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Plasma display panel in Which the ?uorescent layer com 
prises non-saturating green phosphor(s). This improves the 

(21) Appl, No; 09/790,183 ef?cacy of UV-light generation and alloWs the use of higher 
sustain voltages, leading to further improvement of the 

(22) Filed: Feb. 22, 2001 ef?cacy and luminance. 
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PLASMA DISPLAY PANEL 

[0001] The invention relates to a plasma display panel 
comprising a ?rst, transparent substrate provided With at 
least tWo display electrodes, a second substrate provided 
With a ?uorescent material, in Which, at least during use, 
display electrodes and address electrodes de?ne pixels, and 
comprising a gas discharge mixture betWeen the tWo sub 
strates. 

[0002] The address electrodes may be present on both the 
?rst and the second substrate. The ?uorescent material is 
patterned or not patterned, dependent on the type of display 
device. 

[0003] A display panel of this type is used, inter alia, in 
large, ?at display screens, for example, for HDTV. 

[0004] Aplasma display panel (PDP) of the type described 
above is knoWn from EP-A-0 779 643. This document states 
measures of raising the luminance of such a panel. Inter alia, 
a favorable composition of the gas discharge mixture 
(betWeen 10% and less than 100% xenon) is proposed for 
this purpose. A higher percentage of xenon is assumed to 
increase the quantity of UV radiation and thus to increase the 
number of photons incident on the ?uorescent material for 
converting UV radiation into visible light. 

[0005] Aplasma display panel according to the invention 
is characteriZed in that the layer of ?uorescent material 
comprises at least one non-saturating green phosphor. 

[0006] A non-saturating phosphor is herein understood to 
mean a phosphor in Which the number of emitted photons 
per unit of time and area at a drive (voltage) leading to a 
luminance of 500 Cd/m2 decreases at most 15% With respect 
to a drive (voltage) leading to a luminance of 10 Cd/m2. 
Using excitation by means of a UV-plasma, maintained With 
AC voltage, this means for example that the ef?cacy (num 
ber of emitted photons/number of incoming photons) 
decreases by at most 15% at higher frequencies (at least up 
to 30 kHZ and preferably up to 100 kHZ or more). 

[0007] The invention is based on the recognition that, 
notably at the frequencies at Which plasma display panels 
are operated in the “sustain mode” (sustain frequency (in 
practice 30-300 kHZ)) the total ef?cacy is much more 
dependent on the capacity of the phosphors used to convert 
UV radiation into visible light than on the effectiveness of 
increasing the quantity of UV radiation. A frequently used 
green phosphor such as Zn2SiO4:Mn (Willemite) has satu 
ration phenomena from already approximately 1 kHZ. The 
ef?cacy (number of emitted photons/number of incoming 
photons) has already decreased to approximately 90% and 
rapidly decreases at higher frequencies (doWn to approxi 
mately 50% at 100 kHZ). 

[0008] On the other hand, the ef?cacy remains substan 
tially constant throughout a large frequency range When 
non-saturating phosphors are used. 

[0009] A suitable non-saturating green phosphor is, for 
example (Ce,Gd)MgB5O1O:Tb, or CBT. 

[0010] Apreferred embodiment of a plasma display panel 
according to the invention is characteriZed in that the display 
panel comprises drive means for sustaining a generated 
plasma With a pulse pattern (sustain voltage) Whose peak 
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to-peak voltage is at least 400 V. This can be combined With 
existing red and blue phosphor to obtain the right color. 

[0011] Since non-saturating phosphors are used, the 
increase of this voltage leads to a higher light output. When 
saturating phosphors are used, such an increase of this 
voltage has hardly any effect. It is true that the amount of 
generated UV radiation in the plasma is increased by a raised 
voltage, but the ef?cacy of converting UV radiation into 
visible light decreases at higher frequencies for saturating 
phosphors. 

[0012] These and other aspects of the invention are appar 
ent from and Will be elucidated With reference to the 
embodiments described hereinafter. 

[0013] 
[0014] FIG. 1 is a diagrammatic cross-section of a part of 
a plasma display panel, 

In the draWings: 

[0015] FIG. 2 shoWs diagrammatically a part of a plasma 
display panel, 

[0016] FIG. 3 shoWs the behavior of tWo phosphors as a 
function of the sustain frequency, While 

[0017] FIG. 4 shoWs the luminance as a function of the 
xenon content in the gas discharge mixture as a function of 
the sustain voltage in a plasma display panel according to the 
invention, and 

[0018] FIG. 5 shoWs the ef?cacy as a function of the 
xenon content in the gas discharge mixture as a function of 
the sustain voltage in a plasma display panel according to the 
invention. 

[0019] The Figures are diagrammatic and not to scale. 

[0020] FIG. 1 shoWs a plasma display device 10, in this 
case an AC plasma display panel (AC PDP), With a ?rst 
substrate 1 having tWo display electrodes 2 Which are coated 
With a dielectric layer 3 (for example glass) and a second, 
transparent substrate 5 provided With a ?uorescent material 
8. In this example, the second substrate 5 is provided With 
address electrodes 6. FIG. 1 shoWs only a part of an address 
electrode 6; usually, the address electrodes are located in a 
direction transverse to that of the display electrodes 2. In the 
relevant example, a pixel as de?ned by the address electrode 
6 and the display electrodes 2 is bounded by partition Walls 
7 Which bound a discharge space. The partition Walls 7 are 
not strictly necessary, for example, When pixels are alter 
nately de?ned by pairs of even and odd-numbered display 
electrodes, or otherWise (in co-operation With the address 
electrodes). Alternatively, display electrodes and address 
electrodes may be provided on one substrate. 

[0021] In betWeen the substrates 1, 5, a gas discharge 
mixture 9, in this example consisting of a neon-xenon 
mixture, is present in the discharge space. Other mixtures are 
alternatively possible, for example, helium-xenon, argon 
xenon, krypton-xenon, argon-neon-xenon, argon-helium-xe 
non, krypton-neon-xenon, krypton-helium-xenon or mix 
tures thereof, the quantity of xenon ranging from 5% to less 
than 100%. 

[0022] As is knoWn, UV radiation is generated at the 
location of a pixel in the discharge space of plasma display 
devices (plasma display panels or PDPs), Which radiation 
causes the ?uorescent material 8 (phosphors) to luminesce. 
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To this end, the display electrodes 2 are driven, for example, 
from X and Y drivers 20, 21 and the address electrodes are 
driven from an A driver 22 (FIG. 2). To this end, an 
incoming signal 11 is stored in a frame memory 12 and in a 
sub-frame generator 13. The required pulses are generated in 
the processing unit 14 for the reset pulses, the ignition pulses 
and the sustain pulses Which energiZe the display electrodes 
2 via the X and Y drivers 20, 21, While addressing takes 
place via the A driver 22 controlled by an address generator 
16. Mutual synchroniZation takes place via a timing control 
circuit 15. 

[0023] After a pixel has been ignited, the ignition is 
sustained by the sustain pulses across the display electrodes 
Within a pixel. Dependent on the grey hue to be displayed, 
these are presented more frequently or less frequently per 
pixel. The sustain frequency therefore determines the (maxi 
mum) frequency used in the cell. Dependent on the drive 
mode, it may range betWeen 30 and 500 kHZ. 

[0024] FIG. 3 shoWs the efficacy of the conversion to 
visible light of a saturating phosphor (Zn2SiO4:Mn 
(Willemite)) and of a non-saturating phosphor ((Ce, 
Gd)MgB5O1O:Tb, or CBT) as a function of said sustain 
frequency in such a display device. This frequency is a 
measure of the number of UV photons generated in the gas 
discharge mixture 9 (at an increasing frequency, the number 
of photons increases) While the efficacy is a measure of the 
number of visible photons per UV photon impinging on the 
phosphor. 
[0025] FIG. 3 shoWs clearly that the e?icacy decreases 
(curve a) for Willemite already from approximately 1 kHZ, 
presumably due to the large decay time, Whereas the e?icacy 
of CBT up to 100 kHZ (and even higher) hardly decreases 
(curve b). 
[0026] FIG. 4 shoWs the in?uence of the percentage of 
xenon in the neon-xenon mixture used on the luminance of 
a plasma display panel using CBT for different values of the 
sustain voltage. The e?icacy is shoWn as a function of said 
percentage for different values of the peak-to-peak voltage 
of the sustain pulses (in practice, half of this value, the 
amplitude of the voltage With respect to (virtual) earth is 
indicated as sustain voltage). All measurements Were per 
formed at a sustain frequency of 50 kHZ. These measure 
ments shoW that for a peak-to-peak voltage of 300 V no 
plasma is generated at xenon percentages above 8%, 
Whereas at voltages of 350 V and 400 V the e?icacy 
decreases only slightly With an increasing xenon percentage. 
Presumably, the generation of UV radiation is decisive of the 
total luminance at these voltages in the overall process from 
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plasma generation to emission of visible light. At higher 
peak-to-peak voltages (450 V, 500 V) more UV photons are 
generated; as the phosphor used is non-saturating at 50 kHZ, 
more photons per UV photon are generated in the visible 
range, so that the luminance increases considerably. 

[0027] FIG. 5 shoWs a similar curve for the e?icacy of 
said display panel. 

[0028] Although the invention has been elucidated by Way 
of only one example, similar considerations also apply to 
other non-saturating phosphors. 

[0029] In summary, the invention relates to a plasma 
display panel comprising a ?uorescent material With at least 
one non-saturating phosphor, improving the e?icacy. More 
over, the luminance and e?icacy may be further improved by 
increasing the sustain voltage. 

[0030] The invention resides in each and every novel 
characteristic feature and each and every combination of 
characteristic features. 

1. A plasma display panel comprising a ?rst, transparent 
substrate provided With at least tWo display electrodes, a 
second substrate provided With a ?uorescent material, in 
Which, at least during use, display electrodes and address 
electrodes de?ne pixels, and comprising a gas discharge 
mixture betWeen the tWo substrates, characteriZed in that the 
layer of ?uorescent material comprises at least one non 
saturating green phosphor. 

2. Aplasma display panel as claimed in claim 1, charac 
teriZed in that the non-saturating green phosphor is chosen 
from the group comprising (CeX,Gd1_X)MgB5O1O:Tb. 

3. Aplasma display panel as claimed in claim 1, charac 
teriZed in that the display panel comprises drive means for 
sustaining a generated plasma With a pulse pattern, Whose 
peak-to-peak voltage is at least 400 V. 

4. Aplasma display panel as claimed in claim 3, charac 
teriZed in that the peak-to-peak voltage is at least 450 V. 

5. A plasma display panel as claimed in claim 1 or 3, 
characteriZed in that the display panel comprises drive 
means for sustaining a generated plasma With a pulse 
pattern, the sustain frequency being at least 1 kHZ and at 
most 1 MHZ. 

6. Aplasma display panel as claimed in claim 5, charac 
teriZed in that the sustain frequency is at least 10 kHZ and at 
most 0.5 MHZ. 

7. A plasma display panel as claimed in claim 1 or 3, 
characteriZed in that the gas discharge mixture comprises 
rare gases, including 10% to less than 100% of xenon. 

* * * * * 


