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Abstract 
High luminance 3D built-in PDP panel was developed 

with newly adopted fast-decaying phosphor. Luminance 

of 3D PDP was increased about 40% by reducing the 

particle size of RGB phosphors and using 

Y3(Al,Ga)5O12:Ce3+ phosphor. Decay time of developed 

3D PDP was 5.2ms/4.9ms for Red/Green color. 
 

 

1. Introduction 

 

3D image display is one of most promising issue of 

flat panel display. Many new equipment and moving-

image technology were developed for 3D application. 

3D PDP was also developed by us with fast-decaying 

phosphor. Although decay time of phosphor is 

different concept with the response time of LCD, 

lower decay time of PDP means the better moving-

picture image quality. 3D display requires fast-

decaying PDP phosphor because of its fast driving 

method and crosstalk phenomena. Normal PDP with 

long decay time phosphor shows severe image 

duplication or crosstalk. 

First version of 3D PDP proposed by us has 4ms 

decay time for red and green color each, and shows 

good moving-picture and 3D image quality with very 

small image crosstalk. But it has lower luminance 

than normal PDP because of 3D phosphor’s low 

luminance1, 2. Therefore, 3D and normal PDP TV was 

launched separately. Furthermore we improved the 

luminance of normal PDP phosphors by decreasing 

particle size of RGB phosphor and using a newly 

developed (Y,Gd)Al3(BO3)4:Tb3+ green phosphor. 

Because PDP cell was divided by rib, phosphor layer 

shape determines large portion of phosphor luminance. 

Smaller phosphor with same photoluminescence 

intensity exhibited higher PDP luminance3. Because 

of its fast decay time, (Y,Gd)Al3(BO3)4:Tb3+ 

[YAB:Tb] phosphor also decreases decay time of 

green color from 8.5ms to 7.5ms which result in 

reduced color smear and improved moving-picture 

image quality4. Luminance gap between 3D and 

normal phosphor was more increased by over 35%. 

 In order to develop the 3D built-in PDP, high 

luminance and fast-decaying 3D phosphor is required. 

In this study we proposed the phosphor composition 

of 3D PDP panel with new PDP phosphor, and 

designed RGB primary color to overcome the 

shortcoming of previous 3D PDP such as low 

luminance and small color gamut. 

 
 

2. Experimental  
 

Several phosphors with smaller size and faster 

decaying than conventional one were prepared. 

Phosphor properties such as color coordinate, decay 

time, and particle size of each phosphor are optimized 

for PDP. Phosphor paste is prepared by the mixing and 

milling of phosphor, solvent, dispersant, and binder. 

By conventional PDP processing, 3D PDP module 

was prepared. 

Decay time of PDP module was measured with the 

oscilloscope, power amplifier, and PM (Photo-

Multiplier) tube. Full-white pattern was turned off 

completely and the change of the luminance intensity 

was measured by the PM tube. When the screen was 

changed to the black image, luminance decreased with 

time and 1/10 decay time was decided at the point of 

1/10 luminance of initial value. Luminance and color 

properties of PDP were measured by CA-100+ and 

CS-1000 photo-sensor. 
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3. Results and discussion 
 

Previous 3D PDP used (Y,Gd)2O3:Eu3+ as red 

phosphor, and Zn2SiO4:Mn2+, (Y,Gd)Al3(BO3)4:Tb3+, 

and Y3Al5O12:Ce3+ as green. To obtain a low decay 

time Mn content of Zn2SiO4:Mn2+ was increased, and 

therefore luminance was also reduced. For red color 

(Y,Gd)2O3:Eu3+ was replaced (Y,Gd)BO3:Eu3+ 

phosphor which also caused the decreased luminance 

of 3D PDP1, 2. We have increased the luminance of 

these phosphors in PDP by using a smaller particle. 

Normally smaller particle has more defects on surface 

which originated from the phosphor making process, 

and photoluminescence intensity by 147 and 172nm 

vuv could be diminished. But under the same PL 

intensity PDP phosphor layer with smaller phosphor 

particles give better luminance in PDP. Reduced 

particle sizes of phosphor with same PL intensity were 

shown in Table 1. 
 

TABLE 1. Particle size of phosphors  

Conventional Developed

(Y,Gd)BO3:Eu3+ YBO 2.1 1.7

Y(V,P)O4:Eu
3+ YVP 3.2 2.7

(Y,Gd)2O3:Eu3+ YGO 2.2 1.7

Zn2SiO4:Mn2+ ZSM 2.7 2.2

YBO3:Tb3+ YBT 3.8 -

(Y,Gd)Al3(BO3)4:Tb3+ YAB 3.5 2.6

Y 3Al5O12:Ce
3+ YAG 2.7 -

Y3(Al,Ga)5O12:Ce3+ YGG - 2.7

Blue BAM BAM 3.8 2.5

Red

Green

Color
Particle Size (μm)

Phosphor name

 
 

(Y,Gd)Al3(BO3)4:Tb3+ [YAB:Tb] phosphor of small 

particle size gave a new opportunity to improve 

luminance and saturation property, and decrease the 

decay time of normal PDP. Although it has worse 

color coordinates than YBO3:Tb3+, somewhat 

improved saturation property resulted in higher 

luminance at movie mode. And because of reduced 

particle size of phosphor higher solid content of 

phosphor within the paste was possible which also 

contribute in the increased luminance of normal PDP. 

In order to decreased the decay time of PDP we 

have simulated the decay time from the data of each 

phosphors. Decay time of white, red, green, and blue 

pattern of PDP can be measured, and also estimated 

from the decay time of RGB color and constituting 

phosphors with below equation. 
 

τWhite = LRed × τRed + LGreen × τGreen+ LBlue × τBlue (1) 

τRed = LRed_1 × τRed_1 + LRed_2 × τRed_2 + ….. (2) 

τGreen = LGreen_1 × τGreen_1 + LGreen_2 × τGreen_2 + ….. (3) 

τBlue = LBlue_1 × τBlue_1 + LBlue_2 × τBlue_2 + ….. (4) 
 

τ is decay time, L is luminance ratio of each RGB 

color and phosphors. LRed is normally 0.25~0.3, LGreen 

0.6~0.65, and LBlue 0.09~0.11. Decay time of RGB 

cell is determined by luminance ratio and decay time 

of phosphors. 

YAB:Tb has 6ms decay time that is much shorter 

than 11ms of YBT phosphor, therefore, decay time of 

normal PDP could be decreased. But 3D image mode 

needs more reduced decay time. Figure 1 shows decay 

curves of several phosphors in the PDP. We have used 

YAG:Ce phosphor in 3D PDP because of its fast 

decaying property. 
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Fig. 1.  Decay curve of Green phosphors in PDP. 
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Fig. 2.  PL spectrum of YAG:Ce and YGG:Ce. 
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Although YAG:Ce has a short decay time almost 

same with blue BAM phosphor its bad color 

coordinate restricted the mixing percentage within the 

green cell. We have developed YGG:Ce phosphor to 

enhanced the color appearance range. Figure 2 shows 

powder PL spectrum of YAG:Ce and YGG:Ce with 

147nm vuv excitation. Main peak of YGG:Ce was 

shifted to lower wavelength and increased its height. 

Final PDP module results were shown in Table 2. 

By replacing YBO3:Tb3+ green phosphor with 

YAB:Tb we developed High Luminance PDP of 15% 

luminance increase and 1.0ms decay time reduction at 

green color. For 3D PDP the decay time of red and 

green cell was set as 4ms. Red YGO, green YAB:Tb, 

YAG:Ce, and fast decaying ZSM:Mn were used to 

decrease the decay time of PDP. But these phosphors 

give largely dropped luminance. As a result, 

luminance gap between 3D PDP and High Luminance 

PDP was almost 35%. In order to use 3D phosphor as 

a standard PDP phosphor its luminance also should be 

improved. 
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Fig. 3.  Green emission spectrum of PDP 

Another shortcoming of previous 3D phosphor is 

narrow color gamut and distorted green color 

coordinate. Newly YGG:Ce phosphor was developed 

for PDP application to solve these luminance and 

color gamut problem. Figure 3 shows green emission 

spectrum of High Luminance and High Luminance 

3D PDP. Sharp peaks of YAB:Tb was disappeared. 

Improved green color coordinate enable us to enhance 

luminance of PDP module through the white color 

optimization. 

Actually YAG:Ce and YGG:Ce phosphor is a well 

known phosphor for LED application. New phosphor 

is hardly developed for required application. By 

optimizing the existing phosphor of other application 

new phosphor was prepared for objective display. 

Particle size, shape, surface character, and chemical 

composition were modified. 
 

 

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

1.1

0 1 2 3 4 5 6 7 8 9 10

Decay Time  (ms)

N
o
r
m
a
li
z
e
d
 I
n
te
n
si
ty

3D Green

High Luminance Green

High Luminance 3D Green

3D

H.L.

H.L 3D.

 
Fig. 4. Decay curve of PDP green color. 

TABLE 2. Luminance and decay time of 3D PDP module 

Conventional PDP
(~'08)

3D PDP
(~'08)

High Luminance
PDP ('08~)

High Luminance
3D PDP ('09~)

Red
(Y,Gd)BO3:Eu

3+

Y(V,P)O4:Eu3+
(Y,Gd)2O3:Eu3+

(Y,Gd)BO3:Eu
3+

Y(V,P)O4:Eu3+

(Y,Gd)2O3:Eu
3+

(Y,Gd)BO3:Eu3+

Green
Zn2SiO4:Mn2+

YBO3:Tb3+

Zn2SiO4:Mn2+

(Y,Gd)Al3(BO3)4:Tb3+

Y3Al5O12:Ce
3+

Zn2SiO4:Mn2+

(Y,Gd)Al3(BO3)4:Tb3+

Zn2SiO4:Mn2+

Y3(Al,Ga)5O12:Ce3+

Blue BaMgAl10O17:Eu2+ BaMgAl10O17:Eu2+ BaMgAl10O17:Eu2+ BaMgAl10O17:Eu2+

100 85 115 120

Red 6.5 4.0 6.5 5.2

Green 8.5 4.0 7.5 4.9

Blue <1.0 <1.0 <1.0 <1.0

Relative Luminance (%)

Phosphor
Composition

1/10
Decay time

(ms)
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Luminance of 3D PDP was increased about 40% by 

adopting all kinds of technology used in High 

Luminance PDP. Particle size reduction, color 

optimizing by using YGG:Ce phosphor, and phosphor 

paste improvement enable us to design High 

Luminance 3D PDP. 

Decay curves of PDP green color were shown in 

Figure 4. 3D PDP gives under 5ms decay time. Curve 

shape was determined from the decay curves of 

constituting phosphors and its mixing ratio. 

Developed 3D PDP shows 4.9ms decay time for green 

colors which were much smaller than 7.5ms of normal 

PDP. 
 

 

4. Summary 

 

High luminance 3D built-in PDP panel was 

developed with newly adopted fast-decaying phosphor. 

Luminance of 3D PDP was increased about 40% by 

reducing the particle size of RGB phosphors and using 

Y3(Al,Ga)5O12:Ce3+ [YGG:Ce] phosphor. Luminance 

gap between 3D and normal PDP phosphor was 

disappeared. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Therefore the standard decay time of PDP phosphor 

was further decreased and approached to the value of 

CRT phosphor. Decay times of developed 3D PDP 

were 5.2ms/4.9ms for red/green colors. Naturally PDP 

has an advantage in moving-picture image quality 

because of its structure and driving method. High 

luminance 3D built-in PDP give greatly improved 

image quality in 3D and normal display mode at the 

same time. 
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