displays would make 
videoconferencing practically indistinguishable from 
meetings in person, travel shows feel like actually being 
there, and remote medicine applications that show 
surgeons realistic images during treatments.

Working with a physician’s association, we explored 
a potential medical application in which an SHV 
camera to fi lm a surgical procedure on a rabbit’s liver. 
We experimentally evaluated the display of the footage 
on the 103- and 58-inch diagonal PDPs described 
above20). The PDPs were able to clearly reproduce minute 
changes in the tissues of the internal organs, and this 
means that SHV devices could be a very useful decision-
making tool for surgeons. Since our PDPs let more staff 

*7 The ratio of defect-free products relative to the total number of 
products manufactured.

(a) Hi-Vision driving sequence
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(b) Multiline Simultaneous Scanning Method driving sequence
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Figure 9:   Hi-Vision and Multiline Simultaneous Scanning Method driving sequences

(a) Video conferencing (b) Virtual travel (c) Remote medical treatment

Figure 10: SHV application examples



Broadcast Technology  No.47, Winter 2012 ● C NHK STRL8

members observe the procedure, they could be used to 
improve surgical safety. They could also be used as high-
magnification displays for diagnosis or for making video 
records and teaching materials for medical staff. The 
benefits are not limited to broadcasting - SHV will be an 
invaluable tool for medicine and other fields.

6. Conclusion
The task of developing higher-resolution PDPs had been 

considered difficult, but we have succeeded in creating 
a prototype ultra-high-resolution small experimental 
panel with a pixel pitch of 0.3 mm after understanding 
ways to improve the discharge mechanism. We verified 
that SHV panels of around 100 inches are possible 
and built 58-inch and 103-inch diagonal ultra-high-
resolution PDP prototypes with pixel pitches of 0.33 mm 
and 0.591 mm, respectively, and 2,160 scanning lines. 
Although these PDPs have only half the scanning lines 
of SHV, we verified that they have the expected video 
definition and viewing angle characteristics and found 
that they had other outstanding characteristics such 
as their self-emissive/direct-view natural gradations. 
Even though these PDPs are two-dimensional flat panel 
displays, some viewers have said that their images 
appear three-dimensional.

We are currently doing research towards a Super Hi-
Vision PDP prototype with 33 million pixels, and we 
hope its success will bring SHV to consumers by public 
viewing in the near future.

Our research on 6.5-inch PDPs was carried out in 
cooperation with PIONEER CORPORATION, NORITAKE 
co., LIMITED, and NBC inc., and our research on 58- 
and 103-inch PDPs was a joint effort with Panasonic 
Corporation.

(Yukio Murakami)
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