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Electroluminescent display device comprising a driver circuit, electronic equipment

comprising such a driver circuit, and method of driving such an electroluminescent display

device

(57)  Adrive device of a self light emitting display pan-
el which is equipped with a plurality of organic EL ele-
ments 14 arranged at intersection positions between a
plurality of data lines and plurality of scan lines comprises
a first gradation control means for time-dividing a frame
period into a plurality of subframe periods and setting
gradation of each pixel by the sum of lighting periods of
one or plural subframe periods, a second gradation con-

trol means for treating mutually adjacent plural pixels as
a group and performing dither processing on a per group
basis, and a reverse bias voltage applying means 27 for
applying a reverse bias voltage to the light emitting ele-
ments. A subframe period to be a non-lighting period is
provided in the plural subframes so that during this period
the reverse bias voltage is applied to all light emitting
elements by the reverse bias voltage applying means.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a drive device
and a drive method of a self light emitting display panel
and electronic equipment equipped with the drive device,
wherein one frame period is respectively time-divided in-
to a plurality of subframe periods and wherein the re-
spective subframe periods are controlled for lighting so
that gradation expression is performed.

Description of the Related Art

[0002] A display employing a display panel constituted
by arranging light emitting elements in a matrix pattern
has been developed widely. As a light emitting element
employed in such a display panel, for example an organic
EL (electroluminescent) element in which an organic ma-
terial is employed in a light emitting layer has attracted
attention.

[0003] As adisplay panel employing such organic EL
elements, there is an active matrix type display panel in
which respective active elements for example constituted
by TFTs (thin film transistors) are added to respective EL
elements arranged in a matrix pattern. This active matrix
type display panel can realize low power consumption
and has a characteristic that crosstalk among pixels is
small, so that it is particularly suitable for a high definition
display constituting a large screen.

[0004] FIG. 1 shows one example of a circuit structure
corresponding to one pixel 10 in a conventional active
matrix type display panel. In FIG. 1, gate G of a TFT 11
that is a control transistor is connected to a scan line
(scan line A1), and the source S is connected to a data
line (data line B1). The drain D of this control TFT 11 is
connected to gate G of a TFT 12 that is a drive transistor
and is connected to one terminal of a charge-retaining
capacitor 13.

[0005] Thedrain D ofthe drive transistor TFT12is con-
nected to the other terminal of the capacitor 13 and to a
common anode 16 formed in the panel. The source S of
the drive TFT 12 is connected to the anode of an organic
EL element 14, and the cathode of this organic EL ele-
ment 14 is connected to a common cathode 17 consti-
tuting for example a reference potential point (ground)
formed in the panel.

[0006] FIG. 2 schematically shows a state in which the
circuit structure having the respective pixel 10 shown in
FIG. 1 is arranged in a display panel 20, and the respec-
tive pixels 10 of the circuit structure shown in FIG. 1 are
formed at respective intersection positions between re-
spective scan lines A1 to An and respective data lines
B1 to Bm. In this structure, the drain D of the drive TFT
12 is respectively connected to the common anode 16
shown in FIG. 2, and the cathode of the EL element 14
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is respectively connected to the common cathode 17
shown in FIG. 2 similarly. In this circuit, when lighting
control is performed, a switch 18 is connected to the
ground as shown in the drawing, and thus a voltage
source +VD is supplied to the common anode 16.
[0007] In this state, when an ON voltage is supplied to
the gate G of the control TFT 11 in FIG. 1 via the scan
line, the TFT 11 allows current corresponding to the volt-
age which is supplied from the data line to the source S
to flow from the source S to the drain D. Accordingly,
during the time when the gate G of the TFT 11 is the ON
voltage, the capacitor 13 is charged, and its voltage is
supplied to the gate G of the drive TFT 12, so that current
based on the gate and drain voltages of the TFT 12 is
allowed to flow from the source of the TFT 12 to the com-
mon cathode 17 via the EL element 14 to allow the EL
element 14 to emit light.

[0008] When the gate G of the TFT 11 becomes an
OFF voltage, the TFT 11 becomes so-called cut-off. Al-
though the drain D of the TFT 11 is in an open state, the
voltage of the gate G in the drive TFT 12 is retained by
electrical charges accumulated in the capacitor 13 so
that drive current is maintained until a next scan, and
light emission of the EL element 14 is also maintained.
Since a gate input capacitance exits in the drive TFT 12,
even when the capacitor 13 is not provided particularly,
an operation similar to the above can be performed.
[0009] There is a time gradation method as a method
to perform gradation display of image data, employing
the above-described circuit structure. In this time grada-
tion method, forexample one frame period is time-divided
into a plurality of subframe periods to achieve halftone
display by the total of subframe periods during which or-
ganic EL elements emit light during one frame period.
[0010] This time gradation method includes a method
in which EL elements are illuminated on a per subframe
basis to achieve gradation expression by a simple total
of subframe periods during whichillumination is achieved
(for convenience, referred to as a simple subframe meth-
od) as shown in FIG. 3 and a method in which treating
one or plural subframe periods as a group, gradation bits
are allocated to the group to perform weighting to achieve
gradation expression by a combination thereof (for con-
venience, referred to as a weighting subframe method)
as shown in FIG. 4. FIGS. 3 and 4 show examples of a
case where gradations 0 to 7 of 8 gradations are dis-
played.

[0011] The weighting subframe method as shown in
FIG. 4 has an advantage that multi-gradation display can
be realized by the number of subframes that is smaller
than that of the simple subframe method as shown in
FIG. 3. However, in this weighting subframe method,
since gradation is expressed by a combination of illumi-
nation which is dispersive in a time domain with respect
to one frame image, contour noise called animation pseu-
do-contour noise (hereinafter simply referred to also as
pseudo-contour noise) sometimes occurs, this has been
a cause of image quality deterioration. This pseudo-con-
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tour noise will be described with reference to FIG. 5. FIG.
5 is a view for explaining an occurrence mechanism of
the pseudo-contour noise. FIG. 5 explains a case where
four groups (group 1 to 4) of subframes which are weight-
ed to obtain_intensities of power of 2 (weights 1, 2, 4, 8)
are arranged in the order of low intensity as an example.
[0012] Animage in which the lower a position of a dis-
play screen the more intensity increments, stepping one
step on a per pixel basis, thatis, animage whose intensity
changes smoothly, is considered, and this image is sup-
posed to move in an upward direction for one pixel after
one frame time elapses. As illustrated, although the gap
of on-screen display positions of frame 1 and frame 2 is
one pixel, in human eyes, abreakin thisimage movement
cannot be recognized.

[0013] However, since the human eye has a charac-
teristic of following the moving intensity, the human eye
unintentionally follows a group of subframes which are
not illuminated for example between intensity 7 and in-
tensity 8 regarding which an illumination pattern largely
changes due to the carry, and the human eye sees the
screen as if black pixels of intensity 0 are moving. Ac-
cordingly, the human eye recognizes an intensity which
does not exist originally, and this is perceived as contour
noise. In this manner, when the same gradation data is
displayed by the same pixels in continuing frames, in a
case where the illumination patterns in respective frames
are the same, pseudo-contour noise is easy to occur.
[0014] Countermeasure methods for such pseu-
do-contour noise include a method of increasing the
frame frequency, a method of increasing the number of
subframes constituting one frame, and the like. That is,
in these methods, switching speed of the illumination pat-
ternis increased to restrict visual recognition for intensity
changes that become a cause of pseudo-contour so as
to reduce pseudo-contour noise.

[0015] Gradation display in which means is provided
for an illumination pattern of one frame data in order to
restrain occurrence of animation pseudo-contour distur-
bance is disclosed for example in Japanese Patent Ap-
plication Laid-Open No. 2001-125529 (page 3, right col-
umn, line 45 through page 4, left column, line 9, and FIG.
2).

[0016] With the methods described above, perception
of pseudo-contour noise in human vision can be reduced.
However, in order to increase the number of subframes
in one frame or to increase a frame frequency, it is nec-
essary that an operational clock frequency is set at a
higher frequency, and the operable frequency capability
of a circuit has to correspond to it. Further, when the
operational frequency is increased in such a manner, a
problem that power consumption is increased occurs.
Moreover, in the above-described methods, even though
the pseudo-contour noise can be reduced to some de-
gree, the principle that gradation is expressed through a
combination of illuminations which are dispersive in the
time domain does not change therein, and thus its oc-
currence cannot be restrained completely.
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[0017] since the organic EL element is a current injec-
tion type light emitting element, current flowing in a wiring
resistance applied to the element largely depends on the
lighting ratio of a light emitting display panel. That is, if
the lighting ratio changes so as to be largely increased,
the voltage drop amount of the wiring resistance increas-
es, and, as a result, the drive voltage of the element de-
creases, and a phenomenon that the light emission in-
tensity decreases occurs. The risk of occurrence of this
phenomenon is high in the weighting subframe method
in which the lighting ratio is likely to vary drastically, and
in this case, there is a problem that gradation expression
is deteriorated so that normal gradation expression can-
not be achieved (occurrence of gradation abnormality).

SUMMARY OF THE INVENTION

[0018] The present invention has been developed,
paying attention to the above-described technical prob-
lems, anditis an object of the presentinvention to provide
a drive device and a drive method of a self light emitting
display panel and electronic equipment equipped with
the drive device wherein in a self light emitting display
panel in which self light emitting elements are arranged
in a matrix pattern, occurrence of pseudo-contour noise
and gradation abnormality can be restrained and while
multi-gradation processing is performed, noise pattern
resulting from multi-gradation processing can be re-
duced.

[0019] A drive device of a self light emitting display
panel according to the present invention which has been
developed in order to solve the problem is a drive device
of a self light emitting display panel which is equipped
with a plurality of light emitting elements arranged at in-
tersection positions between a plurality of data lines and
plurality of scan lines, comprising a first gradation control
means for time-dividing a frame period into a plurality of
subframe periods and setting gradation of each pixel by
the sum of lighting periods of one or plural subframe pe-
riods, a second gradation control means for treating mu-
tually adjacent plural pixels as a group and performing
dither processingon a per said group basis, and areverse
bias voltage applying means for applying a reverse bias
voltage to said light emitting elements, wherein a sub-
frame period to be a non-lighting period is provided in
said plural subframes so that during said period said re-
verse bias voltage is applied to all light emitting elements
by said reverse bias voltage applying means.

[0020] A drive method of a self light emitting display
panel according to the present invention which has been
developed in order to solve the problem is a drive method
of a self light emitting display panel which is equipped
with a plurality of light emitting elements arranged at in-
tersection positions between a plurality of data lines and
plurality of scan lines, characterized by executing a first
gradation control means which is for time-dividing a
frame period into a plurality of subframe periods and for
setting gradation of each pixel by the sum of lighting pe-
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riods of one or plural subframe periods, a second grada-
tion control means which is for treating mutually adjacent
plural pixels as a group and for performing dither process-
ing on a per said group basis, and a reverse bias voltage
applying means which is for applying said reverse bias
voltage to all light emitting elements during a subframe
period provided to be a non-lighting period among said
plural subframe periods.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021]

FIG. 1 is a view showing one example of a circuit
structure corresponding to one pixel in a convention-
al active matrix type display panel;

FIG. 2 is a view schematically showing a state in
which the circuit structure having each pixel shown
in FIG. 1 is arranged in a display panel;

FIG. 3 is a timing diagram for explaining a simple
subframe method in a time gradation method;

FIG. 4 is a timing diagram for explaining a weighting
subframe method in the time gradation method;
FIG. 5 is a view for explaining an occurrence mech-
anism of animation pseudo-contour disturbance;
FIG. 6 is a block diagram showing one embodiment
according to a drive device and a drive method of
the present invention;

FIG. 7 is a view showing one example of a circuit
structure of one pixel among pixels respectively ar-
ranged in a matrix pattern on the display panel of
FIG. 6;

FIG. 8 is a block diagram for explaining internal
processing of the data conversion circuit of FIG. 6;
FIG. 9 is a view showing one example of arrange-
ments of dither coefficients in two consecutive
frames;

FIG. 10 is a view showing one example of arrange-
ments of dither coefficients in four consecutive
frames;

FIG. 11 is views showing one example of arrange-
ment patterns of dither coefficients in different color
pixels;

FIG. 12 is one example of a data conversion table
employed in the data conversion circuit of FIG. 6;
FIG. 13 is a timing diagram showing one example of
subframe light emitting periods of respective frames
in the drive device and the drive method of FIG. 6;
FIG. 14 is a graph showing a non-linear gradation
characteristic;

FIG. 15is another example of adata conversion table
employed in the data conversion circuit of FIG. 6; and
FIG. 16 is graphs showing gradation characteristics
in an even numbered frame and an odd numbered
frame.

DESCRIPTION OF THE PREFERRED EMBODI-
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MENTS

[0022] A drive device and a drive method of a self light
emitting display panel according to the present invention
will be described below based on an embodiment shown
in the drawings. In the description below, parts corre-
sponding to respective parts shown in FIGS. 1 and 2
already described are designated by the same reference
characters, and therefore description of respective func-
tions and operations will be omitted properly.

[0023] The conventional example shown in FIGS. 1
and 2 shows an example of a so-called single-colored
light emission display panel in which a series circuit of
the drive TFT 12 and the EL element 14 constituting a
pixel is all connected between the common anode 16
and the common cathode 17. However, a drive method
and a drive device of a self light emitting display panel
according to the present invention described below can
be appropriately adopted not only in a single-colored light
emission display panel but rather in a color display panel
equipped with respective light emitting pixels (sub-pixels)
of R (red), G (green), and B (blue).

[0024] FIG. 6 shows one example of a drive device
and a drive method according to the present invention
by a block diagram. In FIG. 6, a drive control circuit 21
controls the operation of a light emitting display panel 40
comprised of a data driver 24, a scan driver 25, an erase
driver 26, and pixels 30 that are respectively arranged in
a matrix pattern.

[0025] First, aninputted analog video signal is supplied
to the drive control circuit 21 and an analog-to-digital
(A/D) converter 22. The drive control circuit 21 generates
a clock signal CK for the A/D converter 22 and a write
signal W and a read signal R for a frame memory 23,
based on horizontal and vertical synchronization signals
in the analog video signal.

[0026] The A/D converter 22 samples the inputted an-
alog video signal based on the clock signal CK supplied
from the drive control circuit 21 to convert it to corre-
sponding pixel data for one pixel to supply it to the frame
memory 23. The frame memory 23 operates to sequen-
tially write respective pixel data supplied from the A/D
converter 22 in the frame memory 23 by the write signal
W supplied from the drive control circuit 21.

[0027] By such a write operation, when writing of data
of one screen (n rows and m columns) in the self light
emitting display panel 40 is completed, the frame mem-
ory 23 sequentially supplies for example 6 bits of pixel
data to a data conversion circuit 28 for each one pixel by
the read signal R supplied from the drive control circuit 21.
[0028] The data conversion circuit 28 performs a lat-
er-described multi-gradation processing and converts
the pixel data of 6 bits to pixel data of 4 bits to supply this
from first line to nth line to the data driver 24 per each
one line.

[0029] Meanwhile, atiming signalis sentfrom the drive
control circuit 21 to the scan driver 25, and based on this
the scan driver 25 sequentially sends a gate ON voltage
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to respective scan lines. Accordingly, drive pixel data of
each one line which is read out of the frame memory 23
and which is data converted by the data conversion circuit
28 as described above is addressed per each one line
by scanning of the scan driver 25.

[0030] Inthis embodiment, a control signal is sent from
the drive control circuit 21 to the erase driver 26.
[0031] The erase driver 26 receives the control signal
from the drive control circuit 21 and selectively applies a
predetermined voltage level to electrode lines (referred
to as control lines C1 to Cn in this embodiment) which
are electrically separated and arranged for each scan
line as described later to control ON/OFF operation of a
later-described erase TFT 15.

[0032] Further, the drive control circuit 21 sends a con-
trol signal to a reverse bias voltage applying means 27.
This reverse bias voltage applying means 27 operates
to receive the control signal, selectively apply the prede-
termined voltage level to a cathode electrode 32, and
supply a forward or reverse bias voltage to organic EL
elements. This reverse bias voltage is a voltage of a di-
rection which is reverse to the direction (forward direc-
tion) in which current flows at the time of light emission
and is applied to respective organic EL elements during
a period which does not relate to a light emission period
which is for image data display. By applying the reverse
bias voltage in this manner, it has been known that light
emission lifetime of the element can be prolonged with
respect to elapsed time.

[0033] FIG.7 is aview showing an example of a circuit
structure of one pixel among the pixels 30 respectively
arranged in a matrix pattern on the self light emitting dis-
play panel 40. The example of the circuit structure cor-
responding to one pixel 30 shown in this FIG. 7 is applied
to an active matrix type display panel. This circuit is con-
structed such that the TFT 15 that is an erase transistor
for erasing electrical charges accumulated in the capac-
itor 13 is added to the circuit structure of the pixel 10
shown in FIG. 1 and that a diode 19 which is connected
between the source S and the drain D of the lighting drive
TFT 12 for bypassing this is added thereto further.
[0034] Inthefirstplace, the erase TFT 15is connected
in parallel to the capacitor 13 and performs an ON oper-
ation in accordance with the control signal provided from
the drive control circuit 21 while the organic EL element
14 is in a lighting operation, so that electrical charges of
the capacitor 13 can be discharged instantly. Thus, until
a next addressing time, pixels can be extinguished.
[0035] Meanwhile, the anode of the diode 19 is con-
nected to the anode of the EL element 14, and the cath-
ode of the diode 19 is connected to an anode electrode
31. Accordingly, the diode 19 is connected in parallel
between the source S and the drain D of the drive TFT
12 sothat the direction thereof becomes a direction which
is reverse to the forward direction of the EL element 14
having a diode characteristic.

[0036] In the circuit structure shown in FIG. 7, the cath-
ode of the EL element 14 is connected to a cathode elec-
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trode 32 commonly formed with respect to the scan lines
A1 to An, so that selectively the predetermined voltage
level is applied to this cathode electrode by the reverse
bias voltage applying means 27 shown in FIG. 6. That
is, here, in a case where the voltage level applied to the
common anode 31 is "Va" , for example, a voltage level
of "Vh" or "V1" is selectively applied to the cathode elec-
trode 32. The level difference of "V1" with respect to the
"Va", that is, Va to V1, is set so as to create a forward
direction (for example, of the order of 10 volts) in the EL
element 14, and thus in a case where "V1" is selectively
set at the cathode electrode 32, the EL elements 14 con-
stituting the pixels 30 respectively become in an emittable
state.

[0037] The level difference of "Vh" with respect to the
"Va", that is, Va to Vh, is set so as to create a reverse
bias voltage (for example, around -8 volts) in the EL el-
ement 14, and thus in the case where "Vh" is selectively
applied to the cathode electrode 32, the EL elements 14
constituting the pixels 30 respectively become in a
non-light emitting state. At this time, the diode 19 shown
in FIG. 7 is brought to an ON state by the reverse bias
voltage.

[0038] Now, in the above-described circuit structure,
since the supply time (lighting time) of the drive current
applied to the EL element that is a light emitting element
can be changed, the substantial light emission intensity
of the organic EL element 14 can be controlled. There-
fore, in the gradation expression in a drive device and a
drive method of a self light emitting display panel accord-
ing to the presentinvention, the base is the time gradation
method. As this time gradation method, in order to com-
pletely restrain the occurrence of the animation pseu-
do-contour noise, and in order to restrain the occurrence
of gradation abnormality, the simple subframe method is
applied. The gradation expression in the present circuit
structure can be realized by a first gradation control
means composed of the drive control circuit 21, the data
driver 24, the scan driver 25, the erase driver 26, and the
respective pixels 30 and a second gradation control
means composed of the data conversion circuit 28.
[0039] In the drive device and the drive method ac-
cording to the present invention as described above, al-
though the simple subframe method is employed for gra-
dation expression, inthe case where the simple subframe
method is employed, heretofore, for example, the
number of subframes during one frame period is in-
creased to cope with multi-gradation expression, and as
a result, harmful influence resulting from an increase of
the operational frequency has occurred.

[0040] Thereupon, in the drive device and the drive
method according to the present invention, in order to
realize multi-gradation display without increasing the
number of subframes, dither conversion processing
centering on dither processing is performed. FIG. 8 is a
blockdiagram for explaining the data conversion circuit
28 performing data conversion processing for the mul-
ti-gradation display. As shown in FIG. 8, into the data
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conversion circuit 28, 6 bits, one pixel of data, for signal
paths of respective even numbered frames and odd num-
bered frames, is sequentially inputted from the frame
memory 23. Data conversion processing is performed
for the pixel data of even numbered frames and odd num-
bered frames in first data conversion circuits 28a, 28b,
respectively.

[0041] The data conversion processing in the first data
conversion circuits 28a, 28b is performed, as a preceding
process of the dither processing performed in a latter
process, for a countermeasure against overflow in the
dither processing, a countermeasure against noise by a
dither pattern, or the like. Specifically, for example, re-
garding pixel data of even numbered frames, in the data
conversion circuit 28a, among values of 0 to 63 as 6 bit
data inputted, values 0 to 58 are outputted as they are,
1 is added to value 57 to be converted to value 58 to be
outputted, and values 58 to 63 are converted to value 60
forcibly for overflow prevention to be outputted.

[0042] Meanwhile, regarding pixel data of odd num-
bered frames, in the data conversion circuit 28b, among
values of 0 to 63 as 6 bit data inputted, 2 is added to
value 0 and values 2 to 57 to be outputted, 1 is added to
value 1 to be converted to value 2 to be outputted, and
values 58 to 63 are converted to value 60 forcibly for
overflow prevention to be outputted. Such conversion
characteristics are set in accordance with the number of
bits of input data, the number of display gradations, and
the number of compression bits by multi-gradation. In
this manner, in the first data conversion circuits 28a, 28b,
regarding the same value of input pixel data, conversion
processings for even numbered frames and odd num-
bered frames are different, and light emission intensities
of respective frames are different from one another even
when input pixel data is the same value.

[0043] Then, in dither processing circuits 28c, 28d,
dither coefficients are added to the 6 bit pixel data for
which conversion processing is performed in the first data
conversion circuits 28a, 28b, respectively, so that mul-
ti-gradation processing is imparted. In these dither
processing circuits 28c, 28d, after the dither coefficients
are added to intensity data of pixels, low-order 2 bits
among 6 bit pixel data are discarded. That is, actual gra-
dation is expressed by high-order 4 bits, and pseudo-gra-
dation display corresponding to 2 bits is realized by dither
processing.

[0044] In detail, as shown in FIG. 9, treating four hor-
izontally and vertically adjacent pixels p, g, r, and s as
one group, dither coefficients 0 to 3 that are different from
one another are allocated to respective pixel data corre-
sponding to respective pixels of this one group to perform
addition with this dither processing, four halftone display
level combinations are generated by four pixels. There-
fore, even if the number of bits of the pixel data is 4,
expressable intensity gradation level becomes four
times, that is, halftone display corresponding to 6 bits (64
gradations) becomes possible.

[0045] In FIG. 9, numbers (0, 1, 2, and 3) shown in
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respective pixels represent arrangements of dither coef-
ficients (values) added to respective pixel data. As shown
in the drawings, in the first frame and the second frame,
dither coefficients added to the same pixel are set so as
to be different from each other. At that time, the arrange-
ments of the dither coefficients are set such that the sums
of the dither coefficients of the first frame and the second
frame in the same pixel are all equal in the four pixels,
p, g, r, and s. In the example of FIG. 9, the sums of the
dither coefficients of the first frame and the second frame
in the same pixel become a value of 3.

[0046] The arrangements of such dither coefficients
are performed for noise reduction by a dither pattern.
That is, when a dither pattern by dither coefficients 0 to
3 is constantly added to the respective pixels, there are
cases where noise by this dither pattern is visually conf
irmed, and image quality is deteriorated . Thus, by vary-
ing the dither coefficients for each frame as described
above, noise by a dither pattern can be reduced.
[0047] Although FIG. 9 shows an example in which the
sum of the dither coefficients in two frames in the same
pixel is made equal, the present invention is not limited
to this, and for example, as shown in FIG. 10, the sum
of the dither coefficients in four frames in the same pixel
may be made equal. In the example of FIG. 10, the sum
of the dither coefficients in four frames in the same pixel
is 6.

[0048] Inthe case where the light emitting display pan-
el 40 is a color display panel, with respect to respective
R (red), G (green), and B (blue) light emission pixels,
dither coefficients to be added may be set so as to be
different from one another. For example, actual light
emission intensities of pixels of red and blue are lower
than actual light emission intensities in a green pixel even
if they have the same intensity data to be illuminated.
Therefore, for example as shown in FIG. 11, regarding
red and blue pixels, by the combinations of the same
dither coefficients, and regarding a green pixel, by dither
coefficients which are different from those of the case of
the red and blue pixels, noise by the dither patterns can
be further reduced.

[0049] The pixel data of 4 bits of even numbered
frames and odd numbered frames for which multi-grada-
tion processing is performed in the dither processing cir-
cuits 28c, 28d are switched alternately for each pixel data
ofoneline by a selector 28e and are outputted to a second
data conversion circuit 28f, as shown in FIG. 8.

[0050] In the second data conversion circuit 28f, pixel
data of 4 bits that is any one of the values of 0 to 15 is
converted to display pixel data HD constituted by respec-
tive first to fifteenth bits corresponding to respective sub-
frames SF 1 to 15 in accordance with a conversion table
29 shown in FIG. 12. In FIG. 12, the bit of logic level "1"
in the display pixel data HD represents an execution of
pixel light emission at a subframe SF corresponding to
this bit.

[0051] The display pixel data HD for which such a con-
version is performed is supplied to the data driver 24. At
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this time, the form of the display pixel data HD becomes
any one of 16 patterns shown in FIG. 12. The data driver
24 allows the respective first to fifteenth bits in the display
pixel data HD to be allocated to the respective subframes
SF 1 to 15. Accordingly, in a case where the bit logic is
1, by scanning of the scan driver 25, addressing to a
corresponding pixel is performed, and a light emission
operation is performed during this subframe period.
[0052] In the drive method according to the present
invention, although line data of even numbered frames
and odd numbered frames are alternately displayed dur-
ing one frame period, the ratios of the light emission pe-
riods in the respective subframes (SF 1 to 15) in each
frame are all made different from one another as shown
in FIG. 13. At that time, the lengths of the light emission
periods in the respective subframe periods are deter-
mined such that an intensity curve in respective grada-
tions displayed by the simple subframe method becomes
nonlinear (for example, gamma value 2.2) as shown in
FIG. 14. Accordingly, gradation display by the simple
subframe method can have a nonlinear characteristic
(gamma characteristic), and more natural gradation dis-
play can be realized. The erase TFT 15 is driven in ac-
cordance with an erase start pulse provided from the
drive control circuit 21 to instantly discharge electrical
charges of the capacitor 13, so that the light emission
periods during the respective subframe periods are gen-
erated.

[0053] As shown in the drawing, regarding subframe
periods of the same number, except for SF15, the light
emission periods of odd numbered frames are made
shorter than those of even numbered frames. For exam-
ple, the light emission period of the odd numbered frame
in SF3 is set to a middle level length with respect to the
light emission periods of SF2 and SF3 in the even num-
bered frames. That is, in the first data conversion circuit
28a, 28b, regarding data of the odd numbered frames
converted to data whose value is greater than that of the
even numbered frames, by setting the light emission pe-
riods thereof at lengths shorter than the light emission
periods of the even numbered frames, divergence in dis-
play intensities among respective frames is regulated.
[0054] Therefore, in a case where the values of pixel
data inputted from the frame memory 23 are the same
regarding pixels of even numbered frames and odd num-
bered frames, although displayed gradations are differ-
ent from one another regarding respective frames in re-
ality, since the light emission periods of respective frames
are different from one another, natural gradation expres-
sion is performed without generating divergence of visual
intensities. With respect to SF15, the light emission pe-
riod in the odd numbered frame is set so as to be longer
than the light emission period of the even numbered
frame, so that the light emission period of one entire
frame of an even numbered frame is equal to the light
emission period of one entire frame of an odd numbered
frame.

[0055] In this case, since the light emission period that
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should be performed in each subframe is different from
one another, 2 kinds of light emission operations of 16
gradations (actual gradations) are alternately performed
for each frame. By such driving, the number of visual
display gradations, when being integrated in the time di-
rection, increases than the case of 16 gradations. There-
fore, noise of the dither pattern by the above-described
multi-gradation processing(dither processing) becomes
difficult to be prominent, and sense of S/N is improved.
[0056] However, inthis manner, when two kinds of light
emission drives in which light emission periods during
subframe periods are different from each otherin an even
numbered frame and an odd numbered frame are per-
formed alternately, since light emission centers during
one frame period are different from each other, there are
cases where flicker may occur. Thus, in the drive device
and drive method according to the present invention, in
order to allow light emission centers of respective frames
to conform to one another, a dummy subframe (DM) is
provided in one side frame (end of the odd numbered
frame in FIG. 13) so that this period is a non-lighting pe-
riod.

[0057] Further, the reverse bias voltage is applied to
all organic EL elements by the reverse bias voltage ap-
plying means 27 during the non-lighting period in this
dummy subframe (DM) . That is, the reverse bias voltage
can be applied without specially providing a period for
applying the reverse bias voltage necessary for driving
of the light emitting display panel employing organic EL
elements.

[0058] Inprocessinginthe second data conversion cir-
cuit 28f, a conversion table 33 shown in FIG. 15 may be
employed instead of the conversion table 29 shown in
FIG. 12. That is, with this conversion table 33, the light
emission period in all gradations can be allowed to be
the center of one frame period, so that the difference
between the light emission centers of an even numbered
frame and an odd numbered frame can be made smaller.
[0059] In the drive device and the drive method ac-
cording to the present invention, in a case where actual
gradations by 4 bit pixel data and 64 gradations by the
dither processing (pseudo gradations) are expressed, it
is preferred that one gradation value to be expressed is
separately expressed by only actual gradations and by
pseudo gradations for each frame. For example, as
shown in graphs of FIG. 16, in a case of gradation value
26 to be expressed, the even numbered frame and the
odd numbered frame are not both expressed only by the
actual gradations or only by pseudo gradations, but the
odd numbered frame is expressed only by the actual gra-
dations by 4 bits while the even numbered frame is ex-
pressed by the pseudo gradations by the dither process-
ing. Accordingly, even in the case of display of the same
gradation value, since light emission patterns in respec-
tive frames are different, noise by the dither pattern can
be reduced.

[0060] Asdescribedabove,inthe embodimentaccord-
ing to the present invention, since the simple subframe



13 EP 1 619 652 A2 14

method is adopted instead of the weighting subframe
method, for gradation expression, occurrence of anima-
tion pseudo-contour noise and gradation abnormality can
be completely restrained. Further, multi-gradation
processing that is a problem in a case of employing the
simple subframe method can be resolved by employing
a dither method, and conventionally occurring harmful
effects resulting from an increase of the number of sub-
frames can be avoided.

[0061] Moreover, by contriving the arrangement of
dither coefficients, or by performing setting such that light
emission periods in subframes of the same number are
different from each other among continuing frames, noise
of the dither pattern by employing the dither method can
be reduced to improve sense of S/N.

[0062] In the structural example shown in FIG. 6, the
video signal (pixel data) outputted from the A/D converter
22 is tentatively stored in the frame memory 23 for each
one screen and thereafter processed in the data conver-
sion circuit 28. Such a structure is effective in a drive
device of a display panel of a cellular telephone or the
like in which the video data is not necessarily switched
foreachframe. However, in a case where the video signal
is inputted to the A/D converter 22, since the video signal
is inputted for each frame, the video signal (pixel data)
outputted from the A/D converter 22 may be sequentially
converted in the data conversion circuit 28 to be tenta-
tively stored in the frame memory 23 for each one screen.
[0063] Further, although the case of pixel data of 6 bits
and 64 of gradation expression is exemplified for con-
venience in the above-described embodiment, the
present invention is not limited to this, and the drive de-
vice and the drive method according to the present in-
vention can be applied to a case of display of greater
gradations or lower gradations.

Claims

1. A drive device of a self light emitting display panel
which is equipped with a plurality of light emitting
elements arranged at intersection positions between
a plurality of data lines and plurality of scan lines,
comprising a first gradation control means for
time-dividing a frame period into a plurality of sub-
frame periods and setting gradation of each pixel by
the sum of lighting periods of one or plural subframe
periods, a second gradation control means for treat-
ing mutually adjacent plural pixels as a group and
performing dither processing on a per said group ba-
sis, and a reverse bias voltage applying means for
applying a reverse bias voltage to said light emitting
elements, wherein a subframe period to be a
non-lighting period is provided in said plural sub-
frames so that during said period said reverse bias
voltage is applied to all light emitting elements by
said reverse bias voltage applying means.
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2. Thedrive device of the self light emitting display pan-
el according to claim 1, wherein in a plurality of pixels
constituting a group that is be a processing unit of
dither processing by said second gradation control
means, dither coefficient values which are added to
the same pixel in each frame are different from one
another on a per plural frames basis.

3. Thedrive device of the self light emitting display pan-
el according to claim 2, wherein in each pixel con-
stituting a group for which said dither processing is
performed, the sum of dither coefficient values which
are added in each frame is equal to one another on
a per said continuing plural frames basis.

4. Thedrive device of the self light emitting display pan-
el according to claim 2, wherein said self light emit-
ting display panel is provided with a plurality of colors
of light emitting elements, and an arrangement of
dither coefficient values in at least one color pixel is
different from an arrangement of dither coefficient
values for another color pixel in the same frame.

5. Thedrive device of the self light emitting display pan-
el according to claim 3, wherein said self light emit-
ting display panel is provided with a plurality of colors
of light emitting elements, and an arrangement of
dither coefficient values in at least one color pixel is
different from an arrangement of dither coefficient
values for another color pixel in the same frame.

6. Thedrive device of the self light emitting display pan-
el according to any one of claims 1 to 5, further com-
prising an erase transistor for discharging and eras-
ing electrical charges from a capacitor which retains
a gate potential of said lighting drive transistor,
wherein said first gradation display means discharg-
es electrical charges of said capacitor by said erase
transistor, an extinction period for extinguishing said
light emitting elements is provided, and the ratio of
lighting periods in respective subframe periods is al-
lowed to have a nonlinear characteristic.

7. Thedrive device of the self light emitting display pan-
el according to claim 6, wherein said nonlinear char-
acteristic is a gamma characteristic.

8. Thedrive device of the self light emitting display pan-
el according to claim 1, wherein said light emitting
elementis constituted by an organic EL element hav-
ing a light emission functional layer composed of at
least one layer.

9. Electronic equipment comprising the drive device of
the selflight emitting display panel according to claim

1.

10. A drive method of a self light emitting display panel
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which is equipped with a plurality of light emitting
elements arranged at intersection positions between
a plurality of data lines and plurality of scan lines,
wherein the method executes afirst gradation control
means which is for time-dividing a frame period into
a plurality of subframe periods and for setting gra-
dation of each pixel by the sum of lighting periods of
one or plural subframe periods, a second gradation
control means which is for treating mutually adjacent
plural pixels as a group and for performing dither
processing on a per said group basis, and a reverse
bias voltage applying means which is for applying
said reverse bias voltage to all light emitting ele-
ments during a subframe period provided to be a
non-lighting period among said plural subframe pe-
riods.

A drive method of a self light emitting display panel
according to claim 10, wherein in a plurality of pixels
constituting a group that is be a processing unit of
dither processing by said second gradation control
means, dither coefficient values which are added to
the same pixel in each frame are different from one
another on a per plural frames basis.
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