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Description

[0001] The present invention generally relates to a dis-
play device, especially to an improved technology of gra-
dation display.
[0002] TFT-ELDs, namely thin-film-transistor (TFT)
driven electoroluminescent displays, which include
electoroluminescent elements (EL elements) driven and
controlled by thin film transistors, are considered as fu-
ture potential displays due to their light weight, small size,
high resolution, wide visual field, low electric consump-
tion, etc.
[0003] Fig. 4 is a circuit diagram of a conventional TFT-
ELD, and Fig. 5 is a cross section of such TFT-ELD. Fig.
4 shows a unit pixel 11 of the TFT-ELD, a scanning line
12, a signal line 13, current supplying line 14, a retention
capacitor 15, a selective transistor 16, a driving transistor
17, and an EL element 18. As shown in Fig. 5, the driving
transistor 17 for adjusting light emission intensity (gra-
dation) of the EL element 18 is formed on a glass sub-
strate 10. A drain electrode of the driving transistor 17 is
connected to a cathode (transparent electrode) 21 of the
EL element 18, and a source electrode is connected to
the analog signal supply line 14. The EL element 18 is
formed of the anode 21, a luminescent layer 22, and an
cathode 23. The EL element 18 may be a inorganic elec-
troluminescent element, a low-molecular organic elec-
troluminescent element, or a high-molecular organic
electroluminescent element.
[0004] The selective transistor 16 includes a gate elec-
trode connected to the scanning line 12, a source elec-
trode connected to a signal line 13, and a drain electrode
connected to a gate electrode of the driving transistor 17.
The retention capacitor 15 is provided between the an-
alog signal supplying line 14 and the source electrode of
the selective transistor 16.
[0005] In order to cause the EL element 18 to emit light
in the aforementioned structure, the scanning line 12 and
the signal line 13 are set at level "H", and current is con-
ducted between the drain and the source of the selective
transistor 16, whereby the driving transistor 17 is on state.
An analog signal supplied from the analog supplying line
14 in this condition is delivered to the retention capacitor
15 and alters the conductance of the driving transistor
17. As a result, the EL element 18 emits light with light
emission intensity pursuant to the analog signal, thereby
accomplishing gradations of light emission intensity.
[0006] However, as a problem of the above-described
structure, resolution of the picture lowers due to the EL
element 18 included in each pixel emitting light with un-
equal light emission intensity, especially in the middle
gradation, because of the difference in the transistor
properties of the driving transistor 17.
[0007] In order to solve this problem, the applicant of
the present invention suggested in Japanese Patent
Laid-Open Publication No. HEI 11-73158 a technology
of displaying respective gradations by controlling on/off
states of light emission of EL elements and changing the

luminous area for each gradation. Fig. 6 is a circuit dia-
gram of the TFT-ELD disclosed in said Laid-Open Pub-
lication. Fig. 6 shows an EL element included in each
pixel, which is formed of EL elements 18-1 and 18-2.
Such structure allows display of four gradations by con-
trolling on/off states of EL elements 18-1 and 18-2 re-
spectively via a 2-bit signal line formed of signal lines
13-1 and 13-2. More specifically, there are: gradation "0",
where neither EL element 18-1 nor 18-2 emits light; gra-
dation "1", where only EL element 18-1 emits light; gra-
dation "2", where only EL element 18-2 emits light; and
gradation "3", where both EL elements 18-1 and 18-2
emit light. Luminous areas of EL element 18-1 and EL
element 18-2 are in a ratio of 1:2.
[0008] As shown in Fig. 7, in the structure above, sig-
nals S, D1, and D2 are respectively supplied to the scan-
ning line 12, signal line 13-1 and signal line 13-2. When
signal S is set at level "H", current is conducted between
the drain and the sources of selective transistors 16-1
and 16-2. In Fig. 7, gradation "1" is obtained when signal
S is set at level "H", signal D1 at level "H", and signal D2
at level "L". As a consequence, driving transistor 17-1 is
turned on, and transistor 17-2 is turned off, whereby only
EL element 18-1 emits light. Furthermore, in order to re-
alize gradation "2", signal S should be set at level "H",
signal D1 at level "L", and signal D2 at level "H". By doing
so, driving transistor 17-2 is turned on and transistor 17-1
is turned off, and consequently, only EL element 18-2
emits light.
[0009] In this method, driving transistors 17-1 and 17-2
are to be regarded as either almost completely on state
or almost completely off state. When driving transistors
17-1 and 17-2 are on state,resistance is negligibly small
compared to the resistance of driving transistors 18-1
and 18-2, such that the amount of current conducted
through driving transistors 17-1, 17-2, 18-1 and 18-2 de-
pends substantially on the resistance of driving transis-
tors 18-1 and 18-2 alone. Accordingly, light emission in-
tensity is never uneven due to the difference in the tran-
sistor properties of driving transistors 18-1 and 18-2. Fur-
thermore, when driving transistors 17-1 and 17-2 are off
state, the voltage applied to EL elements 18-1 and 18-2
will be smaller than the threshold voltage, and driving
transistors 18-1 and 18-2 will not emit light at all. There-
fore, also in this case, the light emission intensity of EL
elements 18-1 and 18-2 is never uneven by the difference
in the transistor properties of driving transistors 18-1 and
18-2.
[0010] However, as a disadvantage of the aforemen-
tioned structure, the luminous center (the average posi-
tion of the luminescent portion) shifts for each gradation
and visibility is thereby decreased. Characteristics of
such disadvantage will be explained with reference to
Fig. 8. Fig. 8 shows a luminous center 40 of the unit pixel
element 11. The EL element shown with oblique lines
means that no light is emitted, and the EL element shown
in white means that light is emitted. In Fig. 8A, the EL
elements do not emit light. In Fig. 8B, only EL element
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18-1 emits light. In Fig. 8C, only EL elements 18-2 emits
light. Finally, in Fig. 8D, both EL elements emit light. It is
clear from these drawings that the position of the lumi-
nous center 40 changes for each gradation. As a conse-
quence, when the brightness of a displayed image is
changed, the position of the image shifts unfavorably.
Furthermore, if the displayed image is actually observed
here, the displayed image will be seen to flicker, causing
an impression of unnatural display or fatigue to the view-
er.
[0011] GB 2217089A describes a liquid crystal display
in which each pixel is constituted by a number of contin-
uous and concentric sub-pixel elements of differing area.
The sub-pixel elements may be individually controlled so
as to select the active display area of each pixel and,
therefore, the intensity of illumination provided by each
pixel.
[0012] EP 0671649A describes a ferroelectric liquid
crystal display in which each pixel is provided with a
number of sub-pixel areas which can be independently
illuminated so as to provide multiple illumination levels
for each pixel. The sub-pixel areas are arranged such
that the sub-pixel areas which provide the more intense
levels of illumination from a pixel are interspersed one
amongst the other so as to reduce the spatial variance
at the more intense illumination levels.
[0013] Accordingly, the object of the present invention
is to overcome such disadvantage and to provide a dis-
play device wherein a luminous center does not shift for
each light emission gradation.
[0014] In the present invention, in order to achieve said
object, there is provided a display device comprising a
plurality of unit pixels, each of the plurality of the unit
pixels including a plurality of luminescent elements being
separated mutually and arranged symmetrically with re-
spect to a prescribed position;
a driving means arranged to implement a driving scheme
having a state of emission or non-emission for each of
the plurality of luminescent elements, the driving scheme
corresponding to a symmetrical pattern of emission with
respect to the prescribed position; wherein the display
device is characterised in that:
the plurality of luminescent elements includes at least
one pair of luminescent elements, the luminescent ele-
ments in each pair being located symmetrically with re-
spect to the prescribed position;
the luminescent elements in each pair are controlled so
as to be both switched on or both switched off concur-
rently; and
each of the luminescent elements of the unit pixel has
the same area.
[0015] Such structure allows provision of a display de-
vice wherein the position of a luminous center does not
change for each gradation. By controlling on/off of the
multiple luminescent elements, it is possible to prevent
uneven luminance caused by difference in the properties
of luminescent elements. In order to achieve the structure
above, electroluminescent elements may, for example,

be used as luminescent elements, so that thin-film tran-
sistors may control the on/off states of light emission by
the luminescent elements.

Fig. 1 is an explanatory diagram showing the emis-
sion state of the respective EL elements forming a
unit pixel in the TFT-ELD according to embodiment
1;
Fig. 2 is an explanatory diagram showing a unit pixel
in the TFT-ELD according to embodiment 2;
Fig. 3 is an explanatory diagram showing the emis-
sion state of the respective EL elements forming a
unit pixel in the TFT-ELD according to embodiment
2;
Fig. 4 is a circuit diagram of a unit pixel in a conven-
tional TFT-ELD;
Fig. 5 is a cross section of a unit pixel in a conven-
tional TFT-ELD;
Fig. 6 is a circuit diagram of a unit pixel in a conven-
tional TFT-ELD;
Fig. 7 is a timing chart indicating a scanning line and
a signal line of a conventional TFT-ELD; and
Fig. 8 is an explanatory diagram showing the light
emission state of the EL elements forming a unit pixel
of a conventional TFT-ELD.

(Embodiment 1)

[0016] Fig. 1 shows a unit pixel 11 included in a display
device according to the present invention. Each unit pixel
has EL elements 18-10, 18-21 and 18-22, and is a 2 bit-
4 gradation display. In this Fig. 1, EL element 18-10 is
an EL element for 0-bit display. The on/off states of EL
elements 18-21 and 18-22 are simultaneously controlled
by the same driving transistor, and EL element 18-21 is
a first EL element for 1-bit display and EL element 18-22
is a second EL element for 1-bit display. Each EL element
is driven and controlled by two scanning lines (for 0-bit
and 1-bit display) which are not shown in Fig. 1.
[0017] Furthermore, although Fig. 1 shows only the
unit pixel element 11, in reality the unit pixel elements 11
are arranged in a matrix over the entire screen of the
display device.
[0018] Fig. 1A shows emission by none of the EL ele-
ments (gradation "0"); Fig. 1B- emission only by EL ele-
ment 18-10 (gradation "1"); Fig. 1C - emission only by
EL element 18-1 (gradation "2"); and Fig. 1D - emission
by all EL elements 18-1, 18-2 and 18-3 (gradation "3").
[0019] As shown in Fig. 1, the luminous center 40 for
each gradation is located at the same position as the
luminous center of the luminescent portion (EL element
18-10), and configured such that it does not shift for each
gradation. In other words, the luminescent portion corre-
sponding to gradation "2" is located point-symmetrically
with respect to the luminescent portion corresponding to
gradation "1". Furthermore, the luminescent portion cor-
responding to gradation "3" is located point-symmetrical-
ly with respect to the luminescent portion corresponding
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to gradation "1". By arranging the luminescent portions
point-symmetrically around a prescribed point provided
at the center, easily obtained is a structure which pre-
vents shifting of the luminous center 40. Accordingly,
even when the brightness of a displayed image is
changed, unfavorable shifting of the displayed position
does not take place. Therefore, the present invention
solves disadvantages related to the picture quality, such
as flickering of images, or impression of unnatural display
or fatigue caused to the viewer.
[0020] Furthermore, although respective EL elements
are shaped in quadrilaterals (squares) in Fig. 1, they may
be configured as circles or ovals. Moreover, by making
the respective areas of EL elements 18-10, 18-21, and
18-22 uniform, light emission intensity for respective gra-
dations may be increased or decreased linearly.

(Embodiment 2)

[0021] Fig. 2 shows a unit pixel 11 included in the dis-
play device. Each unit pixel is formed of EL elements
18-10, 18-21, 18-22, 18-31, 18-32, 18-33 and 18-34, and
is a 3 bits-8 gradation display. In Fig. 2, EL element 18-10
is an EL element for 0-bit display. The on/off states of EL
elements 18-21 and 18-22 are simultaneously controlled
by the same driving transistor, and EL element 18-21 is
a first EL element for 1-bit display and EL element 18-22
is a second EL element for 1-bit display. Similarly, the
on/off states of EL elements 18-31, 18-32, 18-33 and
18-34 are simultaneously controlled by the same driving
transistor. EL element 18-31 is a first EL element for 2-
bit display, EL element 18-32 is a second EL element for
2-bit display, EL element 18-33 is a third EL element for
2-bit display, and EL element 18-34 is a fourth EL element
for 2-bit display. Each EL element is driven and controlled
by three scanning lines (for 0 to 2 bit display) which are
not shown in Fig. 2.
[0022] Furthermore, although Fig. 2 only shows the
unit pixel element 11, in reality the unit pixel elements 11
are arranged in a matrix over the entire screen of the
display device.
[0023] Fig. 2A shows that none of the EL elements
emit light (gradation "0"); Fig. 2B- emission only by 0-bit
display EL element (gradation "1"); Fig. 2C - emission by
only a 1-bit display EL element (gradation "2"); and Fig.
2D, emission by 0-bit and 1-bit display EL elements (gra-
dation "3"). Furthermore, Fig. 3A shows emission of only
a 2-bit display EL element (gradation "4"); Fig. 3B - emis-
sion of only 0-bit and 2-bit display EL elements (gradation
"5"); Fig. 3C - emission of only 1-bit and 2-bit display EL
elements (gradation "6"); and Fig. 3D - emission of all 0-
bit, 1-bit and 2-bit display EL elements (gradation "7").
[0024] As shown in Figs. 2 and 3, the luminous center
40 for each gradation is located at the same position as
the center point of the luminescent portion (EL element
18-10), and structured so as to avoid shifting for each
gradation. In other words, the luminescent portion corre-
sponding to gradation "2" is located point-symmetrically

with respect to the luminescent portion corresponding to
gradation "1". The luminescent portion corresponding to
gradation "3" is located point-symmetrically with respect
to the luminescent portion corresponding to gradation
"1". ... And the luminescent portion corresponding to gra-
dation "7" is located point-symmetrically with respect to
the luminescent portion corresponding to gradation "1".
By arranging luminescent portions point-symmetrically
around a prescribed point provided at the center, easily
obtained is a configuration which prevents shifting of the
luminous center 40. Accordingly, even when the bright-
ness of a displayed image is changed, unfavorable shift-
ing of the display position does not take place. Therefore,
the present invention solves disadvantages related to the
picture quality, such as flickering of images, or impres-
sion of unnatural display or fatigue caused to the viewer.
[0025] Furthermore, although respective EL elements
are shaped in quadrilaterals (squares) in Fig. 2, they may
be configured as circles or ovals. Moreover, by making
the respective areas of EL elements 18-10, 18-21, and
18-22 uniform, light emission intensity for respective gra-
dations may be increased or decreased linearly.
[0026] Furthermore, although the present embodi-
ment is explained with eight gradations, different grada-
tions may be obtained by adjusting the number of EL
elements. The display device according to the present
invention may be used for video cameras, digital camer-
as, car stereos, video CD players, portable terminals,
laptop personal computers, etc.

Claims

1. A display device comprising a plurality of unit pixels,
each of the plurality of unit pixels (11) including a
plurality of luminescent elements (18-10 to 18-34)
being separated mutually from one another and ar-
ranged symmetrically with respect to a prescribed
position (40);
a driving means arranged to implement a driving
scheme having a state of emission or non-emission
for each of the plurality of luminescent elements
(18-10 to 18-34), the driving scheme corresponding
to a symmetrical pattern of emission with respect to
the prescribed position (40); wherein the display de-
vice is characterised in that:

the plurality of luminescent elements of a unit
pixel (18-10 to 18-34) includes at least one pair
of luminescent elements (18-21 to 18-22), the
luminescent elements (18-21 to 18-22) in the at
least one pair being located symmetrically with
respect to the prescribed position (40)
and being controlled so as to be both switched
on or both switched off concurrently; and in that
each of the luminescent elements of a unit pixel
(18-10 to 18-34) has the same area.
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2. The display device according to claim 1, wherein the
driving means comprises at least one transistor to
control at least a pair (18-21, 18-22) of the lumines-
cent elements (18-10 to 18-34).

3. The display device according to claim 1 or 2, wherein
the plurality of luminescent elements (18-10 to
18-34) are arranged point symmetrically.

4. The display device according to any one of claims 1
to 3, wherein the unit pixels (11) include three or
seven luminescent elements (18-10 to 18-34).

5. The display device according to claim 4, wherein the
prescribed position is at a luminous center (40) of
the plurality of luminescent elements (18-10 to
18-34).

6. The display device according to claim 5, wherein the
prescribed position is a luminous center of a lumi-
nescent element that contributes to a gradation of
minimum luminance.

7. The display device according to any one of claims 1
to 6, wherein the plurality of luminescent elements
(18-10 to 18-34) are arranged in a hexagonal shape.

Patentansprüche

1. Anzeigevorrichtung, umfassend mehrere Pixelein-
heiten, wobei jede der mehreren Pixeleinheiten (11)
mehrere lumineszente Elemente (18-10 bis 18-34)
enthält, die wechselseitig voneinander getrennt sind
und symmetrisch in Bezug auf eine vorgeschriebene
Position (40) angeordnet sind;
ein Ansteuerungsmittel, das zum Implementieren ei-
nes Ansteuerungsschemas mit einem Emissions-
und Nicht-Emissionszustand für jedes der mehreren
lumineszenten Elemente (18-10 bis 18-34) angeord-
net ist, wobei das Ansteuerungsschema einem sym-
metrischen Emissionsmuster in Bezug auf die vor-
geschriebene Position (40) entspricht; wobei die An-
zeigevorrichtung dadurch gekennzeichnet ist,
dass:

die mehreren lumineszenten Elemente einer Pi-
xeleinheit (18-10 bis 18-34) mindestens ein
Paar lumineszenter Elemente (18-21 bis 18-22)
enthalten, wobei die lumineszenten Elemente
(18-21 bis 18-22) in dem mindestens einen Paar
symmetrisch in Bezug auf die vorgeschriebene
Position (40) angeordnet sind und so gesteuert
werden, dass beide gleichzeitig eingeschaltet
oder beide gleichzeitig ausgeschaltet werden;
und dass
jedes der lumineszenten Elemente einer Pixel-
einheit (18-10 bis 18-34) dieselbe Fläche auf-

weist.

2. Anzeigevorrichtung nach Anspruch 1, wobei das An-
steuerungsmittel mindestens einen Transistor zur
Steuerung mindestens eines Paares (18-21, 18-22)
der lumineszenten Elemente (18-10 bis 18-34) um-
fasst.

3. Anzeigevorrichtung nach Anspruch 1 oder 2, wobei
die mehreren lumineszenten Elemente (18-10 bis
18-34) punktsymmetrisch angeordnet sind.

4. Anzeigevorrichtung nach einem der Ansprüche 1 bis
3, wobei die Pixeleinheiten (11) drei oder sieben lu-
mineszente Elemente (18-10 bis 18-34) enthalten.

5. Anzeigevorrichtung nach Anspruch 4, wobei die vor-
geschriebene Position an einem Leuchtzentrum (40)
der mehreren lumineszenten Elemente (18-10 bis
18-34) liegt.

6. Anzeigevorrichtung nach Anspruch 5, wobei die vor-
geschriebene Position an einem Leuchtzentrum ei-
nes lumineszenten Elements liegt, das zu einer Gra-
dation einer minimalen Leuchtdichte beiträgt.

7. Anzeigevorrichtung nach einem der Ansprüche 1 bis
6, wobei die mehreren lumineszenten Elemente
(18-10 bis 18-34) in einer hexagonalen Form ange-
ordnet sind.

Revendications

1. Dispositif d’affichage comprenant une pluralité de
pixels unitaires, chacun parmi la pluralité des pixels
unitaires (11) incluant une pluralité d’éléments lumi-
nescents (18-10 à 18-34) réciproquement séparés
les uns des autres et disposés symétriquement par
rapport à une position prescrite (40) ;
un moyen d’attaque étudié pour implémenter un
schéma d’attaque présentant un état d’émission ou
de non émission pour chacun parmi la pluralité des
éléments luminescents (18-10 à 18-34), le schéma
d’attaque correspondant à un motif symétrique
d’émission par rapport à la position prescrite (40); le
dispositif d’affichage se caractérisant en ce que :

la pluralité des éléments luminescents d’un pixel
unitaire (18-10 à 18-34) comprenne au moins
une paire d’éléments luminescents (18-21 à
18-22), les éléments luminescents (18-21 à
18-22) dans cette au moins une paire étant si-
tués symétriquement par rapport à la position
prescrite (40) et étant commandés de manière
à être tous deux allumés ou éteints simultané-
ment; et en ce que
chacun des éléments luminescents d’un pixel
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unitaire (18-10, 18-34) possède la même super-
ficie.

2. Dispositif d’affichage selon la revendication 1, le
moyen d’attaque comprenant au moins un transistor
pour contrôler au moins une paire (18-21, 18-22)
d’éléments luminescents (18-10 à 18-34).

3. Dispositif d’affichage selon la revendication 1 ou 2,
la pluralité des éléments luminescents (18-10 à
18-34) étant disposés avec une symétrie ponctuelle.

4. Dispositif d’affichage selon l’une quelconque des re-
vendications 1 à 3, les pixel unitaires (11) incluant
trois ou sept éléments luminescents (18-10 à 18-34).

5. Dispositif d’affichage selon la revendication 4, la po-
sition prescrite se trouvant au centre lumineux (40)
de la pluralité des éléments luminescents (18-10 à
18-34).

6. Dispositif d’affichage selon la revendication 5, la po-
sition prescrite étant un centre lumineux d’un élé-
ment luminescent qui contribue à une gradation de
luminance minimale.

7. Dispositif d’affichage selon l’une quelconque des re-
vendications 1 à 6, la pluralité des éléments lumi-
nescents (18-10 à 18-34) étant disposés en forme
d’hexagone.
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