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(54) Active matrix OLED display device and electronic apparatus

(57) The invention provides a display device and an
electronic apparatus which can reduce power consump-
tion in the case of being driven by using a digital time
grayscale method. According to the invention, a row in
which all the pixels display black is focused on in a plu-
rality of pixels arranged in matrix, and sampling of data
which is to be inputted to the pixels arranged in the row
is not performed. Then, in a period during which the data

sampling is not performed, the operation of a shift register
in a source driver and sampling operation of a video sig-
nal in a first latch circuit are stopped. The invention which
has the aforementioned characteristics can temporally
stop operation of the source driver to reduce power con-
sumption. In particular, the invention can stop operation
of the source driver which consumes much power in the
display device, leading to dramatic reduction in power
consumption.



EP 1 662 468 A2

2

5

10

15

20

25

30

35

40

45

50

55

Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a display de-
vice which has a plurality of pixels arranged in matrix,
and to an electronic apparatus using the display device.
More specifically, the invention relates to a display device
which controls each pixel by inputting a video signal to a
selected pixel and displays an image, and to an electronic
apparatus using the display device.

2. Description of the Related Art

[0002] Demand for a dot matrix display device such as
a liquid crystal display device has rapidly increased not
only for stationary applications such as a TV receiver and
a display for a personal computer but also for mobile
applications. In recent years, an EL display device which
has a pixel including an organic electroluminescence el-
ement (hereinafter referred to as an organic EL) has start-
ed to be put into practical use as a next generation display
device substituted for the liquid crystal display device.
[0003] In general, a dot matrix display device has a
passive matrix type and an active matrix type. There are
an analog grayscale method and a digital grayscale
method as a method for achieving grayscale in an active
matrix display device. In the analog grayscale method,
grayscale is achieved by controlling the luminance of a
pixel. In the digital grayscale method, each pixel is con-
trolled by two values depending on whether light is emit-
ted or not. The grayscale is achieved in accordance with
the size of a light emitting area or the length of a light
emitting time in a certain period. The former is called an
area grayscale method and the latter is called a time gray-
scale method.
[0004] In the aforementioned time grayscale method,
one frame period is divided into a plurality of subframe
periods to weight the light emitting time in each subframe
period. Then, in accordance with a combination of the
subframe periods, luminance per one frame period is
controlled to achieve grayscale. Patent Documents 1 and
2 disclose one of the methods for achieving multi-gray-
scale in this manner.
[0005] [Patent Document 1] Japanese Patent Laid-
Open Publication No. 2001-5426
[0006] [Patent Document 2] Japanese Patent Laid-
Open Publication No. 2001-324958

SUMMARY OF THE INVENTION

[0007] According to Patent Document 2, in the case
of, for example, a 6-bit (64-level grayscale) display, one
frame period is divided into six subframe periods (SF1
to SF6) and the length of a light emitting period in each
subframe period is set to 25 : 24 : 23 : 22 : 2 : 1 to display

each grayscale level by selecting a subframe period dur-
ing which light is emitted (see FIG 5A). Specifically, if no
light is emitted in all the periods, a first grayscale level
(black: luminance 0) is displayed, while if light is emitted
in all the periods, a 64th grayscale level (white: luminance
63) is displayed. If the light emitting periods having
lengths 24, 23, 22, and 1 are selected, a 30th grayscale
level is displayed. Among the 64 grayscale levels from
luminance 0 to luminance 63, 24 + 23 + 22 + 1 = 29, that
is, the 30th grayscale level (luminance 29) is displayed.
[0008] Further, in a lower bit, that is, in a subframe
period with a short light emitting time, it is necessary to
stop light emission before the next subframe period
starts. Therefore, one row selection period is divided into
a plurality of sub-horizontal periods (see FIG. 5B, in FIG
5B, one row selection period is divided into two sub-hor-
izontal periods), writing of a video signal is performed in
a certain sub-horizontal period while erasing is performed
in another sub-horizontal period. Each of the writing and
the erasing is performed in a required row at a required
timing to control a light emitting period in each bit.
[0009] In the case where a display device is driven by
using the digital time grayscale method described in Pat-
ent Document 1, an active matrix type pixel may be driven
by two values of white display and black display. There-
fore, it is highly advantageous that characteristic varia-
tions of thin film transistors (hereinafter referred to as
TFTs) which form a pixel hardly affect display quality. On
the other hand, writing operation, erasing operation and
the like for controlling light emitting time are required, and
the number of times of writing a video signal in one frame
period increases. Accordingly, the operating frequency
of a periphery driver circuit and power consumption in-
crease. In addition, with increase in the number of gray-
scale levels, the number of the writing operations and
the erasing operations usually increases and power con-
sumption increases as well. The aforementioned organic
EL display device and the like are expected to be mount-
ed on a mobile phone, a PDA (personal digital assistant),
a portable audio player and the like by taking advantage
of light weight and thin shape. However, in such portable
terminals, high power consumption may affect a contin-
uous using time. Therefore, high power consumption is
a critical problem.
[0010] In view of the aforementioned problems, the in-
vention provides a display device which can reduce pow-
er consumption in the case of being driven by using the
digital time grayscale method, and an electronic appara-
tus using the display device. Further, the invention pro-
vides a display device which can reduce power consump-
tion in a display state which seems to be frequently used
in an actual portable terminal, such as a text display, and
an electronic apparatus using the display device.
[0011] According to the invention, a row in which all
the pixels display black is focused on in a plurality of
pixels arranged in matrix, and sampling of data which is
to be inputted to the pixels arranged in the row is not
performed. Then, in a period during which the data sam-
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pling is not performed, the operation of a shift register in
a source driver and sampling operation of a video signal
in a first latch circuit are stopped. Moreover, according
to the invention, when a multi-grayscale display is per-
formed by using the digital time grayscale method, a driv-
ing method is used, where one horizontal period is divid-
ed into a plurality of (for example, two) sub-horizontal
periods, writing of a video signal is performed in one sub-
horizontal period, and erasing is preformed in the other
sub-horizontal period. In the driving method, a video sig-
nal and an erasing signal are alternately outputted to a
source signal line. In other words, immediately before
writing a video signal to a pixel of a certain row, an erasing
signal is certainly outputted to all the source signal lines.
The erasing signal inputted immediately before is used
in the pixels arranged in the row to display black instead
of the video signal for displaying black. According to the
invention having the aforementioned characteristics, op-
eration of the source driver can be temporarily stopped
to reduce power consumption. In particular, since the in-
vention can stop the operation of the source driver which
consumes much power in the display device, power con-
sumption can be reduced dramatically.
[0012] A display device of the invention has a display
portion having a plurality of pixels arranged in matrix, a
shift register for outputting a sampling pulse, and a latch
circuit for sampling video signals (all the video signals)
in accordance with the sampling pulse, a line buffer circuit
for holding video signals (one-row video signals) output-
ted to each of the plurality of pixels arranged in the same
row, and a test circuit for testing the video signals (one-
row video signals) held in the line buffer circuit. When
the video signals (one-row video signals) are detected
to be specific video signals (one-row video signals), the
test circuit outputs a control signal so that the shift register
stops the output of the sampling pulse to the plurality of
pixels arranged in the row.
[0013] A display device of the invention has a display
portion having a plurality of pixels arranged in matrix, a
shift register for outputting a sampling pulse, and a latch
circuit for sampling video signals (all the video signals)
in accordance with the sampling pulse, a line buffer circuit
for holding video signals (one-row video signals) output-
ted to each of the plurality of pixels arranged in the same
row, a test circuit for testing the video signals (one-row
video signals) held in the line buffer circuit, and a con-
troller circuit for outputting a control signal to the shift
register. When the video signals (one-row video signals)
are detected to be specific video signals (one-row video
signals), the test circuit outputs a control signal to the
controller circuit so that the shift register stops the output
of the sampling pulse to the plurality of pixels arranged
in the row.
[0014] A display device of the invention has a display
portion having a plurality of pixels arranged in matrix, a
shift register for outputting a sampling pulse, and a latch
circuit for sampling video signals (all the video signals)
in accordance with the sampling pulse, a first line buffer

circuit for holding video signals (one-row video signals)
outputted to each of the plurality of pixels arranged in the
same row, a second line buffer circuit for transferring the
video signals (one-row video signals) held in the first line
buffer circuit, holding the video signals (one-row video
signals) held in the first line buffer circuit and outputting
the video signals (one-row video signals) held in the first
line buffer circuit to the display portion, a test circuit for
testing the video signals (one-row video signals) held in
the first line buffer circuit, and a controller circuit for out-
putting a control signal to the shift register. When the
video signals (one-row video signals) are detected to be
specific video signals (one-row video signals), the test
circuit outputs a control signal to the controller circuit so
that the shift register stops the output of the sampling
pulse to the plurality of pixels arranged in the row, and
the test circuit outputs a control signal to the second line
buffer circuit so as to stop the transfer of the video signals
(one-row video signals) from the first line buffer circuit to
the second line buffer circuit.
[0015] The display portion included in the invention has
a plurality of gate signal lines, a first gate driver and a
second gate driver, in which an n-th stage output (n is a
natural number) of the first gate driver and an n-th stage
output of the second gate driver control an n-th gate sig-
nal line. Moreover, an output terminal of each stage of
the first gate driver and the second gate driver has a
selection circuit which determines whether the signal out-
put is permitted or not. Note that the selection circuit is,
for example, a tri-state buffer.
[0016] Further, the specific video signal is a video sig-
nal for displaying black in the pixel. In addition, the spe-
cific video signal is a video signal for displaying white in
the pixel. In the display device of the invention having
the aforementioned configuration, each of the plurality of
pixels has a light emitting element and a plurality of tran-
sistors. The invention also provides an electronic appa-
ratus using the display device having the aforementioned
configuration.
[0017] According to the invention having the afore-
mentioned characteristics, the operation of the source
driver can be temporarily stopped to reduce power con-
sumption. In particular, since the source driver consumes
much power in the display device, power consumption
can be reduced dramatically according to the invention
which can stop the operation of the source driver.
[0018] Moreover, according to the invention having the
aforementioned characteristics, in the case of repeatedly
displaying a still image having a pattern which is dis-
played in an almost fixed portion in a display area, such
as a text display, the number of the sampling operations
of video signals can be dramatically reduced in the source
driver which consumes relatively high power in a panel.
Therefore, low power consumption can be realized not
only in standby mode but also in a practical application
to provide a display device and an electronic apparatus
which meet a request such as long continuous use which
is required for portable information terminals. Such an
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effect is very useful for electronic apparatuses such as
portable terminals in which power consumption directly
affects the continuous using time.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019]

FIG 1 is a diagram showing a display device of the
invention.
FIGS. 2A and 2B are timing charts each describing
operation of a display device of the invention.
FIG. 3 is a diagram showing a display device of the
invention.
FIGS. 4A and 4B are diagrams each showing a dis-
play device of the invention.
FIGS. 5A and 5B are diagrams each describing a
digital time grayscale method.
FIGS. 6A and 6B are diagrams each showing a dis-
play device of the invention.
FIG 7 is a view showing an electronic apparatus us-
ing a display device of the invention.
FIGS. 8A to 8F are views each showing an electronic
apparatus using a display device of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0020] The invention will be fully described by way of
Embodiment Modes and Embodiments. Note that the in-
vention is not limited to the following descriptions, and it
is to be understood that various changes and modifica-
tions will be apparent to those skilled in the art. Therefore,
unless otherwise such changes and modifications depart
from the scope of the invention, they should be construed
as being included therein.
[0021] A configuration of an active matrix display de-
vice of the invention is described with reference to FIG.
6A. In a pixel portion 601, an active matrix pixel 602 sur-
rounded by a dotted frame is arranged in matrix. At the
periphery of the pixel portion 601, a source driver 603, a
gate driver for writing 604 and a gate driver for erasing
605 are arranged.
[0022] The source driver 603 has a shift register 606,
a first latch circuit 607, a second latch circuit 608 and a
level shifter/buffer 609. The gate driver for writing 604
has a shift register 610 and a level shifter/buffer 611 while
the gate driver for erasing 605 similarly has a shift register
613 and a level shifter/buffer 612.
[0023] Next, further details about the active matrix pixel
602 are described with reference to FIG 6B. Each pixel
has a source signal line 621, a gate signal line 622, a
current supply line 623, an opposite electrode 624, a
switching TFT 625, a driving TFT 626 and a light emitting
element 627.
[0024] The pixel is driven in different manners depend-
ing on the conductivity of the TFTs which form the pixel
and a current direction flowing to the light emitting ele-
ment 627. This embodiment mode describes, for exam-

ple, a configuration in which the switching TFT 625 is an
N-channel TFT, the driving TFT 626 is a P-channel TFT,
and current flows in the light emitting element 627 from
the current supply line 623 kept at a high potential to the
opposite electrode 624 kept at a low potential. Circuits
described hereinafter operate on the same logic as the
pixel described herein. However, it is needless to say
that the invention may be similarly applied to the case of
driving pixels having configurations other than those de-
scribed herein by changing signal logic and power supply
relationship, and the conductivity of TFT and the like are
not limited to those shown herein.
[0025] In a row in which the pixel is not selected, the
gate signal line 622 is at Low level and the switching TFT
625 is in an OFF state. On the other hand, in a row in
which the pixel is selected, the gate signal line 622 is at
High level and the switching TFT 625 is in an ON state
to write a potential of the source signal line 621 into the
gate electrode of the driving TFT 626. Herein, in the case
where the potential of the source signal line 621 is at
High level, the driving TFT 626 is in an OFF state so that
no current flows to the light emitting element 627 and the
active matrix pixel 602 displays black. On the other hand,
in the case where the potential of the source signal line
621 is at Low level, the driving TFT 626 is in an ON state
so that current flows to the light emitting element 627 and
the active matrix pixel 602 displays white. Note that al-
though not specifically shown in FIG. 6, a video signal
that has been written to the gate electrode of the driving
TFT 626 is preferably held in a certain period by using a
storage capacitor and the like. Therefore, after the gate
signal line 622 is brought into a non-selective state, the
ON or OFF state of the driving TFT 626 can be held to
hold a black or white display state.
[0026] Next, operation of the display device of the in-
vention is described. More specifically, operation of the
display device of the invention in the case where one
horizontal period is divided into a plurality of sub-horizon-
tal periods is described.
[0027] In the source driver 603, the shift register 606
outputs sampling pulses sequentially from the first stage
in accordance with a clock signal (SCK) and a start pulse
(SSP). By the sampling pulses outputted from the shift
register 606, a sampling of a video signal (Data) is per-
formed in the first latch circuit 607. In a stage of the first
latch circuit 607, where the sampling of the video signal
is completed, the obtained video signal is held in a mem-
ory portion provided in the first latch circuit 607 until the
sampling is completed in a last stage. After completing
the output of the sampling pulses from the last stage of
the shift register 606 and completing the sampling in all
the stages of the first latch circuit 607, one-row data held
in the first latch circuit 607 is simultaneously transferred
to the second latch circuit 608 in accordance with a latch
pulse (SLAT). After that, an amplitude conversion is per-
formed in the level shifter/buffer 609 if necessary to
charge and discharge the source signal line 621 in ac-
cordance with the video signal. A write erase selection
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signal (hereinafter referred to as a W/E signal) selects a
mode in which the source signal line 621 is charged and
discharged in accordance with the video signal or a mode
in which signals for erasing are outputted to all the source
signal lines 621.
[0028] On the other hand, in the gate driver for writing
604, the shift register 610 outputs row selection pulses
sequentially from the first stage in accordance with a
clock signal (GCK) and a start pulse (G1SP). The row
selection pulse undergoes amplitude conversion in the
level shifter/buffer 611 if necessary to select the gate
signal line 622 sequentially from a first row. Similar op-
eration as that of the gate driver for writing 604 is per-
formed in the gate driver for erasing 605.
[0029] Herein, the gate driver for writing 604 selects,
at a desired timing, the gate signal line 622 of the row to
which a video signal is written while the gate driver for
erasing 605 selects, at a desired timing, the gate signal
line 622 of the row where erasing is performed. There-
fore, the gate signal line 622 is selected at different tim-
ings by the gate driver for writing 604 and the gate driver
for erasing 605. Thus, when one of the gate driver for
writing 604 and the gate driver for erasing 605 charges
and discharges the gate signal line 622, it is required to
float the buffer output so that the other does not interrupt
the operation. The operation is performed by using the
W/E signal and an inverted signal thereof (hereinafter
referred to as a W/Eb signal). For example, in a period
in which the W/E signal is active, the source driver 603
outputs a video signal to the source signal line 621, the
gate driver for writing 604 outputs a pulse and the output
of the gate driver for erasing 605 is in a floating state in
all the stages. Therefore, the selection of the gate signal
line 622 depends on the gate driver for writing 604. On
the other hand, in a period in which the W/Eb signal is
active, the source driver 603 outputs an erasing signal
to all the source signal lines 621 (according to the afore-
mentioned pixel configuration, the source signal line 621
is fixed at High level similarly to the case of writing black),
the gate driver for erasing 605 outputs a pulse and the
output of the gate driver for writing 604 is in a floating
state in all the stages. Therefore, the selection of the gate
signal line 622 depends on the gate driver for erasing 605.
[0030] The operation of the display device of the in-
vention is briefly described above. According to FIG 5B,
in a source signal line (SLine), a period for outputting
data of a certain row and a period in which all the source
signal lines are fixed at High level as a signal for erasing
appear alternately. That is, because of an erasing scan-
ning of a certain row, a state in which all the source signal
lines are fixed at High level appears once in one horizon-
tal period.
[0031] Next, a configuration of a display device of the
invention, which includes a display portion and an exter-
nal controller portion, is described with reference to FIG
1. The external controller portion has a frame memory
101, a timing controller 102, a first line buffer circuit 103,
a second line buffer circuit 105 and a test circuit 104.

These circuits generate various control signals to supply
the generated various control signals to a display portion
106. Note that the external controller portion is not limited
to the aforementioned configuration and description of a
power supply system such as a DC/DC converter is omit-
ted. Herein, the frame memory 101 is a memory for hold-
ing a video signal which is required to display one frame
while the line buffers 103 and 105 are memories for hold-
ing a video signal which is required to display one row.
Herein, a time grayscale method is used as a driving
method, therefore, one-row video signals related to a cer-
tain bit among video signals required to display one row
is held in the line buffers. However, the video signal held
in the line buffer at a time is not limited to be the afore-
mentioned amount of data, and a configuration may be
allowed in which more video signals are held to sequen-
tially read as much data as necessary at a required tim-
ing.
[0032] Subsequently, operation of the display device
of the invention having the aforementioned configuration
is described. As a signal used for driving the display de-
vice, there are a reference clock signal (CK), a synchro-
nization signal (Sync), video signals for each of RGB (Da-
ta RGB). These signals are supplied from outside so that
the reference clock signal (CK) and the synchronization
signal (Sync) are inputted to the timing controller 102 to
generate various control signals (in FIG 1, SSP, G1SP,
G2SP, SCK, GCK, W/E and the like) which are required
for driving the display device. Moreover, the reference
clock signal (CK) is also used for timing controlling of
writing/reading of the frame memory 101 and the like.
[0033] On the other hand, video signals are written in
the frame memory 101 which operates at a timing in ac-
cordance with the reference clock signal (CK), and rear-
ranged in the frame memory 101 in the input order in
accordance with the digital time grayscale method. Then,
one-row video signals are read from the frame memory
101 to be transferred to the first line buffer circuit 103. At
this time, the one-row video signals read from the frame
memory 101 are tested by the test circuit 104 whether
all the video signals of one row are video signals which
display black. Herein, if a signal which displays white is
included even for one dot, the video signals are trans-
ferred to the second line buffer circuit 105 and inputted
to the display portion 106.
[0034] In the case where all the video signals of one
row held in the first line buffer circuit 103 display black,
the test circuit 104 outputs a control signal for stopping
the input of a source driver start pulse (SSP) and a write
erase selection signal (W/E signal) to the display portion
106, and a control signal for stopping the transfer of the
video signal from the first line buffer circuit 103 to the
second line buffer circuit 105. Therefore, the source driv-
er in the display portion 106 does not perform the sam-
pling operation of the row since no start pulse (SSP) is
inputted to the shift register. Further, the video signal
written in the second line buffer circuit 105 is also not
changed from that of the previous row.
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[0035] Next, description is made with reference to a
timing chart shown in FIG 2A. FIG 2A shows a normal
display timing. In accordance with the clock signal (SCK)
and a start pulse (SSP) 201, sampling pulses (Samp)
202 are sequentially outputted to perform a sampling of
a video signal 203 in accordance with a timing at which
the sampling pulses 202 are outputted. Herein, a sam-
pling of video signals of an (n-1)th row is performed by
the sampling pulses 202. Subsequently, when a latch
pulse (SLAT) 204 is inputted, the sampled video signals
are simultaneously transferred to the second latch circuit.
Herein, the second latch circuit outputs all the video sig-
nals of the (n - 1)th row (LAT2OUT). Then, in a period in
which the W/E signal is at High level, the video signal is
outputted to the source signal line (SLine) while in a pe-
riod in which the W/E signal is at Low level, the erasing
signal is outputted, that is, the source signal line (SLine)
is fixed at High level. In the gate drivers, the (n - 1)th row
is selected (206) by the gate driver for writing 604 and
the video signal is inputted to pixels of the (n - 1)th row.
On the other hand, a (k - 1)th row is selected (207) by
the gate driver for erasing 605 and the erasing signal is
inputted to pixels of the (k - 1)th row. The aforementioned
operations are repeated in the n-th row, an (n + 1)th row
and later as well as a k-th row, a (k + 1)th row and later
to complete the operation for one subframe.
[0036] FIG 2B shows a state in which sampling oper-
ation is stopped in a certain row in accordance with the
invention. In the (n -1)th row, a video signal is inputted
to take the video signal in accordance with a sampling
pulse. Therefore, in the source signal line (SLine), the
video signal of the (n - 1)th row is outputted. Then, in the
case where all the pixels of the n-th row and the (n + 1)
th row display black, the output of the start pulse (SSP)
and the video signal (Data) is forcibly stopped by the test
circuit 104 so as not to perform the sampling operation.
Therefore, the second latch circuit 608 continuously out-
puts the video signal of the (n - 1)th row (LAT2OUT). On
the other hand, the W/E signal is also stopped by the test
circuit 104 in that period to be fixed at Low level. There-
fore, the video signal is not outputted to the source signal
line (SLine) and the erasing signal is continuously input-
ted thereto. Gate signal lines of the (n-1)th row and the
n-th row are brought into a selective state at a predeter-
mined timing as usual so that an erasing signal at High
level (equivalent to a black-display signal) outputted to
the source signal line (SLine) is inputted to the pixel to
display black. After that, in the case where video signals
of the (n + 2)th row and later are inputted as usual, the
start pulse (SSP) or the W/E signal is inputted at a pre-
determined timing, therefore, the sampling and the
charging and discharging of the source signal line (SLine)
are performed normally so that a predetermined video
signal is inputted to each pixel to display a pattern.
[0037] As set forth above, according to the invention,
in a portion in which the sampling operation of signals is
no required, such as a background portion of the text
display, operation such as to actively stop sampling op-

eration of the source driver can be realized in a small-
sized circuit configuration. In general, a source driver to
perform a sampling of a video signal is a circuit with a
high operating frequency in a display device, and effec-
tively stopping unnecessary operation of the circuit great-
ly contributes to low power consumption.
[0038] Note that although the operation in a black-dis-
play region is shown the most simple example in this
embodiment mode, by using a similar test circuit, it is
also possible to detect, for example, a white-display re-
gion and to stop sampling operation. In that case, a state
in which a source signal line is fixed at Low level may be
held. Specifically, in the case where all the video signals
display white in a plurality of continuous rows, the source
signal line is fixed at Low level in the first row. Then, the
W/E signal is fixed at High level so that the erasing signal
is not inputted to the source signal line. In a subsequent
row in which white display continues, a white-display sig-
nal, that is, Low level signal may be continuously inputted
from the source signal line which is fixed at Low level to
pixels of a predetermined row.
[0039] Further, in this embodiment mode, although the
W/E signal is described using only one system for sim-
plicity, different systems are required for a W/E signal
used for selection of writing or erasing operation of a
source driver side, and a W/E signal used for the selection
of a gate driver for writing or a gate driver for erasing.
However, a way of supplying signals to the display por-
tion, which is not related to the object of the invention, is
not limited especially. Signals may be externally inputted
by a plurality of systems in advance or generated from
one W/E signal.
[0040] Note that in the invention, as one mode of dis-
play devices, an organic EL display device is described
as an example. However, the invention is not limited by
an element which forms a pixel, and it is needless to say
that the invention can be widely applied to a liquid crystal
display device, a PDP, an FED and the like.

[Embodiment 1]

[0041] In this embodiment, a configuration example of
a driver circuit of the display device of the invention is
described.
[0042] First, a configuration example of a source driver
is described with reference to FIG 3. The source driver
has a shift register 301, a first latch circuit 302, a second
latch circuit 303, a writing erasing selection circuit 304
and a buffer circuit 305.
[0043] The shift register 301 outputs sampling pulses
sequentially in accordance with clock signals (SCK,
SCKb: SCKb is an inverted signal of SCK) and a start
pulse (SSP). The first latch circuit 302 performs a sam-
pling of a video signal (Data) in accordance with the sam-
pling pulses outputted from the shift register 301. After
completing the sampling of the video signal in all stages
of the first latch circuit 302, when latch pulses (SLAT,
SLATb: SLATb is an inverted signal of SLAT) are input-
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ted, the video signals held in the first latch circuit 302 are
simultaneously transferred to the second latch circuit
303. In the case where a W/E signal is active (herein, in
the case of being at High level), the writing erasing se-
lection circuit 304 inverts the video signal to output it. On
the other hand, in the case where the W/E signal is at
Low level, the write erase selection circuit 304 outputs a
High level signal regardless of the video signal. Then,
charge and discharge of source signal lines (SLine 1 to
SLine n) are performed through the buffer circuit 305.
[0044] Next, a configuration example of a gate driver
is described with reference to FIG 4A. The gate driver
has a shift register 401 and a buffer circuit 402. The buffer
circuit 402 uses a tri-state buffer using a W/E signal.
Herein, in the case where the W/E signal is at High level,
the tri-state buffer functions as an inverter while in the
case where the W/E signal is at Low level, the output of
the tri-state buffer is in a floating state. As described
above, the selection of the gate signal line is performed
by a gate driver for writing and a gate driver for erasing
in writing operation or erasing operation respectively,
therefore, the tri-state buffer is provided so that selection
operation of the gate signal line by one of the two gate
drivers is not interrupted by the other.
[0045] The shift register 401 outputs row selection
pulses sequentially in accordance with clock signals
(GCK, GCKb: GCKb is an inverted signal of GCK) and a
start pulse (G1SP). The buffer circuit 402 is controlled
by the W/E signal and the W/Eb signal (an inverted signal
of W/E), and in the case where the W/E signal is active,
the row selection pulse is inverted and sequentially out-
putted to gate signal lines (GLine 1 to GLine m). In the
case where the W/E signal is at Low level, the output of
the buffer circuit 402 is in a floating state.
[0046] A gate driver for writing 412 and a gate driver
for erasing 413 are positioned opposite to each other with
a pixel portion 411 interposed therebetween (see FIG
4B). At this time, the W/E signal is outputted to one of
the gate driver for writing 412 and the gate driver for eras-
ing 413, an inverted signal of the W/E signal is outputted
to the other thereof. Thus, when a tri-state buffer included
in one gate driver is active to charge and discharge the
gate signal line, the output of the tri-state buffer included
in the other gate driver is in a floating state. Therefore,
each other’s selection operation of the gate signal line
for writing or erasing is not interrupted.
[0047] Note that although a level shifter is not provided
in the configuration of this embodiment, it may be pro-
vided appropriately if necessary.

[Embodiment 2]

[0048] One embodiment of an electronic apparatus us-
ing the display device of the invention is described with
reference to FIGS. 7 and 8A to 8F Shown as an example
of the electronic apparatus here is a mobile phone which
has housings 2700 and 2706, a panel 2701, a housing
2702, a printed wiring board 2703, an operation button

2704 and a battery 2705 (see FIG 7). The panel 2701
has a pixel portion in which a plurality of pixels are ar-
ranged in matrix. The panel 2701 is detachably mounted
in the housing 2702 while the housing 2702 is attached
to the printed wiring board 2703. The shape and size of
the housing 2702 are changed appropriately in accord-
ance with an electronic apparatus in which the panel 2701
is mounted. A plurality of semiconductor devices (also
referred to as IC chips) which are packaged are mounted
on the printed wiring board 2703. The plurality of semi-
conductor devices mounted on the printed wiring board
2703 are equivalent to a frame memory, a timing control-
ler, a line buffer circuit, a test circuit, a central processing
unit (CPU), a power supply circuit, an image processing
circuit, a sound processing circuit, a transmit/receive cir-
cuit, a time detection circuit, a correction circuit, a tem-
perature sensing circuit and the like, which are compo-
nents of the display device of the invention.
[0049] The panel 2701 is integrated with the printed
wiring board 2703 through a connection film 2708. The
panel 2701, the housing 2702 and the printed wiring
board 2703 are put inside the housings 2700 and 2706,
as well as the operation button 2704 and the battery 2705.
The pixel portion included in the panel 2701 is arranged
so as to be seen from an opening window provided in
the housing 2700.
[0050] Note that the housings 2700 and 2706 show
one example of the exterior shape of mobile phones, an
electronic apparatus related to this embodiment can be
changed to various modes in accordance with the func-
tion and application. Therefore, examples of modes of
electronic apparatuses are described hereinafter with
reference to FIGS. 8A to 8F.
[0051] A mobile phone device includes a pixel portion
9102 and the like (see FIG 8A). A portable game device
includes a pixel portion 9801 and the like (see FIG 8B).
A digital video camera includes pixel portions 9701, 9702
and the like (see FIG 8C). A portable information terminal
includes a pixel portion 9201 and the like (see FIG. 8D).
A television device includes a pixel portion 9301 and the
like (see FIG 8E). A monitor device includes a pixel por-
tion 9401 and the like (see FIG 8F).
[0052] The invention can be applied to various elec-
tronic apparatuses such as a television device (also re-
ferred to as a TV or a television receiver), a digital camera,
a mobile phone set (also referred to as a mobile phone
device or a mobile phone), a portable information termi-
nal such as a PDA, a portable game device, a monitor
device for computer (also referred to as a monitor), a
sound reproducing device such as a car audio, and a
home game device. Operation of a source driver can be
stopped temporarily by applying the display device of the
invention, and thus an electronic apparatus in which pow-
er consumption is reduced can be provided. In particular,
the invention can stop operation of the source driver
which consumes much power in the display device, lead-
ing to dramatic reduction in power consumption. Such
an effect is very useful for electronic apparatuses such
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as portable terminals in which power consumption direct-
ly affects a continuous using time.
[0053] This application is based on Japanese Patent
Application serial no. 2004-339682 filed in Japan Patent
Office on 24th, November 2004, the entire contents of
which are hereby incorporated by reference.

Claims

1. A display device comprising:

a display portion comprising:

a plurality of pixels arranged in matrix;
a shift register for outputting a sampling
pulse; and
a latch circuit for sampling a video signal in
accordance with the sampling pulse;

a line buffer circuit for holding the video signal
outputted to a row of pixels of the plurality of
pixels; and
a test circuit for testing the video signal held in
the line buffer circuit,

wherein when the video signal is detected to be a
specific video signal, the test circuit outputs a control
signal so that the shift register stops to output the
sampling pulse corresponding to the row of pixels.

2. The display device according to claim 1,
wherein the display portion has a plurality of gate
signal lines, a first gate driver, and a second gate
driver,
wherein both of an n-th stage output of the first gate
driver and an n-th stage output of the second gate
driver control a gate signal line of an n-th row, and
wherein an output terminal of each stage of the first
gate driver and the second gate driver has a selection
circuit which determines whether an output of the
signal is permitted or not,
wherein n is a natural number.

3. The display device according to claim 2,
wherein the selection circuit is a tri-state buffer.

4. The display device according to claim 1,
wherein the specific video signal is a video signal by
which the pixel displays black.

5. The display device according to claim 1,
wherein the specific video signal is a video signal by
which the pixel displays white.

6. The display device according to claim 1,
wherein each of the plurality of pixels has a light emit-
ting element.

7. The display device according to claim 1,
wherein each of the plurality of pixels has a plurality
of transistors.

8. An electronic apparatus using the display device ac-
cording to claim 1.

9. A display device comprising:

a display portion comprising:

a plurality of pixels arranged in matrix;
a shift register for outputting a sampling
pulse; and
a latch circuit for sampling a video signal in
accordance with the sampling pulse;

a line buffer circuit for holding the video signal
outputted to a row of pixels of the plurality of
pixels;
a test circuit for testing the video signal held in
the line buffer circuit; and
a controller circuit for outputting a control signal
to the shift register,

wherein when the video signal is detected to be a
specific video signal, the test circuit outputs to the
controller circuit a control signal so that the shift reg-
ister stops to output the sampling pulse correspond-
ing to the row of pixels.

10. The display device according to claim 9,
wherein the display portion has a plurality of gate
signal lines, a first gate driver, and a second gate
driver,
wherein both of an n-th stage output of the first gate
driver and an n-th stage output of the second gate
driver control a gate signal line of an n-th row, and
wherein an output terminal of each stage of the first
gate driver and the second gate driver has a selection
circuit which determines whether an output of the
signal is permitted or not,
wherein n is a natural number.

11. The display device according to claim 10,
wherein the selection circuit is a tri-state buffer.

12. The display device according to claim 9,
wherein the specific video signal is a video signal by
which the pixel displays black.

13. The display device according to claim 9,
wherein the specific video signal is a video signal by
which the pixel displays white.

14. The display device according to claim 9,
wherein each of the plurality of pixels has a light emit-
ting element.
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15. The display device according to claim 9,
wherein each of the plurality of pixels has a plurality
of transistors.

16. An electronic apparatus using the display device ac-
cording to claim 9.

17. A display device comprising:

a display portion comprising:

a plurality of pixels arranged in matrix,
a shift register for outputting a sampling
pulse, and
a latch circuit for sampling a video signal in
accordance with the sampling pulse;

a first line buffer circuit for holding the video sig-
nal outputted to a row of pixels of the plurality of
pixels;
a second line buffer circuit for receiving the video
signal from the first line buffer circuit, holding the
video signal received from the first line buffer
circuit, and outputting the holding video signal
to the display portion;
a test circuit for testing the video signal held in
the first line buffer circuit; and
a controller circuit for outputting a control signal
to the shift register,

wherein when the video signal is detected to be a
specific video signal, the test circuit outputs to the
controller circuit a first control signal so that the shift
register stops to output the sampling pulse corre-
sponding to the row of pixels, and the test circuit
outputs to the second line buffer circuit a second
control signal so as to stop the receiving the video
signal from the first line buffer circuit.

18. The display device according to claim 17,
wherein the display portion has a plurality of gate
signal lines, a first gate driver, and a second gate
driver,
wherein both of an n-th stage output of the first gate
driver and an n-th stage output of the second gate
driver control a gate signal line of an n-th row, and
wherein an output terminal of each stage of the first
gate driver and the second gate driver has a selection
circuit which determines whether an output of the
signal is permitted or not,
wherein n is a natural number.

19. The display device according to claim 18,
wherein the selection circuit is a tri-state buffer.

20. The display device according to claim 17,
wherein the specific video signal is a video signal by
which the pixel displays black.

21. The display device according to claim 17,
wherein the specific video signal is a video signal by
which the pixel displays white.

22. The display device according to claim 17,
wherein each of the plurality of pixels has a light emit-
ting element.

23. The display device according to claim 17,
wherein each of the plurality of pixels has a plurality
of transistors.

24. An electronic apparatus using the display device ac-
cording to claim 17.

25. A display device comprising:

a plurality of pixels arranged in matrix;
a source driver circuit for sampling a video sig-
nal, and for outputting the video signal to a row
of pixels of the plurality of the pixels; and
a test circuit for testing the video signal,

wherein when the video signal is detected to be a
specific video signal, the test circuit outputs a control
signal so that the driver circuit stops sampling the
video signal.

26. The display device according to claim 25,
wherein the display device further comprising a plu-
rality of gate signal lines, a first gate driver, and a
second gate driver,
wherein both of an n-th stage output of the first gate
driver and an n-th stage output of the second gate
driver control a gate signal line of an n-th row, and
wherein an output terminal of each stage of the first
gate driver and the second gate driver has a selection
circuit which determines whether an output of the
signal is permitted or not,
wherein n is a natural number.

27. The display device according to claim 26,
wherein the selection circuit is a tri-state buffer.

28. The display device according to claim 25,
wherein the specific video signal is a video signal by
which the pixel displays black.

29. The display device according to claim 25,
wherein the specific video signal is a video signal by
which the pixel displays white.

30. The display device according to claim 25,
wherein each of the plurality of pixels has a light emit-
ting element.

31. The display device according to claim 25,
wherein each of the plurality of pixels has a plurality
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of transistors.

32. An electronic apparatus using the display device ac-
cording to claim 25.

33. A display device comprising:

a plurality of pixels arranged in matrix;
a shift register for outputting a sampling pulse;
and
a latch circuit for sampling a video signal in ac-
cordance with the sampling pulse, and for out-
putting the video signal to a row of pixels of the
plurality of the pixels;
a test circuit for testing the video signal,

wherein when the video signal is detected to be a
specific video signal, the test circuit outputs a control
signal so that the shift register stops to output the
sampling pulse corresponding to the row of pixels.

34. The display device according to claim 33,
wherein the display device further comprising a plu-
rality of gate signal lines, a first gate driver, and a
second gate driver,
wherein both of an n-th stage output of the first gate
driver and an n-th stage output of the second gate
driver control a gate signal line of an n-th row, and
wherein an output terminal of each stage of the first
gate driver and the second gate driver has a selection
circuit which determines whether an output of the
signal is permitted or not,
wherein n is a natural number.

35. The display device according to claim 34,
wherein the selection circuit is a tri-state buffer.

36. The display device according to claim 33,
wherein the specific video signal is a video signal by
which the pixel displays black.

37. The display device according to claim 33,
wherein the specific video signal is a video signal by
which the pixel displays white.

38. The display device according to claim 33,
wherein each of the plurality of pixels has a light emit-
ting element.

39. The display device according to claim 33,
wherein each of the plurality of pixels has a plurality
of transistors.

40. An electronic apparatus using the display device ac-
cording to claim 33.
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