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(57) ABSTRACT

Provided is a display device that can sufficiently secure a
period for threshold value detection with a simple configura-
tion and that can inhibit occurrence of luminance non-unifor-
mity. The display device includes a plurality of pixel circuits;
a gate driver circuit connected to a plurality of scanning signal
lines and a plurality of control lines; and a power control
circuit connected to a plurality of power lines through a
common power line. Each pixel circuit includes an organic
EL element, a plurality of TFTs, and a capacitor. During each
frame period, after initialization and threshold value detec-
tion are collectively performed on a plurality of rows, writing
and light emission are performed sequentially on a row-by-
row basis. Here, in a preceding frame (first frame) of two
consecutive frame periods, writing is performed in order from
the first row to the nth row (ascending order). In a subsequent
frame (second frame) of the two frame periods, writing is
performed in order from the nth row to the first row (descend-
ing order).
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DISPLAY DEVICE AND DRIVE METHOD
THEREFOR

TECHNICAL FIELD

[0001] The present invention relates to a display device,
and more specifically to a display device including current-
driven self-luminous type display elements, such as an
organic EL display, and a drive method therefor.

BACKGROUND ART

[0002] As a thin, high image quality, and low power con-
sumption display device, conventionally, an organic EL
(Electro Luminescence) display is known. In the organic EL
display, a plurality of pixel circuits, each including an organic
EL element which is a current-driven self-luminous type dis-
play element and a driving transistor for driving the organic
EL element, are arranged in a matrix form.

[0003] Methods for controlling the amount of current flow-
ing through a current-driven type display element, such as an
organic EL element, are broadly classified into a constant-
current type control method (or a current specified type drive
method) in which a current to flow through the display ele-
ment is controlled based on a current flowing through a data
signal line; and a constant-voltage type control method (or a
voltage specified type drive method) in which a current to
flow through the display element is controlled based on a
voltage applied to a data signal line. When an organic EL
display is allowed to operate by the constant-voltage type
control method, there is a need to compensate for variations in
the threshold voltage of a driving transistor and a reduction in
current (reduction in luminance) resulting from an increase in
resistance caused by deterioration over time of an organic EL
element. On the other hand, in the constant-current type con-
trol method, since the current value of a data signal is con-
trolled such that a constant current flows through an organic
EL element irrespective of the above-described threshold
voltage and internal resistance of the organic EL element,
normally, the above-described compensation is not required.
However, with the constant-current type control method, the
numbers of driving transistors and wiring lines increase over
the constant-voltage type control method, reducing the aper-
ture ratio. Hence, the constant-voltage type control method is
widely adopted.

[0004] For apixel circuit that performs the above-described
compensation operation in a configuration adopting the con-
stant-voltage type control method, various types of configu-
rations are conventionally known. Japanese Patent Applica-
tion Laid-Open No. 2006-215275 describes a pixel circuit 80
shown in FIG. 28. The pixel circuit 80 includes TFTs (Thin
Film Transistors) 81 to 85, a capacitor 86, and an organic EL.
element 87. When writing is performed to the pixel circuit 80,
first, the TFTs 82 and 84 are placed in an on state, by which
the gate-source voltage of the TFT 85 (driving transistor) is
initialized. Then, the TFT 84 and the TFT 83 are placed in an
off state in turn, by which a threshold voltage of the TFT 85 is
held in the capacitor 86. Then, a data potential is applied to a
data line DTL and the TFT 81 is placed in an on state. By
controlling the TFTs in this manner, variations in the thresh-
old voltage of the TFT 85 and (a reduction in current resulting
from) an increase in resistance caused by deterioration over
time of the organic EL element 87 can be compensated for.
[0005] The pixel circuit 80 is connected to the data line
DTL, four control lines WSL, AZLL1, AZL2, and DSL, and
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three power lines (a Vofs wiring line, a Vce wiring line, and a
Vss wiring line). In general, the larger the number of wiring
lines (particularly, control lines) connected to the pixel cir-
cuit, the more complicated the circuit becomes, increasing
manufacturing costs. In view of this, Japanese Patent Appli-
cation Laid-Open No. 2006-215275 describes the pixel cir-
cuit in which the source terminal of the TFT 82 or the TFT 84
is connected to the control line WSL. Japanese Patent Appli-
cation Laid-Open No. 2007-316453 describes a pixel circuit
in which the gate terminal of the TFT 82 is connected to a
control line for a preceding row. By thus using a control line
and a power line in a shared manner, the number of wiring
lines can be reduced.

[0006] Japanese Patent Application Laid-Open No. 2007-
310311 describes a pixel circuit 90 shown in FIG. 29. The
pixel circuit 90 includes a TFT 91, a TFT 92, a capacitor 93,
and an organic EL element 94. When writing is performed to
the pixel circuit 90, first, the TFT 91 is placed in an on state.
Then, an initialization potential is applied to a power line
DSL, by which the initialization potential is provided to the
anode terminal of the organic EL element 94. Then, by apply-
ing a power supply potential to the power line DSL, a thresh-
old voltage of the TFT 92 (driving transistor) is held in the
capacitor 93. Then, a data potential is applied to a data line
DTL. By thus providing an initialization potential from the
power line, variations in the threshold voltage of the TFT 92
can be compensated for with a small number of elements.
[0007] Inaddition, Japanese Patent Application Laid-Open
No. 2007-148129 describes a pixel circuit in which an initial-
ization potential is provided from a power line and a reference
potential is provided from a data line. Furthermore, Japanese
Patent Application Laid-Open No. 2008-33193 describes a
pixel circuit that performs compensation operation (operation
for compensating for variations in threshold voltage) during a
plurality of horizontal periods before performing writing.
Moreover, Japanese Patent Application Laid-Open No. 2009-
237041 describes a display device in which a threshold volt-
age variation correction process is performed on a plurality of
lines at one time and the scanning order for writing of a
plurality of lines on which a variation correction process is
performed simultaneously is reversed every field (frame).

PRIOR ART DOCUMENTS

Patent Documents

[0008] [Patent Document 1] Japanese Patent Application
Laid-Open No. 2006-215275

[0009] [Patent Document 2] Japanese Patent Application
Laid-Open No. 2007-316453

[0010] [Patent Document 3] Japanese Patent Application
Laid-Open No. 2007-310311

[0011] [Patent Document 4] Japanese Patent Application
Laid-Open No. 2007-148129

[0012] [Patent Document 5] Japanese Patent Application
Laid-Open No. 2008-33193

[0013] [Patent Document 6] Japanese Patent Application
Laid-Open No. 2009-237041

SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

[0014] By applying the method described in Japanese
Patent Application Laid-Open No. 2006-215275 or Japanese
Patent Application Laid-Open No. 2007-316453 to the pixel
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circuit 80 shown in FIG. 28, the number of wiring lines
connected to the pixel circuit can be reduced. However, the
pixel circuit obtained by this method has a problem that the
number of TFTs is large. On the other hand, in the pixel circuit
90 shown in FIG. 29, the number of TFTs is small. However,
when the pixel circuit 90 is used, the power line DSL needs to
be driven in conjunction with a control line WSL. Hence, a
power control circuit requires the same number of output
buffers as that of power lines DSL. In addition, since the
potential of the power line DSL needs to be changed in a short
period of time in accordance with the selection period of the
control line WSL, the output buffers provided in the power
control circuit require high current capability. Therefore, the
pixel circuit 90 has a problem that the circuit size and power
consumption of the power control circuit increase.

[0015] In addition, by applying the method described in
Japanese Patent Application Laid-Open No. 2008-33193 or
Japanese Patent Application Laid-Open No. 2009-237041,
although a period required for compensation operation (also
called threshold value detection) is sufficiently secured, the
configuration becomes complex. On the other hand, if com-
pensation operation is performed during a selection period
like other conventional examples, even though the configu-
ration can be simplified, a period required to detect a thresh-
old voltage of a TFT is not sufficiently secured. Furthermore,
even when a period for compensation operation is sufficiently
secured, there is concern about the occurrence of luminance
non-uniformity on a screen, depending on the timing of com-
pensation operation or writing on a row-by-row basis.
[0016] An object of the present invention is therefore to
provide a display device capable of sufficiently securing a
period for threshold value detection with a simple configura-
tion, and capable of inhibiting the occurrence of luminance
non-uniformity.

Means for Solving the Problems

[0017] A first aspect of the present invention is directed to
an active matrix-type display device comprising:
[0018] aplurality of pixel circuits arranged to form a matrix
having a plurality of rows and a plurality of columns;
[0019] a plurality of video signal lines provided for the
respective columns of the plurality of pixel circuits;
[0020] aplurality of scanning signal lines and a plurality of
control lines provided for the respective rows of the plurality
of pixel circuits;
[0021] aplurality of power lines provided to supply a power
supply potential to the plurality of pixel circuits;
[0022] a column drive circuit that drives the plurality of
video signal lines; and
[0023] a row drive circuit that drives the plurality of scan-
ning signal lines and the plurality of control lines selectively
or collectively, wherein
[0024] each of the pixel circuits includes:
[0025] an electro-optic element that emits light based on
a current provided from the power line;
[0026] a driving transistor provided on a path of the
current flowing through the electro-optic element;
[0027] awrite control transistor that is provided between
a control terminal of the driving transistor and the video
signal line, and that electrically connects the control
terminal of the driving transistor to the video signal line
when the scanning signal line is activated by the row
drive circuit;
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[0028] alight emission control transistor that is provided
between one conduction terminal of the driving transis-
tor and the power line, and that electrically connects the
one conduction terminal of the driving transistor to the
power line when the control line is activated by the row
drive circuit; and

[0029] acapacitor provided between the control terminal
of the driving transistor and the other conduction termi-
nal of the driving transistor, and

[0030] when focusing on each row group obtained when the
plurality of rows are grouped into one or a plurality of row
groups, the row drive circuit collectively activates all of scan-
ning signal lines and control lines provided for respective
rows belonging to the row group during an initialization
period and a threshold value detection period, and selectively
and sequentially activates the scanning signal lines provided
for the respective rows belonging to the row group while
selection order is reversed every k-frame period (k is a natural
number), such that a write period for accumulating in the
capacitors charge according to an image to be displayed is
provided on a row-by-row basis, after the threshold value
detection period, the initialization period being a predeter-
mined period of time after start of a frame period and being a
period for initializing the electro-optic element, and the
threshold value detection period being a predetermined
period of time after the initialization period and being a period
for compensating for variations in the threshold voltage of the
driving transistor.

[0031] According to a second aspect of the present inven-
tion, in the first aspect of the present invention,

[0032] thekis 1.

[0033] According to a third aspect of the present invention,
in the first aspect of the present invention,

[0034] the display device further comprises

[0035] apower control circuit that drives the plurality of
power lines; and

[0036] for each of the row groups, a common power line
connected in a shared manner to a group of the plurality
of power lines, wherein

[0037] when focusing on each row group, the power control
circuit provides an initialization potential, through a common
power line corresponding to the row group, to power lines
connected to the common power line during the initialization
period, the initialization potential initializing the electro-op-
tic element.

[0038] According to a fourth aspect of the present inven-
tion, in the third aspect of the present invention,

[0039] the plurality of rows are grouped into a plurality of
rOW groups.
[0040] According to a fifth aspect of the present invention,

in the fourth aspect of the present invention,

[0041] the plurality of rows are grouped such that a plural-
ity of power lines belonging to a same row group are not
adjacent to each other.

[0042] According to a sixth aspect of the present invention,
in the fourth aspect of the present invention,

[0043] the plurality of rows are grouped into three or more
row groups.
[0044] According to a seventh aspect of the present inven-

tion, in the first aspect of the present invention,

[0045] the display device further comprises, for each of the
row groups, a common control line connected in a shared
manner to a group of the plurality of control lines, wherein
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[0046] when focusing on each row group, the row drive
circuit activates a common control line corresponding to the
row group, such that electro-optic elements in pixel circuits of
all rows belonging to the row group emit light at same timing
after completion of a write period for all rows belonging to the
row group.

[0047] According to an eighth aspect of the present inven-
tion, in the seventh aspect of the present invention,

[0048] the plurality of rows are grouped into one row group.
[0049] According to a ninth aspect of the present invention,
in the seventh aspect of the present invention,

[0050] the plurality of rows are grouped into a plurality of
rOW groups.
[0051] According to a tenth aspect of the present invention,

in the seventh aspect of the present invention,
[0052] the display device further comprises
[0053] apower control circuit that drives the plurality of
power lines; and
[0054] for each of the row groups, a common power line

connected in a shared manner to a group of the plurality

of power lines, wherein
[0055] when focusing on each row group, the power control
circuit provides an initialization potential, through a common
power line corresponding to the row group, to power lines
connected to the common power line during the initialization
period, the initialization potential initializing the electro-op-
tic element.
[0056] According to an eleventh aspect of the present
invention, in the tenth aspect of the present invention,
[0057] the plurality of rows are grouped into a plurality of
row groups.
[0058] According to a twelfth aspect of the present inven-
tion, in the eleventh aspect of the present invention,
[0059] the plurality of rows are grouped such that a plural-
ity of power lines belonging to a same row group are not
adjacent to each other.
[0060] According to a thirteenth aspect of the present
invention, in the eleventh aspect of the present invention,
[0061] the plurality of rows are grouped into three or more
row groups.
[0062] According to a fourteenth aspect of the present
invention, in the first aspect of the present invention,
[0063] when focusing on each row group, during a period
after the threshold value detection period and before a first
write period for rows belonging to the row group starts, the
row drive circuit collectively activates all scanning signal
lines provided for the respective rows belonging to the row
group, and the column drive circuit applies a reverse bias
potential to the plurality of video signal lines, the reverse bias
potential placing the driving transistor in a reverse bias state.
[0064] A fifteenth aspect of the present invention is directed
to a drive method for an active matrix-type display device
including a plurality of pixel circuits arranged to form a
matrix having a plurality of rows and a plurality of columns;
a plurality of video signal lines provided for the respective
columns of the plurality of pixel circuits; a plurality of scan-
ning signal lines and a plurality of control lines provided for
the respective rows of the plurality of pixel circuits; and a
plurality of power lines provided to supply a power supply
potential to the plurality of pixel circuits, the method com-
prising:
[0065] a column driving step of driving the plurality of
video signal lines; and
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[0066] a row driving step of driving the plurality of scan-
ning signal lines and the plurality of control lines selectively
or collectively, wherein

[0067] each of the pixel circuits includes:

[0068] an electro-optic element that emits light based on
a current provided from the power line;

[0069] a driving transistor provided on a path of the
current flowing through the electro-optic element;

[0070] awrite control transistor that is provided between
a control terminal of the driving transistor and the video
signal line, and that electrically connects the control
terminal of the driving transistor to the video signal line
when the scanning signal line is activated in the row
driving step;

[0071] alight emission control transistor that is provided
between one conduction terminal of the driving transis-
tor and the power line, and that electrically connects the
one conduction terminal of the driving transistor to the
power line when the control line is activated in the row
driving step; and

[0072] acapacitor provided between the control terminal
of the driving transistor and the other conduction termi-
nal of the driving transistor, and

[0073] when focusing on each row group obtained when the
plurality of rows are grouped into one or a plurality of row
groups, in the row driving step, all of scanning signal lines and
control lines provided for respective rows belonging to the
row group are collectively activated during an initialization
period and a threshold value detection period, and the scan-
ning signal lines provided for the respective rows belonging
to the row group are selectively and sequentially activated
while selection order is reversed every k-frame period (k is a
natural number), such that a write period for accumulating in
the capacitors charge according to an image to be displayed is
provided on a row-by-row basis, after the threshold value
detection period, the initialization period being a predeter-
mined period of time after start of a frame period and being a
period for initializing the electro-optic element, and the
threshold value detection period being a predetermined
period of time after the initialization period and being a period
for compensating for variations in the threshold voltage of the
driving transistor.

[0074] According to a sixteenth aspect of the present inven-
tion, in the fifteenth aspect of the present invention,

[0075] thekis 1.

[0076] According to a seventeenth aspect of the present
invention, in the fifteenth aspect of the present invention,
[0077] when focusing on each row group, during a period
after the threshold value detection period and before a first
write period for rows belonging to the row group starts, in the
row driving step, all scanning signal lines provided for the
respective rows belonging to the row group are collectively
activated, and in the column driving step, a reverse bias poten-
tial is applied to the plurality of video signal lines, the reverse
bias potential placing the driving transistor in a reverse bias
state.

Effects of the Invention

[0078] According to the first aspect of the present inven-
tion, when focusing on each row group, an order of selecting
the scanning signal lines (a scanning order) for writing to the
capacitors in the pixel circuits is reversed every predeter-
mined frame period. Hence, the length of the total period
(standby period) from the time of completion of threshold
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value detection until the time of start of writing becomes
substantially equal for all rows. Although leakage current
may occur in a driving transistor or an electro-optic element
during the standby period, the amount of movement of charge
caused by the leakage current becomes substantially equal for
all rows. As a result, the occurrence of luminance non-uni-
formity resulting from leakage current is suppressed. In addi-
tion, in each frame period, since initialization and threshold
value detection of pixel circuits of all rows belonging to each
row group are performed collectively, a sufficiently long ini-
tialization period and a sufficiently long threshold value
detection period can be set. Hence, even when the power lines
are driven by a circuit with relatively low drive capability,
initialization operation can be reliably performed. In addi-
tion, since threshold value detection is reliably performed, the
accuracy of compensation for variations in threshold voltage
(threshold value compensation) can be improved. Further-
more, compared to a configuration in which threshold value
detection is performed during a period of selecting a scanning
signal line, a write period can be sufficiently secured.
[0079] According to the second aspect of the present inven-
tion, when focusing on each row group, the scanning order for
writing to the capacitors in the pixel circuits is reversed every
frame period. Hence, the occurrence of luminance non-uni-
formity resulting from leakage current in the driving transis-
tor or the electro-optic element in the pixel circuit is effec-
tively suppressed.

[0080] According to the third aspect of the present inven-
tion, a common power line is provided for each row group,
and a power supply potential and an initialization potential
are supplied to the power lines from the power control circuit
through the common power lines. Hence, the number of out-
put buffers to be provided in the power control circuit is
smaller than the number of power lines. Thus, compared to a
configuration in which the power lines are driven individu-
ally, the circuit size of the power control circuit can be
reduced. In addition, since supply of the initialization poten-
tial is performed using the power lines, signal lines for sup-
plying the initialization potential, or the like, become unnec-
essary and thus the number of elements in the pixel circuits
can be reduced.

[0081] According to the fourth aspect of the present inven-
tion, initialization of the pixel circuits can be performed at
suitable timing on a row-group-by-row-group basis.

[0082] According to the fifth aspect of the present inven-
tion, a difference in luminance occurring at the center of the
screen can be prevented because the amounts of currents
flowing through the plurality of common power lines are
substantially the same, whereas a difference in luminance
may occur at the center of the screen when there is a big
difference in current flowing through power lines between the
upper half of the screen and the lower half of the screen in the
case in which the rows are grouped such that two adjacent
power lines belong to the same row group.

[0083] According to the sixth aspect of the present inven-
tion, during a period in which pixel circuits of rows belonging
to a given row group perform initialization and threshold
value detection, pixel circuits of rows belonging to other two
or more row groups perform light emission. Hence, the light
emission period can be made relatively long.

[0084] According to the seventh aspect of the present
invention, a common control line is provided for each row
group, and the row drive circuit is electrically connected to
each control line through a corresponding common control
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line. Hence, the number of pins (terminals) to be provided on
acircuit for driving the control lines can be made smaller than
the number of the control lines. In addition, pixel circuits of
all rows belonging to one row group can be allowed to emit
light at the same timing. Hence, the length of the period from
the time of completion of threshold value detection until the
time of start of light emission becomes equal for all rows
belonging to each row group. By this, the magnitude of leak-
age current occurring in the driving transistor in the pixel
circuit becomes substantially the same for all rows belonging
to each row group. As a result, the occurrence of luminance
non-uniformity resulting from leakage current in the driving
transistor is suppressed.

[0085] According to the eighth aspect of the present inven-
tion, the size of a circuit for driving the control lines can be
effectively reduced. In addition, since the pixel circuits of all
rows can be allowed to emit light at the same timing, the
occurrence of luminance non-uniformity resulting from leak-
age current in the driving transistor is effectively suppressed.

[0086] According to the ninth aspect of the present inven-
tion, the occurrence of luminance non-uniformity resulting
from leakage current in the driving transistor is suppressed,
and initialization of the pixel circuits can be performed at
suitable timing on a row-group-by-row-group basis.

[0087] According to the tenth aspect of the present inven-
tion, in the display device configured to include a common
control line for each row group, the same effect as that
obtained in the third aspect of the present invention is
obtained.

[0088] According to the eleventh aspect of the present
invention, in the display device configured to include a com-
mon control line for each row group, the same effect as that
obtained in the fourth aspect of the present invention is
obtained.

[0089] According to the twelfth aspect of the present inven-
tion, in the display device configured to include a common
control line for each row group, the same effect as that
obtained in the fifth aspect of the present invention is
obtained.

[0090] According to the thirteenth aspect of the present
invention, in the display device configured to include a com-
mon control line for each row group, the same effect as that
obtained in the sixth aspect of the present invention is
obtained.

[0091] According to the fourteenth aspect of the present
invention, in each pixel circuit, a reverse bias is applied to the
control terminal of the driving transistor during the period
from the time of completion of threshold value detection until
the time when writing starts. Hence, a shift in the threshold
characteristic of the driving transistor is suppressed. Here, the
scanning signal lines are selectively and sequentially acti-
vated while the selection order is reversed every predeter-
mined frame period. Hence, the cumulative time during
which the reverse bias is applied to the control terminal of the
driving transistor becomes substantially equal for the pixel
circuits of all rows. As a result, a shift in the threshold char-
acteristic of the driving transistor is suppressed without caus-
ing variations between rows.

[0092] According to the fifteenth aspect of the present
invention, a drive method for a display device can bring about
the same effect as that obtained in the first aspect of the
present invention.
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[0093] According to the sixteenth aspect of the present
invention, a drive method for a display device can bring about
the same effect as that obtained in the second aspect of the
present invention.

[0094] According to the seventeenth aspect of the present
invention, a drive method for a display device can bring about
the same effect as that obtained in the fourteenth aspect of the
present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0095] FIG. 1 is a diagram showing the operation of pixel
circuits of each row in a display device according to a first
embodiment of the present invention.

[0096] FIG. 2 is a block diagram showing an overall con-
figuration of the display device in the first embodiment.
[0097] FIG. 3 is a diagram showing a connection form of
power lines in the first embodiment.

[0098] FIG. 4 is a circuit diagram showing a configuration
of a pixel circuit in the first embodiment.

[0099] FIG. 5 is a timing chart (first frame) showing a
method of driving the pixel circuits in the first embodiment.
[0100] FIG. 6 is a timing chart (second frame) showing a
method of driving the pixel circuits in the first embodiment.
[0101] FIG. 7 is a diagram showing a connection form of
power lines in a first variant of the first embodiment.

[0102] FIG. 8 is a diagram showing the operation of pixel
circuits of each row in the first variant of the first embodiment.
[0103] FIG. 9 is a diagram showing a connection form of
power lines in a second variant of the first embodiment.
[0104] FIG. 10 is a diagram showing the operation of pixel
circuits of each row in the second variant of the first embodi-
ment.

[0105] FIG. 11 is a diagram showing a connection form of
power lines in a third variant of the first embodiment.
[0106] FIG. 12 is a diagram showing the operation of pixel
circuits of each row in the third variant of the first embodi-
ment.

[0107] FIG. 13 is a block diagram showing an overall con-
figuration of a display device according to a second embodi-
ment of the present invention.

[0108] FIG. 14 is a diagram showing the connection forms
of power lines and control lines in the second embodiment.
[0109] FIG. 15 is a timing chart (first frame) showing a
method of driving pixel circuits in the second embodiment.
[0110] FIG. 16 is a timing chart (second frame) showing a
method of driving the pixel circuits in the second embodi-
ment.

[0111] FIG. 17 is a diagram showing the operation of pixel
circuits of each row in the second embodiment.

[0112] FIG. 18 is a diagram showing the connection forms
of power lines and control lines in a first variant of the second
embodiment.

[0113] FIG. 19 is a diagram showing the operation of pixel
circuits of each row in the first variant of the second embodi-
ment.

[0114] FIG. 20 is a diagram showing the connection forms
of power lines and control lines in a second variant of the
second embodiment.

[0115] FIG. 21 is a diagram showing the operation of pixel
circuits of each row in the second variant of the second
embodiment.

[0116] FIG. 22 is a diagram showing the connection forms
of power lines and control lines in a third variant of the second
embodiment.
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[0117] FIG. 23 is a diagram showing the operation of pixel
circuits of each row in the third variant of the second embodi-
ment.

[0118] FIG. 24 is a timing chart (first frame) showing a
method of driving pixel circuits in a third embodiment of the
present invention.

[0119] FIG. 25 is a timing chart (second frame) showing a
method of driving the pixel circuits in the third embodiment.
[0120] FIG. 26 is a diagram showing the operation of pixel
circuits of each row in the third embodiment.

[0121] FIG. 27 is a diagram showing the operation of pixel
circuits of each row in a variant of the third embodiment.
[0122] FIG. 28 is a circuit diagram of a pixel circuit
included in a conventional display device.

[0123] FIG. 29 is a circuit diagram of a pixel circuit
included in another conventional display device.

MODES FOR CARRYING OUT THE INVENTION

[0124] Embodiments of the present invention will be
described below with reference to the accompanying draw-
ings.

1. First Embodiment

1.1 Overall Configuration

[0125] FIG. 2 is a block diagram showing an overall con-
figuration of a display device according to a first embodiment
ofthe present invention. A display device 100 shown in FIG.
2 is an organic EL display including a display control circuit
1, agate driver circuit 2, a source driver circuit 3, a power
control circuit 4, and (mxn) pixel circuits 10. In the following,
m and n are integers greater than or equal to 2, i is an integer
between 1 and n inclusive, and j is an integer between 1 and m
inclusive. In the present embodiment, a row drive circuit is
implemented by the gate driver circuit 2, and a column drive
circuit is implemented by the source driver circuit 3.

[0126] The display device 100 is provided with n scanning
signal lines Gi parallel to one another and m data lines Sj
parallel to one another and intersecting the scanning signal
lines Gi. The (mxn) pixel circuits 10 are arranged in a matrix
form at the respective intersections of the scanning signal
lines Gi and the data lines S;j. In addition, n control lines Ei
and n power lines VPi are provided parallel to the scanning
signal lines Gi. Furthermore, common power lines 9 which
are main wiring lines for current supply to connect the power
control circuit 4 to the power lines VPi are provided. The
scanning signal lines Gi and the control lines Ei are connected
to the gate driver circuit 2, and the data lines Sj are connected
to the source driver circuit 3. The power lines VPi are con-
nected to the power control circuit 4 through the common
power lines 9. A common potential Vcom is supplied to the
pixel circuits 10 by a common electrode which is not shown.
Herein, although the configuration is such that one end of
each power line VPi is connected to a corresponding common
power line 9, the configuration may be such that both ends (or
three or more connecting points) of each power line VPi are
connected to a corresponding common power line 9.

[0127] Thedisplay control circuit 1 outputs various types of
control signals to the gate driver circuit 2, the source driver
circuit 3, and the power control circuit 4. More specifically,
the display control circuit 1 outputs a timing signal OE, a start
pulse Y], and a clock YCK to the gate driver circuit 2, outputs
a start pulse SP, a clock CLK, display data DA, and a latch
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pulse LP to the source driver circuit 3, and outputs a control
signal CS to the power control circuit 4.

[0128] The gate driver circuit 2 includes a shift register
circuit, a logic operation circuit, and a buffer. The shift reg-
ister circuit sequentially transfers a start pulse Y1 in synchro-
nization with the clock YCK. The logic operation circuit
performs a logic operation between a pulse outputted from
each stage of the shift register circuit and a timing signal OE.
An output from the logic operation circuit is provided to a
corresponding scanning signal line Gi and control line Ei
through the buffer. A single scanning signal line Gi has m
pixel circuits 10 connected thereto. The pixel circuits 10 are
selected such that m pixel circuits 10 are selected collectively
using a corresponding scanning signal line Gi. The timing
signal OF may be composed of a plurality of signals, depend-
ing on the configuration of the logic operation circuit. It
should be noted that, in the present embodiment, the gate
driver circuit 2 includes a portion that functions as a scanning
signal line drive circuit which drives the scanning signal lines
Gi, and a portion that functions as a control line drive circuit
which drives the control lines Ei.

[0129] The source driver circuit 3 includes an m-bit shift
register 5, a register 6, a latch circuit 7, and m D/A converters
8. The shift register 5 has m cascade-connected registers, and
transfers the start pulse SP supplied to the register of the first
stage, in synchronization with the clock CLK, and outputs
timing pulses DLP from the registers of the respective stages.
Display data DA is supplied to the register 6 in accordance
with the output timing of the timing pulses DLP. The register
6 stores the display data DA according to the timing pulses
DLP. When display data DA for one row is stored in the
register 6, the display control circuit 1 outputs a latch pulse LP
to the latch circuit 7. When the latch circuit 7 receives the
latch pulse LP, the latch circuit 7 holds the display data stored
in the register 6. The D/A converters 8 are provided for the
respective data lines Sj. The D/A converters 8 convert the
display data held in the latch circuit 7 into analog voltages and
apply the obtained analog voltages to the data lines Sj.
[0130] The power control circuit 4 has p output terminals
for the respective p common power lines 9. The power control
circuit 4 applies, based on a control signal CS, a power supply
potential and an initialization potential to the common power
lines 9 in a switching manner. When p=1, all of the power
lines VPi are connected to a single common power line 9. In
this case, the power control circuit 4 applies an initialization
potential to the single common power line 9 at predetermined
timing. When pZ2, the power lines VPi are divided into p
groups, and power lines included in each group are connected
to the same common power line 9. In this case, the power
control circuit 4 applies an initialization potential to the p
common power lines 9 at different timings. In the following,
description is made assuming that the power supply potential
is a high-level potential and the initialization potential is a
low-level potential.

[0131] Herein, first, the case of p=1 will be described as an
example, and the case of p=2 will be described later as
variants (the case of p=2: a first variant and a second variant,
and the case of p=3: a third variant). FIG. 3 is a diagram
showing a connection form of power lines VPi in the present
embodiment. As shown in FIG. 3, the display device 100 is
provided with a single common power line 111 to connect a
power control circuit 4a to the power lines VPi. One end of the
common power line 111 is connected to one output terminal
of the power control circuit 4a, and all of the power lines VPi
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are connected to the common power line 111. That is, in the
present embodiment, one row group is formed by the first to
the nth row. Note that, although the common power line 111
is described assuming that it is a main wiring line for current
supply, the common power line 111 does not need to be a
main wiring line, provided that the common power line 111
can connect all of the power lines VPi to the power control
circuit 4a in a shared manner. Note also that, for the number
of common power lines and the location of the connection
between a common power line(s) and the power lines VPj, all
known configurations can be applied.

1.2 Configuration of the Pixel Circuits

[0132] FIG. 4 is a circuit diagram showing a configuration
of a pixel circuit 10. As shown in FIG. 4, the pixel circuit 10
includes TFTs 11 to 13, a capacitor 15, and an organic EL
element 16. The TFTs 11 to 13 are all N-channel type tran-
sistors. The TFT 11 functions as a write control transistor. The
TFT 12 functions as a driving transistor. The TFT 13 func-
tions as a light emission control transistor. The organic EL,
element 16 functions as an electro-optic element.

[0133] Inthis specification, the electro-optic element refers
to all elements whose optical characteristics are changed by
providing electricity thereto, such as an FED (Field Emission
Display), an LED, a charge-driven element, liquid crystal,
and E ink (electronic ink), in addition to an organic EL ele-
ment. Although in the following an organic EL element is
exemplified as an electro-optic element, as long as the elec-
tro-optic element is a light emitting element whose amount of
light emission is controlled according to the amount of cur-
rent, the same description is possible.

[0134] Asshown in FIG. 4, the pixel circuit 10 is connected
to a scanning signal line Gi, a control line Ei, a data line Sj, a
power line VPi, and an electrode having a common potential
Veom. The TFT 11 is connected at its one conduction termi-
nal to the data line Sj, and is connected at its other conduction
terminal to the gate terminal of the TFT 12. The TFT 13 is
connected at its drain terminal to the power line VPi, and is
connected at its source terminal to the drain terminal of the
TFT 12. The source terminal of the TFT 12 is connected to the
anode terminal of the organic EL. element 16. The common
potential Vcom is applied to the cathode terminal of the
organic EL element 16. The capacitor 15 is provided between
the gate and source terminals of the TFT 12. The gate terminal
of'the TFT 11 is connected to the scanning signal line Gi, and
the gate terminal of the TFT 13 is connected to the control line
Ei.

1.3 Drive Method

[0135] FIGS. 5and 6 are timing charts showing a method of
driving the pixel circuits 10 in the present embodiment. FIG.
5 is a timing chart of a preceding frame (referred to as the
“first frame”) of two consecutive frame periods. FIG. 6 is a
timing chart of a subsequent frame (referred to as the “second
frame”) of the two frame periods. In FIGS. 5 and 6, VGi
indicates the gate potential of TFTs 12 included in pixel
circuits 10 of an ith row, and VSi indicates the source potential
of the TFTs 12 (the anode potential of organic EL elements
16). Each pixel circuit 10 performs one initialization, one
threshold value detection (detection of a threshold value of a
TFT 12), one writing, and one light emission during one
frame period, and turns its light off during periods other than
the light emission period. Note that, although the organic EL
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element 16 is the one that emits light (and turns its light off),
since the pixel circuit 10 includes the organic EL element 16,
the phrases “the pixel circuit 10 emits light” and “the pixel
circuit 10 turns its light off” are used in the following. Note
also that a frame period is a unit period for displaying a single
image, and may include a black insertion period and the like,
and can be set to various lengths.

[0136] With reference to FIG. 5, the operation of each of
pixel circuits 10 of the first row for the first frame will be
described. Prior to time t11, the potentials of the scanning
signal line G1 and the control line E1 are atalow level, and the
potential of the power line VP1 is at a high level. At time t11,
the potentials of the scanning signal line G1 and the control
line E1 change to a high level (become active). By this, the
TFT 11 and the TFT 13 are placed in an on state. In addition,
at time t11, the potential of the power line VP1 changes to a
low level. The low-level potential of the power line VPi is
hereinafter referred to as VP_L. For the potential VP_L, a
sufficiently low potential, specifically, a potential lower than
the gate potential of the TFT 12 obtained immediately before
time t11, is used. In addition, at time t11, a reference potential
Vref is applied to the data line Sj. Thus, as described above,
since the TFT 11 is placed in an on state, the reference
potential Vref is provided to the gate of the TFT 12. The
reference potential Vref is set to a relatively high level, and
thus the TFT 12 is placed in an on state. As described above,
since the TFT 13 is also in the on state, a source potential VS1
of the TFT 12 becomes substantially equal to VP_L.

[0137] At time t12, the potential of the power line VP1
changes to a high level. At this time, the reference potential
Vrefis being applied to the data line Sj. The reference poten-
tial Vref'is determined such that the TFT 12 is placed in an on
state immediately after the above-described time t11, and the
applied voltage to an organic EL element 16 does not exceed
a light emission threshold voltage after time t12. Hence, after
time t12, the TFT 12 is maintained in the on state, but a current
does not flow through the organic EL element 16. Therefore,
a current flows into the source terminal of the TFT 12 from the
power line VP1 through the TFT 13 and the TFT 12, and thus
the source potential VS1 of the TFT 12 rises. The source
potential VS1 of the TFT 12 rises until a gate-source voltage
Vgs becomes equal to a threshold voltage Vth, and reaches
(Vref-Vth).

[0138] At time t13, the potential of the scanning signal line
G1 changes to a low level. By this, the TFT 11 is placed in an
off state. In addition, since the potential of the control line E1
also changes to a low level, the TFT 13 is placed in an off state
after time t13. Hence, the source potential VS1 of the TFT 12
is maintained substantially at (Vref-Vth).

[0139] Attime t14, the potential of the scanning signal line
G1 changes to a high level, and the potential of the data line Sj
reaches a level according to display data. The potential of the
data line Sj obtained at this time is hereinafter referred to as a
data potential Vdai. After time t14, the TFT 11 is placed in an
on state and a gate potential VG1 of the TFT 12 changes from
Vrefto Vdal. The gate-source voltage Vgs of the TFT 12 after
time t14 is given by the following equation (1):

Vgs ={CoLep / (Corep + Cs)t X (Vdal — Vref ) + Vih. (D
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[0140] In the equation (1), C,, zp is the capacitance value
of'the organic EL element 16, and C_, is the capacitance value
of a capacitor 15.

[0141] The capacitance value of the organic EL element 16
is sufficiently large, and thus C; ,>>C,,, holds true. Hence,
the equation (1) can be transformed (approximated) into the
following equation (2):

Vgs=Vdal-Vref+Vth 2).

[0142] As such, when the gate potential VG1 of the TFT 12
is changed from Vref to Vdal, the source potential VS1 of the
TFT 12 does not change almost at all, and the gate-source
voltage Vgs of the TFT 12 reaches substantially (Vdal-Vref+
Vth).

[0143] Attime t15, the potential of the scanning signal line
G1 changesto a low level. After time t15, the TFT 11 is placed
in an off state. Hence, even when the potential of the data line
Sj changes, the gate-source voltage Vgs of the TFT 12 is
maintained substantially at (Vdal-Vref+Vth).

[0144] At time t16, the potential of the control line E1
changes to a high level. After time t16, the TFT 13 is placed in
an on state, and the drain terminal of the TFT 12 is connected
to the power line VP1 through the TFT 13. At this time, since
the potential of the power line VP1 is at the high level, a
current flows into the source terminal of the TFT 12 from the
power line VP1 through the TFT 13 and the TFT 12, and thus
the source potential VS1 of the TFT 12 rises. At this point in
time, the gate terminal of the TFT 12 is in a floating state.
Therefore, when the source potential VS1 of the TFT 12 rises,
the gate potential VG1 of the TFT 12 also rises. At this time,
the gate-source voltage Vgs of the TFT 12 is maintained
substantially constant.

[0145] The high-level potential applied to the power line
VP1 is determined such that the TFT 12 operates in a satura-
tion region during a light emission period (time t16 to t17).
Hence, a current I flowing through the TFT 12 during the light
emission period is given by the following equation (3), ignor-
ing the channel-length modulation effect:

I=Y5 W /L Cox(Vgs—Vih)? G3).

[0146] Inthe equation (3), W is the gate width, L is the gate
length, p is the carrier mobility, and Cox is the capacitance of
a gate oxide film.

[0147] Then, the following equation (4) is derived from the
equation (2) and the equation (3):

I=1>W/L-pCox(Vdal-Vref)? @).

[0148] The current I shown in the equation (4) changes
according to the data potential Vdal, but does not depend on
the threshold voltage Vth of the TFT 12. Therefore, even
when the threshold voltage Vth varies or when the threshold
voltage Vth changes over time, a current according to the data
potential Vdal can be allowed to flow through the organic EL,
element 16, and thus the organic EL element 16 can be
allowed to emit light at a desired luminance.

[0149] At time t17, the potential of the control line E1
changes to a low level. After time t17, the TFT 13 is placed in
an off state. Hence, a current does not flow through the
organic EL element 16, and thus the pixel circuit 10 turns its
light off.

[0150] As described above, the pixel circuits 10 of the first
row perform initialization during the period from time t11 to
time t12, perform threshold value detection during the period
from time t12 to time t13, perform writing during the period
from time t14 to time t15, emit light during the period from
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time t16 to time t17, and turn their light off during periods
other than the period from time t16 to time t17.

[0151] Pixel circuits 10 of the second row perform initial-
ization during the period from time t11 to time t12 and per-
form threshold value detection during the period from time
t12 to time t13, as with the pixel circuits 10 of the first row, and
then perform writing and light emission, delayed by a prede-
termined time period Ta from the pixel circuits 10 of the first
row. In general, pixel circuits 10 of an ith row perform ini-
tialization and threshold value detection during the same
period as pixel circuits 10 of other rows, and perform writing
and light emission, delayed by the time period Ta from pixel
circuits 10 of an (i-1)th row. As such, in the first frame, the
writing and light emission of the pixel circuits 10 on a row-
by-row basis are performed in ascending order.

[0152] Next, the operation of the pixel circuits 10 for the
second frame will be described. As is grasped from FIG. 6,
also in the second frame, first, the pixel circuits 10 of all rows
perform initialization and threshold value detection. There-
after, writing and light emission are performed in reverse
order from that for the first frame (in descending order).
Specifically, the pixel circuits 10 of all rows perform initial-
ization during the period from time t21 to time t22, and
perform threshold value detection during the period from
time t22 to time t23. Thereafter, the pixel circuits 10 of the nth
row to the first row perform writing and light emission in
descending order, delayed by a predetermined time period Ta.
In general, pixel circuits 10 of an ith row perform initializa-
tion and threshold value detection during the same period as
pixel circuits 10 of other rows, and perform writing and light
emission, delayed by the time period Ta from pixel circuits 10
of an (i+1)th row. As such, in the second frame, the writing
and light emission of the pixel circuits 10 on a row-by-row
basis are performed in descending order.

[0153] As described above, in the present embodiment, in
all frames, first, the pixel circuits 10 of all rows perform
initialization and threshold value detection. Thereafter, the
writing and light emission of the pixel circuits 10 are per-
formed on a row-by-row basis such that the scanning order is
reversed every frame.

[0154] FIG. 1 is a diagram showing the operation of pixel
circuits 10 of each row in the present embodiment. In both of
the first and second frames, the power control circuit 4a
applies a low-level potential (initialization potential) to the
common power line 111 for a predetermined time period at
the start of one frame period. Hence, the pixel circuits 10 ofall
rows perform initialization at the start of one frame period.
Then, in both of the first and second frames, the pixel circuits
10 of all rows perform threshold value detection immediately
after the initialization. Subsequently, in the first frame, pixel
circuits 10 of the first row are selected, and the pixel circuits
10 of the first row perform writing. Then, pixel circuits 10 of
the second row are selected, and the pixel circuits 10 of the
second row perform writing. Thereafter, likewise, pixel cir-
cuits 10 of the third to the nth row are selected in turn on a
row-by-row basis, and the selected pixel circuits 10 perform
writing. On the other hand, in the second frame, after the
threshold value detection, pixel circuits 10 of the nth row are
selected, and the pixel circuits 10 of the nth row perform
writing. Then, pixel circuits 10 of the (n-1)th row are selected,
and the pixel circuits 10 of the (n-1)th row perform writing.
Thereafter, likewise, pixel circuits 10 of the (n-2)th to the first
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row are selected on a row-by-row basis in reverse order from
that for the first frame, and the selected pixel circuits 10
perform writing.

[0155] The pixel circuits 10 of each row turn their light off
during the period from threshold value detection until imme-
diately before writing. Meanwhile, the pixel circuits 10 of
each row need to emit light for the same amount of time. In
addition, in the first frame, light emission of pixel circuits 10
of the nth row needs to be completed before the end of the
frame period. Furthermore, in the second frame, light emis-
sion of pixel circuits 10 of the first row needs to be completed
before the end of the frame period. Hence, the pixel circuits
10 of each row emit light for a fixed time period T1 after
writing, and turn their light off during other periods.

[0156] In a common display device, writing to the pixel
circuits 10 (of all rows) is performed over one frame period.
On the other hand, in the present embodiment, as shown in
FIG. 1, (in order to secure a light emission period of about a
5 frame), writing to the pixel circuits 10 is performed over
about a ¥4 frame period. Hence, the scanning speed of the
pixel circuits 10 is about twice the normal one. It should be
noted that, although in this example the length T1 of the light
emission period of the pixel circuits 10 is about a ¥ frame
period, the length of the light emission period may be made
shorter than a %% frame period, with the scanning speed of the
pixel circuits 10 remaining about twice the normal one. Alter-
natively, the scanning speed of the pixel circuits 10 may be
made faster than about twice the normal one, and the length of
the light emission period may be made longer than a %2 frame
period.

1.4 Effects

[0157] A display device according to the present embodi-
ment includes a plurality of pixel circuits 10 arranged in a
matrix form; a plurality of scanning signal lines Gi and a
plurality of control lines Ei provided for the respective rows
of'the pixel circuits 10; a plurality of data lines Sj provided for
the respective columns of the pixel circuits 10; a plurality of
power lines VPi provided to supply a power supply potential
to the pixel circuits 10; a common power line(s) 9 (111)
connected to the n power lines VPi; a gate driver circuit 2 that
drives the scanning signal lines Gi and the control lines Ei; a
source driver circuit 3 that drives the data lines Sj; and a power
control circuit 4 (4a)that drives the power lines VPi. Each
pixel circuit 10 includes an organic EL element 16 (electro-
optic element) ; a TFT 12 (driving transistor) provided on a
path of a current flowing through the organic EL element 16;
aTFT 11 (write control transistor) provided between the gate
terminal of the TFT 12 and a corresponding data line Sj; a
TFT 13 (light emission control transistor) provided between
the drain terminal of the TFT 12 and a corresponding power
line VPi; and a capacitor 15 provided between the source and
gate terminals of the TFT 12. According to the present
embodiment, in a configuration as described above, in all
frames, after the pixel circuits 10 of all rows perform initial-
ization and threshold value detection, the pixel circuits 10 are
selected in turn on a row-by-row basis. Each of the selected
pixel circuits 10 performs writing to the capacitor 15 provided
between the source and gate terminals of the TFT 12 func-
tioning as a driving transistor, and light emission based on the
writing. Meanwhile, as described above, upon threshold
value detection, the applied voltage to the organic EL element
16 does not exceed a light emission threshold voltage, and
during the period after the threshold value detection and
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before writing starts, the gate-source voltage Vgs of the TFT
12 is maintained in a state of being equal to a threshold
voltage Vth. Hence, as shown in FIGS. 5 and 6, during the
period from the time of completion of threshold value detec-
tionuntil the time of start of writing (hereinafter, referred to as
the “standby period™), ideally, the source potential VSi of the
TFT12,1.e., the anode potential of the organic EL element 16,
is maintained. However, the movement of charge caused by
leakage current in the TFT 12 and the organic EL element 16
is not always zero. Therefore, the anode potential of the
organic EL element 16 when writing is performed may vary
from row to row, depending on the length of the standby
period. For example, a case may be considered in which due
to leakage current in the organic EL element 16, the anode
potential is relatively high in a row with a short standby
period, and the anode potential is relatively low in a row with
a long standby period. When such a case occurs, even if
writing based on a data signal with a fixed luminance value is
performed, the luminance actually appearing on a screen may
vary depending on the scanning order (the selection order of
the pixel circuits on a row-by-row basis). As a result, lumi-
nance non-uniformity occurs. In this regard, according to the
present embodiment, the scanning order is reversed every
frame. Hence, with two frame periods being one unit period,
the length of the total standby period during one unit period
becomes equal for all rows. By this, the amount of movement
of charge caused by leakage current in the TFT 12 and the
organic EL element 16 becomes equal for all rows. As aresult,
the amount of change in the anode potential of the organic EL
element 16 when performing writing becomes substantially
equal for all of the pixel circuits 10, suppressing the occur-
rence of luminance non-uniformity.

[0158] In addition, since initialization of the pixel circuits
10 of all rows is collectively performed at the start of each
frame period, the initialization period can be set to be an
appropriate period, typically, a period longer than the selec-
tion period. Hence, even when the current capability of output
buffers included in the power control circuit 4 is low, suffi-
cient drive can be performed. Furthermore, the power control
circuit 4 drives a single common power line 9 electrically
connected to all of the power lines VPi. Therefore, compared
to a configuration in which the power lines VPi are driven
individually, the number of output buffers to be provided in
the power control circuit 4 is significantly reduced, enabling
to reduce the circuit size of the power control circuit 4. In
addition, since supply of an initialization potential is per-
formed using the power lines VPi, signal lines for supplying
an initialization potential, or the like, become unnecessary,
and thus the number of elements in the pixel circuits 10 can be
reduced. Furthermore, since the number of drives of a power
supply can be set to 1 per frame, power consumption can be
reduced over the case of, for example, performing such a
number of drives that corresponds to the number of rows of
the pixel circuits 10. In addition, since the number of common
power lines 9is 1 (or a small number), the area of a wiring line
region for power supply can be reduced.

[0159] Moreover, since the pixel circuits 10 of all rows
perform threshold value detection collectively, the threshold
value detection period can be set to be an appropriate period,
typically, a period longer than the selection period. Hence,
threshold value detection can be reliably performed, enabling
to improve the accuracy of threshold value compensation. In
addition, compared to a configuration in which threshold
value detection is performed during a selection period, a pixel
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data write period can be sufficiently secured. Hence, the
presentinvention can be easily applied even in a configuration
in which the write period is short, for example, a three-
dimensional image display device (3D television), i.e., a con-
figuration in which drive is performed at high speed.

[0160] Inaddition, as described above, the pixel circuits 10
of'each row emit light for a fixed time period T1 after writing
and turn their light oft during other periods. By this, the
lengths of the light emission periods of the pixel circuits 10 of
all rows become equal, suppressing variations in luminance.
Furthermore, since the pixel circuits 10 turn their light off
during periods other than the light emission period, moving
image performance can be improved as in the case of per-
forming black insertion.

[0161] Furthermore, all transistors included in each pixel
circuit 10 are of an N-channel type. By thus configuring the
transistors included in the pixel circuit 10 by the same con-
ductive type of transistors, the cost of the display device can
be reduced.

[0162] Itshould be noted that, although the configuration is
such that the scanning order is reversed every frame in the
present embodiment, the present invention is not limited
thereto, and the configuration may be such that the scanning
order is revered every plurality of frames, e.g., every two
frames or every three frames. The same applies to variants
which will be described later and other embodiments.

1.5 Variants

1.5.1 First Variant

[0163] FIG. 7 is a diagram showing a connection form of
power lines VPi in a first variant of the first embodiment. In
the present variant, a display device 100 is provided with two
common power lines 121 and 122 to connect a power control
circuit 45 to the power lines VPi. The respective one ends of
the common power lines 121 and 122 are connected to two
output terminals of the power control circuit 45, respectively.
Power lines VP1 to VP (n/2) are connected to the common
power line 121, and power lines VP(n/2+1) to VPn are con-
nected to the common power line 122. That is, in the present
variant, one row group is formed by the first to the (n/2)th row,
and another row group is formed by the (n/2+1)th to the nth
row.

[0164] FIG. 8 is a diagram showing the operation of pixel
circuits 10 of each row in the present variant. In both of the
first and second frames, the power control circuit 45 applies a
low-level potential to the common power line 121 for a pre-
determined time period at the start of one frame period, and
applies a low-level potential to the common power line 122
for a predetermined time period after a lapse of a ¥ frame
period. Hence, pixel circuits 10 of the first to the (n/2)th row
perform initialization at the start of one frame period, and
pixel circuits 10 of the (n/2+1)th to the nth row perform
initialization, delayed by a %2 frame period.

[0165] Inboth of the first and second frames, after the first
initialization, all of the pixel circuits 10 of the first to the
(1/2)th row are simultaneously selected, and after the second
initialization, all of the pixel circuits 10 of the (n/2+1)th to the
nth row are simultaneously selected. The selected pixel cir-
cuits 10 perform threshold value detection.

[0166] In the first frame, after the first threshold value
detection, the pixel circuits 10 of the first to the (n/2)th row are
selected in ascending order, and after the second threshold
value detection, the pixel circuits 10 of the (n/2+1)th to the nth
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row are selected in ascending order. The selected pixel cir-
cuits 10 perform writing. The pixel circuits 10 of each row
emit light for a fixed time period T2 after writing, and turn
their light off during other periods. In the second frame, after
the first threshold value detection, the pixel circuits 10 of the
first to the (n/2)th row are selected in descending order, and
after the second threshold value detection, the pixel circuits
10 of the (n/2+1)th to the nth row are selected in descending
order. The selected pixel circuits 10 perform writing. The
pixel circuits 10 of each row emit light for a fixed time period
T2 after writing, and turn their light off during other periods.
In the example shown in FIG. 8, the scanning speed of the
pixel circuits 10 is the same as the normal one, and the length
T2 of the light emission period of the pixel circuits 10 is about
a V4 frame period.

[0167] By focusing on the row group formed by the (n/2+1)
to the nth row, it can also be considered that “a given frame
period starts at time t01 and the frame period ends at time
t02”. Second and subsequent variants can also be considered
in the same manner.

[0168] According to the present variant, the number of
output buffers to be provided in the power control circuit 4
(4b) is smaller than the number of the power lines VPi. Thus,
compared to a configuration in which the power lines VPi are
driven individually, the circuit size of the power control cir-
cuit4 (4b) can be reduced. In addition, by applying an initial-
ization potential to the common power line 121 and the com-
mon power line 122 at different timings, initialization of the
pixel circuits 10 can be performed at suitable timing in accor-
dance with the selection period of the pixel circuits 10.

1.5.2 Second Variant

[0169] FIG. 9 is a diagram showing a connection form of
power lines VPiin a second variant of the first embodiment. In
the present variant, a display device 100 is provided with two
common power lines 131 and 132 to connect a power control
circuit 4¢ to the power lines VPi. The respective one ends of
the common power lines 131 and 132 are connected to two
output terminals of the power control circuit 4¢, respectively.
Power lines VP1, VP3, . . ., VP (n-1) of the odd rows are
connected to the common power line 131, and power lines
VP2, VP4, . . ., VPn of the even rows are connected to the
common power line 132 (here, n is an even number). That is,
in the present variant, one row group is formed by the odd
rows, and another row group is formed by the even rows.
[0170] FIG. 10 is a diagram showing the operation of pixel
circuits 10 of each row in the present variant. In both of the
first and second frames, the power control circuit 4¢ applies a
low-level potential to the common power line 131 for a pre-
determined time period at the start of one frame period, and
applies a low-level potential to the common power line 132
for a predetermined time period after a lapse of a 2 frame
period. Hence, pixel circuits 10 of the odd rows perform
initialization at the start of one frame period, and pixel circuits
10 of the even rows perform initialization, delayed by al%
frame period.

[0171] Inboth of the first and second frames, after the first
initialization, all of the pixel circuits 10 of the odd rows are
simultaneously selected, and after the second initialization,
all of the pixel circuits 10 of the even rows are simultaneously
selected. The selected pixel circuits 10 perform threshold
value detection.

[0172] In the first frame, after the first threshold value
detection, the pixel circuits 10 of the odd rows are selected in
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ascending order, and after the second threshold value detec-
tion, the pixel circuits 10 of the even rows are selected in
ascending order. The selected pixel circuits 10 perform writ-
ing. The pixel circuits 10 of each row emit light for a fixed
time period T3 after writing, and turn their light off during
other periods. In the second frame, after the first threshold
value detection, the pixel circuits 10 of the odd rows are
selected in descending order, and after the second threshold
value detection, the pixel circuits 10 of the even rows are
selected in descending order. The selected pixel circuits 10
perform writing. The pixel circuits 10 of each row emit light
for a fixed time period T3 after writing, and turn their light off
during other periods. In the example shown in FIG. 10, the
scanning speed of the pixel circuits 10 is the same as the
normal one, and the length T3 of the light emission period of
the pixel circuits 10 is about a %% frame period.

[0173] According to the first variant described above, writ-
ing can be performed to the pixel circuits 10 according to the
order on a display screen. However, when there is a big
difference in the amount of the flowing current between the
common power line 121 and the common power line 122 (see
FIG. 7), such as when there is a big difference in luminance
between the upper half of the screen and the lower half of the
screen, a difference in luminance may occur at the center of
the screen. In this regard, according to the second variant, the
amounts of current flowing through the common power lines
131 and 132 are substantially the same in many cases, and
thus, a difference in luminance occurring at the center of the
screen can be prevented.

1.5.3 Third Variant

[0174] FIG. 11 is a diagram showing a connection form of
power lines VPi in a third variant of the first embodiment. In
the present variant, a display device 100 is provided with
three common power lines 141 to 143 to connect a power
control circuit 4d to the power lines VPi. The respective one
ends of the common power lines 141 to 143 are connected to
three output terminals of the power control circuit 44, respec-
tively. Power lines VP1 to VP(1/3) are connected to the com-
mon power line 141, power lines VP(n/3+1) to VP(2n/3) are
connected to the common power line 142, and power lines
VP(2n/3+1) to VPn are connected to the common power line
143. That is, in the present variant, a first row group is formed
by the first to the (1/3)th row, a second row group is formed by
the (n/3+1)th to the (2n/3)th row, and a third row group is
formed by the (20n/3+1)th to the nth row.

[0175] FIG. 12 is a diagram showing the operation of pixel
circuits 10 of each row in the present variant. In both of the
first and second frames, the power control circuit 44 applies a
low-level potential to the common power line 141 for a pre-
determined time period at the start of one frame period,
applies a low-level potential to the common power line 142
for a predetermined time period after a lapse of a ¥4 frame
period, and applies a low-level potential to the common
power line 143 for a predetermined time period further after a
lapse of a V3 frame period. Hence, pixel circuits 10 of the first
to the (1/3)th row perform initialization at the start of one
frame period, pixel circuits 10 of the (1n/3+1)th to the (20/3)th
row perform initialization, delayed by a %4 frame period, and
pixel circuits 10 of the (2n/3+1)th to the nth row perform
initialization, further delayed by a Y4 frame period.

[0176] In both of the first and second frames, after the first
initialization, all of the pixel circuits 10 of the first to the
(n/3)th row are simultaneously selected, and after the second
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initialization, all of the pixel circuits 10 of the (n/3+1)th to the
(2n/3)th row are simultaneously selected, and after the third
initialization, all of the pixel circuits 10 of the (2n/3+1)th to
the nth row are simultaneously selected. The selected pixel
circuits 10 perform threshold value detection.

[0177] In the first frame, after the first threshold value
detection, the pixel circuits 10 of the first to the (n/3)th row are
selected in ascending order, and after the second threshold
value detection, the pixel circuits 10 of the (n/3+1)th to the
(2n/3)th row are selected in ascending order, and after the
third threshold value detection, the pixel circuits 10 of the
(2n/3+1)th to the nth row are selected in ascending order. The
selected pixel circuits 10 perform writing. The pixel circuits
10 of each row emit light for a fixed time period T4 after
writing, and turn their light off during other periods. In the
second frame, after the first threshold value detection, the
pixel circuits 10 of the first to the (n/3)th row are selected in
descending order, and after the second threshold value detec-
tion, the pixel circuits 10 of the (n/3+1)th to the (20/3)th row
are selected in descending order, and after the third threshold
value detection, the pixel circuits 10 of the (2n/3+1)th to the
nth row are selected in descending order. The selected pixel
circuits 10 perform writing. The pixel circuits 10 of each row
emit light for a fixed time period T4 after writing, and turn
their light off during other periods. In the example shown in
FIG. 12, the scanning speed of the pixel circuits 10 is the same
as the normal one, and the length T4 of the light emission
period of the pixel circuits 10 is about a %3 frame period.
[0178] According to the present variant, during a period in
which pixel circuits 10 of rows belonging to a given row
group perform initialization and threshold value detection,
pixel circuits 10 of rows belonging to other two row groups
emit light. As such, the length of the light emission period of
each pixel circuit 10 is about a %3 frame period. That is,
compared to a configuration in which one or two common
power lines are provided, the light emission period can be
increased.

1.5.4 Other Variants

[0179] The number p of the common power lines 9 may be
4 or more. When p=4, the connection form of the power lines
VPi and the operation of pixel circuits 10 of each row are the
same as those described above. In addition, when p=3, (n/p)
power lines disposed adjacent to each other may be connected
to the same common power line, or (n/p) power lines selected
skipping every (p-1) lines may be connected to the same
common power line. For example, when p=3, the configura-
tion may be such that the power lines VPi are selected skip-
ping every two lines, and power lines VP1, VP4, . . . are
connected to a first common power line, power lines VP2,
VPS5, . . . are connected to a second common power line, and
power lines VP3, VP6, . . . are connected to a third common
power line. In addition, when p=1, instead of providing n
power lines VPi for the respective rows of the pixel circuits
10, m power lines may be provided for the respective columns
of the pixel circuits 10.

[0180] As such, there is a trade-off relationship between the
number p of the common power lines 9, the scanning speed of
the pixel circuits 10, and the length of the light emission
period of the pixel circuits 10. For example, by increasing the
number p of the common power lines 9, the scanning speed of
the pixel circuits 10 can be reduced or the light emission
period of the pixel circuits 10 can be increased. However, in
this case, the number of output buffers to be provided in the
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power control circuit 4 increases, and thus the circuit size of
the power control circuit 4 increases. Therefore, these param-
eters may be determined taking into account the specifica-
tions, cost, and the like of the display device.

2. Second Embodiment

2.1 Configuration

[0181] FIG. 13 is a block diagram showing an overall con-
figuration of a display device according to a second embodi-
ment of the present invention. A display device 200 shown in
FIG. 13 includes, in addition to the components in the first
embodiment (see FIG. 2), a control line drive circuit 20; and
common control lines 21 for connecting the control line drive
circuit 20 to control lines Ei. In the present embodiment,
scanning signal lines Gi are connected to a gate driver circuit
2, and the control lines Ei are connected to the control line
drive circuit 20 through the common control lines 21. By the
gate driver circuit 2 and the control line drive circuit 20, a row
drive circuit is implemented. The reason that the control line
drive circuit 20 is provided separately from the gate driver
circuit 2 is that, in the present embodiment, as will be
described later, a plurality of control lines Ei are driven at
once, and herein the gate driver circuit 2 is described as a
circuit that outputs signals which become active in turn on a
row-by-row basis. Therefore, for example, the gate driver
circuit 2 and the control line drive circuit 20 may be config-
ured by a single IC chip. Pixel circuits 10 have the configu-
ration shown in FIG. 4, as in the first embodiment.

[0182] The control line drive circuit 20 has q output termi-
nals for the respective ¢ common control lines 21. The control
line drive circuit 20 applies, based on a control signal TS, a
high-level potential and a low-level potential to the common
control lines 21 in a switching manner. When q=1, all of the
control lines Ei are connected to a single common control line
21. When q=2, the control lines Ei are divided into q groups,
and control lines included in each group are connected to the
same common control line 21. Power lines VPi and common
power lines 9 are the same as those of the first embodiment.
However, in the present embodiment, p=q is established, that
is, the number of the common power lines 9 is equal to the
number of the common control lines 21.

[0183] Here, first, the case of q=1 will be described as an
example, and the case of q=2 will be described later as
variants (the case of q=2: a first variant and a second variant,
and the case of q=3: a third variant). FIG. 14 is a diagram
showing the connection forms of power lines VPi and control
lines Ei in the present embodiment. As shown in FIG. 14, the
display device 200 is provided with a single common power
line 111 to connect the power control circuit 4a to the power
lines VPi, and is provided with a single common control line
211 to connect the control line drive circuit 204 to the control
lines Ei. One end of the common power line 111 is connected
to one output terminal of the power control circuit 4a, and all
of the power lines VPi are connected to the common power
line 111. One end of the common control line 211 is con-
nected to one output terminal of the control line drive circuit
20a, and all of the control lines Ei are connected to the
common control line 211.

2.2 Drive Method

[0184] FIGS.15and 16 aretiming charts showing a method
of driving the pixel circuits 10 in the present embodiment.
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FIG. 15 is a timing chart of the first frame of two consecutive
frame periods, and FIG. 16 is a timing chart of the second
frame of the two frame periods. Although the length of the
period from the time of completion of writing until the time of
start of light emission is equal for all rows in the first embodi-
ment (see FIGS. 5 and 6), a row whose time of start of writing
is relatively earlier in one frame period has a longer period
from the time of completion of writing until the time of start
oflight emission in the present embodiment. By this, the pixel
circuits 10 of all rows start light emission at the same timing,
and complete the light emission at the same timing. Also in
the present embodiment, writing of the pixel circuits 10 on a
row-by-row basis is performed in ascending order in the first
frame, and performed in descending order in the second
frame.

[0185] FIG. 17 is a diagram showing the operation of pixel
circuits 10 of each row in the present embodiment. As in the
first embodiment, each pixel circuit 10 performs one initial-
ization, one threshold value detection (detection of a thresh-
old value of a TFT 12), one writing, and one light emission
during one frame period, and turns its light off during periods
other than the light emission period. However, unlike the first
embodiment, after pixel circuits 10 of each row turn their light
off for a predetermined period of time which varies from row
to row after the time of completion of writing, the pixel
circuits 10 of all rows emit light simultaneously (collectively)
for a fixed time period T5, and turn their light off simulta-
neously at the end of one frame period (in other words,
immediately before initialization in the next frame).

2.3 Effects

[0186] According to the present embodiment, n control
lines Ei are connected to the control line drive circuit 20
through a single common control line 21. Hence, compared to
the first embodiment, the number of pins (terminals) to be
provided on a circuit (a gate driver circuit 2 in the first
embodiment and the control line drive circuit 20 in the present
embodiment) for driving control lines can be reduced signifi-
cantly. In addition, compared to the first embodiment, the size
of the circuit for driving control lines can be reduced signifi-
cantly.

[0187] Meanwhile, duringa period in which the potential of
a scanning signal line Gi and the potential of a control line Ei
are at alow level in each row, even when the potential ofa data
line Sj changes, ideally, the gate-source voltage Vgs of the
TFT 12 does not change. However, since there is a small
leakage current in the TFT 12, the gate-source voltage Vgs
actually decreases little by little. Due to this, when the length
of the period from the time of completion of threshold value
detection until the time of start of light emission varies from
row to row as in the first embodiment, the magnitude of
leakage current in the TFT 12 may vary from row to row,
causing luminance non-uniformity. In this regard, according
to the present embodiment, since the length ofthe period from
the time of completion of threshold value detection until the
time of start of light emission becomes equal for all rows, the
magnitude of leakage current in the TFT 12 becomes equal
for all of the pixel circuits 10. By this, the occurrence of
luminance non-uniformity resulting from leakage current
occurring in the TFTs 12 is suppressed.
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2.4 Variants

2.4.1 First Variant

[0188] FIG. 18 is a diagram showing the connection forms
of power lines VPi and control lines Fi in a first variant of the
second embodiment. In the present variant, a display device
200 is provided with two common power lines 121 and 122 to
connect a power control circuit 45 to the power lines VPi, and
is provided with two common control lines 221 and 222 to
connect a control line drive circuit 205 to the control lines Ei.
The respective one ends of the common power lines 121 and
122 are connected to two output terminals of the power con-
trol circuit 45, respectively. Power lines VP1 to VP(1n/2) are
connected to the common power line 121, and power lines
VP(0/2+1) to VPn are connected to the common power line
122. The respective one ends of the common control lines 221
and 222 are connected to two output terminals of the control
line drive circuit 205, respectively. Control lines E1 to E(n/2)
are connected to the common control line 221, and control
lines E(n/2+1) to En are connected to the common control line
222.

[0189] FIG. 19 is a diagram showing the operation of pixel
circuits 10 of each row in the present variant. In both of the
first and second frames, pixel circuits 10 of the first to the
(n/2)th row perform initialization and threshold value detec-
tion at the start of one frame period, and pixel circuits 10 of
the (1/2+1)th to the nth row perform initialization and thresh-
old value detection, delayed by a /2 frame period. In both of
the pixel circuits 10 of the first to the (n/2)th row and the pixel
circuits 10 of the (n/2+1)th to the nth row, writing of the pixel
circuits 10 on a row-by-row basis is performed in ascending
order in the first frame and performed in descending order in
the second frame.

[0190] Inthe present variant, as shown in FIG. 19, in both of
the first and second frames, all of the pixel circuits 10 of the
first to the (n/2)th row start light emission at the same timing
and complete the light emission at the same timing. In addi-
tion, all of the pixel circuits 10 of the (n/2+1)th to the nth row
start light emission at the same timing and complete the light
emission at the same timing. The length T6 of a light emission
period is equal for the pixel circuits 10 of all rows. It should be
noted that, in the example shown in FIG. 19, the scanning
speed of the pixel circuits 10 is the same as the normal one,
and the length T6 of the light emission period of the pixel
circuits 10 is about a ¥ frame period.

[0191] According to the present variant, compared to a
configuration in which the power lines VPi and the control
lines Ei are driven individually, the circuit sizes of the power
control circuit 4 (45) and the control line drive circuit 20 (2056)
can be reduced. In addition, since the length of the period
from the time of completion of threshold value detection until
the time of start of light emission becomes equal for all rows,
the occurrence of luminance non-uniformity resulting from
leakage current occurring in the TFTs 12 in the pixel circuits
10 is suppressed.

2.4.2 Second Variant

[0192] FIG. 20 is a diagram showing the connection forms
of power lines VPi and control lines Ei in a second variant of
the second embodiment. In the present variant, a display
device 200 is provided with two common power lines 131 and
132 to connect a power control circuit 4¢ to the power lines
VPi, and is provided with two common control lines 231 and
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232 to connect a control line drive circuit 20c to the control
lines Ei. The respective one ends of the common power lines
131 and 132 are connected to two output terminals of the
power control circuit 4¢, respectively. Power lines VP1, VP3,
..., VP(n-1) of the odd rows are connected to the common
power line 131, and power lines VP2, VP4, . . . | VPn of the
even rows are connected to the common power line 132 (here,
n is an even number). The respective one ends of the common
control lines 231 and 232 are connected to two output termi-
nals of the control line drive circuit 20c¢, respectively. Control
lines E1, E3, . .., E(n-1) of the odd rows are connected to the
common control line 231, and control lines E2, E4, ..., En of
the even rows are connected to the common control line 232.
[0193] FIG. 21 is a diagram showing the operation of pixel
circuits 10 of each row in the present variant. In both of the
first and second frames, pixel circuits 10 of the odd rows
perform initialization and threshold value detection at the
start of one frame period, and pixel circuits 10 of the even
rows perform initialization and threshold value detection,
delayed by a ¥4 frame period. In both of the pixel circuits 10
of the odd rows and the pixel circuits 10 of the even rows,
writing of the pixel circuits 10 on a row-by-row basis is
performed in ascending order in the first frame and performed
in descending order in the second frame.

[0194] Inthe present variant, as shown in FIG. 21, in both of
the first and second frames, all of the pixel circuits 10 of the
odd rows start light emission at the same timing and complete
the light emission at the same timing. In addition, all of the
pixel circuits 10 of the even rows start light emission at the
same timing and complete the light emission at the same
timing. The length T7 of a light emission period is equal for
the pixel circuits 10 of all rows. It should be noted that, in the
example shown in FIG. 21, the scanning speed of the pixel
circuits 10 is the same as the normal one, and the length T7 of
the light emission period of the pixel circuits 10 is about a %4
frame period.

[0195] According to the present variant, the same effects as
those obtained in the first variant are obtained. In addition, a
difference in luminance occurring at the center of the screen
can be prevented (see the second variant of the first embodi-
ment).

2.4.3 Third Variant

[0196] FIG. 22 is a diagram showing the connection forms
of power lines VPi and control lines Fi in a third variant of the
second embodiment. In the present variant, a display device
200 is provided with three common power lines 141 to 143 to
connect a power control circuit 4d to the power lines VPi, and
is provided with three common control lines 241 to 243 to
connect a control line drive circuit 204 to the control lines Ei.
The respective one ends of the common power lines 141 to
143 are connected to three output terminals of the power
control circuit 44, respectively. Power lines VP1 to VP(n/3)
are connected to the common power line 141, power lines
VP(n/3+1) to VP(2n/3) are connected to the common power
line 142, and power lines VP(2n/3+1) to VPn are connected to
the common power line 143. The respective one ends of the
common control lines 241 to 243 are connected to three
output terminals of the control line drive circuit 204, respec-
tively. Control lines E1 to E(n/3) are connected to the com-
mon control line 241, control lines E(n/3+1) to E(2n/3) are
connected to the common control line 242, and control lines
E(2n/3+1) to En are connected to the common control line
243.
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[0197] FIG. 23 is a diagram showing the operation of pixel
circuits 10 of each row in the present variant. In both of the
first and second frames, pixel circuits 10 of the first to the
(n/3)th row perform initialization and threshold value detec-
tion at the start of one frame period, pixel circuits 10 of the
(0/3+1)th to the (2n/3)th row perform initialization and
threshold value detection, delayed by a Y5 frame period, and
pixel circuits 10 of the (2n/3+1)th to the nth row perform
initialization and threshold value detection, further delayed
by a V5 frame period. Writing of the pixel circuits 10 on a
row-by-row basis for the first to the (1n/3)th row is performed
in ascending order in the first frame and performed in
descending order in the second frame. The same applies to the
(n/3+1)th to the (2n/3)th row and the (2n/3+1)th to the nth
TOw.

[0198] Inthe present variant, as shown in FIG. 23, in both of
the first and second frames, all of the pixel circuits 10 of the
first to the (n/3)th row start light emission at the same timing
and complete the light emission at the same timing. In addi-
tion, all of the pixel circuits 10 of the (n/3+1)th to the (2n/3)th
row start light emission at the same timing and complete the
light emission at the same timing. Furthermore, all of the
pixel circuits 10 of the (2n/3+1)th to the nth row start light
emission at the same timing and complete the light emission
at the same timing. The length T8 of a light emission period is
equal for the pixel circuits 10 of all rows. It should be noted
that, in the example shown in FIG. 23 the scanning speed of
the pixel circuits 10 is the same as the normal one, and the
length T8 of the light emission period of the pixel circuits 10
is about a %4 frame period.

[0199] According to the present variant, during a period in
which pixel circuits 10 of rows belonging to a given row
group perform initialization and threshold value detection,
pixel circuits 10 of rows belonging to other two row groups
emit light. As such, the length of the light emission period of
each pixel circuit 10 is about a %3 frame period. That is,
compared to a configuration in which one or two common
power lines and one or two common control lines are pro-
vided, the light emission period can be increased.

2.5.4 Other Variants

[0200] The number q of the common control lines 21 may
be 4 or more. When q=4, the connection form of the control
lines Ei and the operation of pixel circuits 10 of each row are
the same as those described above. In addition, when q=3,
(n/q) control lines disposed adjacent to each other may be
connected to the same common control line, or (1/q) control
lines selected skipping every (q-1) lines may be connected to
the same common control line. For example, when q=3, the
configuration may be such that the control lines Ei are
selected skipping every two lines, and control lines E1, E4, .
.. are connected to a first common control line, control lines
E2, E5, . . . are connected to a second common control line,
and control lines E3, E6, . . . are connected to a third common
control line.

3. Third Embodiment

3.1 Configuration

[0201] The overall configuration of a display device, the
connection form of power lines VPi, and the configuration of
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pixel circuits 10 are the same as those of the first embodiment,
and thus description thereof will be omitted (see FIGS. 2, 3,
and 4).

3.2 Drive Method

[0202] FIGS. 24 and 25 are timing charts showing a method
of driving the pixel circuits 10 in the present embodiment. As
shown in FIGS. 24 and 25, in the present embodiment, in both
of'the first and second frames, during the period from the time
of completion of threshold value detection in the pixel circuits
10 of all rows until the time when writing in pixel circuits 10
of each row starts, a reverse bias (negative bias) is applied to
the gates of TFTs 12 at the same time (see time t14 to t15 in
FIG. 24 and time t24 to t25 in FIG. 25), in the pixel circuits 10
ofall rows. The application of a reverse bias to the gates of the
TFTs 12 is specifically performed by applying a sufficiently
low potential Vneg to data lines Sj with the potentials of all
scanning signal lines Gi set to a high level. It should be noted
that, in the pixel circuits 10 of each row, a reverse bias is
continuously applied to the gates of the TFTs 12 throughout
the period until writing starts. Operation other than the appli-
cation of the reverse bias to the gates of the TFTs 12 is the
same as that of the first embodiment, and thus description
thereof will be omitted.

[0203] FIG. 26 is a diagram showing the operation of pixel
circuits 10 of each row in the present embodiment. In both of
the first and second frames, the pixel circuits 10 of all rows
perform initialization at the start of one frame period, and
then perform threshold value detection, and then perform
reverse bias application to the gates of the TFTs 12. The
reverse bias application continues for a period until writing
starts in pixel circuits 10 of each row. In the first frame, after
application of the reverse bias, the writing and light emission
of the pixel circuits 10 on a row-by-row basis are performed
in ascending order. In the second frame, after application of
the reverse bias, the writing and light emission of the pixel
circuits 10 on a row-by-row basis are performed in descend-
ing order. It should be noted that, in both of the first and
second frames, pixel circuits 10 of each row emit light for a
fixed time period T9, and turn their light off during other
periods.

3.3 Effects

[0204] In general, as for a TFT (Thin Film Transistor), it is
known that “the threshold characteristic shifts in a positive
direction when a positive bias is applied to the gate, and the
threshold characteristic sits in a negative direction when a
reverse bias (negative bias) is applied to the gate”. Note that
the phrase “the threshold characteristic shifts in a positive
direction” means that “the Id (drain current)—Vg (gate volt-
age) characteristic shifts rightward”. In a display device
including self-luminous type display elements, normally,
during a period in which light is emitted, a positive voltage is
applied between the gate and source of a driving transistor
(TFT 12). Hence, with the accumulation of light emission
times, the threshold characteristic of the driving transistor
gradually shifts in a positive direction. In this regard, accord-
ing to the present embodiment, in each pixel circuit 10, a
reverse bias is applied to the gate of the TFT 12 during the
period from the time of completion of threshold value detec-
tion until the time when writing starts. Hence, a shift (in the
positive direction) in the threshold characteristic of the TFT
12 functioning as a driving transistor is suppressed. In addi-

Jul. 18,2013

tion, since the scanning order is reversed every frame, the
cumulative time during which the reverse bias is applied to
the gate of the TFT 12 becomes substantially equal for the
pixel circuits 10 of all rows. By this, a shift in the threshold
characteristic of the TFT 12 is suppressed without causing
variations between rows. Note that during a period in which
the reverse bias is applied to the gate of the TFT 12, the TFT
12 is maintained in an off state, and thus the movement of
charge from the source of the TFT 12 does not occur. There-
fore, in the TFT 12, while the reverse bias is applied to the
gate, a threshold value can be continuously held in the source.

3.4 Variants

[0205] FIG. 27 is a diagram showing the operation of pixel
circuits 10 of each row in a variant of the third embodiment.
By a configuration in which n control lines Ei are collectively
driven as in the second embodiment, the pixel circuits 10 of
all rows may simultaneously emit light for a fixed time period
T10 as shown in FIG. 27. In addition, as in the first to third
variants of the first and second embodiments, the configura-
tion maybe such that power lines VPi and control lines Ei are
divided into a plurality of groups, and the power lines VPi and
the control lines Ei are driven on a group-by-group basis.

4. Others

[0206] Although in the above-described embodiments an
organic EL display is described as an example, the present
invention is not limited thereto. The present invention can
also be applied to display devices other than organic EL
displays as long as the display devices include current-driven
self-luminous type display elements.

DESCRIPTION OF REFERENCE CHARACTERS

[0207] 1: DISPLAY CONTROL CIRCUIT
[0208] 2: GATE DRIVER CIRCUIT

[0209] 3: SOURCE DRIVER CIRCUIT

[0210] 4, 4a, 4b, 4c, and 4d: POWER CONTROL CIR-
CUIT

[0211] 5: SHIFT REGISTER

[0212] 6: REGISTER

[0213] 7: LATCH CIRCUIT

[0214] 8:D/A CONVERTER

[0215] 9: COMMON POWER LINE

[0216] 10: PIXEL CIRCUIT

[0217] 11: TFT (WRITE CONTROL TRANSISTOR)
[0218] 12: TFT (DRIVING TRANSISTOR)

[0219] 13: TFT (LIGHT EMISSION CONTROL TRAN-
SISTOR)

[0220] 15: CAPACITOR

[0221] 16: ORGANIC EL ELEMENT (ELECTRO-OPTIC
ELEMENT)

[0222] 20, 20a, 20b, 20¢, and 20d: CONTROL LINE

DRIVE CIRCUIT

[0223] 21: COMMON CONTROL LINE
[0224] 100 and 200: DISPLAY DEVICE
[0225] Gi: SCANNING SIGNAL LINE
[0226] Ei: CONTROL LINE

[0227] Sj: DATA LINE

[0228] VPi: POWER LINE

1. An active matrix-type display device comprising:
a plurality of pixel circuits arranged to form a matrix hav-
ing a plurality of rows and a plurality of columns;
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a plurality of video signal lines provided for the respective
columns of the plurality of pixel circuits;

aplurality of scanning signal lines and a plurality of control
lines provided for the respective rows of the plurality of
pixel circuits;

a plurality of power lines provided to supply a power sup-
ply potential to the plurality of pixel circuits;

a column drive circuit that drives the plurality of video
signal lines; and

a row drive circuit that drives the plurality of scanning
signal lines and the plurality of control lines selectively
or collectively, wherein

each of the pixel circuits includes:

an electro-optic element that emits light based on a cur-

rent provided from the power line;

a driving transistor provided on a path of the current

flowing through the electro-optic element;

a write control transistor that is provided between a
control terminal of the driving transistor and the video
signal line, and that electrically connects the control
terminal of the driving transistor to the video signal
line when the scanning signal line is activated by the
row drive circuit;
light emission control transistor that is provided
between one conduction terminal of the driving tran-
sistor and the power line, and that electrically con-
nects the one conduction terminal of the driving tran-
sistor to the power line when the control line is
activated by the row drive circuit; and

a capacitor provided between the control terminal of the
driving transistor and the other conduction terminal of
the driving transistor, and

when focusing on each row group obtained when the plu-

rality of rows are grouped into one or a plurality of row
groups, the row drive circuit collectively activates all of
scanning signal lines and control lines provided for
respective rows belonging to the row group during an
initialization period and a threshold value detection
period, and selectively and sequentially activates the
scanning signal lines provided for the respective rows
belonging to the row group while selection order is
reversed every k-frame period (k is a natural number),
such that a write period for accumulating in the capaci-
tors charge according to an image to be displayed is
provided on a row-by-row basis, after the threshold
value detection period, the initialization period being a
predetermined period of time after start of a frame
period and being a period for initializing the electro-
optic element, and the threshold value detection period
being a predetermined period of time after the initializa-
tion period and being a period for compensating for
variations in the threshold voltage of the driving transis-
tor.

2. The display device according to claim 1, wherein the k is
1.

3. The display device according to claim 1, further com-
prising:

a power control circuit that drives the plurality of power

lines; and

for each of the row groups, a common power line con-

nected in a shared manner to a group of the plurality of
power lines, wherein

when focusing on each row group, the power control circuit

provides an initialization potential, through a common
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power line corresponding to the row group, to power
lines connected to the common power line during the
initialization period, the initialization potential initializ-
ing the electro-optic element.

4. The display device according to claim 3, wherein the
plurality of rows are grouped into a plurality of row groups.

5. The display device according to claim 4, wherein the
plurality of rows are grouped such that a plurality of power
lines belonging to a same row group are not adjacent to each
other.

6. The display device according to claim 4, wherein the
plurality of rows are grouped into three or more row groups.

7. The display device according to claim 1, further com-
prising, for each of the row groups, a common control line
connected in a shared manner to a group of the plurality of
control lines, wherein

when focusing on each row group, the row drive circuit

activates a common control line corresponding to the
row group, such that electro-optic elements in pixel cir-
cuits of all rows belonging to the row group emit light at
same timing after completion of a write period for all
rows belonging to the row group.

8. The display device according to claim 7, wherein the
plurality of rows are grouped into one row group.

9. The display device according to claim 7, wherein the
plurality of rows are grouped into a plurality of row groups.

10. The display device according to claim 7, further com-
prising:

a power control circuit that drives the plurality of power

lines; and

for each of the row groups, a common power line con-

nected in a shared manner to a group of the plurality of
power lines, wherein

when focusing on each row group, the power control circuit

provides an initialization potential, through a common
power line corresponding to the row group, to power
lines connected to the common power line during the
initialization period, the initialization potential initializ-
ing the electro-optic element.

11. The display device according to claim 10, wherein the
plurality of rows are grouped into a plurality of row groups.

12. The display device according to claim 11, wherein the
plurality of rows are grouped such that a plurality of power
lines belonging to a same row group are not adjacent to each
other.

13. The display device according to claim 11, wherein the
plurality of rows are grouped into three or more row groups.

14. The display device according to claim 1, wherein when
focusing on each row group, during a period after the thresh-
old value detection period and before a first write period for
rows belonging to the row group starts, the row drive circuit
collectively activates all scanning signal lines provided for
the respective rows belonging to the row group, and the col-
umn drive circuit applies a reverse bias potential to the plu-
rality of video signal lines, the reverse bias potential placing
the driving transistor in a reverse bias state.

15. A drive method for an active matrix-type display device
including a plurality of pixel circuits arranged to form a
matrix having a plurality of rows and a plurality of columns;
a plurality of video signal lines provided for the respective
columns of the plurality of pixel circuits; a plurality of scan-
ning signal lines and a plurality of control lines provided for
the respective rows of the plurality of pixel circuits; and a
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plurality of power lines provided to supply a power supply
potential to the plurality of pixel circuits, the method com-
prising:
a column driving step of driving the plurality of video
signal lines; and
a row driving step of driving the plurality of scanning
signal lines and the plurality of control lines selectively
or collectively, wherein
each of the pixel circuits includes:

an electro-optic element that emits light based on a cur-
rent provided from the power line;

a driving transistor provided on a path of the current
flowing through the electro-optic element;

a write control transistor that is provided between a
control terminal of the driving transistor and the video
signal line, and that electrically connects the control
terminal of the driving transistor to the video signal
line when the scanning signal line is activated in the
row driving step;

a light emission control transistor that is provided
between one conduction terminal of the driving tran-
sistor and the power line, and that electrically con-
nects the one conduction terminal of the driving tran-
sistor to the power line when the control line is
activated in the row driving step; and

a capacitor provided between the control terminal of the
driving transistor and the other conduction terminal of
the driving transistor, and

when focusing on each row group obtained when the plu-
rality of rows are grouped into one or a plurality of row
groups, in the row driving step, all of scanning signal
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lines and control lines provided for respective rows
belonging to the row group are collectively activated
during an initialization period and a threshold value
detection period, and the scanning signal lines provided
for the respective rows belonging to the row group are
selectively and sequentially activated while selection
order is reversed every k-frame period (k is a natural
number), such that a write period for accumulating in the
capacitors charge according to an image to be displayed
is provided on a row-by-row basis, after the threshold
value detection period, the initialization period being a
predetermined period of time after start of a frame
period and being a period for initializing the electro-
optic element, and the threshold value detection period
being a predetermined period of time after the initializa-
tion period and being a period for compensating for
variations in the threshold voltage of the driving transis-
tor.

16. The drive method according to claim 15, wherein the k
is 1.

17. The drive method according to claim 15, wherein when
focusing on each row group, during a period after the thresh-
old value detection period and before a first write period for
rows belonging to the row group starts, in the row driving
step, all scanning signal lines provided for the respective rows
belonging to the row group are collectively activated, and in
the column driving step, a reverse bias potential is applied to
the plurality of video signal lines, the reverse bias potential
placing the driving transistor in a reverse bias state.

* * #* ok %
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