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"Giant Screen Display Using an Array of Light Emitting Devices" by Koichiro Kurahashi

3. Situation of system and trend of the development

3.1 CRT system

The first large-scale color display system was achieved arranging the flood beam CRT 10) ~ 13). The
device (lighting tube) was single tube with a phosphor of R, G or B respectively, which is irradiated by
high speed electron beam for emission.

This device is essentially based on CRT technology and the features like high brightness, high luminous
efficiency and also the wide color reproduction of three primary colors with equivalent performance of a
usual television CRT are obtained. The basic structure of lighting tube was as shown in Figurel; the
second and third grid diffused the electron beam to irradiate the phosphor uniformly. The three kinds of
lighting tubes with the diameter 20mm, 28.6mm and the 35mm were developed and used for different

application15) 16).

T lst o d
Phosphor 3vd grid gri
/ / Stem base

Heater
Cathode

\ Electron Beam / \

Glass bulb Renz
Fig.1 Basic structure of lighting tube

The system with 35mm lighting tubes, which improved the brightness of the tube itself and the aperture
ratio of pixel, significantly improve the brightness of screen. The system with 20mm lighting tubes
reduced the pixel pitch and used for short viewing distance application like indoor sports stadium or
mobile system etc.

The glass bulb of lighting tube is necessary to pass the color emission of phosphor efficiently and absorb
the external light. Therefore, the glass with rare earth for coloring material was developed to transmit
the color emission selectively and applied in common with R and G lighting tubes13) 15). B lighting tube
is also used the cobalt glass. These glass bulbs has been confirmed the enough reliability for weather
resistance, coloring by electron beam and leakage of X-ray. The emission spectrum of lighting tube and
spectral transmittance of glass bulb were in Figure 2, the color reproducibility of lighting tube is shown
in Figure 3 in comparison with each of the following devices.

The characteristics of lighting tube are summarized in Table 1; at the surface of G tube 9,000cd / m2 or
more brightness is achieved. Furthermore, the average luminous efficiency R, G and of B of 3 tubes 5 ~
8lm/W including the heater power is obtained. In addition the power consumption of the system with
screen size 7.2m X 19.5m is within 170kVA. The example of display of CRT system is shown in Photo 1;
the screen size is 7.2m x 10.2m and the number of lighting tubes is 69120 pieces. These systems have

many example of installation and receive a high evaluation.
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Fig.2 Characteristic of phosphor and glass bulb

3.2 Incandescent lamp system
The structure of incandescent lamp is simple; ignoring the efficiency, it is easy to obtain a high

brightness. Moreover the system should not be ignored because it has experiences as outdoor video
display system in the industry 4) ~ 7). The lamp shown in Figure 4 (incandescent lamp with color
coating film) had been developed; the full color display system with an array of this lamp is installed 17).
The reflecting surface of aluminum is deposited on inner surface of lamp and effectively improved the
luminous efficiency (utilization ratio of light). In case of incandescent lamp system, the emission
spectrum of each color is determined by emission spectrum of filament and color filter in each tube.
This color incandescent lamp applied a color coating film on the surface of lamp. This color coating film
is selected to reduce surface reflectance of external light and the discoloration against UV and heat etc.
The emission spectrum of color lamp is in Figure 5, the color reproduction range that is calculated from
this spectrum is shown in Figure 3. The center wavelength of spectrum of B is shift to longer wavelength
side compared to the B emission in original NTSC system. This is effective to improve the luminous
efficiency; however the color reproduction range is decreased as a result.

The three types of lamp with diameter 18mm, 28mmand and 36mm have been developed; which are



used for each suitable application and several examples of installation have been reported 7). The power
consumption of incandescent bulb system is large and the system of screen size 3.52m X 4.62m = 16.3m2

with 18mm bulb was 210kVA.
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Fig.4 Color incandescent lamp

Fig.5 Spectral distribution of incandescent lamp
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3.3 Discharge tube system
The discharge tube is originally high brightness and high luminous efficiency, which is expected as a

lighting tube of large-scale display. The lighting tube based discharge tube was developed and the



large-scale display system is also under developing 18) 19). This lighting tube bent the discharge lamp
bulb into U-shape as shown in Figure 6. Each tube is monochromatic single pixel and the UV light by
discharge of low-pressure mercury vapor excites the rare earth phosphor to emit light. The color coating
with silicon is applied on the surface of glass bulb, which improve color purity of emission by absorbing
an unnecessary component of spectrum due to discharge and suppress the reflection of external light.
The spectrum of emission and the spectral transmittance of the tube are shown in Fig 7.

The characteristic of the tube is in Table 2. The outside diameter of tube is 34mm; the brightness is high
and average brightness 3,350cd/m2 is obtained at the surface of screen. The luminous efficiency, which is
estimated from the brightness, is about a 3lm/W. The chromaticity point is also enough to display TV
image (Fig. 3).

3.4 Multiple CRT

The new multiple CRT which include 8 phosphor dots in a glass bulb has been developed 20). The 8
phosphor dots of around 25mm square are arranged in a straight line; the electron beams from the
common filament cathodes are controlled with mesh-like grids corresponding to each dot. As a display
system, the 8 pieces of multiple CRTs are assembled in a module; furthermore the modules are built in a

large-scale screen.

3.5 Driving scheme

The in-field (or in-frame) pulse width modulation is applied to large-scale display system for any lighting
tube whatsoever. This method controls the turning on and off of lighting tube to make cumulative on
time in the frame proportional to the amplitude of video signal. The performance to express the gray
scale is independent from gamma characteristic of the lighting tube; the pulse width is able to enlarge
up to frame period and suitable to obtain high brightness.

The CRT with high response speed is suitable to apply the pulse width modulation and obtain the
excellent linearity of gray scale. The discharge tube, which applied a high frequency power supply based
on transistor inverter for each discharge tube independently, controlled the width of on time of this
transistor inverter and realized a good linearity of gray scale18). The incandescent lamp with slow
response speed due to thermal time constant has a gamma characteristic which depend on highest
brightness and the brightness is not proportional to the width of drive pulse 17). The video signal for
each pixel is memorized in frame memory by high-speed RAM and read every frame period to control the
pixel on or off. Basically, the RAM should be accessed to control the pixel N times for N levels gray scale
of image. To reduce the number to control pixel, which is the number to access memory, the method to
control pixel on and off with binary weighted pulse width 21) - 23) and similar method 10) is utilized.
Similar method is applied for the adjustment of brightness level of the screen 15) 18), and the
adjustment of brightness level is controlled not to impact on the number of gray scale level. In addition,
memorizing the correction curve in a ROM as look-up table to realize the digital gamma compensation is
generalized.

In this way, now the 64 levels are generalized to control gray scale and the 32 levels 15) are also
available for brightness adjustment. As a result, the color reproduction of delicate color with the

appropriate brightness is realized for night time and day time application.



Table 1 Characteristic of CRT lighting tube 15)

Type SLSID | LSIA | LS20A
Dimension (mm) [
Maximum Diameter 35.0 28. 6 20.5
Length of tube 157.0 132. 0 118.0
Diameter at neck 28.6 28. 6 20.5
Electric rating
Anode Voltage (kV) 10 8.5 8.5
Heater Voltage (V)/Current (A) 2. 5/ 0.3 | 6. 0/ 0.17| 2. 5/ 0.3
—Brightness (Cd/m2) T
R 3,900 | 4,200 | 3,700
G 9, 000 8, 000 8, 700
B 2,400 | 1,700 | 2,500
Phoéphor, c}-lr;;aticity / ﬁ' %f$ \ x y
R YgOzS 5 Ell 0.670 0. 328
G Gd,0,S:Tb 0. 300 0.622
B | \ZnS:Ag /] 0.146 0.068

Table 2 Characteristic of Discharge tube 19)

—— v — —
R G B
————————————————————————————————eeest el e e e _._.___*____ e
Power Consumption (W) ]
Discharge 3.4 2.7 | 3.4
Filament 2.0 20 | 20
Phosphor Rare-earth phosphor
Color coating | Color coating material
Brightness (Cd/m2) | 7, 1 -i- 11, 500 ‘ 3, 500
_—_— " e - P e e ———
Chromaticity x .65 ' 0. 26 (. 14
th, 34 (. H9 | 0. U8
S S it N U (IO
3, (M) 70% decay of brightness

time (hour)

L

Life




