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7) ABSTRACT

In a method of driving an organic-electroluminescence
display device, when a small white pattern is displayed at the
same position of the black background for a long time,
burn-in of the white-pattern displayed portion is prevented
without a feeling of a sense of the contrast lack. The
organic-electroluminescence display device includes an
organic-electroluminescence element panel, and an input-
signal processing circuit into which an image signal is to be
input. The input-signal processing circuit includes a lumi-
nance detection circuit for detecting average luminance of
the input image signal, and a luminance control circuit. The
luminance control circuit, when, as an image on the organic-
electroluminescence element panel, a high-luminance pat-
tern continues to be displayed longer than a time-interval T1
on a low average-luminance screen, lowers the luminance of
the pattern down to a predetermined value with a time-

G09G  3/10 (2006.01) interval T2 after T1.
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ORGANIC-ELECTROLUMINESCENCE DISPLAY
AND DRIVING METHOD THEREFOR

INCORPORATION BY REFERENCE

[0001] The present application claims priority from Japa-
nese application JP2004-227701 filed on Aug. 4, 2004, the
content of which is hereby incorporated by reference into
this application.

BACKGROUND OF THE INVENTION
[0002]

[0003] The present invention relates to an organic-elec-
troluminescence display device using organic-electrolumi-
nescence (EL; Electro Luminescence) elements, and a driv-
ing method therefor. More particularly, it relates to a
technology for preventing burn-in at the time of displaying
a small white pattern at the same position of the black
background for a long time.

[0004] 2. Description of the Related Art

[0005] An active-matrix-driven organic-electrolumines-
cence display device (which, hereinafter, will be referred to
as “organic-EL display”) using organic-¢lectroluminescence
elements (hereinafter, referred to as “organic-EL elements™)
is expected as the next-generation flat panel display.

[0006] As described in, e.g., JP-A-2002-189445, in a
typical organic-EL display, a plurality of pixels are arranged
in a matrix-like manner. Each pixel includes an organic-EL
element, a driving transistor connected to the organic-EL
element in series therewith, and a capacitor for holding the
gate voltage of this driving transistor.

[0007] The organic-EL element has the following struc-
ture: A light-emitting layer, which is a thin film including a
red, green, or blue fluorescent organic compound, is sand-
wiched between a cathode electrode and an anode electrode.
Here, electrons and positive holes are injected into the
light-emitting layer. This rebinds the electrons and the
positive holes, thereby generating excitons. Light emission
which occurs at activation-lost time of these excitons allows
the light-emitting layer and the organic-EL element to emit
the light.

[0008] Meanwhile, as described in, e.g., JP-A-2001-27890
(and its corresponding European Patent Publication
EP1111578A1), it has been known that, in a liquid-crystal
television and the like, the use of image processing tech-
nology allows implementation of high picture quality.

1. Field of the Invention

SUMMARY OF THE INVENTION

[0009] In the organic-EL display device as described
above, if a small white pattern is displayed at the same
position of the black background for a long time, the
white-pattern displayed portion will be burned in. In order to
solve this problem, it is effective enough to lower the
luminance of the white pattern displayed against the black
background. In this case, however, there has existed a
problem that the contrast will be lowered.

[0010] The present invention has been devised in order to
solve the above-described problem in the prior art. Accord-
ingly, an object of the present invention is to provide the
following technology in the organic-EL display device and
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the driving method therefor: Namely, a technology for
allowing prevention of the burn-in of the white-pattern
displayed portion without a feeling of a sense of the contrast
lack when the small white pattern is displayed at the same
position of the black background for a long time.

[0011] The above-described and the other objects and
novel characteristics of the present invention will be made
apparent by the description of the present specification and
the accompanying drawings.

[0012] Of inventions to be disclosed in the present appli-
cation, outline of the representative invention will be briefly
explained as follows:

[0013] 1In order to accomplish the above-described object,
in the present invention, when, as an image displayed on the
organic-electroluminescence element panel, a high-lumi-
nance fixed pattern continues to be displayed longer than a
time-interval T1 (e.g., 10 seconds) on a low average-lumi-
nance screen, the luminance of the fixed pattern for example
is controlled to be lowered from 100% to a predetermined
value, e.g., 80%, with a time-interval T2 (e.g., 3 seconds)
after T1.

[0014] If the luminance of the high-luminance and small-
area portion is lowered to 80% from the beginning, the
contrast is lowered. This results in a lowering in picture
quality. In the present invention, however, the portion is
displayed with the 100-% luminance at the beginning. This
condition prevents the contrast from being lowered. Next,
the luminance is lowered in a little-by-little manner with the
time spent. This condition prevents the feeling of a sense of
the contrast lack unlike the case where the 80-% luminance
is displayed from the beginning.

[0015] Other objects, features and advantages of the
invention will become apparent from the following descrip-
tion of the embodiments of the invention taken in conjunc-
tion with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG. 1 is a block diagram for illustrating the
schematic configuration of an organic-EL display device in
an embodiment of the present invention;

[0017] FIG. 2 is a diagram for illustrating an equivalence
circuit to the organic-EL display panel illustrated in FIG. 1
together with a data driver and a scanning-line driving
circuit;

[0018] FIG. 3A to FIG. 3D are diagrams for illustrating
an example of the image signal processing on the periphery

of a picture-quality control circuit of the organic-EL display
according to the present invention;

[0019] FIG. 4A to FIG. 4D are diagrams for illustrating
an example of the image signal processing on the periphery
of the picture-quality control circuit of the organic-EL
display device according to the present invention;

[0020] FIG. 5A to FIG. 5C are schematic diagrams for
explaining the driving method of the organic-EL display in
the embodiment of the present invention,

[0021] FIG. 6A to FIG. 6C are schematic diagrams for
explaining a modified example of the driving method of the
organic-EL display device in the embodiment of the present
invention;
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[0022] FIG. 7A to FIG. 7B are schematic diagrams for
explaining a modified example of the driving method of the
organic-EL display device in the embodiment of the present
invention;

[0023] FIG. 8A to FIG. 8C are schematic diagrams for
explaining a modified example of the driving method of the
organic-EL display device in the embodiment of the present
invention;

[0024] FIG. 9A to FIG. 9C are schematic diagrams for
explaining a modified example of the driving method of the
organic-EL display device in the embodiment of the present
invention;

[0025] FIG. 10A to FIG. 10B are schematic diagrams for
explaining a modified example of the driving method of the
organic-EL display device in the embodiment of the present
invention;

[0026] FIG. 11 is a circuit diagram for illustrating another
example of one pixel of the organic-EL display panel
illustrated in FIG. 2; and

[0027] FIG. 12 is a circuit diagram for illustrating another
example of one pixel of the organic-EL display panel
illustrated in FIG. 2.

DETAILED DESCRIPTION OF THE
INVENTION

[0028] Hereinafter, referring to the drawings, the detailed
explanation will be given below concerning embodiments of
the present invention.

[0029] Incidentally, in all of the drawings for explaining
the embodiments, one and the same reference numeral is
allocated to a configuration component having one and the
same function. Accordingly, the repeated explanation
thereof will be omitted.

[0030] FIG. 1 is a block diagram for illusirating the
schematic configuration of an organic-EL display device in
an embodiment of the present invention.

[0031] The organic-EL display device of the present
invention includes the following configuration components:
An organic-EL display panel 10, a data driver 21 and a
scanning-line driving circuit 22 located or formed on the
periphery thereof, a controller 20 for controlling the data
driver 21 and the scanning-line driving circuit 22, and an
input-signal processing circuit 100. Here, in the input-signal
processing circuit 100, an image signal inputted from an
external circuit of the organic-EL display is transmitted to
the controller 20 after being processed such that the image
signal is made compatible with image display on the
organic-EL display panel 10.

[0032] FIG. 2 is a diagram for illustrating an equivalence
circuit to the organic-EL display panel 10 illustrated in FIG.
1 together with the data driver 21 and the scanning-line
driving circuit 22.

[0033] In FIG. 2, cach switching-use thin film transistor
(SW1) is an n-type thin film transistor. Its gate, source, and
drain are connected to each scanning line (GL), each image
line (DL), and the gate of each driving-use thin film tran-
sistor (DT), respectively.
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[0034] Also, each driving-use thin film transistor (DT) is
a p-type thin film transistor. Its source and drain are con-
nected to each power-supply line (PL) and the anode of each
organic-EL element (OLED), respectively.

[0035] Also, each charge storage capacitor (Cstg) is con-
nected to between the gate of each driving-use thin film
transistor (DT) and each power-supply line (PL).

[0036] Each scanning line (GL) is connected to the scan-
ning-line driving circuit 22. Each image line (DL) illustrated
in FIG. 2 is connected to the data driver 21 illustrated in
FIG. 1. The data driver 21 supplies an analogue image
signal to each image line (DL).

[0037] The scanning-line driving circuit 22 supplics a
scanning-line selection signal to the respective scanning
lines (GL) in sequence in each frame time-interval.

[0038] The switching-use thin film transistors (SW1) in
each row are brought into conduction only during one
horizontal scanning time-interval by the scanning-line selec-
tion signal supplied from each corresponding scanning line
(GL). Then, the transistors (SW1) are brought into non-
conduction until the scanning-line selection signal is sup-
plied again one frame time-interval after.

[0039] Based on the conduction of each switching-use thin
film transistor (SW1), the analogue image signal supplied
from each image line (DL) is written into each charge
storage capacitor (Cstg), then being updated on one frame
time-interval (1F) (i.c., updating period) basis.

[0040] Each driving-use thin film transistor (DT) for one
pixel supplics, to each organic-EL element (OLED), a
driving current (Id) corresponding to the analogue image
signal written into each charge storage capacitor (Cstg). This
allows each organic-ELL element (OLED) to emit light.
Incidentally, in FIG. 2, a numeral 25 denotes a light-
emitting power supply, and a numeral 26 denotes a reference
potential (¢.g., GND).

[0041] Each organic-EL element (OLED) has the follow-
ing structure: A light-emitting layer, which is a thin film
including a fluorescent organic compound, is sandwiched
between a cathode electrode and an anode electrode. Here,
electrons and positive holes are injected into the light-
emitting layer. This rebinds the electrons and the positive
holes, thereby generating excitons. Light emission which
occurs at activation-lost time of these excitons allows each
organic-EL element to emit the light.

[0042] Each switching-use thin film transistor (SW1) and
each driving-use thin film transistor (DT) include, e.g., a thin
film transistor where a polycrystalline silicon film is used as
the semiconductor layer.

[0043] Also, the scanning-line driving circuit 22 and the
data driver 21 are formed at the same processing step as that
of each switching-use thin film transistor (SW1) and each
driving-use thin film transistor (DT). Moreover, the scan-
ning-line driving circuit 22 and the data driver 21, which
include N-channel thin film transistors or P-channel thin film
transistors where polycrystalline silicon films are used as the
semiconductor layers, are integrally formed on one and the
same insulating board.

[0044] Here, the scanning-line driving circuit 22 and the
data driver 21 are controlled and driven by the controller 20.
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Also, a power-supply circuit 23 supplies, to the scanning-
line driving circuit 22 and the data driver 21, power-supply
voltage, or organic-EL element (OLED) driving voltage
(e.g., tone voltage, scanning-line selection voltage, scan-
ning-line non-selection voltage, or the like).

[0045] The input-signal processing circuit 100 illustrated
in FIG. 1 includes a picture-quality control circuit 110 and
a microcomputer & frame memory 120. The picture-quality
control circuit 110 includes, from its input side, a contrast
control circuit 111, a DC-level control circuit 112, and a
digital y correction circuit 113. An image signal outputted
from the digital y correction circuit 113 is transferred to the
controller 20.

[0046] The image signal outputted from an image-signal
output terminal of an external circuit (not illustrated) such as
television set, video camera, or mobile telephone is inputted
not only into the contrast control circuit 111 from the input
side of the picture-quality control circuit 110, but also into
the microcomputer & frame memory 120.

[0047] The microcomputer & frame memory 120 receives
the image signal from the external circuit, then, based on this
image signal, analyzing characteristics of an image to be
displayed on the organic-EL display panel 10.

[0048] Concretely, an APL detection unit 121, a MAX
detection unit 122, and a MIN detection unit 123 detect
average luminance level of the image signal inputted (here-
inafter, designated as “APL”), maximum luminance level
(hereinafter, designated as “MAX”) thereof, and minimum
luminance level (hereinafter, designated as “MIN”) thereof,
respectively.

[0049] The detection of these maximum luminance level
MAX, minimum luminance level MIN, and average lumi-
nance level APL is the processing performed from conven-
tionally. Accordingly, the detailed explanation thereof will
be omitted here.

[0050] For example, when a screen on the organic-EL
display panel 10 displays a plurality of bright “points”
scattered against the dark background, such as “starry sky”,
the average luminance level APL of the image signal cor-
responding to this screen appears on the darker side than the
intermediate point between its maximum luminance level
MAX and its minimum luminance level MIN.

[0051] The maximum luminance level MAX, minimum
luminance level MIN, and average luminance level APL of
the inputted image signal detected in the respective detection
units are inputted into a picture-quality control quantity
calculation unit 124, where the picture-quality control quan-
tity will be calculated. Its concrete example will be
described later, referring to FIG. 2 and FIG. 3.

[0052] The microcomputer & frame memory 120 trans-
fers, as a picture-quality control signal, a calculation result
of the picture-quality control quantity to the contrast control
circuit 111 and the DC-level control circuit 112 of the
picture-quality control circuit 110.

[0053] FIG. 3A to FIG. 3D and FIG. 4A to FIG. 4D are
diagrams for illustrating one examples of the processing for
the image signal on the periphery of the picture-quality
control circuit 110 (so to speak, “interface” which is posi-
tioned on the external-circuit-nearer side than the controller

20).
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[0054] As will be explained below, both of the signal
processing ranging from FIG. 3A to FIG. 3D and the signal
processing ranging from FIG. 4A to FIG. 4D will be
performed in a similar way. What is different therebetween,
however, is the value of the average luminance level APL
with respect to the intermediate value between the maximum
luminance level MAX and the minimum luminance level
MIN inputted from the respective detection units (121, 122,
and 123) into the picture-quality control quantity calculation
unit 124.

[0055] 1In the former signal processing, as illustrated in
FIG. 3A, an image signal from the external circuit exhibits
the average luminance level APL which is larger than the
intermediate value. Consequently, this image signal corre-
sponds to an image which makes the screen on the organic-
EL display panel bright as a whole (e.g., beach on fine-
weather day).

[0056] Inthe latter signal processing, as illustrated in FIG.
4A, an image signal from the external circuit exhibits the
average luminance level APL which is smaller than the
intermediate value. Consequently, this image signal corre-
sponds to an image which makes the screen on the organic-
EL display panel dark as a whole (e.g., starry sky).

[0057] Next, referring to FIG. 3A to FIG. 3D and FIG.
4A to FIG. 4D, the explanation will be given below con-
cerning the signal processing in the interface of the organic-
EL display in the present embodiment.

[0058] First, the maximum luminance level MAX, the
minimum luminance level MIN, and the average luminance
level APL of the image signal in a certain frame time-
interval are inputted into the picture-quality control quantity
calculation unit 124 from the respective detection units (121,
122, and 123).

[0059] As compared with output dynamic range (ie.,
maximum value of amplitude that output signal can assume)
of the DC-level control circuit 112 included in the picture-
quality control circuit 110, if maximum amplitude (i.c.,
difference between the maximum luminance level MAX and
the minimum luminance level MIN) of the image signal in
the above-described certain frame time-interval is smaller, at
a point-in-time at which the image signal is outputted from
the DC-level control circuit 112 (in this case, the image
signal is then inputted into the digital y correction circuit
113), the image signal is amplified so that the image signal
will have an amplitude which is substantially equal to the
output dynamic range of the DC-level control circuit 112.

[0060] In the contrast control circuit 111 of the picture-
quality control circuit 110, the amplification of the image
signal as described above is subjected to the image signal
inputted therein from the external circuit.

[0061] Meanwhile, the microcomputer & frame memory
120 determines the maximum amplitude of the image signal
from the difference between the maximum luminance level
MAX thereof and the minimum luminance level MIN
thereof. Moreover, the microcomputer & frame memory 120
compares this maximum amplitude with the output dynamic
range of the DC-level control circuit 112, thereby determin-
ing amplification ratio of the image signal (ic., signal-



US 2006/0055335 Al

amplification adjustment gain: Gain) in the contrast control
circuit 111 by using the following Expression (1):

Gain=dynamic range/(MAX-MIN) @

[0062] For example, the difference between the maximum
luminance level MAX and the minimum luminance level
MIN of the image signal illustrated in FIG. 3A and FIG. 4A
is equal to 67% of width of the output dynamic range (which
is displayed as being 100%) of the DC-level control circuit
112. Accordingly, the microcomputer & frame memory 120
calculates the Gain of about 1.5. The Gain calculated by the
microcomputer & frame memory 120 is transferred to the
contrast control circuit 111, where the amplification ratio of
the image signal based thereon is determined.

[0063] By the way, as illustrated in FIG. 3A and FIG. 4A,
in many cases, the minimum luminance level MIN of the
image signal from the external circuit differs from lower-
limit of the output signal of the DC-level control circuit 112.
Also, in many cases, the maximum luminance level MAX of
the image signal from the external circuit differs from
upper-limit of the output signal of the DC-level control
circuit 112.

[0064] On account of this, as illustrated in FIG. 3B and
FIG. 4B, the amplification of the image signal is subjected
to the image signal with its average luminance level APL
selected as the criterion (with DC-level of the APL fixed). In
this case, however, the following phenomenon occurs:
Namely, the minimum luminance level MIN of the image
signal amplified (hereinafter, referred to as “amplified image
signal”) becomes smaller than the lower-limit of the output
signal of the DC-level control circuit 112 (FIG. 3B). Also,
the maximum luminance level MAX of the amplified image
signal becomes larger than the upper-limit of the output
signal of the DC-level control circuit 112 (FIG. 4B).

[0065] In order to deal with the problem like this, the
contrast control circuit 111 is designed as follows: Namely,
the circuit 111 has an output dynamic range which is
sufficiently wider than that of the DC-level control circuit
112. Simultaneously, as illustrated in FIG. 3C, the circuit
111 outputs, as “a negative signal”, the part (e.g., 0.5 V) of
the amplified image signal which has exceeded the lower-
limit of the output dynamic range of the DC-level control
circuit 112.

[0066] The DC-level control circuit 112 receives the
amplified image signal outputted from the contrast control
circuit 111 in this way, then adjusting DC level of the
amplified image signal (FIG. 3C and FIG. 4C). This
DC-level adjustment of the amplified image signal causes
oscillation range of the amplified image signal to fall within
the output dynamic range of the DC-level control circuit
112.

[0067] The DC-level adjustment quantity of the amplified
image signal is also designated as “the picture-quality con-
trol quantity”, or as “DC-level shift quantity”. In the present
specification, hereinafter, the DC-level adjustment quantity
will also be designated as merely “Offset”. This Offset is
calculated by the microcomputer & frame memory 120, then
being inputted into the DC-level control circuit 112.

[0068] The amplified image signal whose DC-level has
been shifted by the DC-level control circuit 112 is illustrated
as “image signal output” in each of FIG. 3C and FIG. 4C.
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This image signal output is inputted into the controller 20 via
the digital y correction circuit 113.

[0069] The controller 20 makes reference to the image
signal output from the picture-quality control circuit 110
(digital y correction circuit 113), then adjusting current
quantity (which is supplied to each organic-EL element of
each pixel) along each power-supply line (PL) on the
organic-EL display panel 10, or adjusting a tone signal for
determining data signal output in the data driver 21.

[0070] Both of the adjustments are performed such that the
average luminance level APL of a displayed image on each
frame time-interval basis is made equal to the average
luminance level APL at the time of input of the image signal
corresponding thereto. This makes it possible to suppress a
variation in the average luminance level APL of the image
signal output illustrated in each of FIG. 3C and FIG. 4C.
Consequently, as is indicated as “visual luminance level” in
each of FIG. 3D and FIG. 4D, dynamic range of the
luminance in the displayed image varies depending on entire
brightness of the displayed image.

[0071] In general, in an organic-EL display, if a small
white pattern is displayed at the same position of the black
background for a long time, the white-pattern displayed
portion will be burned in. In order to solve this problem, it
is effective enough to lower the luminance of the white
pattern displayed against the black background. In this case,
however, there has existed a problem that the contrast will
be lowered.

[0072] FIG. 5A to FIG. 5C are schematic diagrams for
explaining the driving method of the organic-EL display in
the present embodiment.

[0073] In the organic-EL display in the present embodi-
ment, as illustrated in FIG. 5A, a high-luminance, small
white pattern is displayed on a low average-luminance
screen (here, black). Here, when letting luminance of the
black background be 0%, the luminance of the white pattern
is set as being 100%.

[0074] In the driving method illustrated in FIG. 5A to
FIG. 5C, as illustrated in FIG. 5B, when the high-lumi-
nance, small white pattern continues to be displayed longer
than a time-interval T1 (here, 10 seconds) at the same
position of the black background, the luminance of the fixed
pattern will be lowered from 100% to about 80% with about
a time-interval T2 (here, 3 seconds) spent.

[0075] In this case, as illustrated in FIG. 5C, the lowering
of the high-luminance, small white pattern from the 100-%
luminance to the 80-% luminance is performed within the
time-interval T2 in a curve-like manner such that the former-
half portion changes steeply and the latter-half portion
changes gradually.

[0076] On account of this, in the present embodiment, it
becomes possible to prevent the burn-in of the white-pattern
displayed portion without a feeling of a sense of the contrast
lack when the small white pattern is displayed at the same
position of the black background for a long time.

[0077] In general, if the luminance of the high-luminance
and small-area portion is lowered to 80% from the begin-
ning, the contrast is lowered. This results in a lowering in the
picture quality. In the present embodiment, however, the
portion is displayed with the 100-% luminance at the begin-
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ning. This prevents the contrast from being lowered. Next,
the luminance is lowered in a little-by-little manner with the
time spent. This prevents the feeling of a sense of the
contrast lack unlike the case where the 80-% luminance is
displayed from the beginning.

[0078] FIG. 6A to FIG. 6C are schematic diagrams for
explaining a modified example of the driving method of the
organic-EL display in the present embodiment.

[0079] In the case of FIG. 6A to FIG. 6C as well, as
illustrated in FIG. 6A, a high-luminance, small white pat-
tern is displayed on a low average-luminance screen (here,
black). Here, when letting luminance of the black back-
ground be 0%, the luminance of the white pattern is set as
being 100%.

[0080] In the driving method illustrated in FIG. 6A to
FIG. 6C as well, as illustrated in FIG. 6B, when the
high-luminance, small white pattern is displayed at the same
position of the black background, if the display of the
high-luminance portion continues to be performed longer
than 10 seconds, the luminance will be lowered from 100%
to about 80% with about 3 seconds spent.

[0081] In the driving method illustrated in FIG. 6A to
FIG. 6C, however, the high-luminance portion whose lumi-
nance will be lowered to about 80% is displayed using FRC
(Frame Rate Control) from luminance of 70% and lumi-
nance of 90%. Namely, 70% and 90% are displayed alter-
nately, thereby making the luminance seemingly equal to
80% through the use of afterimage of human eyes.

[0082] Also, as illustrated in FIG. 6C, the lowering of the
high-luminance, small white pattern from the 100-% lumi-
nance to the 80-% luminance is performed within the
time-interval T2 in a curve-like manner such that the former-
half portion changes steeply and the latter-half portion
changes gradually.

[0083] FIG. 7A to FIG. 7B are schematic diagrams for
explaining a modified example of the driving method of the
organic-EL display in the present embodiment.

[0084] In FIG. 5C and FIG. 6C, the lowering of the
high-luminance, small white pattern from the 100-% lumi-
nance to the 80-% luminance is performed within the
time-interval T2 in a curve-like manner such that the former-
half portion changes steeply and the latter-half portion
changes gradually. In FIG. 7A, however, the lowering of the
high-luminance, small white pattern from the 100-% lumi-
nance to the 80-% luminance is performed in a straight-line-
like manner (i.¢., the luminance is decreased uniformly with
respect to time).

[0085] Also, FIG. 7B illustrates the following configura-
tion: Namely, the lowering of the high-luminance, small
white pattern from the 100-% luminance to the §0-% lumi-
nance is performed in a curve-like manner which becomes
opposite to a curve-like manner illustrated in FIG. 5C and
FIG. 6C. This means that the lowering is performed within
the time-interval T2 in a curve-like manner such that the
former-half portion changes gradually and the latter-half
portion changes steeply.

[0086] FIG. 8A to FIG. 8C are schematic diagrams for
explaining a modified example of the driving method of the
organic-EL display in the present embodiment.
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[0087] In the driving method illustrated in FIG. 8A to
FIG. 8C as well, as illustrated in FIG. 8A, a high-lumi-
nance, small white pattern is displayed on a low average-
luminance screen (here, black). The driving method illus-
trated in FIG. 8A to FIG. 8C, however, differs from the
above-described driving method illustrated in FIG. 5A to
FIG. 5C in a point that, when letting luminance of the black
background be 0%, the luminance of the white pattern is set
as being 80%.

[0088] In the driving method illustrated in FIG. 8A to
FIG. 8C, as illustrated in FIG. 8B, when the high-lumi-
nance, small white pattern is displayed against the black
background, if the display of the high-luminance portion
continues to be performed longer than 10 seconds, the
luminance will be lowered from 80% to about 60% with
about 3 seconds spent.

[0089] In this case, as illustrated in FIG. 8C, the lowering
of the high-luminance, small white pattern from the 80-%
luminance to the 60-% luminance is performed within the
time-interval T2 in a curve-like manner such that the former-
half portion changes steeply and the latter-half portion
changes gradually.

[0090] FIG. 9A to FIG. 9C are schematic diagrams for
explaining a modified example of the driving method of the
organic-EL display device in the present embodiment.

[0091] In the driving method illustrated in FIG. 9A to
FIG. 9C as well, as illustrated in FIG. 9A, a high-lumi-
nance, small white pattern is displayed on a low average-
luminance screen (here, black). The driving method illus-
trated in FIG. 9A to FIG. 9C, however, differs from the
above-described driving method illustrated in FIG. 6A to
FIG. 6C in a point that, when letting luminance of the black
background be 0%, the luminance of the white pattern is set
as being 80%.

[0092] In the driving method illustrated in FIG. 9A to
FIG. 9C as well, as illustrated in FIG. 9B, when the
high-luminance, small white pattern is displayed at the same
position of the black background, if the display of the
high-luminance portion continues to be performed longer
than 10 seconds, the luminance will be lowered from 80%
to about 60% with about 3 seconds spent.

[0093] In the driving method illustrated in FIG. 9A to
FIG. 9C, however, the high-luminance portion whose lumi-
nance will be lowered to about 60% is displayed using FRC
(Frame Rate Control) from luminance of 50% and lumi-
nance of 70%.

[0094] In this case, as illustrated in FIG. 9C, the lowering
of the high-luminance, small white pattern from the 80-%
luminance to the 60-% luminance is performed within the
time-interval T2 in a curve-like manner such that the former-
half portion changes steeply and the latter-half portion
changes gradually.

[0095] FIG. 10A to FIG. 10B are schematic diagrams for
explaining a modified example of the driving method of the
organic-EL display in the present embodiment.

[0096] In FIG. 8C and FIG. 9C, the lowering of the
high-luminance, small white pattern from the 80-% lumi-
nance to the 60-% luminance is performed within the
time-interval T2 in a curve-like manner such that the former-
half portion changes steeply and the latter-half portion
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changes gradually. In FIG. 10A, however, the lowering of
the high-luminance, small white pattern from the 80-%
luminance to the 60-% luminance is performed in a straight-
line-like manner (i.e., the luminance is decreased uniformly
with respect to time).

[0097] Also, FIG. 10B illustrates the following configu-
ration: Namely, the lowering of the high-luminance, small
white pattern from the 80-% luminance to the 60-% lumi-
nance is performed in a curve-like manner which becomes
opposite to a curve-like manner illustrated in FIG. 8C and
FIG. 9C. This means that the lowering is performed within
the time-interval T2 in a curve-like manner such that the
former-half portion changes gradually and the latter-half
portion changes steeply.

[0098] Incidentally, in the driving methods according to
the present invention, when letting luminance of black be
0%, luminance of a high-luminance, small white pattern
displayed on a low average-luminance screen is designated
as W. Moreover, when W satisfies WZ80%, and luminance
value lowered with about a time-interval T2 spent is desig-
nated as W1, W-W1=20% (e.g., 100%—80%, 80%—>60%)
is preferable.

[0099] Also, when W satisfies 60%<W<80%, it is prefer-
able to lower the luminance of the high-luminance, small
white pattern down to 60% with about the time-interval T2
spent.

[0100] Also, in the driving methods according to the
present invention, when a high-luminance, small white
pattern is displayed on a low average-luminance screen for
a long time (ie., a time-interval T1), luminance of the
high-luminance, small white pattern will be lowered with
about a time-interval T2 spent. Here, when letting luminance
of black be 0%, it is preferable to set luminance of the low
average-luminance screen as being 50% or lower.

[0101] Incidentally, the driving method in the present
embodiment is executed by control by the above-described
microcomputer & frame memory 120.

[0102] FIG. 11 and FIG. 12 are circuit diagrams for
illustrating the other examples of one pixel of the organic-
EL display panel 10 illustrated in FIG. 2.

[0103] The pixel illustrated in FIG. 2 includes the two
transistors, i.e., one switching-use thin film transistor and
one driving-use thin film transistor. In contrast thereto,
pixels illustrated in FIG. 11 and FIG. 12 differ from the
pixel illustrated in FIG. 2 in a point that the pixels include
four transistors, i.e., two switching-use thin film transistors
and two driving-use thin film transistors.

[0104] Tt is needless to say that the present invention is
applicable not only to one pixel of the organic-EL display
panel 10 illustrated in FIG. 1, but also to the pixels illus-
trated in FIG. 11 and FIG. 12.

[0105] Incidentally, since the pixels illustrated in FIG, 11
and FIG. 12 have been publicly known from conventionally,
the detailed explanation thereof will be omitted.

[0106] As having been explained so far, in the present
embodiment, it becomes possible to prevent the burn-in of
the white-pattern displayed portion without the feeling of a
sense of the contrast lack when the small white pattern is
displayed at the same position of the black background for
a long time.
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[0107] So far, based on the above-described embodiments,
the concrete explanation has been given concerning the
invention devised by the present inventors. It is needless to
say, however, that the present invention is not limited to the
above-described embodiments, but is modifiable in various
ways within a scope not departing from its essence and
spirit.

[0108] An effect acquired by the representative invention
of the inventions disclosed in the present application will be
briefly explained as follows:

[0109] According to the EL display of the present inven-
tion and the driving method therefore, it becomes possible to
prevent the burn-in of the white-pattern displayed portion
without the feeling of a sense of the contrast lack when the
small white pattern is displayed at the same position of the
black background for a long time.

[0110] It should be further understood by those skilled in
the art that although the foregoing description has been
made on embodiments of the invention, the invention is not
limited thereto and various changes and modifications may
be made without departing from the spirit of the invention
and the scope of the appended claims.

1. An organic-electroluminescence display device, com-
prising:

an organic-electroluminescence element panel, and

an input-signal processing circuit into which an image
signal is to be input,

said input-signal processing circuit comprising

a luminance detection circuit which detects an average
luminance of said input image signal, and

a luminance control circuit whereby responsive to the
detected average luminance, for when, as an image on
said organic-electroluminescence element panel, a
high-luminance pattern continues to be displayed
longer than a time-interval T1 on a screen of a low
average-luminance, lowering the luminance of said
pattern down to a predetermined value with a time-
interval T2 after T1.

2. The organic-electroluminescence display device
according to claim 1, wherein said time-interval T1 is equal
to 10 seconds, and a time-interval T2 is equal to 3 seconds.

3. The organic-electroluminescence display device
according to claim 1, wherein, when luminance of a black
image displayed on said organic-electroluminescence ele-
ment panel is defined as being 0%, and luminance of a white
image displayed on said organic-electroluminescence ele-
ment panel is defined as being 100%, said average lumi-
nance is equal to 50% or lower.

4. The electroluminescence display device according to
claim 3, wherein, if said luminance of said pattern displayed
longer than said time-interval T1 is equal to 80% or higher,
said luminance control circuit lowers said luminance of said
pattern down to a value at which a luminance difference
between said value and said luminance of said pattern
displayed longer than said time-interval T1 becomes equal
to 20%.

5. The organic-electroluminescence display device
according to claim 3, wherein, if said luminance of said
pattern displayed longer than said time-interval T1 falls in a
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range of 60% to 80%, said luminance control circuit lowers
said luminance of said pattern down to 60%.

6. The organic-electroluminescence display device
according to claim 1, wherein said luminance control circuit
lowers said luminance of said pattern in a straight-line-like
manner within said time-interval T2.

7. The organic-electroluminescence display device,
wherein said luminance control circuit according to claim 1
functions lower said luminance of said pattern within said
time-interval T2 in a curve-like manner such that the former-
half portion of T2 changes gradually and the latter-half
portion of T2 changes steeply in luminance.

8. The organic-electroluminescence display device
according to claim 1, wherein said luminance control circuit
functions to lower said luminance of said pattern within said
time-interval T2 in a curve-like manner such that the former-
half portion of T2 changes steeply and the latter-half portion
of T2 changes gradually in luminance.

9. The organic-electroluminescence display device
according to claim 1, wherein said luminance of said pattern
after a lapse of said time-interval T2 is implemented using
FRC scheme.

10. A method of driving an organic-electroluminescence
display device including an organic-electroluminescence
element panel, said method comprising the steps of:

detecting continuing to display, as an image on said
organic-electroluminescence element panel, a high-
luminance fixed pattern longer than a time-interval T1
on a low average-luminance screen, and

in response to said detecting, lowering said luminance of
said pattern down to a predetermined value with a
time-interval T2 after T1.
11. The method according to claim 10, wherein said
time-interval T1 is equal to 10 seconds, and said time-
interval T2 is equal to 3 seconds.
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12. The method according to claim 10, wherein, when
luminance of a black image displayed on said organic-
electroluminescence element panel is defined as being 0%,
and luminance of a white image displayed on said organic-
electroluminescence element panel is defined as being
100%;, said average luminance is equal to 50% or lower.

13. The method according to claim 12, wherein, if said
luminance of said pattern displayed longer than said time-
interval T1 is equal to 80% or higher, said predetermined
value is a value at which a luminance difference between
said value and said luminance of said pattern displayed
longer than said time-interval T1 becomes equal to 20%.

14. The method according to claim 12, wherein, if said
luminance of said pattern displayed longer than said time-
interval T1 falls in a range of 60% to 80%, said predeter-
mined value is equal to 60%.

15. The method according to claim 10, wherein said
luminance of said pattern is lowered in a straight-line-like
manner within said time-interval T2.

16. The method according to claim 10, wherein said
luminance of said fixed pattern is lowered within said
time-interval T2 in a curve-like manner such that the former-
half portion of T2 changes gradually and the latter-half
portion of T2 changes steeply in luminance.

17. The method according to claim 10, wherein said
luminance of said pattern is lowered within said time-
interval T2 in a curve-like manner such that the former-half
portion of T2 changes steeply and the latter-half portion of
T2 changes gradually in luminance.

18. The method according to claim 10, wherein said
luminance of said pattern after a lapse of said time-interval
T2 is implemented using FRC scheme.
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