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(54) ORGANIC ELECTROLUMINESCENCE DISPLAY AND ITS APPLICATION

(57) A technology for reducing the so-called "phos-
phor burn-in" phenomenon where the variation of lumi-
nance arises by reducing display luminance of a certain
pixel caused by deterioration in a display apparatus con-
stituted by an organic electro-luminescence element is
provided. In the display apparatus (10), when displaying
an image acquired by an image acquiring unit (32), lu-
minance substantially same as average luminance of
the acquired image is set to a non-display area where
the image is not displayed. Thereby, degradation speed
of the display elements in the whole display screen can
be averaged.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a display
method and a display apparatus, and it particularly re-
lates to a technology for averaging degradations of each
optical element in an active matrix type organic electro-
luminescence display apparatus and reducing variation
of luminance thereof.

BACKGROUND TECHNOLOGY

[0002] Organic electro-luminescent displays (herein-
after, also referred to as "organic EL displays" or "organ-
ic EL panels") are attracting attention as new flat-type
displays. In particular, active matrix type organic EL dis-
plays having thin film transistors (hereinafter, also re-
ferred to as "TFTs") as switching elements are regarded
as sweeping out the currently prevailing liquid crystal
displays in the near future, and are in a fierce develop-
ment race for practical use.
[0003] Unlike liquid crystal displays, organic EL dis-
plays have self-luminous elements. This eliminates the
need for a backlight which is indispensable to liquid crys-
tal displays, promising apparatuses of yet lower profile
and lighter weight. Moreover, organic EL panels are ex-
pected for application as a light emitting devices such
as the backlight of liquid crystal displays using a self-
luminous characteristic.
[0004] It is known that, as for the organic EL element,
degradation progresses with luminescence and lumi-
nance thereof gradually decreases. Development of the
organic luminescent material which does not deteriorate
easily is important for providing the organic EL panel
with high display quality and long life, of course, but it is
unescapable that degradation with the passage of time
arises for the organic EL element. The first thing to do
is development of the technology for suppressing the
influence of the degradation to the minimum at a present
stage.

DISCLOSURE OF THE INVENTION

[0005] The present invention has been made in view
of the foregoing circumstances and an object thereof is
to provide a technology for improving display quality of
a display apparatus.
[0006] An embodiment of the present invention re-
lates to a display method. In this display method, when
displaying an image on a display area narrower than an
area which can be displayed, luminance data of a non-
displaying area which does not display the image
among the area which can be displayed is set as a
guessed value of an average luminance of the image.
"An area which can be displayed" means a whole dis-
play screen in the display apparatus, and "a display ar-
ea" means an area where an image as an object of dis-

play is actually displayed among the area which can be
displayed. "A non-displaying area" means an area other
than the display area among the area which can be dis-
played. "Non-displaying" means that the image as an
object of display is not displayed, and does not neces-
sarily mean that nothing is displayed. The degradation
speed of the display element which constitutes each pix-
el can be averaged over the whole screen and the var-
iation in the display luminance resulting from the varia-
tion in degradation speed can be reduced, by making
the average luminance of the image displayed on the
display area and the average luminance of the image
displayed on the non-displaying area become almost
the same.
[0007] Another embodiment of the present invention
relates to a display apparatus. This display apparatus
comprising: an acquisition unit which acquires a first im-
age to be displayed; a first setting unit which sets a first
area in which the first image is displayed and places the
first image on the first area; and a second setting unit
which sets, when the first area is smaller than an area
which can be displayed, a second image to be displayed
on a second area in which the first image is not dis-
played; wherein said second setting unit sets the second
image in a manner where a guessed value of an average
luminosity of the first image is substantially same as a
guessed value of an average luminosity of the second
image. The average luminance of a general image may
be guessed beforehand, and thus guessed average lu-
minance may be made become almost the same as the
average luminance of the second image. The luminance
of more than 30% and less than 40%, or more favorably
more than 30% and less than 35%, for example, of the
maximum luminance may be adapted as the average
luminance of the general picture.
[0008] The second setting unit may calculate the av-
erage luminance of the first image and may set the sec-
ond image whose average luminance is substantially
same as calculated average luminance of the first image
to the second area. The degradation speed of the dis-
play elements can be averaged with higher accuracy by
selecting the second image according to the average
luminance of the first image whenever the first image is
displayed.
[0009] Further another embodiment of the present in-
vention also relates to a display apparatus. This display
apparatus comprising: an acquisition unit which ac-
quires a first image to be displayed; a first setting unit
which sets a first area in which the first image is dis-
played and places the first image on the first area; a sec-
ond setting unit which sets, when the first area is smaller
than an area which can be displayed, a second image
to be displayed on a second area in which the first image
is not displayed; a first storing unit which stores an ac-
cumulative average luminance of the first image previ-
ously displayed on the first area; and a second storing
unit which stores an accumulative average luminance
of the second image previously displayed on the second
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area; wherein said second setting unit sets the second
image in a manner where the accumulative average lu-
minance of the second image approaches the accumu-
lative average luminance of the first image. Though the
average luminance of each first image differs from the
average luminance of each second image somewhat, it
does not necessarily lead to the variation in the display
luminance immediately. These average luminance
should just become almost the same for long term. The
accumulative average luminance of the first images and
second images may be stored, and the second image
may be adjusted to make these accumulative average
luminance values become almost the same for long
term. The variation in the display luminance can be re-
duced by this method. According to this method, grater
flexibility of a display can be achieved. For example, the
second image can be selected based on the color or
theme of the first image.
[0010] The second image may be an image in which
all pixels have the almost same luminance data. That
is, the second image may be an image which consisted
of only one color. In this specification, the word an "im-
age" is used, even if the image consists of only one
color. Optional combinations of the aforementioned con-
stituting elements, and implementations of the invention
in the form of methods, apparatuses and systems may
also be practiced as additional modes of the present in-
vention.
[0011] It is to be understood that any combinations of
the foregoing components, and expressions of the
present invention having their methods, apparatuses,
systems, recording media, computer programs, and the
like converted mutually are also intended to constitute
applicable aspects of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The object described above, other objects,
characteristics and advantages will be appreciated by
referring to the preferred embodiments and associated
drawings.

Fig. 1 is a figure showing an internal structure of a
mobile terminal according to a first example of a first
embodiment.
Fig. 2 is a figure showing a state where a display
area is set up in the center of an area of a display
unit which can be displayed, and an image is dis-
played.
Fig. 3 is a figure showing a state where average lu-
minance data of a general image is set up to a non-
display area.
Fig. 4 is a figure showing a circuit structure of a sin-
gle pixel of the display unit.
Fig. 5 is a figure showing an internal structure of a
mobile terminal according to a third example of the
first embodiment.
Fig. 6 is a figure showing an example of an internal

data of an accumulated average luminance storing
unit.
Fig. 7 is a block diagram showing a structure of a
cellular phone according to a second embodiment.
Figs. 8A and 8B are figures for explaining a black
character display mode and a white character dis-
play mode.
Fig. 9 is a flowchart showing an example of a pro-
cedure of changing a mode.
Fig. 10 is a flowchart showing another example of
a procedure of changing a mode.
Fig. 11 is a figure showing a basic structure of an
organic EL display.
Fig. 12 is a circuit diagram of a single pixel of an
active matrix type organic EL display.
Fig. 13 is a block diagram showing a schematic
structure of a cellular phone.
Figs. 14A, 14B, 14C, 14D, and 14E are schematic
diagrams showing five steps of a specific picture
used for displaying residual quantity of a battery.
Fig. 15 is a schematic diagram showing an example
of initial display in case where display luminance of
a rightmost bar is set up lowest, a leftmost bar high-
est, and a mean value of them is set up as display
luminance of a central bar, in the battery residual
quantity picture.
Figs. 16A and 16B are graphs showing a change
over time of display luminance of a rightmost bar
which has high probability to light (solid line) and a
change over time of display luminance of a leftmost
bar which has low probability to light (doted line).
Figs. 17A, 17B, 17C, 17D, and 17E are schematic
diagrams showing five steps of a specific picture
used for displaying antenna picture.
Fig. 18 is a schematic diagram showing an example
of initial display in case where display luminance of
a leftmost bar is set up lowest, a rightmost bar high-
est, and a mean value of them is set up as display
luminance of a central bar, in the antenna picture.
Figs. 19A, 19B, and 19C are schematic diagrams
showing dots constituting a first picture (bar) and
dots constituting a second picture (character of
"charge") in the battery residual quantity picture.
Fig. 20 is a schematic diagram showing pictures
which can be displayed on upper part of a color or-
ganic EL display.
Fig. 21 is a figure showing a basic structure of an
organic EL display apparatus.
Fig. 22 is a figure showing a state where a character
is shifted and displayed.
Figs. 23A, 23B, and 23C are figures showing a
method of shifting an image and a change of dots
constituting a pixel when being shifted.
Fig. 24 is a figure showing a relation between a dis-
play area and an effective display area.
Fig. 25 is a figure showing a display area of one font.
Fig. 26 is a structure diagram of an organic EL dis-
play apparatus according to an embodiment.

3 4



EP 1 489 589 A1

4

5

10

15

20

25

30

35

40

45

50

55

Figs. 27A, 27B, and 27C are figures showing a state
where a display image is scrolled.
Figs. 28A and 28B are figures showing a state
where mosaic processing is carried out to a display
image.
Figs. 29A and 29B are figures showing a state
where a display color of a display image is changed
at a fixed timing.
Figs. 30A, 30B, and 30C are figures showing a state
where luminance ratio of RGB is gradually changed
when changing a display color of a display image.
Fig. 31 is a flowchart showing a procedure of chang-
ing a display color to average grade of degradation
of OLED.
Fig. 32 is a flowchart showing a procedure of per-
forming adjustment to a display image according to
grade of degradation of OLED.
Fig. 33 is a figure showing a display screen of a cel-
lular phone in which a display area is divided into
three areas of up, middle, and down.
Fig. 34 is a figure showing how a display image
shifts.
Fig. 35 is a structure diagram of a cellular phone as
an organic EL display apparatus according to an
embodiment.
Fig. 36 is a figure showing relation between a dis-
play image which is displayed on an organic EL
panel and is not scrolled, and a memory space.
Figs. 37A and 37B are figures showing a procedure
of reading image data by a timing control IC.
Figs. 38A and 38B are figures showing a display
screen in which a phosphor burn-in is arisen.
Figs. 39A and 39B are figures showing a display
screen in which a character string is displayed with
two kinds of fonts different from each other.
Figs. 40A and 40B are figures showing a display
screen in which a character string is displayed with
two size of font, large and small.
Fig. 41 is a figure showing a state where a color of
an area where a character string is not displayed is
gradually changed from a background color to a dis-
play color of the character string.
Figs. 42A and 42B are figures showing a state
where a character is shifted in a pixel area which
forms one font.
Fig. 43 is a structure diagram of an organic EL dis-
play apparatus according to an embodiment.

BEST MODE FOR CARRYING OUT THE INVENTION

[FIRST EMBODIMENT]

(Example of the first embodiment)

(FIRST EXAMPLE)

[0013] In the present embodiment, in order to average
degradation speed of display elements which constitute

pixels of a display apparatus on the whole screen, and
to reduce variation in display luminosity resulting from
variation in degradation speed, when displaying an im-
age, an area where the image is not displayed is dis-
played in a color of about 30% of white which is assumed
as average luminance of a general image.
[0014] Fig.1 shows an internal structure of a mobile
terminal 10, as an example of a display apparatus of the
present embodiment. The mobile terminal 10 mainly
comprises a communication unit 20, a control unit 30, a
memory unit 40, a display unit 100, an input unit 50, a
microphone 60, and a speaker 70. The communication
unit 20 includes an antenna 22 which transmits and re-
ceives a signal, a receiving unit 24 which decodes re-
ceived signal, and a transmitting unit 26 which modu-
lates and transmits data. The communication unit 20
controls communication with other apparatus via a cel-
lular phone network. The display unit 100 displays text
information, image information and the like. In this em-
bodiment, an organic EL panel is used as the display
unit 100. The display unit 100 may be an inorganic EL
panel or a liquid crystal panel and the like. The technol-
ogy of this embodiment is especially suitable for the or-
ganic EL panel with which degradation of the display el-
ement poses a problem. The input unit 50 receives input
information from outside via a keyboard, mouse, button,
and the like. The microphone 60 inputs audio informa-
tion from outside. The speaker 70 outputs audio infor-
mation to outside.
[0015] The control unit 30 controls of the mobile ter-
minal 10 as a whole and performs various processings
required for a display. In terms of hardware, this struc-
ture can be realized by a CPU, a memory and other LSIs
of an arbitrary computer. In terms of software, it is real-
ized by memory-loaded programs or the like having a
function of controlling display, but drawn and described
here are functional blocks that are realized in coopera-
tion with those. Thus, it is understood by the skilled in
the art that these functional blocks can be realized in a
variety of forms by hardware only, software only or the
combination thereof.
[0016] The image acquiring unit 32 acquires an image
to be displayed from outside via the communication unit
20 or by reading out the image stored in the memory
unit 40. The display area setting unit 34 sets an area to
display the image inside an area which can be displayed
in the display unit 100 according to the size of the ac-
quired image. The non-display area setting unit 36 sets
an image to be displayed on an area other than the dis-
play area among the area which can be displayed, that
is, a non-display area in which the acquired image is not
displayed. The display control unit 38 places the image
acquired by the image acquiring unit 32 on the area set
by the display area setting unit 34, and sets the image
set by the non-display area setting unit 36 to the non-
display area around the display area. The display con-
trol unit 38 thus generates the image data of the display
screen and writes it to the graphics memory 42. Then,
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the display control unit 38 outputs the image data and
the driving signal to each pixel of the display unit 100 at
the predetermined timing.
[0017] Fig. 2 shows a state where the display area
104 is set up in the center of the area 102 which can be
displayed of the display unit 100, and the image is dis-
played. In the example shown in Fig. 2, the display area
104 is set up in the center of the area 102 which can be
displayed to display the image, and the non-display area
106 is set around the display area 104, because the size
of the image is smaller than the area 102 which can be
displayed. It is favorable, considering a viewpoint of re-
duction of the power consumption and reduction of the
degradation of the organic EL element constituting each
pixel, that the luminance of the non-display area 106 is
set zero, that is, blackout. If an image is displayed on
the display area 104 for a long time, however, since the
time in which the pixel of the display area 104 is on be-
comes long as compared with the pixel of the non-dis-
playing area 106, degradation of the organic EL element
in the display area 104 will progress earlier, and lumi-
nance will decrease. As a result thereof, even if the
whole screen is displayed with the same luminance da-
ta, the luminance of the organic EL element near center
of the screen will become lower than the luminance of
the organic EL element near end of the screen, and a
part near center of the screen will be displayed darkly.
Especially, when displaying the image of the same size
frequently, as a result of continuing displaying an image
on the same display area 104 for a long time, the pixel
in the display area 104 deteriorates earlier than sur-
rounding pixels and the luminance thereof decreases.
Consequently, the so-called "phosphor burn-in" phe-
nomenon will happen in which the rectangle of the dis-
play area 104 is seen when displaying an image on the
whole screen.
[0018] In this embodiment, to reduce generating such
a phenomenon, the non-display area setting unit 36 dis-
plays the non-display area 106 in color of about from
30% to 35 % of white which is a guessed average lumi-
nance level of the general image to make the organic
EL element in the non-display area 106 deteriorate to
the same extent as the organic EL element in the display
area 104. Thereby, the degradation speed of the organic
EL element in a whole screen can be averaged and the
variation in the luminance and the phosphor burn-in
phenomenon can be reduced. By reducing the variation
in the luminance and phosphor burn-in, it contributes al-
so to an improvement of the life of the display unit 100.
[0019] Fig. 3 shows a state where an image having
average luminance of a general image is set up to a non-
display area. In this example, the image constituted by
one color of about 30% of white is set up to the non-
display area 106. However, the image which has arbi-
trary colors and patterns may be set as long as the av-
erage luminance thereof is about 30% of white. In the
case where the patterned image is displayed on the non-
display area 106, two or more images whose average

luminance is about 30% of white should be prepared.
The image should be replaced suitably and displayed to
prevent the phosphor burn-in of the image.
[0020] Fig. 4 shows a circuit structure of a single pixel
of the display unit 100. This circuit comprises an organic
light emitting element OLED, two transistors Tr1 and Tr2
for controlling the organic light emitting element OLED,
a capacitor C, a scan line SL which transmits a scan
signal, a data line DL which transmits a luminance data,
and a power supply line Vdd which supplies current to
the organic light emitting element.
[0021] The power supply line Vdd supplies an electric
current for making the organic light emitting element
OLED emit. The data line DL transmits luminance data
for controlling luminance of each of the organic light
emitting elements OLED. The scanning line SL trans-
mits scan signals for controlling the emitting timing of
each of the organic light emitting elements OLED. The
luminance data and the scan signal are supplied by the
display control unit 38.
[0022] A gate electrode of a first transistor Tr1 (here-
inafter also referred to as "switching transistor") is con-
nected to the scanning line SL. A drain electrode (or a
source electrode) of the switching transistor Tr1 is con-
nected to the data line DL. A source electrode (or a drain
electrode) of the switching transistor Tr1 is connected
to a gate electrode of a second transistor Tr2 (hereinaf-
ter also referred to as "driving transistor"). In this em-
bodiment, the switching transistor is a double-gate tran-
sistor having two gate electrodes. In another embodi-
ment, the switching transistor may be a single-gate tran-
sistor or a multi-gate transistor having three or more
gate electrodes. The switching transistor Tr1 may be an
n-channel transistor or a p-channel transistor.
[0023] A source electrode (or a drain electrode) of the
driving transistor Tr2 is connected to an anode of the
organic light emitting element OLED. A drain electrode
(or a source electrode) of the driving transistor Tr2 is
connected to the power supply line Vdd. Similar to the
switching transistor Tr1, the driving transistor Tr2 may
be a single-gate transistor or a multi-gate transistor, and
may be an n-channel transistor or a p-channel transistor.
[0024] An anode of the organic light emitting element
OLED is connected to the source electrode (or the drain
electrode) of the driving transistor Tr2. A cathode of the
organic light emitting element OLED is connected to
ground potential. An electrode of the capacitor C is con-
nected to the drain electrode (or the source electrode)
of the switching transistor Tr1 and the gate electrode of
the driving transistor Tr2. Another electrode of the ca-
pacitor C is connected to ground potential via a wire not
shown in figures, or may be connected to the power sup-
ply line Vdd.
[0025] An operation of the circuit structured as de-
scribed above is explained hereinbelow. As the scan
signal of the scanning line SL goes high for writing the
luminance data to the organic light emitting element
OLED, the switching transistor Tr1 turns on, the lumi-
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nance data which is being inputted to the data line DL
is set in the driving transistor Tr2 and the capacitor C. A
current which corresponds to the luminance data thus
flows between the source electrode and the drain elec-
trode of the driving transistor Tr2, and this current flows
in the organic light emitting element OLED, so that the
organic light emitting element OLED emits. When the
scan signal of the scanning line SL becomes low, the
switching transistor Tr1 turns off, but the gate voltage of
the driving transistor Tr2 is maintained, so that the or-
ganic light emitting element OLED continues emitting
according to the set luminance data.
[0026] At the next emitting timing, the scan signal of
the scanning line SL becomes high again, the switching
transistor Tr1 turns on, then the new luminance data
which is inputted to the data line DL is set in the driving
transistor Tr2 and the capacitor C. Thereby, the organic
light emitting element OLED emits corresponding to the
new luminance data.

(SECOND EXAMPLE)

[0027] In this example, when the mobile terminal ac-
quires the image to be displayed, the mobile terminal
calculates average luminance of the image and selects
an image to be displayed on the non-display area based
on the average luminance. The internal structure of the
mobile terminal according to this example is similar to
the first example shown in Fig. 1. Hereinafter, a structure
differing from that in the first embodiment will be mainly
described.
[0028] The non-display area setting unit 36 calculates
the average luminance of the image acquired by the im-
age acquiring unit 32. The average luminance may be
calculated for every signal of R, G, and B. The non-dis-
play area setting unit 36 may calculate the average lu-
minance of luminance signal Y. The non-display area
setting unit 36 displays an image whose average lumi-
nance is substantially the same as the calculated aver-
age luminance. The image may be an image may be
covered with the average luminosity value or an image
with pattern which is prepared in the memory unit 40
beforehand. In the case of the patterned image, the
phosphor burn-in of the image can be prevented by re-
placing two or more images suitably and displaying.

(THIRD EXAMPLE)

[0029] In this example, an accumulated average lu-
minance of images displayed on the display area and
an accumulated average luminance of images dis-
played on the non-display area are stored, and the mo-
bile terminal adjusts the images so that these accumu-
lated average luminance values become almost the
same for a long term.
[0030] Fig. 5 shows an internal structure of the mobile
terminal 10 according to the third example. The mobile
terminal 10 of the present example further comprises an

accumulated average luminance storing unit 44 in addi-
tion to the structure of the mobile terminal 10 of the first
example shown in Fig. 1. Hereinafter, a structure differ-
ing from that in the first embodiment will be mainly de-
scribed.
[0031] When the image acquiring unit 32 acquires an
image to be displayed, the non-display area setting unit
36 calculates the average luminance of the image. The
non-display area setting unit 36 reads out the accumu-
lated average luminance of the display area and the ac-
cumulated average luminance of the non-display area
for the display area from the accumulated average lu-
minance storing unit 44 according to the size of the im-
age. The non-display area setting unit 36 selects an im-
age to be displayed on the non-display area so that
these accumulated average luminance values can ap-
proach. For example, when the accumulated average
luminance of the display area is lower than the accumu-
lated average luminance of the non-display area, the im-
age whose average luminance is higher than the aver-
age luminance of the image to be displayed this time is
set as the non-display area. Thereby, the average lumi-
nance of the display area and the non-display area can
be averaged in a long term. The non-display area setting
unit 36 recalculates the accumulated average lumi-
nance using the average luminance of the image dis-
played this time and the average luminance of the image
displayed on the non-display area, and stores thus cal-
culated accumulated average luminance in the accumu-
lated average luminance storing unit 44. When a display
image is a still image, the accumulated average lumi-
nance may be calculated in consideration of display
time.
[0032] Fig. 6 shows an internal data of the accumu-
lated average luminance storing unit 44. In the accumu-
lated average luminance storing unit 44, an area ID col-
umn 110, a display area size column 112, a display area
accumulated average luminance column 114, and a
non-display area accumulated average luminance col-
umn 116. For example, when the size of the image ac-
quired by the image acquiring unit 32 is 100 dots by 100
dots, the information of the record of area ID "1" is read
by the non-display area setting part 36. Since the accu-
mulated average luminance of the display area of area
ID "1" is "70.5" and the accumulated average luminance
of the non-display area is "70.3", the average luminance
of the non-display area should just set up higher than
the average luminance of the display area in this time.
The non-display area setting unit 36 may adjust so that
the accumulated average luminance of the display area
and the non-display area may become equal by one dis-
play. The non-display area setting unit 36 may adjust so
that the accumulated average luminance of the display
area and the non-display area may become gradually
equal by two or more displays.
[0033] The flexibility of the image set as the non-dis-
play area spreads according to this method. For exam-
ple, when displaying a photograph and the like, a frame
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may be displayed around the photograph. Surrounding
image can be selected according to the kind or color of
the image displayed or taste of a user. When displaying
an animation on the display area, if the average lumi-
nance of a surrounding image is changed according to
change of the average luminance of the animation, there
is a possibility that the screen becomes hard to see. In
this case, the image displayed on the non-display area
may be fixed with the image set up first, and the accu-
mulated average luminance of the display area and the
non-display area may be calculated and stored when
the display of the animation is completed. In the next
display, the accumulated average luminance should just
be adjusted so that they can approach.
[0034] Above-mentioned embodiments are only ex-
emplary. It is understood by those skilled in the art that
there exist other various modifications to the combina-
tion of each component and process described above
and that such modifications are encompassed by the
scope of the present invention.
[0035] In this embodiment, explanation is made tak-
ing the case of the mobile terminal as the display appa-
ratus. The technology of the present invention is not lim-
ited in this, however, and can also be applied to the ar-
bitrary display apparatus like the television, the display
of the computer.

(Effect of the first embodiment)

[0036] The variation in luminance of a display appa-
ratus can be reduced and display quality can be im-
proved according to this embodiment.

[SECOND EMBODIMENT]

(Field of the second embodiment)

[0037] The present embodiment relates to a mobile
terminal comprising an organic EL (Electro Lumines-
cence) display apparatus.

(Related art of the second embodiment)

[0038] In recent years, development of an organic EL
display is progressing. For example, adopting the or-
ganic EL display as a display of a cellular phone is in
the air.
[0039] As shown in Fig. 11, an organic layer 213 is
formed on a glass substrate 211 by arranging an organic
hole transport layer 215 and an organic electron trans-
port layer 216 on both sides of the organic luminescence
layer 214. An organic EL panel is formed by arranging
an anode 212 and a cathode 217 on both sides of the
organic layer 213. The organic luminescence layer 214
emits light by applying a predetermined voltage be-
tween the anode 212 and the cathode 217.
[0040] The anode 212 is made with transparent ITO
(Indium Tin Oxide). The cathode 217 is made with Al-Li

alloy for example. They are formed stripe type and ar-
ranged in the direction which crosses mutually config-
uring a matrix.
[0041] The anode 212 is used for a data electrode,
and the cathode 217 is used for a scanning electrode,
for example. In the state where one scanning electrode
placed horizontally is selected, a voltage according to
an input data is applied to each data electrode placed
perpendicularly. Then the organic layer 213 emits light
at the intersection of these electrodes and one line is
displayed. The scanning electrode is scanned by
switching perpendicularly one by one, and one field is
displayed.
[0042] An active matrix type driving mode is known as
the driving mode of the organic EL display, in which lu-
minescence of each pixel is continued over one vertical
scanning term, other than the above-mentioned passive
matrix type driving mode in which the time division driv-
ing is performed using the scanning electrode and the
data electrode.
[0043] In the active matrix type organic EL display,
each pixel 252 comprises an organic EL element 250
constituted by a part of the organic layer, a driving tran-
sistor TR2 which controls current supply to the organic
EL element 250, a writing transistor TR1 which turns on
by being applied a scanning voltage SCAN from the
scanning electrode, and a capacitor element C which
holds charge by being applied a data voltage DATA from
the data electrode when the writing transistor TR1 turns
on, as shown in Fig. 12. The output voltage of the ca-
pacitor C is applied to a gate of the driving transistor
TR2.
[0044] At first, a voltage is applied to each scanning
electrode, then the first transistors Tr1 connected to this
scanning electrode turns on. The data voltage (input sig-
nal) is applied to each data electrode synchronizing with
this scan. The data voltage is held in the capacitor C at
this time, because the first transistor TR1 is on.
[0045] The operating state of the second transistor
TR2 is determined by the charge quantity held in this
capacitor C. When the second transistor TR2 turns on,
for example, current according to the data voltage is
supplied to the organic EL element via the second tran-
sistor TR2. Consequently, The organic EL element 250
emits light with brightness according to the data voltage.

(Subject which the second embodiment tends to solve)

[0046] By the way, in the organic EL display, the lumi-
nescence characteristic of the organic EL element de-
teriorates with progress of luminescence time, the lumi-
nance obtained by the same input current may decrease
consequently. In a cellular phone comprising the organic
EL display, the luminescence frequency of pixels in a
fixed area always becomes high when displaying a char-
acter of an e-mail on a screen. Thereby, the lumines-
cence characteristic of these pixels deteriorate remark-
ably compared with other pixels. The problem so-called
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"phosphor burn-in" may arise as a result.
[0047] The object of the present embodiment is to
solve a problem of the "phosphor burn-in" with simple
structure in a cellular phone comprising an organic EL
display.

(Means to solve the subject in the second embodiment)

[0048] The mobile terminal according to this embodi-
ment comprises an image processing circuit which can
switch a display mode between a black character dis-
play mode in which a character part is displayed in black
or a color with luminosity lower than that of a background
part and the background part is displayed in white or a
color with luminosity higher than that of the character
part, and a white character display mode in which the
background part is displayed in black or a color with lu-
minosity lower than that of the character part and the
character part is displayed in white or a color with lumi-
nosity higher than that of the background part, when dis-
playing an electric mail on an organic electro-lumines-
cence display apparatus; and a control circuit which
controls an operation of said image processing circuit;
wherein said control circuit alternately switches the dis-
play mode between the black character display mode
and the white character display mode.
[0049] The control circuit may instruct a mode switch
between the black character display mode and the white
character display mode in accordance with a predeter-
mined rule in the concrete. As a predetermined rule, the
rule of changing the mode between a display of trans-
mitted mail and a display of received mail, and the rule
of changing the mode with a fixed cycle are employable,
for example.
[0050] The control circuit may switch the mode at a
random timing.
[0051] The mode switching described above can be
achieved by simple change of the control program.
[0052] In the mobile terminal according to the present
invention, the black character display mode in which a
character is displayed with lower luminance and the
white character display mode in which a character is dis-
played with higher luminance can be switched with a
predetermined cycle, at a predetermined timing accord-
ing to an operation of a user, or at a random timing.
Thereby, the situation where only the pixel in a fixed area
always emits light with high luminance can be avoided,
and the problem of "phosphor burn-in" can be solved.

(Example of the second embodiment)

[0053] Hereinafter, an embodiment in which the
present invention is carried out to the cellular phone will
be concretely explained making reference to drawings.
[0054] As shown in Fig. 7, the mobile telephone of the
present embodiment comprises a transmission and re-
ception circuit 202, an image processing circuit 203 for
displaying an electronic mail received or to be transmit-

ted by the transmission and reception circuit 202 on an
organic EL display 201, a driving circuit 204 which drives
the organic EL display 201 in response to an image sig-
nal from the image processing circuit 203, and a control
circuit 205 consisted of a micro computer which controls
operations of the transmission and reception circuit 202
and the image processing circuit 203.
[0055] Fig. 9 shows procedures performed in case the
control circuit 205 displays an e-mail on the organic EL
display 201. At first, it is judged whether an electronic
mail to be displayed is transmitted mail or not, at the
step S1.
[0056] If the mail to be displayed is a transmitted mail,
a black character display mode in which a character part
is displayed in black and a background part is displayed
in white is set as shown in Fig. 8A, and the control circuit
205 supplies a mode switching signal to the image
processing circuit 203, at the step S2.
[0057] On the other hand, if the mail to be displayed
is a received mail, a white character display mode in
which a character part is displayed in white and a back-
ground part is displayed in black is set, and the control
circuit 205 supplies a mode switching signal to the im-
age processing circuit 203, at the step S3 of Fig. 9.
[0058] The transmitted mail is displayed in the black
character display mode on the organic EL display 201
as shown in Fig. 8A, and the received mail is displayed
in the white character display mode on the organic EL
display 201 as shown in Fig. 8B, consequently.
[0059] Fig. 10 shows other procedures performed in
case the control circuit 205 displays an e-mail on the
organic EL display 201. At first, it is judged whether to-
day is even-numbered day or not, at the step S11.
[0060] If today is even-numbered day, a black char-
acter display mode in which a character part is displayed
in black and a background part is displayed in white is
set as shown in Fig. 8A, and the control circuit 205 sup-
plies a mode switching signal to the image processing
circuit 203, at the step S12.
[0061] On the other hand, if today is odd-numbered
day, a white character display mode in which a character
part is displayed in white and a background part is dis-
played in black is set, and the control circuit 205 supplies
a mode switching signal to the image processing circuit
203, at the step S13 of Fig. 10.
[0062] The transmitted mail and the received mail are
displayed in the black character display mode on the or-
ganic EL display 201 at even-numbered day as shown
in Fig. 8A, and displayed in the white character display
mode on the organic EL display 201 at odd-numbered
day as shown in Fig. 8B, consequently.
[0063] In the mobile telephone of the present embod-
iment, since the black character display mode and the
white character display mode are switched by whether
an E-mail is a transmitted mail or a received mail, or
whether today is an even-numbered day or an odd-num-
bered day, the luminance of pixels which constitute the
organic EL display 201 can be averaged in time over the
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whole screen, and deviation of the luminance can be
reduced. Consequently, the "Phosphor burn-in" result-
ing from only some pixels carrying out age degradation
early can be prevented.
[0064] Moreover, in a conventional mobile telephone
which always displays a character part in black and a
background part in white, the power consumption of the
organic EL display was large because the white back-
ground part occupies larger area than the black charac-
ter part. In the mobile telephone of the present embod-
iment, however, the power consumption can be reduced
because the black character display mode and the white
character display mode can be switched.
[0065] Each component of the present invention is not
limited to the above-mentioned embodiment. Various
changes can be made without departing from the scope
of the technology which is described in the claims.
[0066] Various changing rules are employable, for ex-
ample: a rule in which the black display mode and the
white display mode are switched every time the power
of the cellular phone is turned on; a rule in which the
mode is switched every time a mail screen is displayed;
a rule in which the mode is switched between a case of
writing mail and a case of reading mail; a rule in which
the mode is switched for every time or predetermined
number of times on the occasion of a display of a mail
at the time of mail creation; a rule in which the mode is
switched for every time or predetermined number of
times on the occasion of a display of a mail which has
already been received or transmitted. Moreover, the
structure where the mode is switched at a random timing
without following a predetermined rule can be adopted.

(Effect of the second embodiment)

[0067] The "phosphor burn-in" problem can be solved
with simple component by a mobile terminal comprising
an organic EL display according to the present embod-
iment.

[THIRD EMBIDIMENT]

(Field of the third embodiment)

[0068] The present embodiment relates to a method
for displaying a specific picture (a picture writing) called
"PICT" like an antenna picture, a picture showing resid-
ual quantity of a battery, and the like, in a cellular phone
comprising an organic EL (Electro Luminescence) dis-
play.

(Related art of the third embodiment)

[0069] In a color organic EL display, one color pixel is
constituted by three kinds of organic EL elements (R lu-
minescent element, G luminescent element, and B lu-
minescent element) which emit R, G, and B light respec-
tively. The luminescent elements deteriorates and lumi-

nance thereof decreases, if the color organic EL display
is used over a long term. Especially, if large current is
continuously supplied to the luminescent element, that
is, the luminescent element continuously emits light with
high luminance, the speed of reduction of luminance be-
comes high.

(Subject which the third embodiment tends to solve)

[0070] The object of this embodiment is to provide a
display method of a specific picture that can make hard
to be conspicuous in luminance degradation with dis-
playing the picture.

(Means to solve the subject in the third embodiment)

[0071] A display method according to the first aspect
of the present embodiment is a display method of a spe-
cific picture which is displayed on a color organic EL dis-
play and a lighting part thereof increases or decreases
according to a situation, wherein the higher a probability
of lighting of a part, the lower luminance of the part is
set beforehand.
[0072] A display method according to the second as-
pect of the present embodiment is a display method of
the specific picture according to the first aspect, wherein
the specific picture is a picture showing an antenna and/
or a picture showing residual quantity of a battery.
[0073] A display method according to the third aspect
of the present embodiment is a display method of a spe-
cific picture which is displayed at areas which overlie
each other on a color organic EL display, in which two
or three kinds of the specific picture in roughly classifi-
cation are switched and displayed according to a situa-
tion, wherein a dot which constitutes each specific pic-
ture is set up in a manner where a color of an emitting
element turned on differs mutually among the two or
three kinds of the specific picture.
[0074] A display method according to the fourth as-
pect of the present embodiment is a display method of
the specific picture according to the third aspect, where-
in the specific picture is a picture of an antenna which
is switched between a first picture showing an antenna
bar and a second picture showing a character showing
outside an area where an electric wave reaches.
[0075] A display method according to the fifth aspect
of the present embodiment is a display method of the
specific picture according to the third aspect, wherein
the specific picture is a picture showing residual quantity
of a battery which is switched between a first picture
showing a bar showing the residual quantity of the bat-
tery and a second picture showing a character showing
a charge.
[0076] A display method according to the sixth aspect
of the present embodiment is a display method of a plu-
rality of specific pictures which is displayed on a color
organic EL display, wherein the higher a frequency of
displaying a pixel is, the lower luminance of the pixel is
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set beforehand.

[Example of the third embodiment]

[0077] Hereinafter, an example where the present in-
vention is adopted to a cellular phone comprising a color
organic EL display will be explained with reference to
drawings.
[0078] Fig. 13 shows a schematic structure of a cel-
lular phone. An MPU 3109 controls a cellular phone as
a whole. An antenna 3101 transmits and receives an
electric wave. A transmitter-receiver unit 3102 receives
the electric wave and transmits the received content to
the MPU 3109. The transmitter-receiver unit 3102 trans-
mits a transmission signal outputted from the MPU 3109
with the electric wave.
[0079] A microphone 3101 communicates an audio
signal to the MPU 3109. A speaker 3104 outputs an au-
dio signal outputted from the MPU 3109 as a sound. A
first camera 3105 is a camera attached in the front of a
main body of the cellular phone in which a color organic
EL display 3114 is formed, and transmits shot image to
the MPU 3109. A second camera 3106 is a camera at-
tached in the back of the cellular phone, and transmits
shot image to the MPU 3109. At a shooting mode, an
image shot by the camera 3105 or 3106 is displayed on
the color organic EL display 3114 instead of a display
image at a normal mode.
[0080] An operating unit 3108 is comprised in the
main body of the cellular phone, includes various but-
tons and various switches. In a flash memory 3110, data
which should be saved when a power turns off are
stored.
[0081] In a graphics memory 3112, image data to be
displayed on the display is stored. Image data is written
at the predetermined address in the graphics memory
3112 based on the image data and a write control signal
outputted from the MPU 3109. Pixel data of the pixel
corresponding with a display cycle of the color organic
EL display is outputted from the graphics memory 3112
according to a scan timing.
[0082] A timing control IC 3113 supplies a drive signal
to the organic EL display 3114 with the image data, and
displays an image on the color organic EL display 3114.
[0083] In the color organic EL display 3114, a single
color pixel is constituted with three kinds of organic EL
elements (R luminescent element, G luminescent ele-
ment, B luminescent element) which emit light in R, G,
B, respectively. Such a color organic EL display 3114
includes the organic EL element for each color lumines-
cence of RGB (R luminescent element, G luminescent
element, B luminescent element).
[0084] In such a cellular phone, a battery residual
quantity picture which shows residual quantity of a bat-
tery and an antenna picture which shows reception sen-
sitivity are displayed on the upper part of the display
screen of the color organic EL display 3114. In the
present embodiment, the following three methods are

proposed as the display method of such specific pic-
tures.
[0085] The first method is a display method of a spe-
cific picture which is displayed on a color organic EL dis-
play 314 and a lighting part thereof increases or de-
creases according to a situation, wherein the higher a
probability of lighting of a part, the lower luminance of
the part is set beforehand.
[0086] The second method is a display method of a
specific picture which is displayed at areas which overlie
each other on a color organic EL display 3114, in which
two or three kinds of the specific picture in roughly clas-
sification are switched and displayed according to a sit-
uation, wherein a dot which constitutes each specific
picture is set up in a manner where a color of an emitting
element turned on differs mutually among the two or
three kinds of the specific picture.
[0087] The third method is a display method of a plu-
rality of specific pictures which is displayed on a color
organic EL display 3114, wherein the higher a frequency
of displaying a pixel is, the lower luminance of the pixel
is set beforehand.
[0088] Hereinafter, these method will be explained
more concretely.

[1] Explanation about the first method

[1-1] explanation in the case where the first method is
adopted to the battery residual quantity picture

[0089] As shown in Figs. 14A-14E, a first picture
showing a level of the residual quantity of the battery
with 0 to 3 bars (Figs. 14A, 14B, 14C, 14D), and a sec-
ond picture showing a character of "charge" (Fig. 14E)
are prepared for displaying the battery residual quantity
picture. This second picture is displayed when the re-
sidual quantity of the battery decreases extremely.
[0090] The first picture consists of a battery frame fig-
ure imitated the battery and bars displayed in the battery
frame figure. As shown in Figs. 14A, 14B, 14C, and 14D,
the bars displayed in the battery frame figure change to
four stages like 3, 2, 1, and 0. The more bars are dis-
played, the more residual quantity of the battery is left.
[0091] Five kinds of images shown in Figs. 14A, 14B,
14C, 14D, and 14E are switched and displayed accord-
ing to the battery residual quantity level. The first picture
(bar) is displayed in green for example, and the second
picture (character of "charge") is displayed in red.
[0092] In the first method, the higher a probability of
lighting of a bar, the lower the luminance of the bar is
set beforehand. The probability of lighting of the right-
most bar is highest, the probability of lighting of the left-
most bar is lowest, and the probability of the middle bar
is middle of the rightmost bar and the leftmost bar.
Therefore, the display luminance of the rightmost bar
313 is set lowest, the display luminance of the leftmost
bar 311 is set highest, and the display luminance of the
middle bar 312 is set as the intermediate value thereof.
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[0093] Figs. 16A and 16B show a change over time
of the display luminance of the rightmost bar which has
high probability to light (solid line) and a change over
time of the display luminance of the leftmost bar which
has low probability to light (doted line).
[0094] Fig. 16A shows a change over time of the dis-
play luminance in the case where the display luminance
of the bar which has high probability to light is set low
beforehand (the first method). Fig. 16B shows a change
over time of the display luminance in the case where the
display luminance of the bars are set as equal value be-
forehand (the conventional method).
[0095] The reduction speed of the display luminance
of the rightmost bar which has high probability of lighting
is higher than that of the leftmost bar which has low prob-
ability of lighting. Thereby, the difference between the
display luminance of these bars becomes gradually
large when accumulated usage time of the cellular
phone becomes long.
[0096] The display luminance of the leftmost bar and
the display luminance of the rightmost bar are gradually
averaged and the difference between the display lumi-
nance of both becomes small as accumulative use time
becomes large, because the display luminance of the
bar which has higher probability of frequency of lighting
is set lower beforehand. If it passes over the time when
the difference between the display luminance of both
becomes zero, the difference of the luminance spreads
to the opposite direction. Use time can be extended until
the difference of the luminance becomes incapable for
visibility.
[0097] Considering three bars, the display luminance
of each bars are gradually averaged and the differences
between the display luminance values of each bars be-
come small as accumulative use time becomes large,
because the display luminance of the bar which has
higher probability of frequency of lighting is set lower
beforehand in the first method. If it passes over the time
when the difference between the display luminance of
each bars becomes zero, the difference of the lumi-
nance spreads to the opposite direction. Use time can
be extended until the difference of the luminance be-
comes incapable for visibility.

[1-2] explanation in the case where the first method is
adopted to the antenna picture

[0098] As shown in Figs. 17A-17E, a first picture
showing a receiving sensitivity with 0 to 3 bars (Figs.
17A, 17B, 17C, 17D), and a second picture showing a
character of "outside" (Fig. 17E) are prepared for dis-
playing the antenna picture. This second picture is dis-
played when the receiving sensitivity decreases ex-
tremely.
[0099] The first picture consists of a antenna figure
imitated the antenna and bars displayed right side of the
antenna figure. As shown in Figs. 17A, 17B, 17C, and
17D, the bars displayed right side of the antenna figure

change to four stages like 3, 2, 1, and 0. The more bars
are displayed, the higher the receiving sensitivity of the
antenna is.
[0100] Five pictures shown in Figs. 17A-17E is
switched and displayed according to receiving sensitiv-
ity. The first picture is displayed in green, the second
picture is displayed in red, for example.
[0101] In the first method, the higher a probability of
lighting of a bar, the lower the luminance of the bar is
set beforehand. The probability of lighting of the leftmost
bar is highest, the probability of lighting of the rightmost
bar is lowest, and the probability of the middle bar is
middle of the rightmost bar and the leftmost bar. There-
fore, the display luminance of the leftmost bar 321 is set
lowest, the display luminance of the rightmost bar 323
is set highest, and the display luminance of the middle
bar 322 is set as the intermediate value thereof, as
shown in Fig. 18.
[0102] Also in this case, the display luminance of each
bars are gradually averaged and the differences be-
tween the display luminance values of each bars be-
come small as accumulative use time becomes large,
because the display luminance of the bar which has
higher probability of frequency of lighting is set lower
beforehand in the first method. If it passes over the time
when the difference between the display luminance of
each bars becomes zero, the difference of the lumi-
nance spreads to the opposite direction. Use time can
be extended until the difference of the luminance be-
comes incapable for visibility.

[2] Explanation about the second method

[0103] A display method of a specific picture which is
displayed at areas which overlie each other on a color
organic EL display, in which two or three kinds of the
specific picture in roughly classification are switched
and displayed according to a situation, wherein a dot
which constitutes each specific picture is set up in a
manner where a color of an emitting element turned on
differs mutually among the two or three kinds of the spe-
cific picture.
[0104] As mentioned above, in the color organic EL
display 3114, a single color pixel is constituted with three
kinds of organic EL elements (R luminescent element,
G luminescent element, B luminescent element) which
emit light in R, G, B, respectively. That is, the single color
pixel is constituted with three dots.
[0105] As the battery residual quantity picture, the first
pictures showing residual quantity level of the battery
with 0-3 bar(s) (Figs. 14A, 14B, 14C, 14D) and the sec-
ond picture showing the character of "charge" (Fig. 14E)
are switched and displayed according to the situation as
mentioned above.
[0106] In the second method, the dots which consti-
tute the first picture (bar) and the second picture (char-
acter of charge) are set in a manner where the kind of
color of the emitting elements turned on when displaying
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these pictures differs each other.
[0107] Fig. 19A shows dots which constitute the pic-
ture (corresponding to the picture shown in Fig. 14A) in
which the lighting pixels are most among the first pic-
tures. Fig. 19B shows dots which constitute the second
picture (corresponding to the picture shown in Fig. 14E).
Fig. 19C shows a relation between the position of the
dots which constitute the first picture and the position of
the dots which constitute the second picture.
[0108] In this example, the first picture is displayed
only in green. All of the dots which constitute the first
picture are G emitting elements. On the other hand, the
second picture is displayed only in red. All of the dots
which constitute the second picture are R emitting ele-
ment.
[0109] The dots which constitute either the first picture
or the second picture may consist of the emitting ele-
ments of two colors (for example, R emitting element
and G emitting element), and the dots which constitute
another picture may consist of a color different from
above-mentioned two colors (for example, B emitting el-
ement).
[0110] In the second method, the dots which consti-
tute the first picture and the second picture are set in a
manner where the kind of color of the emitting elements
turned on when displaying these pictures differs each
other.
[0111] Therefore, the one picture is not influenced by
the degradation of the luminance of another picture
among the first picture and the second picture, even if
these pictures are displayed almost the same area.
[0112] The second method can be also adopted to the
first picture showing the receiving sensitivity with 0-3 bar
(s) (Figs. 17A, 17B, 17C, 17D) and the second picture
showing the character of "outside" (Fig. 17E) in the an-
tenna picture.

[3] Explanation about the third method

[0113] Fig. 20 shows pictures which can be displayed
on upper part of the color organic EL display 3114.
[0114] In the third method, the higher a frequency of
displaying the picture is, the lower luminance of the pic-
ture is set beforehand among these pictures 331-338.
[0115] Concretely, the picture 331 is a picture show-
ing a state during a telephone call. The picture 331 is
displayed only during the telephone call. The display lu-
minance of thereof is set high beforehand because the
frequency of a display of the picture 331 is low.
[0116] The picture 332 is a picture showing residual
quantity of the battery. The picture 332 is always dis-
played. The display luminance thereof is set low before-
hand because the frequency of a display of the picture
332 is high.
[0117] The picture 333 is a picture showing a state
where a key of the cellular phone is locked. The picture
333 is only displayed when the key is locked. The dis-
play luminance thereof is set high beforehand because

the frequency of a display of the picture 333 is low.
[0118] The picture 334 is a picture showing a state
where the cellular phone is in the manner mode. The
picture 334 is only displayed when the cellular phone is
in the manner mode. The display luminance thereof is
set high beforehand because the frequency of a display
of the picture 334 is low.
[0119] The picture 335 is a picture showing a recep-
tion of a mail. The picture 334 is only displayed when
the mail is received. The display luminance thereof is
set high beforehand because the frequency of a display
of the picture 335 is low.
[0120] The picture 336 is a picture showing a state
where a search on the web is performed. The picture
336 is only displayed when the search on the web is
performed. The display luminance thereof is set high be-
forehand because the frequency of a display of the pic-
ture 336 is low.
[0121] The picture 337 is a picture showing the anten-
na. The picture 337 is always displayed. The display lu-
minance thereof is set low beforehand because the fre-
quency of a display of the picture 337 is high.
[0122] The picture 338 is a picture showing a state
where the cellular phone is in the character input mode.
The picture 338 is only displayed when the character is
inputted. The display luminance thereof is set high be-
forehand because the frequency of a display of the pic-
ture 338 is low.
[0123] That is, the display luminance of the pictures
332 and 337 which are frequently displayed is set low
among the pictures 331-338 in the example shown in
Fig. 20.

(Effect of the third embodiment)

[0124] According to the present embodiment, lumi-
nance degradation with displaying the specific picture
can be made hard to be conspicuous.

FOURTH EMBODIMENT

(Field of the fourth embodiment)

[0125] The present embodiment relates to a display
apparatus and a display method, and it particularly re-
lates to a technology for improving a display quality of
the display apparatus and the display method.

(Related art of the fourth embodiment)

[0126] Notebook type personal computers and mobile
terminals are spreading widely. A liquid crystal display
is mainly used as a display apparatus thereof. Organic
EL (Electro Luminescence) display is expected as a
next-generation flat display panel. As for the liquid crys-
tal display, the straitness of the view angle and the late-
ness of response speed still remain as a subject. On the
other hand, the organic EL display can solve the above-
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mentioned subject and can achieve high luminosity and
high efficiency.

(Subject which the fourth embodiment tends to solve)

[0127] As for the organic EL display, however, it can
not be avoided a change with the passage of time, that
is, degradation, of an optical element because of the
characteristic thereof. A white balance may collapse or
a variation of luminance may be arisen by continuous
use, even if the white balance is adjusted at the time of
manufacture. It is known that degradation of the optical
element of the organic EL display is remarkable com-
pared with that of the liquid crystal display, and it is rec-
ognized that it is a big problem in view of the quality of
a product.
[0128] The present embodiment has been made in
view of the foregoing circumstances and an object
thereof is to improve reduction of display quality caused
by the above-mentioned variation of the luminance. An-
other object thereof is to avoid a phosphor burn-in of a
display image caused by localizing the variation of the
luminance.

(Means to solve the subject in the fourth embodiment)

[0129] An aspect of the present embodiment relates
to a display apparatus. This apparatus is a display ap-
paratus comprising: an optical element; a luminance in-
formation storing unit which stores luminance informa-
tion set to said optical element; and a display changing
unit which changes a display image displayed on said
display apparatus in a manner where a guessed value
of degradation of each optical elements can be aver-
aged based on the luminance information stored.
[0130] Here, the display apparatus means an appa-
ratus comprising a display screen, for example, a cellu-
lar phone, a PDA (Personal Digital Assistant), a person-
al computer, and the like. An organic light emitting diode
(hereinafter, simply referred to as "OLED") as an optical
element of an organic EL display deteriorates with pas-
sage of time as mentioned above. Cause of the deteri-
oration is considered a current supplied to the OLED.
The degradation of the OLED can be assumed by mon-
itoring a luminance set to the OLED, for example, storing
accumulated luminance set to the OLED, since the lu-
minance of light emitted from the OLED is dependent
on the current. If the degradation of the OLED is aver-
aged, the variation of the luminance can be avoided.
[0131] Generally, a specific character or a specific im-
age is displayed on a specific position in the display
screen of the cellular phone in many cases. It may cause
the phosphor burn-in. The degradation of the OLED can
be averaged by changing a display position, luminance,
or color tone of the character and the image displayed.
Here, "average" may be a state almost equalized, and
equalization should just be the grade where a user can-
not recognize the variation of the luminance.

[0132] In the case of color display in the organic EL
display, the degradation speed of the OLEDs of R (Red),
G (Green), and B (Blue) differs since the materials there-
of differ each other. Thereby, there may be arisen a phe-
nomenon that the display image is displayed in a little
green for example as the display is used. Therefore, it
is necessary to equalize the grade of degradation of the
OLED of each color of R, G, and B.
[0133] Another aspect of the present embodiment al-
so relates to a display apparatus. This apparatus is a
display apparatus comprising: an optical element; and
a display changing unit which changes a display image
displayed on said display apparatus in a manner where
a guessed value of degradation of each optical element
can be averaged, maintaining an outline of the display
image.
[0134] Further another aspect of the present embod-
iment also relates to a display apparatus. This display
apparatus is a display apparatus comprising: an optical
element; a display screen which is composed of a plu-
rality of display areas; and a display changing unit which
changes a display image of each display area, maintain-
ing an identity of a content of the display.
[0135] A display screen of the cellular phone, for ex-
ample, may be divided into a plurality of areas. A hori-
zontally long and slender display area is set in the upper
part of many cellular phones, and the picture which
showing the residual quantity of a battery and the picture
showing the intensity of an electric wave are displayed
there. These pictures are always displayed. Thereby, if
the display area of these pictures is burned in, there aris-
es a possibility that a user can not recognize the residual
quantity of the battery and the intensity of the electric
wave. It is convenient that the picture displayed is
changed for every divided area.
[0136] The display changing unit may change the dis-
play image again, when a guessed value of degradation
of the optical element reaches a predetermined value
from the last change as a starting point. For example,
the display image may be changed when the accumu-
lated value of the luminance set to the optical element
exceeds a predetermined value, and the accumulated
value of the luminance may be initialized in the case
where the change is performed. The display changing
unit may change the display image, when an absolute
value of an accumulated difference of a luminance of
neighboring pixels exceeds a predetermined value.
[0137] That is, the difference between the degrada-
tion of optical elements of neighboring pixels can be as-
sumed by calculating the difference of the luminance
thereof. The degradation of the pixel for a accumulating
term can be assumed by accumulating the difference
over the term.
[0138] The display changing unit may change the dis-
play image, when a difference of a guessed value of
degradation of the optical element in a row or a column
of even number and odd number exceeds a predeter-
mined value. That is, The display image may be
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changed when a difference between the accumulated
luminance set to the even-numbered row and the accu-
mulated luminance set to the odd-numbered row, or a
difference between the accumulated luminance set to
the even-numbered column and the accumulated lumi-
nance set to the odd-numbered column exceeds a pre-
determined value.
[0139] The display image may be changed when fol-
lowing two conditions are fulfilled. First, the difference
of the luminance set to the even-numbered and odd-
numbered rows or columns in the image previously dis-
played is accumulated. The difference of the luminance
set to the even-numbered and odd-numbered rows or
columns in the image to be displayed next is accumu-
lated. Then, the display image may be changed so that
the degradation of the optical element can be averaged
according to whether each accumulated value is posi-
tive or negative. Moreover, the luminance set to the
even-numbered and odd-numbered rows or columns in
the image previously displayed is accumulated. The lu-
minance set to the even-numbered and odd-numbered
rows or columns in the image to be displayed next is
accumulated. Then, the display image may be changed
so that the degradation of the optical element can be
averaged according to which of the accumulated values
is greater. In the case of these two conditions, it is not
necessary to prepare a memory storing a predeter-
mined value which is a threshold value at the time of
changing the display image in a circuit.
[0140] The display changing unit may change, when
a power supply of the display apparatus is turned on or
off, the display image in the process of turning the power
on or off. For example, a user may not be noticed the
change of the display image by changing the display im-
age when the user does not see the display apparatus.
The display changing unit may change, when an appli-
cation displayed on the display apparatus is changed,
the display image in the process of the change of the
application.
[0141] The display screen of the display apparatus
can be opened and closed, the display apparatus may
further comprise an opening-and-closing detecting unit
which detects opening or closing of the display screen;
and the display changing unit may change the display
screen when opening and closing of the display screen
are detected by the opening-and-closing detecting unit.
An operating unit for operating the display apparatus
may be slide-type; the display apparatus may further
comprise a slide detecting unit which detects a slide of
the operating unit; and the display changing unit may
change the display screen when the slide of the operat-
ing unit is detected by the slide detecting unit. For ex-
ample, in the case where the operating unit like a key-
board is normally hidden under the display screen and
is slid out when operating in the cellular phone, the dis-
play screen may be changed by operation of sliding out
or closing of the operating unit.
[0142] The display changing unit may change the dis-

play image by shifting a display position of the display
image. The display changing unit may adjust a signal
set up to each optical element according to a guessed
value of degradation of the optical element. For exam-
ple, the degradation grade of the optical element may
be assumed by accumulating the luminance set to the
optical element as mentioned above. The luminance set
to the optical element whose degradation is assumed
large may be adjusted so that the variation of the lumi-
nance can be avoided based on the thus assumed value
of degradation.
[0143] The display changing unit may include an area
detecting unit which detects a specific area, the display
position thereof is to be shifted, among an area of the
display image; and the display changing unit may
change the display image by shifting the display position
of the specific area detected. The display image can be
relatively easily changed if the size and the display po-
sition is managed by an MPU or a memory comprised
by the display apparatus. On the other hand, although
a display screen appears to be divided into plurality, the
display screen displayed on each may not be managed
individually, but may be substantially managed as one
display screen inside the display apparatus. Even in
such a case, only a certain image displayed on the cer-
tain divided display screen may be shifted.
[0144] For example, a display screen of a cellular
phone is exemplified. The display screen of the cellular
phone comprises elongated display areas in top and
bottom, and relatively large display area in middle. In
the top and bottom area, an image showing a state of
an electric wave and an image showing residual quantity
of a battery are displayed for example. In the middle ar-
ea, an electric mail is displayed, or a background image
is displayed when the cellular phone is not used.
[0145] Only the background image displayed in the
middle display area may be shifted since there is a pos-
sibility of phosphor burn-in if the same image is always
displayed. When three areas are managed as one dis-
play screen, only the image displayed in the middle
needs to be taken out and shifted. When the image is
constituted by the background image of a single color
and an image such as an illustration in it, Only the illus-
tration is taken out and shifted.
[0146] The display changing unit may determine an
amount of compensation to be given to a signal accord-
ing to a value of the signal, when adjusting the signal
set up to said optical element. For example, if the same
amount of compensation is given to the signal in the
case where the low luminance is set to the optical ele-
ment and in the case where the high luminance is set to
the optical element, there is a possibility that the influ-
ence given to the display image in the case where the
low luminance is set is larger. Thereby, a processing of
reducing the amount of compensation given to the sig-
nal is performed when the low luminance is set.
[0147] The display changing unit may determine an
amount of compensation to be given to a signal based
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on the guessed value of degradation of the optical ele-
ment of a surrounding pixel, when adjusting the signal
set up to the optical element.
[0148] The display changing unit may change the dis-
play image by changing a display color of each optical
element. The display changing unit may change the dis-
play color for a predetermined cycle. As mentioned
above, when the accumulated luminance is reached to
a predetermined value, and there is not an input from a
user for a predetermined term, in a case where the ac-
cumulated value of luminance of green is small for ex-
ample, the whole display image may be changed to
green. The change of the display color may be made by
changing gradually a luminance ratio of the optical ele-
ment corresponding to each color which constitutes a
pixel.
[0149] A display area needed for displaying an actual
display image may be set up smaller than an effective
display area which can be displayed in said display ap-
paratus; and the display changing unit may shift the dis-
play area in the effective display area. For example, in
the case where the display screen is constituted by
105*105 pixels, the display area to be actually displayed
may be 100*100 pixels, and five pixels of vertical and
horizontal direction may be an area in which the image
can be shifted.
[0150] The optical element may correspond to a dot,
a pixel may include dots of a plurality of colors, and the
display changing unit may shift the display image per
dot, and may change combination of the optical ele-
ments which originally constitute one pixel. As men-
tioned above, one pixel of the color display apparatus is
generally constituted by dots of three colors of R, G, and
B. Thereby, the display image may be shifted per pixel
or per dot.
[0151] In a case where the display image to be shifted
includes a character, the display changing unit may set
a margin space which is originally set for displaying the
character not to touch each other as an area in which
the arbitrary character can be shifted. Generally, the font
does not use one line in one side of the display area so
that the font may not contact with a neighbor font, and
the line is set as the margin area. In a case of the font
of 16*16 pixels, for example, only 15*15 pixels are used
actually. Thereby, each vertical and horizontal one line
can be used as the display area of the font.
[0152] In a case where the display image to be shifted
includes a character, the display changing unit may shift
the display image to a direction in which influence for
readability of the character is small when a user sees
the character. For example, the display changing unit
may scroll the character string horizontally when the us-
er sees an e-mail on the display screen of the cellular
phone.
[0153] The display changing unit may scroll the dis-
play image or may perform a mosaic processing to the
display image and displays it when there is no input from
a user for predetermined period. A size of a block gen-

erated by the mosaic processing may be changed with
passage of time.
[0154] The display changing unit may select, when a
background image which functions as a wallpaper is
newly set up, the wallpaper according to grade of deg-
radation of said optical element. Here, "set the wallpa-
per" means both of a case where a new wallpaper is
selected as the background image, and a case where a
color of the displayed wallpaper is changed and set as
the background image.
[0155] The reduction of the luminance of each color
can be averaged by changing the color of the wallpaper
according to the grade of the assumed degradation of
the optical element. Moreover, in a case where the re-
duction of the luminance of red is assumed large, the
reduction of the luminance of each color can be aver-
aged by setting an image in which green and blue is
largely used as the wallpaper.
[0156] The color tone of the wallpaper may be
changed by adjusting the white balance of the selected
wallpaper so that the degradation of the optical element
corresponding to each color of RGB can be averaged.
Since the advance degrees of degradation of the OLED
of each color differ in the organic EL display especially,
such a setup is highly effective.
[0157] Another aspect of the present embodiment re-
lates to a display method. This method is a display meth-
od in a display apparatus which comprises an optical
element, the method including: storing information of lu-
minance set up to the optical element; and changing a
display image displayed on the display apparatus in a
manner where a guessed value of degradation of each
optical element can be averaged based on the lumi-
nance information stored.
[0158] Further another aspect of the present embod-
iment also relates to a display method. This method is
a display method in a display apparatus which compris-
es an optical element, the method including: changing
a display image displayed on the display apparatus in a
manner where a guessed value of degradation of each
optical element can be averaged, maintaining an outline
of the display image.
[0159] Optional combinations of the aforementioned
constituting elements, and implementations of the in-
vention in the form of methods, apparatuses and sys-
tems may also be practiced as additional aspects of the
present invention.

(Example of the third embodiment)

(PREMISE TECHNOLOGY)

[0160] In advance of explanation of the present em-
bodiment, a structure of an organic EL display as the
premise technology of the present embodiment is ex-
plained. Fig. 21 is a block diagram showing a basic
structure of an organic EL display apparatus 410. The
organic EL display apparatus 410 is constituted by an
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image source input unit 420, an organic EL driving circuit
430, and an organic EL panel 460.
[0161] The organic EL driving circuit 430 comprises
an image adjusting unit 432 which carries out various
processings to a digital image signal inputted from the
image source input unit 420, an MPU (Micro Processing
Unit) 434 which calculates when these processings are
carried out, and a DAC (Digital to Analog Converter) unit
442 which converts the image signal carried out
processing to an analog signal. The organic EL driving
circuit 430 further comprises a control signal generating
unit which generates various timing control signals and
a memory which functions a table when actual process-
ing is carried out, which are not shown in the figure.
[0162] The image adjusting unit 432 performs an off-
set adjusting to adjust a brightness, a gain adjusting to
adjust a contrast, and a processing to adjust input image
signal which is performed gamma correction to voltage-
emitting luminance (V-T) characteristic of the organic EL
panel.
[0163] Operation by the above structure is explained
briefly. Three kinds of the digital signals R_in, G_in, and
B_in are inputted from the image source input unit 420
to the image adjusting unit 432. The image adjusting unit
432 performs image adjusting processing like the offset
adjusting and the gain adjusting. The digital signals are
outputted from the DAC unit 442 as three kinds of analog
signals R_out, G_out, and B_out to the organic EL panel
460.
[0164] In terms of hardware, this structure can be re-
alized by a CPU, a memory and other LSIs of an arbi-
trary computer. In terms of software, it is realized by
memory-loaded programs or the like, but drawn and de-
scribed here are functional blocks that are realized in
cooperation with those. Thus, it is understood by the
skilled in the art that these functional blocks can be re-
alized in a variety of forms by hardware only, software
only or the combination thereof.

(FIRST EXAMPLE)

[0165] In a first example, luminance set to an OLED
constituting each dot of a display screen is monitored.
When an accumulated value thereof reaches a prede-
termined condition, a part or the whole of a display im-
age is shifted. The degradation of the OLED is averaged
by averaging the luminance set to the OLED corre-
sponding to each dot.
[0166] A condition of the accumulated value for shift-
ing the display image may be, for example, (1) when the
accumulated value of the luminance in a predetermined
term exceeds a predetermined value, (2) when the ab-
solute value of the accumulated value of a difference
between the luminance of neighboring pixels exceeds
a predetermined value, (3) when a difference between
the accumulated value of the luminance of an even-
numbered column and that of an odd-numbered column
exceeds a predetermined value.

[0167] Fig. 22 shows a state where a character "0" is
displayed on a display area of 9x8 pixels, and it is shifted
one pixel to the right and down direction respectively. A
character shown by black painting is a character before
being shifted, and a character shown with slash is a
character after being shifted.
[0168] Figs. 23A, 23B, and 23C show an example in
which a display image shifted per 1 dot. Fig. 23A shows
an initial state before being shifted, Fig. 23B shows a
state where the display image is shifted one dot to right
direction, and Fig. 23C shows a state where the display
image is shifted 2dots to right direction. In the initial
state, combination of colors of the dots which constitute
a pixel is R, G, B in order from the left. In the state where
the display image is shifted one dot to right direction, for
example, the combination is G, B, R in order from the
left.
[0169] Fig. 24 shows a state where the display area
A2 which is actually displayed is set up smaller than an
effective display area A1 which can display the display
picture. For example, when the display area A2 consists
of 100x100 pixels, the effective display area A1 consists
of 105x105 pixels. The display area A2 has an area in
which the display image can be shifted 5 pixels in the
length and the transverse direction each.
[0170] Fig. 25 shows a state where a Japanese char-
acter is displayed on an area of 8x8 pixels. Pixels of the
top line and the rightmost column are set up as a blank
space area so that the character may not be touched
with an adjoining character. This area is also used as a
display area at the time of shifting a character. When the
character sequence consists of two or more characters,
a character may shift 1 pixel to up, or 1 pixel to right, or
not shift at all, for example. Thereby, phosphor burn-in
can be reduced without spoiling display grace greatly.
[0171] The above-mentioned shift of the display im-
age may be carried out with a predetermined cycle. The
shift can be performed without making a user conscious
of the shift by shifting the display image when the user
does not operate the display apparatus or the display
screen is changed considerably.
[0172] The timing of shifting may be, for example, (1)
when the power of the display apparatus turns on or off,
(2) when the display apparatus is opened or closed in a
case where the display apparatus can be opened and
closed like a fold-down type cellular phone, (3) when
changing an application, (4) when there is no operation
from a user for a predetermined term, (5) when an op-
erating unit is slid out or closed in a case where the op-
erating unit of the cellular phone is a slide type and can
be opened and closed.
[0173] Fig. 26 shows a structure of an organic EL dis-
play apparatus 4100 according to the present example.
The basic structure is the same as the structure shown
in Fig. 21 in the premise technology. Particularly char-
acteristic structure in the present example will be ex-
plained.
[0174] An organic EL driving circuit 430 includes a lu-
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minance accumulating unit 452 which acquires and
stores luminance set to the OLED, a look-up table 343
which stores an above-mentioned condition about the
accumulated luminance when shifting the display image
and how to shift the display image, and a shift condition
table 456 which stores above-mentioned timing of shift-
ing. An image adjusting unit 432 includes an image shift-
ing unit 450 which carries out processings for shifting
and displaying the display image. The organic EL appa-
ratus 4100 includes a mode switch detecting unit 470
which detects a timing of shifting the display image.
[0175] The luminance accumulating unit 452 accumu-
lates the luminance set to each OLED which constitutes
each pixel and stores thus accumulated luminance. The
image source input unit 420 includes an image changing
unit 458 which carries out a mosaic processing and color
change of the display image shown in examples 2-4 with
reference to the accumulated luminance stored in the
accumulated luminance storing unit 452.
[0176] Operation about the shift of the display image
by the above structure is explained briefly. The mode
detecting unit 470 detects the timing of shifting the dis-
play image, for example, when the application is
changed and the like, and transmits the timing to the
organic EL driving circuit 430. The MPU 434 refers to
the shift condition table 456. If it is the timing to shift, the
MPU 434 further refers to the look-up table 454 based
on the accumulated luminance stored in the accumulat-
ed luminance storing unit 452. If the accumulated lumi-
nance is in the predetermined condition, the MPU 434
instructs to shift the display image to the image shifting
unit 450.
[0177] According to the first example, the degradation
of specific OLED can be avoided and the phosphor
burn-in of the display screen can be avoided by shifting
the display image in accordance with the accumulated
value of the luminance set to the OLED. Moreover, the
degradation of the OLED in the whole display screen
can be averaged and the variation of the luminance can
be reduced.

(SECOND EXAMPLE)

[0178] In the first example, the display image is shifted
per dot or per pixel under a predetermined condition. In
the second example, when a predetermined time has
passed after a user operation is completed, a part of the
displayed image is scrolled horizontally or vertically, or
is carried out a mosaic processing.
[0179] Fig. 27A shows an initial display image, in
which a white circle and a black triangle are displayed.
Fig. 27B shows a state where images of the circle and
the triangle are scrolled horizontally. Fig. 27C shows a
state where images of the circle and the triangle are
scrolled vertically.
[0180] For example, the degradation of the OLED is
nearly equal in an area A3 where the image of the circle
shown in Fig. 27B is scrolled. The average luminance

in the whole display screen can be equaled by combi-
nation of the scroll to the horizontal direction and the
scroll to the vertical direction.
[0181] Figs. 28A and 28B show a state where the dis-
play image is carried out a mosaic processing. This
processing is also carried out when a predetermined
time has passed after completed the user operation. Fig.
28A shows a display image at an initial state. Fig. 28B
shows a display image carried out the mosaic process-
ing. The phosphor burn-in of the display screen can be
further reduced by changing a size of a block generated
by the mosaic processing with progress of time.
[0182] The above-mentioned scroll processing and
mosaic processing can be achieved by the structure of
the apparatus shown in Fig. 25 in the first example. Ac-
cording to the second example, the same effect as the
first example can be acquired.

(THIRD EXAMPLE)

[0183] In the first example and the second example,
the degradation of the OLED is averaged and the phos-
phor burn-in is reduced by shifting the display image. In
the third example, the degradation grade of the OLED
emitting light of each color of R, G, and B is averaged
by adjusting a signal set to the OLED corresponding to
each dot and adjusting a color of the display image.
[0184] In the case of adjusting the color, the color may
be adjusted only paying attention to a single pixel. The
display image may be divided into blocks, 3*3 pixels for
example, and the color may be adjusted so that balance
in the block may be maintained. The blocks may be
changed with progress of time.
[0185] In the case where the color tone of the adjusted
image is changed remarkably from the display image
before adjusted, the amount of adjusting may be adjust-
ed to make the color tone not change a lot. For example,
when the luminance ratio of R, G, and B is 50% in white
respectively, the adjusting may be made where the lu-
minance ratio or R is made into 49%, and the luminance
ratio of G and B are made into 51%, for example.
[0186] Figs. 29A and 29B are schematic figures
showing a state where a display color is changed at a
fixed timing to average the emitting luminance of each
color of RGB over time. The upper column shows an
emitting color and the lower column shows amplitude of
a signal. This change may be made per dot or may be
performed to the whole display screen.
[0187] Fig. 29A shows a state where only R is dis-
played among three colors of RGB. The amplitude of
the signal set to the OLED is 0 except R. When a pre-
determined time has passed after this state, only G is
emitted as shown in Fig. 29B for example. Here, RGB
is emitted individually, but mixed colors may be emitted.
[0188] Moreover, when changing the emitting color,
the luminance ratio of RGB may be gradually changed
as shown in Figs. 30A-30C. At first, only R is emitting
light as shown in Fig. 30A, then the signal amplitude of
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R becomes small and G emits light as shown in Fig. 30B.
Furthermore, with progress of time, three colors of RGB
emit light with the same signal amplitude as shown in
Fig. 30C.
[0189] Above-mentioned processing can be realized
with the structure shown in Fig. 26 of the first example.
However, in this example, since a display image is not
shifted, the image shifting unit 450 is unnecessary.
[0190] Fig. 31 is a flowchart showing a procedure of
a processing of the above-mentioned color change. Af-
ter a predetermined time has passed from end of the
user operation (Y of S410), when the mode is changed
(Y of S412), the accumulated value of the luminance set
to the OLED constituting the display screen is acquired
(S414). In the case where the mode is not changed (N
of S412), the procedure is returned to the processing of
S410.
[0191] In the case where the degradation of the OLED
corresponding to RGB is taken into consideration (Y of
S416), the accumulated value is multiplied by a prede-
termined degradation rate and corrected (S418). In the
case where the degradation rate is not taken into con-
sideration (N of S416) and after correction in S418, the
accumulated value of the luminance is inverted (S420).
The signal for averaging the accumulated value in the
display screen is outputted (S422). It subtracts from the
inverted accumulated value according to the luminance
set (S424) and the accumulated value of the luminance
is updated (S426). If the updated accumulated value is
averaged in the display screen (Y of S428), this color
change processing is completed. If not averaged (N of
S428), the steps S414 to S426 is repeated.
[0192] In S420 and S424, the accumulated value is
inverted and subtracted the set luminance, but the
processing may not be restricted to this, the processing
may be made as the maximum of the accumulated value
is calculated, and the setup luminance is added to av-
erage the accumulated value.
[0193] Fig. 32 is a flowchart showing a procedure of
adjusting the display image according to the accumulat-
ed value of the luminance set to the OLED. The accu-
mulated value of the luminance is acquired (S450). In
the case where the degradation of the OLED corre-
sponding to RGB is taken into consideration (Y of S452),
the accumulated value is multiplied by a predetermined
degradation rate and corrected (S454).
[0194] In the case where the degradation rate is not
taken into consideration (N of S452) and after correction
in S454, it is checked whether the accumulated value of
the luminance is averaged in the display screen. If av-
eraged (Y of S456), the inputted signal is outputted as
it is (S462). If not averaged (N of S456), the gain of the
luminance set to each OLED is adjusted not to arise the
variation of the luminance (S458), and thus adjusted sig-
nal is outputted (S460).
[0195] After the signal is outputted in S460 or S462,
the accumulated value is updated reflecting the lumi-
nance set (S464). If the adjusting is continued (Y of

S466), the steps S450 to S464 are repeated. If the ad-
justing is not continued (N of S466), the processing is
ended.
[0196] When adjusting the signal in S458, the gain is
adjusted by multiplication of the signal, but the process-
ing may not be restricted to this, the processing may be
made by addition or subtraction of the signal. As men-
tioned above, according to the third example, the same
effect as the first example and the second example is
acquired, and the adjust of the display image in consid-
eration of the variation of the luminance can be carried
out.

(FOURTH EXAMPLE)

[0197] In this example, when the background image
which functions as a wallpaper is newly set up, color
tone of the wallpaper is changed according to the grade
of degradation of the OLED of each dot of a display
screen. This change of the color tone may be made for
vanishing the variation of the luminance caused by the
degradation the OLED, or for averaging the grade of
degradation of the OLED. For example, when it is pre-
sumed that the grade of degradation of the OLED of R
is large on the whole display screen, the wallpaper is
set up with the ratio of other G or the color of B being
enlarged.
[0198] The apparatus to realize this example can be
realized with the structure shown in Fig. 26 of the first
example. As mentioned above, according to the fourth
example, the same effect as the third example is ac-
quired.

(FIFTH EXAMPLE)

[0199] In the present example, display screen of the
cellular phone is divided into three areas of upper, mid-
dle, and lower, and the display image is shifted in each
divided area independently. Fig. 33 is a figure showing
the display screen of the cellular phone. The display
screen is divided into three areas of the first area L1,
the second area L2, and the third area L3, in order from
the top.
[0200] In the first area L1, a battery mark DM which
is a picture showing residual quantity of the battery is
displayed in left side, and an antenna mark AM which is
a picture showing intensity of an electric wave is dis-
played in right side. The battery mark DM and the an-
tenna mark AM are always displayed at a fixed position
in many cellular phones. There is a probability of phos-
phor burn-in of these pictures. If the phosphor burn-in
with a shape of the battery mark DM is arisen, there aris-
es a probability that residual quantity of the battery can-
not be shown properly to a user. Thereby, the battery
mark DM and the antenna mark AM are shifted in only
the first area L1. Since the first area L1 is horizontally
long, horizontal scrolling, horizontal swing and the like
are illustrated as the method of shifting the battery mark
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DM and the antenna mark AM. The horizontal scroll
means shifting the battery mark DM and the antenna
mark AM along a fixed direction. The horizontal swing
means shifting the antenna mark DM and the antenna
mark AM right and left by arbitrary number of pixels. That
is, in the horizontal swing, the battery mark DM and the
antenna mark AM is displayed swingingly.
[0201] The visibility does not get worse so much by
shifting the battery mark DM and the antenna mark AM
only horizontally because the display position thereof
can be roughly predicted. Similarly, the picture dis-
played on the third area L3 is also shifted in the third
area L3 maintaining visibility. The picture of a car dis-
played on the second area L2 (hereinafter simply re-
ferred to as a "car picture") TM may be scrolled arbitrary
direction horizontally and vertically since the car picture
is a background picture here, and the visibility thereof is
not required from the user. The car picture TM displayed
on the second area L2 in the middle once moves down-
ward, then moves to down and right direction.
[0202] Fig. 34 shows a state where the image dis-
played on the display screen shown in Fig. 33 is shifted.
The battery mark DM and the antenna mark AM are
scrolled right and left respectively. All the pictures dis-
played on the third area L3 are scrolled right. The car
picture TM displayed on the second area L2 in middle
is once shifted below, and shifted to right bottom after
that.
[0203] A structure of the cellular phone for shifting the
display image for every divided area. Fig. 35 is a figure
showing the structure of the cellular phone 4200 accord-
ing to the present example. The cellular phone 4200
comprises an MPU 434, a graphics memory 474, a tim-
ing control IC (Integrated Circuit) 476, a flash memory
472 and an organic EL panel 460. The cellular phone
4200 further comprises a speaker 462, a transmitter-re-
ceiver unit 464, and a microphone 466.
[0204] The flash memory 472 stores data to be held
when the power of the cellular phone 4200 is off. The
graphics memory stores image data displayed on the
organic EL panel 460. The image data is written in the
graphics memory 474 when receiving the image data
and a write position control of the image data from the
MPU 434. The graphics memory 474 outputs the image
in response to an input of a read control signal synchro-
nized with the display from the timing control IC 476.
[0205] The timing control IC 476 supplies the read
control signal to the graphics memory 474 synchroniz-
ing with a scan timing of the organic EL panel 460 and
reads the image data from the graphics memory 474.
The timing control IC 476 supplies the thus read image
data and a driving signal to the organic EL panel 460
and displays the display image on the organic EL panel
460. The timing control IC 476 also detects a vertically
start point VS, a vertically end point VE, a horizontally
start point HS, and a horizontally end point HE of the car
picture TM displayed on the second area L2 shown in
Fig. 33.

[0206] Fig. 36 is a figure showing relation between the
display image displayed on the organic EL panel 460
and not scrolled and the memory space. The display ar-
ea of the organic EL panel 460 is constituted by 199*99
pixels. A left top position of this image corresponds to
an address (0, 0) in the memory space and a right bot-
tom position thereof corresponds to an address (199,
99).
[0207] The image data is written at the address in
which the display image corresponds one by one to the
memory space in the graphics memory 474 by the MPU
434 as shown in Fig. 36. The scroll of the image in the
organic EL panel 460 is performed by changing a timing
of reading the image data by the timing control IC 476.
The method of scrolling in the first area L1, the method
of scrolling in the second area L2, and the method of
scrolling in the third area L3 differ each other. The meth-
od of scrolling in the first area L1 and in the third area
L3 may be the same.
[0208] Reading the image data by the timing control
IC 476 is explained based on Figs. 37A and 37B. Upper
column shows the memory space and lower column
shows the display image. Fig. 37A shows a procedure
of reading the image data written in the memory space
in the case without scroll. The image data written in the
memory space is the same in Fig. 37A and in Fig. 37B.
[0209] The read of the image data without scroll is car-
ried out toward a horizontal direction one by one from
the address (0, 0) S1 to the address (0, 99). Then, mov-
ing to the bottom of one line and the image data at the
address (1, 0) is read. Similarly, the image data is se-
quentially read until the address (199, 99).
[0210] On the other hand, the read of the image data
with scroll is shown in Fig. 37B. In this figure, the display
image is scrolled only horizontally in the first area L1
and in the third area L3. The display image is shifted 50
pixels rightward. In the second area L2, the display im-
age is scrolled not only horizontally but vertically.
[0211] The read of the image data is started at the
address (0, 50). The image data is read sequentially.
When the image data at the address (0, 99) is read, mov-
ing back to the top of the line, image data from the ad-
dress (0, 0) to

the address (0, 49) is read. Then, image data at
the address (1, 50) in a lower row is read. Similarly, the
image data in the row is sequentially read.
[0212] Next, read of the image data in the first area
L1 is completed, then read of the image data in the sec-
ond area L2 is started. In the second area L2, the car
picture TM is displayed from the left top point GS. The
image data is read from the address corresponding to
the point GS. This address is referred to as the image
start address M1 for convenience sake. The image data
is read from the address M1. If the image data is read
to the bottom row of the second area L2, the image data
in the top row of the second area L2 is read. If the image
data is read to the address just before the address M1,
all of the image data in the second area L2 is read.
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[0213] Then, the image data in the third area L3 is
started. Similar to the display image in the first area L1,
the display image in the third area L3 is shifted 50 pixels
leftward. Therefore, read-out is started from the image
data at the address moved horizontally 50. Read of the
image data in the third area L3 is carried out like read
of the image data in the first area L1.
[0214] If the size and the display position of the dis-
play image are known when scrolling in the second area
L2, it is possible to display the display image so that the
display image may not be protruded from the organic
EL panel 460. Since the MPU 434 is writing the image
data in the graphics memory 474, the address of the
start position GS of the image and the address of the
end position GE of the image are grasped by the MPU
434. For this reason, the MPU 434 sets the read-out
start address in the second area L2 so that the image
may not be protruded from the organic EL panel 460.
The scroll of the display image can be achieved by
changing the address over time.
[0215] On the other hand, if the MPU 434 does not
manage the size and the display position of the display
image, the timing control IC 476 manages the size and
the display position of the display image by detecting
the image start position GS and the image end position
GE of the display image.
[0216] The MPU 434 writes the only required image
data which is corrected from the last display image to
the graphics memory 474 one after another. Thereby,
the MPU 434 may be unable to manage the picture start
position GS and the picture end position GE in the sec-
ond area L2. However, when the timing control IC 476
reads the image data from the memory, the picture start
position GS and the picture end position GE of the sec-
ond area L2 can be detected. The MPU 434 can manage
the display position of the image by notifying the detect-
ed picture start position GS and the picture end position
GE to the MPU 434. Scrolling without a protrusion of the
image can be realized by setting the read-out start ad-
dress of the second area L2 to the timing control IC 476.
[0217] The procedure of detecting the picture start po-
sition GS of the 2nd domain L2 by the timing control IC
476 and the picture end position GE is explained. It is
assumed that a non-image area is covered with a single
color as a premise. The address space of the second
area L2 is known. If the data of the color which is not a
non-image is outputted to the image data of the address
in the second area L2, the timing control IC 476 detects
the minimum address and the maximum address in hor-
izontal and vertical for every frame. The detected ad-
dresses may be the picture start position GS and the
picture end position GE in the second area L2. Here, the
non-image area means the area other than the car pic-
ture TM among the second area L2.
[0218] As mentioned above, according to the fifth ex-
ample, generating of phosphor burn-in can be reduced
by shifting independently the image displayed on the
display screen of the cellular phone according to the di-

vided area, without getting worse a user's visibility.
[0219] These embodiments have been given solely
by way of illustration. It will be understood by those
skilled in the art that various modifications may be made
to combinations of the foregoing components and proc-
esses, and all such modifications are also intended to
fall within the scope of the present invention. Such mod-
ifications are given below.
[0220] In this embodiment, the image shifting unit 450
which shifts a display image is comprised in the image
adjusting unit 432, the image shifting unit 450 may be
comprised in the image source input unit 420 and the
display image inputted in the organic EL driving circuit
may be changed.
[0221] In this embodiment, the above-mentioned
three conditions of the accumulated value of luminance
at the time of shifting the display image are exemplified,
but not restricted with these. For example, the difference
of luminance set to the optical elements in the odd-num-
bered columns and the even-numbered columns may
be accumulated until a certain time. And the difference
of luminance set to the OLEDs in the odd-numbered col-
umns and the even-numbered columns in the image to
be displayed next may be accumulated. Then, the dis-
play image may be changed so that the degradation of
the OLED may be averaged according to whether the
accumulated value is positive or negative. The lumi-
nance set to the OLEDs in the odd-numbered columns
and the even-numbered columns may be accumulated
until a certain time. And the luminance set to the OLEDs
in the odd-numbered columns and the even-numbered
columns in the image to be displayed next may be ac-
cumulated. Then, the display image may be changed so
that the degradation of the OLED may be averaged ac-
cording to which of the accumulated value is greater.
Here, the luminance set to the OLEDs in the even-num-
bered columns and the odd-numbered columns is com-
pared, but the luminance set to the OLEDs in the even-
numbered lines and the odd-numbered lines may be
compared.

(Effect of the fourth embodiment)

[0222] The deterioration of display quality of the dis-
play apparatus can be suppressed according to the
present embodiment. Particularly, the variation of the lu-
minance in one screen and the deviation of the white
balance can be mended. Moreover, the phosphor burn-
in of a screen can be prevented in another viewpoint.

FIFTH EMBODIMENT

(Field of the fifth embodiment)

[0223] The present embodiment relates to a display
apparatus, and it particularly relates to a technology for
improving a display quality of the display apparatus.
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(Related art of the fifth embodiment)

[0224] Notebook type personal computers and mobile
terminals are spreading widely. A liquid crystal display
is mainly used as a display apparatus thereof. Organic
EL (Electro Luminescence) display is expected as a
next-generation flat display panel. As for the liquid crys-
tal display, the straitness of the view angle and the late-
ness of response speed still remain as a subject. On the
other hand, the organic EL display can solve the above-
mentioned subject and can achieve high luminosity and
high efficiency.

(Subject which the fifth embodiment tends to solve)

[0225] As for the organic EL display, however, it can
not be avoided a change with the passage of time, that
is, degradation, of an optical element because of the
characteristic thereof. A white balance may collapse or
a variation of luminance may be arisen by continuous
use, even if the white balance is adjusted at the time of
manufacture. It is known that degradation of the optical
element of the organic EL display is remarkable com-
pared with that of the liquid crystal display, and it is rec-
ognized that it is a big problem in view of the quality of
a product.
[0226] In the organic EL display comprised in a cellu-
lar phone especially, a specific character or a specific
character string is continuously displayed on a specific
place in many cases. Hereafter, both of a character and
a character string are also referred to as a "character
string." Generally, in consideration of a user's visibility,
such a character string is set up so that it can be clearly
distinguished from the color of the circumferences, such
as a background picture. Therefore, a remarkable dif-
ference of advance of degradation between the optical
elements of an area in which the character is displayed
and the surrounding optical elements tends to appear.
[0227] Moreover, since a character string is displayed
from the upper part of a display screen when the char-
acter string contained in texts such as an E-mail is dis-
played, advance of degradation of an optical element
differs in the upper part and a lower part of a display
screen. The variation of luminance may be arisen there-
by.
[0228] An object of the present embodiment is to im-
prove reduction of display quality caused by the above-
mentioned variation of the luminance. Another object of
the present embodiment is to avoid a phosphor burn-in
of a display image caused by localizing the variation of
the luminance.

(Means to solve the subject in the fifth embodiment)

[0229] An aspect of the present embodiment relates
to a display apparatus. This display apparatus is a dis-
play apparatus comprising: an optical element; and a
display changing unit which changes display form of a

text data displayed on said display apparatus in a man-
ner where a guessed value of degradation of each op-
tical element can be averaged; wherein said display
changing unit changes, when a power supply of said dis-
play apparatus is turned on or off, the display form of
the text data in a process of turning the power on or off.
Here, the text data means a character.
[0230] Here, the display apparatus means an appa-
ratus comprising a display screen, for example, a cellu-
lar phone, a PDA (Personal Digital Assistant), a person-
al computer, and the like. An organic light emitting diode
(hereinafter, simply referred to as "OLED") as an optical
element of an organic EL display deteriorates with pas-
sage of time as mentioned above. Cause of the deteri-
oration is considered a current supplied to the OLED.
[0231] As mentioned above, a specific character or a
specific image is displayed on a specific position in the
display screen of the cellular phone in many cases. It
may cause the phosphor burn-in. The degradation of the
OLED can be averaged by changing a display position,
luminance, or color tone of the character and the image
displayed. Here, "average" may be a state almost equal-
ized, and equalization should just be the grade where a
user cannot recognize the variation of the luminance.
[0232] In the case of color display in the organic EL
display, the degradation speed of the OLEDs of R (Red),
G (Green), and B (Blue) differs since the materials there-
of differ each other. Thereby, there may be arisen a phe-
nomenon that the display image is displayed in a little
green for example as the display is used. Therefore, it
is necessary to equalize the grade of degradation of the
OLED of each color of R, G, and B.
[0233] The change can be performed without making
a user conscious by changing the display form of the
text data when the user does not use the display appa-
ratus. The form of the text data may be a kind, a size, a
color, a brightness of the font for example. A color or a
brightness of the background of the text data displayed
may be changed.
[0234] Further another aspect of the present embod-
iment also relates to a display apparatus. This display
apparatus is a display apparatus comprising: an optical
element; and a display changing unit which changes dis-
play form of a text data displayed on said display appa-
ratus in a manner where a guessed value of degradation
of each optical element can be averaged; wherein said
display changing unit changes, when an application dis-
played on said display apparatus is changed, the display
form of the text data in a process of the change of the
application. The change of the application may be a
change an application displayed on a display screen of
a cellular phone from a web browser to an e-mail appli-
cation for example. Moreover, it is contained in the
change of the application, in a case where the frame
which displays a certain application is changed to an-
other frame, even if the application is performed and dis-
played. For example, in the case where the web browser
is displayed, for example, the change of the frame which
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displays contents such as a homepage is included in the
change of the application. Moreover, in the case where
E-mail software is displayed, for example, the change
from the screen for selecting the E-mail received to the
screen which displays the E-mail actually selected is in-
cluded in the change of the application.
[0235] Further another aspect of the present embod-
iment also relates to a display apparatus. This display
apparatus is a display apparatus comprising: an optical
element; and a display changing unit which changes dis-
play form of a text data displayed on said display appa-
ratus in a manner where a guessed value of degradation
of each optical element can be averaged; wherein said
display changing unit changes, when an electric mail is
displayed on said display apparatus, the display form of
the text data for every electric mail. That is, the display
form of the text data is changed according to the electric
mail displayed when received electric mail is displayed
or when the electric mail under creation or edit is dis-
played.
[0236] Further another aspect of the present embod-
iment also relates to a display apparatus. This display
apparatus is a display apparatus comprising an optical
element, a display screen thereof can be opened and
closed, the display apparatus comprising: a display
changing unit which changes display form of a text data
displayed on said display apparatus in a manner where
a guessed value of degradation of each optical element
can be averaged; and an opening-and-closing detecting
unit which detects opening or closing of the display
screen; wherein said display changing unit changes the
display form of the text data when opening and closing
of the display screen are detected by said opening-and-
closing detecting unit.
[0237] Further another aspect of the present embod-
iment also relates to a display apparatus. This display
apparatus is a display apparatus comprising: an optical
element; and a display changing unit which changes dis-
play form of a text data displayed on said display appa-
ratus in a manner where a guessed value of degradation
of each optical element can be averaged; wherein said
display changing unit changes, while a character input
means comprised in said display apparatus is operated
for input of the character, the display form of the text
data. The change of the display form of the text data is
not limited to the change mentioned above, the color
and the background color of the font may be reversed.
The brightness of these colors may be adjusted accord-
ing to the guessed value of the degradation of the optical
element at the time of the reverse.
[0238] Further another aspect of the present embod-
iment also relates to a display apparatus. This display
apparatus is a display apparatus comprising: an optical
element; and a display changing unit which changes dis-
play form of a text data displayed on said display appa-
ratus in a manner where a guessed value of degradation
of each optical element can be averaged; wherein said
display changing unit changes, when an electric mail is

displayed, the display form of the text data to be dis-
played according to whether the electric mail has al-
ready been read or has not been read yet. For example,
a kind or size of a font of the electric mail which is already
read or is not read yet when displaying the electric mail
received.
[0239] Further another aspect of the present embod-
iment also relates to a display apparatus. This display
apparatus is a display apparatus comprising: an optical
element; and a display changing unit which changes dis-
play form of a text data displayed on said display appa-
ratus in a manner where a guessed value of degradation
of each optical element can be averaged; wherein said
display changing unit changes the display form of the
text data according to the size of the text data to be dis-
played when an electric mail is displayed. For example,
the size of the font is set large in the case where the size
of the text data is 10 characters, the size of the font is
set small in the case where the size of the text data is
100 characters.
[0240] The display changing unit may change the dis-
play form of the text data by changing a font type of the
text data.
[0241] The display changing unit may shift an arbi-
trary character included in the text data using a margin
space which is originally set to avoid displaying the char-
acters touching each other.
[0242] Generally, the font does not use one line in one
side of the display area so that the font may not contact
with a neighbor font, and the line is set as the margin
area. In a case of the font of 8*8 pixels, for example,
only 7*7 pixels are used actually. Thereby, each vertical
and horizontal one line can be used as the display area
of the font.
[0243] Further another aspect of the present embod-
iment also relates to a display apparatus. This display
apparatus is a display apparatus comprising: an optical
element; and a display changing unit which changes dis-
play form of a text data displayed on said display appa-
ratus in a manner where a guessed value of degradation
of each optical element can be averaged; wherein said
display changing unit sets a background color of a line
in which the text data is not inputted as an intermediate
color between a display color of the text data and an
originally selected background color when an applica-
tion for inputting the text data is executed.
[0244] Further another aspect of the present embod-
iment also relates to a display apparatus. This display
apparatus is a display apparatus comprising: an optical
element; and a display changing unit which changes dis-
play form of a text data displayed on said display appa-
ratus in a manner where a guessed value of degradation
of each optical element can be averaged; wherein said
display changing unit changes a luminance for display-
ing the text data according to a display position of the
text data.
[0245] Optional combinations of the aforementioned
constituting elements, and implementations of the in-
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vention in the form of methods, apparatuses and sys-
tems may also be practiced as additional aspects of the
present invention.

(Example of the fifth embodiment)

[0246] In the present embodiment, a cellular phone
comprising an organic EL display in a display screen as
a display apparatus is considered. The phosphor burn-
in of the organic EL display can be reduced by changing
display form of a character string displayed on the cel-
lular phone. The size or kind of the font of the character
string to be displayed or the color thereof is changed
when a user writes or reads an electric mail using the
cellular phone. The font used for display is also changed
when the power of the cellular phone is turned on or off.
[0247] Figs. 38A and 38B show a display screen in
which the phosphor burn-in is arisen. In Fig. 38A, four
characters "ABCD" are displayed in an area A on the
display screen. If these characters are displayed in the
area A for a long term, the four characters "ABCD" are
seen as if these characters are displayed there when an
image in which all pixels are same color is displayed,
even if these characters are not displayed. That is, the
phosphor burn-in is arisen in the area A.
[0248] When a character string is displayed on the
display screen of the cellular phone, the character string
is generally displayed on the same part in many cases.
Moreover, the character string is displayed from upper
left of the display screen in many cases, and it is not
often that the character string is displayed on lower part
of the display screen. Then, the font type of the charac-
ter displayed on the display screen is changed, or the
luminance of the screen is changed according to the ar-
ea of the display screen.
[0249] The condition for changing the display form of
the character string may be (1)when the power of the
display apparatus is turned on or off, (2) when the dis-
play apparatus is opened or closed in a case where the
display apparatus can be opened and closed like a fold-
down type cellular phone, (3) when changing an appli-
cation, (4) when a certain application, here, an e-mail
application for example, is executed, (5) when there is
no operation from a user for a predetermined term. In a
case where the e-mail application is executed, the dis-
play form used may be changed according to whether
the e-mail is already read or not, or the number of the
characters included in the e-mail.
[0250] Figs. 39A and 39B are figures showing a dis-
play screen in which a character string is displayed with
two kinds of fonts different from each other. The font dis-
played in Fig. 39B is thin as a whole and inclines, com-
pared with the font displayed in Fig. 39A. In Fig. 39A,
five characters of the string are displayed on the fourth
line, on the other hand, only one character of the string
is displayed on the fourth line in Fig. 39B. An area where
the character string is displayed may be changed by
changing the font. That is, the phosphor burn-in of the

display screen can be reduced by changing the kind of
the font.
[0251] Figs. 40A and 40B are figures showing a state
where the size of the font used is changed when the
number of the characters displayed on the display
screen is different.
[0252] In fig. 40A, 52 characters of alphabet from "A"
to "Z" in a capital and small letter are displayed. On the
other hand, in Fig. 40B, 26 characters of alphabet from
"A" to "Z" in only capital letter are displayed. In fig. 40B,
the number of the characters is decreased. If the font of
the same size as the font displayed in Fig. 40A is used,
the characters are displayed on only half of the display
screen. Then, the character string can be displayed on
the whole display screen by enlarging size of the font.
Generally, when displaying a text and the like, the char-
acter string is displayed from the upper left of the display
screen, and is not displayed on the bottom of the display
screen in many cases. Then, text data can be displayed
on the whole display screen by changing the size of the
font.
[0253] Thereby, the case where only a part of the dis-
play screen is used frequently can be reduced, and the
phosphor burn-in can be reduced.
[0254] Fig. 41 is a figure showing a state where a color
of an area where a character string is not displayed is
gradually changed from a background color to a color
same as the display color of the character string. The
character string is displayed from the top to the fourth
line. On the other hand, the character string is not dis-
played in the fifth to seventh lines. The color tone of
these lines is gradually changed for every line so that
the color may not be changed extremely. All the lines in
which the character string is not displayed may be dis-
played in the same color, for example, an intermediate
color between the color of the character and the color
of the background.
[0255] Figs. 42A and 42B are figures showing a state
where a Japanese is displayed in an area of 8*8 pixels.
The pixels of the top row and rightmost column of this
area is set up as a margin space so that neighboring
characters may not be touched. This area is also used
as the display area at the time of shifting the character.
Fig. 42A shows a state before the character is shifted,
and Fig. 42B shows a state where the character string
is shifted one pixel to up and right, respectively. In the
case where the character string consists of two or more
characters, a character may be shifted one pixel to up,
another right, or further another not shifted, for example,
depending on the character. The phosphor burn-in can
be reduced without spoiling display quantity greatly.
[0256] The apparatus for realizing the above-men-
tioned change of the display form of the character string
and its operation are shown hereinafter.
[0257] Fig. 43 is a block diagram showing a basic
structure of an organic EL display apparatus 510. The
organic EL display apparatus 510 is constituted by an
image source input unit 520, an e-mail attribute acquir-
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ing unit 524, an open-close detecting unit 552, an oper-
ation detecting unit 554, an organic EL driving circuit
530, and an organic EL panel 560.
[0258] The organic EL driving circuit 530 comprises
an image adjusting unit 532 which carries out various
processings to a digital image signal inputted from the
image source input unit 520, an MPU (Micro Processing
Unit) 534 which calculates when these processings are
carried out, and a DAC (Digital to Analog Converter) unit
542 which converts the image signal carried out
processing to an analog signal. The organic EL driving
circuit 430 further comprises a text detecting unit 538,
a luminance changing unit 544, and a color changing
unit 546. The organic EL driving circuit 538 further com-
prises a control signal generating unit which generates
various timing control signals and a memory which func-
tions a table when actual processing is carried out,
which are not shown in the figure.
[0259] The image adjusting unit 532 performs an off-
set adjusting to adjust a brightness, a gain adjusting to
adjust a contrast, and a processing to adjust input image
signal which is performed gamma correction to voltage-
emitting luminance (V-T) characteristic of the organic EL
panel.
[0260] When the display form of the character string
is not changed, three kinds of the digital signals R_in,
G_in, and B_in are inputted from the image source input
unit 520 to the image adjusting unit 532. The image ad-
justing unit 532 performs image adjusting processing
like the offset adjusting and the gain adjusting. The dig-
ital signals are outputted from the DAC unit 542 as three
kinds of analog signals R_out, G_out, and B_out to the
organic EL panel 560.
[0261] When the display form of the character string
is changed, the change is carried out by the structure
shown below. The image adjusting unit 532 comprises
a text shifting unit 536 which shifts the character to use
an area where the character does not originally use
among pixels which constitute the font as shown in Fig.
42.
[0262] The text detecting unit 538 detects the charac-
ter string from the inputted digital image signal. The text
detecting unit 538 changes the display form of the de-
tected character string in collaboration with the MPU
534 as shown in Figs. 39 and 40. The luminance chang-
ing unit 544 changes the luminance of the character ac-
cording to a display position thereof. The luminance
changing unit 544 also changes the luminance in an ar-
ea where the character string is not inputted as shown
in Fig. 41. Similarly, the color changing unit 546 changes
the color of the character and the color of an area where
the character string is not inputted.
[0263] The e-mail attribute acquiring unit 524 ac-
quires an attribute of each e-mail when an e-mail appli-
cation is executed. The attribute may be (1) whether the
e-mail is already read or not, (2) the number of the char-
acters included in the e-mail and the like.
[0264] The image source input unit 520 further com-

prises a text form changing unit 522. The text form
changing unit 522 changes the display form of the char-
acter string displayed in the e-mail based on the attribute
acquired by the e-mail attribute acquiring unit 524. The
change of the display form is also carried out by the text
detecting unit 538, but the change here is carried out
before the digital image signal is inputted to the organic
EL driving circuit 524. The text detecting unit 538 may
change the display form of the character string based
on the attribute of the e-mail acquired by the e-mail at-
tribute acquiring unit 524.
[0265] The open-close detecting unit 552 detects
open or close of the display screen in a case where the
display screen of the cellular phone is a fold-down type.
The open-close detecting unit 552 instructs the MPU
534 to change the display form of the character string
used in the cellular phone when detecting. The opera-
tion detecting unit 554 instructs the MPU 534 to change
the display form of the character string used in the cel-
lular phone when there is no operation to the cellular
phone for a predetermined term.
[0266] In terms of hardware, this structure can be re-
alized by a CPU, a memory and other LSIs of an arbi-
trary computer. In terms of software, it is realized by
memory-loaded programs or the like having a function
of controlling display, but drawn and described here are
functional blocks that are realized in cooperation with
those. Thus, it is understood by the skilled in the art that
these functional blocks can be realized in a variety of
forms by hardware only, software only or the combina-
tion thereof.
[0267] As mentioned-above, ccording to this embod-
iment, the generation of the luminance variation in the
display screen can be reduced by changing the display
form of the character string and by changing the back-
ground color of the display screen according to whether
the character string is displayed or not. Moreover, the
phosphor burn-in of the display screen caused by the
concentration of the luminance variation can be re-
duced.
[0268] These embodiments have been given solely
by way of illustration. It will be understood by those
skilled in the art that various modifications may be made
to combinations of the foregoing components and proc-
esses, and all such modifications are also intended to
fall within the scope of the present invention.

(Effect of the fifth embodiment)

[0269] According to this embodiment, reduction of de-
terioration of the display quality caused by the lumi-
nance variation is expectable. Moreover, reduction of
the phosphor burn-in of the display screen caused by
the concentration of the luminance variation is also ex-
pected in another view point.
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INDUSTRIAL USABILITY

[0270] As has been described, the present invention
can be utilized for a display apparatus such as an or-
ganic EL display apparatus.

Claims

1. A display method, wherein when displaying an im-
age on a display area narrower than an area which
can be displayed, luminance data of a non-display
area which does not display the image among the
area which can be displayed is set as a guessed
value of an average luminance of the image.

2. A display apparatus comprising:

an acquiring unit which acquires a first image
to be displayed;
a first setting unit which sets a first area in which
the first image is displayed and places the first
image on the first area; and
a second setting unit which sets, when the first
area is smaller than an area which can be dis-
played, a second image to be displayed on a
second area in which the first image is not dis-
played;

wherein said second setting unit sets the sec-
ond image in a manner where a guessed value of
an average luminance of the first image is substan-
tially same as a guessed value of an average lumi-
nance of the second image.

3. The display apparatus according to Claim 2, where-
in said second setting unit calculates the average
luminance of the first image and sets the second
image whose average luminance is substantially
same as calculated average luminance of the first
image on the second area.

4. A display apparatus comprising:

an acquiring unit which acquires a first image
to be displayed;
a first setting unit which sets a first area in which
the first image is displayed and places the first
image on the first area;
a second setting unit which sets, when the first
area is smaller than an area which can be dis-
played, a second image to be displayed on a
second area in which the first image is not dis-
played;
a first storing unit which stores an accumulated
average luminance of the first image previously
displayed on the first area; and
a second storing unit which stores an accumu-

lated average luminance of the second image
previously displayed on the second area;

wherein said second setting unit sets the sec-
ond image in a manner where the accumulated av-
erage luminance of the second image approaches
the accumulated average luminance of the first im-
age.

5. The display apparatus according to any one of
Claims 2 to 4, wherein the second image is an im-
age in which all pixels have substantially same lu-
minance data.

6. A mobile terminal which comprises an organic elec-
tro-luminescence display apparatus and can dis-
play an electric mail received or to be sent, the mo-
bile terminal comprising:

an image processing circuit which can switch a
display mode between a black character dis-
play mode in which a character part is displayed
in black or a color with luminance lower than
that of a background part and the background
part is displayed in white or a color with lumi-
nance higher than that of the character part,
and a white character display mode in which the
background part is displayed in black or a color
with luminance lower than that of the character
part and the character part is displayed in white
or a color with luminance higher than that of the
background part; and
a control circuit which controls an operation of
said image processing circuit;

wherein said control circuit alternately switches the
display mode between the black character display
mode and the white character display mode.

7. The mobile terminal according to Claim 6, wherein
said control circuit instructs a mode switch between
the black character display mode and the white
character display mode in accordance with a pre-
determined rule.

8. The mobile terminal according to Claim 6 or 7,
wherein said control circuit switches the mode be-
tween a display of a mail at the time of mail creation,
and a display of a mail which has already been re-
ceived or transmitted.

9. The mobile terminal according to Claim 6 or 7,
wherein said control circuit switches the mode for
every one time or predetermined number of times
on the occasion of a display of a mail at the time of
mail creation.

10. The mobile terminal according to Claim 6 or 7,
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wherein said control circuit switches the mode for
every one time or predetermined number of times
on the occasion of a display of a mail which has al-
ready been received or transmitted.

11. The mobile terminal according to Claim 6 or 7,
wherein said control circuit switches the mode be-
tween a display of a mail which has already been
received, and a display of a mail which has already
been transmitted.

12. The mobile terminal according to Claim 6 or 7,
wherein said control circuit switches the mode with
a predetermined cycle.

13. The mobile terminal according to Claim 6, wherein
said control circuit switches the mode at a random
timing.

14. A display method of a specific picture which is dis-
played on a color organic EL display and a lighting
part thereof increases or decreases according to a
situation, wherein the higher a probability of lighting
of a part, the lower luminance of the part is set be-
forehand.

15. The display method of the specific picture according
to Claim 14, wherein the specific picture is a picture
showing an antenna and/or a picture showing resid-
ual quantity of a battery.

16. A display method of a specific picture which is dis-
played at areas which overlie each other on a color
organic EL display, in which two or three kinds of
the specific picture in roughly classification are
switched and displayed according to a situation,
wherein a dot which constitutes each specific pic-
ture is set up in a manner where a color of an emit-
ting element turned on differs mutually among the
two or three kinds of the specific picture.

17. The display method of the specific picture according
to Claim 16, wherein the specific picture is a picture
of an antenna which is switched between a first pic-
ture showing an antenna bar and a second picture
showing a character showing outside an area where
an electric wave reaches according to a the situa-
tion.

18. The display method of the specific picture according
to Claim 16, wherein the specific picture is a picture
showing residual quantity of a battery which is
switched between a first picture showing a bar
showing the residual quantity of the battery and a
second picture showing a character showing a
charge according to the situation.

19. A display method of a plurality of specific pictures

which is displayed on a color organic EL display,
wherein the higher a frequency of displaying a pixel
is, the lower luminance of the pixel is set before-
hand.

20. A display apparatus comprising:

an optical element;
a luminance information storing unit which
stores luminance information set to said optical
element; and
a display changing unit which changes a dis-
play image displayed on said display apparatus
in a manner where a guessed value of degra-
dation of each optical element can be averaged
based on the luminance information stored.

21. A display apparatus comprising:

an optical element; and
a display changing unit which changes a dis-
play image displayed on said display apparatus
in a manner where a guessed value of degra-
dation of each optical element can be aver-
aged, maintaining an outline of the display im-
age.

22. A display apparatus comprising:

an optical element;
a display screen which is composed of a plural-
ity of display areas; and
a display changing unit which changes a dis-
play image of each display area, maintaining an
identity of a content of the display.

23. The display apparatus according to any one of
Claims 20 to 22, wherein said display changing unit
changes the display image again, when a guessed
value of degradation of said optical element reach-
es a predetermined value from the last change as
a starting point.

24. The display apparatus according to any one of
Claims 20 to 22, wherein said display changing unit
changes the display image, when an absolute value
of an accumulated difference of a luminance of
neighboring pixels exceeds a predetermined value.

25. The display apparatus according to any one of
Claims 20 to 22, wherein said display changing unit
changes the display image, when a difference of a
guessed value of degradation of said optical ele-
ment in a row or a column of even number and odd
number exceeds a predetermined value.

26. The display apparatus according to any one of
Claims 20 to 25, wherein said display changing unit
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changes, when a power supply of said display ap-
paratus is turned on or off, the display image in a
process of turning the power on or off.

27. The display apparatus according to any one of
Claims 20 to 25, wherein said display changing unit
changes, when an application displayed on said
display apparatus is changed, the display image in
a process of the change of the application.

28. The display apparatus according to any one of
Claims 20 to 25, wherein the display screen of said
display apparatus can be opened and closed,

said display apparatus further comprising an
opening-and-closing detecting unit which detects
opening or closing of the display screen;

wherein said display changing unit changes
the display screen when opening and closing of the
display screen are detected by said opening-and-
closing detecting unit.

29. The display apparatus according to any one of
Claims 20 to 25, wherein an operating unit for op-
erating said display apparatus is slide-type;

said display apparatus further comprising a
slide detecting unit which detects a slide of the op-
erating unit;

wherein said display changing unit changes
the display screen when the slide of the operating
unit is detected by said slide detecting unit.

30. The display apparatus according to any one of
Claims 20 to 29, wherein said display changing unit
changes the display image by shifting a display po-
sition of the display image.

31. The display apparatus according to any one of
Claims 20 to 29, wherein said display changing unit
includes an area detecting unit which detects a spe-
cific area, the display position thereof is to be shift-
ed, among an area of the display image; and

said display changing unit changes the dis-
play image by shifting the display position of the
specific area detected.

32. The display apparatus according to any one of
Claims 20 to 29, wherein said display changing unit
adjusts a signal set up to each optical element ac-
cording to a guessed value of degradation of said
optical element.

33. The display apparatus according to Claim 32,
wherein said display changing unit determines an
amount of compensation to be given to a signal ac-
cording to a value of the signal, when adjusting the
signal set up to said optical element.

34. The display apparatus according to Claim 32 or 33,

wherein said display changing unit determines an
amount of compensation to be given to the signal
based on the guessed value of degradation of said
optical element of a surrounding pixel, when adjust-
ing the signal set up to said optical element.

35. The display apparatus according to any one of
Claims 20 to 30, wherein said display changing unit
changes the display image by changing a display
color of each optical element.

36. The display apparatus according to Claim 35,
wherein said display changing unit changes the dis-
play image by gradually changing luminosity ratio
of said optical element corresponding to each color
which constitutes a pixel.

37. The display apparatus according to Claim 30 or 31,
wherein a display area needed for displaying an ac-
tual display image is set up smaller than an effective
display area which can be displayed in said display
apparatus; and

said display changing unit shifts the display
area in the effective display area.

38. The display apparatus according to Claim 30 or 31,
wherein said optical element corresponds to a dot,
and a pixel includes dots of a plurality of colors, and

said display changing unit shifts the display
image per dot, and changes combination of said op-
tical elements which originally constitute one pixel.

39. The display apparatus according to Claim 30 or 31,
wherein in a case where the display image to be
shifted includes a character, said display changing
unit sets a margin space which is originally set for
displaying the character not to touch each other as
an area in which the arbitrary character can be shift-
ed.

40. The display apparatus according to Claim 30 or 31,
wherein in a case where the display image to be
shifted includes a character, said display changing
unit shifts the display image to a direction in which
influence for readability of the character is small
when a user sees the character.

41. The display apparatus according to Claim 30 or 31,
wherein said display changing unit scrolls the dis-
play image when there is no input from a user for
predetermined period.

42. The display apparatus according to any one of
Claims 20 to 25, wherein said display changing unit
performs a mosaic processing to the display image
and displays it when there is no input from a user
for predetermined period.
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43. The display apparatus according to any one of
Claims 20 to 25, wherein said display changing unit
selects, when a background image which functions
as a wallpaper is newly set up, the wallpaper ac-
cording to grade of degradation of said optical ele-
ment.

44. A display method in a display apparatus which com-
prises an optical element, the method including:

storing information of luminance set up to the
optical element; and
changing a display image displayed on the dis-
play apparatus in a manner where a guessed
value of degradation of each optical element
can be averaged based on the luminance infor-
mation stored.

45. A display method in a display apparatus which com-
prises an optical element, the method including:

changing a display image displayed on the dis-
play apparatus in a manner where a guessed
value of degradation of each optical element
can be averaged, maintaining an outline of the
display image.

46. A display apparatus comprising:

an optical element; and
a display changing unit which changes display
form of a text data displayed on said display ap-
paratus in a manner where a guessed value of
degradation of each optical element can be av-
eraged;

wherein said display changing unit changes,
when a power supply of said display apparatus is
turned on or off, the display form of the text data in
a process of turning the power on or off.

47. A display apparatus comprising:

an optical element; and
a display changing unit which changes display
form of a text data displayed on said display ap-
paratus in a manner where a guessed value of
degradation of each optical element can be av-
eraged;

wherein said display changing unit changes,
when an application displayed on said display ap-
paratus is changed, the display form of the text data
in a process of the change of the application.

48. A display apparatus comprising an optical element,
a display screen thereof can be opened and closed,
the display apparatus comprising:

a display changing unit which changes display
form of a text data displayed on said display ap-
paratus in a manner where a guessed value of
degradation of each optical element can be av-
eraged; and
an opening-and-closing detecting unit which
detects opening or closing of the display
screen;

wherein said display changing unit changes
the display form of the text data when opening and
closing of the display screen are detected by said
opening-and-closing detecting unit.

49. A display apparatus comprising:

an optical element; and
a display changing unit which changes display
form of a text data displayed on said display ap-
paratus in a manner where a guessed value of
degradation of each optical element can be av-
eraged;

wherein said display changing unit changes,
when an electric mail is displayed on said display
apparatus, the display form of the text data for every
electric mail.

50. A display apparatus comprising:

an optical element; and
a display changing unit which changes display
form of a text data displayed on said display ap-
paratus in a manner where a guessed value of
degradation of each optical element can be av-
eraged;

wherein said display changing unit changes,
while a character input means comprised in said
display apparatus is operated for input of the char-
acter, the display form of the text data.

51. A display apparatus comprising:

an optical element; and
a display changing unit which changes display
form of a text data displayed on said display ap-
paratus in a manner where a guessed value of
degradation of each optical element can be av-
eraged;

wherein said display changing unit changes,
when an electric mail is displayed, the display form
of the text data to be displayed according to whether
the electric mail has already been read or has not
been read yet.

52. A display apparatus comprising:
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an optical element; and
a display changing unit which changes display
form of a text data displayed on said display ap-
paratus in a manner where a guessed value of
degradation of each optical element can be av-
eraged;

wherein said display changing unit changes
the display form of the text data according to the
number of the character to be displayed when an
electric mail is displayed.

53. The display apparatus according to any one of
Claims 46 to 52, wherein said display changing unit
changes the display form of the text data by chang-
ing a font type of the text data.

54. The display apparatus according to any one of
Claims 46 to 52, wherein said display changing unit
shifts an arbitrary character included in the text data
using a margin space which is originally set to avoid
displaying the characters touching each other.

55. A display apparatus comprising:

an optical element; and
a display changing unit which changes display
form of a text data displayed on said display ap-
paratus in a manner where a guessed value of
degradation of each optical element can be av-
eraged;

wherein said display changing unit sets a
background color of a line in which the text data is
not inputted as an intermediate color between a dis-
play color of the text data and an originally selected
background color when an application for inputting
the text data is executed.

56. A display apparatus comprising:

an optical element; and
a display changing unit which changes display
form of a text data displayed on said display ap-
paratus in a manner where a guessed value of
degradation of each optical element can be av-
eraged;

wherein said display changing unit changes a
luminance for displaying the text data according to
a display position of the text data.
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提供了一种用于减少所谓的“磷光体老化”现象的技术，其中通过降低由有
机电致发光元件构成的显示装置的劣化引起的某个像素的显示亮度而产
生亮度变化。在显示装置（10）中，当显示由图像获取单元（32）获取
的图像时，与获取的图像的平均亮度基本相同的亮度被设置为不显示图
像的非显示区域。由此，可以平均整个显示屏幕中的显示元件的劣化速
度。


