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ACTIVE MATRIX DISPLAY DEVICE

FIELD OF THE INVENTION

[0001] The present invention relates to an active matrix
display device comprising, in each pixel arranged in a matrix
form, a self-emitting element and an element which controls
light emission of the self-emitting element.

BACKGROUND OF THE INVENTION

[0002] Active matrix display devices are capable of being
made high resolution, and so are becoming widespread as
displays. Active matrix display devices currently require
active elements in order to determine a display state one pixel
atatime. Particularly in the case of a current drive device such
as an organic EL display, drive transistors capable of supply-
ing electrical current to the light-emitting elements are pro-
vided. A thin film transistor (TFT) formed from a thin film
such as amorphous silicon or polysilicon is used as such a
drive transistor, but it is difficult to achieve uniform charac-
teristics in a TFT.

[0003] A number of methods have been proposed for cor-
recting TFT characteristics using circuit technology, one of
which is digital drive, which is a known method for control-
ling gradation using digital drive of an active matrix organic
EL display. For example in WO 2005/116971.

[0004] However, with digital drive 1 frame period is
divided into a plurality of sub-frame periods, and bit data is
written to control whether or not light is emitted in each
sub-frame period. It is therefore necessary to write bit data for
apixelin 1 frame period by a number of times that is the same
as the number of sub-frames.

[0005] Inthisway, in the case of digital drive to write digital
data corresponding to respective bit data divided into sub-
frames many times in a single frame period, if the wiring
capacitance of the panel is large the power consumption will
tend to be large. In particular, even if there is no image
variation if the panel size is increased, power is consumed in
order to write the bit data.

SUMMARY OF THE INVENTION

[0006] The present invention is directed to an active matrix
display device comprising, in each of a plurality of pixels
arranged in a matrix form, a self-emitting element and an
element which controls light emission of the self-emitting
element, wherein each pixel includes, a static memory in
which a first transistor of a pair of transistors is switched ON
or OFF according to a supplied signal and a second transistor
ofthe pair of transistors is switched OFF or ON according to
an output voltage of the first transistor, so that the static
memory maintains a state according to the supplied signal,
and a pair of self-emitting elements each connected to each of
the pair of the transistors of the static memory wherein a first
self-emitting element contributes to display when a current is
supplied and a second self-emitting element does not contrib-
ute to display even when a current is supplied, and wherein a
current flowing through the second self-emitting element
which does not contribute to display is reduced within a range
which does not affect the state maintenance by the static
memory.

[0007] Also, a power supply voltage for supplying current
to the transistor, of the pair of transistors of the static memory,
that is connected to the self-emitting element that does not

Apr. 29, 2010

contribute to display, is preferably made a lower voltage
compared to the power supply for supplying current to the
other transistor.

[0008] It is also possible for the transistors of the static
memory to have a separate current control transistor con-
nected in series with the transistor connected to the self-
emitting element that does not contribute to display, and to
adjust current amount flowing in the self-emitting element
that does not contribute to display by adjusting the current
amount of this current control transistor.

[0009] It is also possible for the transistors of the static
memory to have a separate diode connected current control
transistor connected in series with the transistor connected to
the self-emitting element that does not contribute to display,
and to reduce current amount flowing in the self-emitting
element that does not contribute to display. It is also possible
for the self-emitting element to be an organic EL element.
[0010] According to the present invention, by reducing a
current flowing through a self-emitting element which does
not contribute to display within a range which does not affect
the state maintenance by the static memory, it is possible to
lower the current amount when pixels are not emitting light.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 is a drawing showing a pixel circuit for lim-
iting current using a second power supply voltage;

[0012] FIG. 2 is a drawing showing a pixel circuit for lim-
iting current using a current limiting transistor;

[0013] FIG. 3is adrawing showing another pixel circuit for
limiting current using a current limiting transistor;

[0014] FIG. 4 is a drawing showing a pixel circuit for lim-
iting current using a diode transistor;

[0015] FIG.Sisadrawing showing another pixel circuit for
limiting current using a current diode transistor; and

[0016] FIG. 6 is a drawing showing the overall structure of
a display device.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0017] Embodiments of the present invention will be
described in detail in the following using the drawings.
[0018] A pixel circuit of the present invention is shown in
FIG. 1. The pixel circuit shown in FIG. 1 includes a first
organic EL element 1 that contributes to display, a first drive
transistor 2 for controlling lighting of the first organic EL
element 1, a second organic EL element 3 that does not
contribute to display, a second drive transistor 4 that controls
lighting of the second organic EL. element 3, and a gate
transistor 5 that conveys data from a data line 7 to a gate
terminal of the first drive transistor 2 in accordance with a
selection signal supplied to a gate line 6.

[0019] An anode of the first organic EL element 1 is con-
nected to a drain terminal of the first drive transistor 2 and the
gate terminal of the second drive transistor 4. An anode of the
second organic EL element 3 is connected to the drain termi-
nal of the second drive transistor 4, the gate terminal of the
first drive transistor 2, and the source terminal of the gate
transistor 5. The gate terminal of the gate transistor 5 is
connected to the gate line 6, while the drain terminal of the
gate transistor 5 is connected to the data line 7. A source
terminal of the first drive transistor 2 is connected to a first
power supply line 8 for supplying a first power supply voltage
VDD, a source terminal of the second drive transistor 4 is
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connected to a second power supply line 10 for supplying a
second power supply voltage VDD2, and cathodes of the first
organic EL element 1 and the second organic EL element 3
are connected to a cathode electrode 9 to which a cathode
power supply VSS is supplied.

[0020] With this type of structure, if the gate line 6 is
selected (Low), digital data (High or Low data) that has been
supplied to the data line 7 is conveyed to the gate terminal of
the first drive transistor 2. If the digital data is low, the first
drive transistor 2 is turned on, and at the same time as the
anode of the first organic EL element 1 and the first power
supply line 8 are connected to cause current to flow through
the first organic EL element 1, the gate terminal of the second
drive transistor 4 is connected to the first power supply line 8.
Specifically, the second drive transistor 4 is turned off as a
result of its gate potential becoming the first power supply
potential VDD1, and simultaneously with the anode potential
of the second organic EL element 3 dropping to the cathode
potential VSS the gate of the first drive transistor 2 is also
similarly lowered to the cathode potential VSS. As a result,
the gate line 6 is made non-selected (High), and even if the
gate transistor 5 is off lighting of the first organic EL element
1 continues, and the second organic EL element 3 is kept in an
unlit state.

[0021] When the digital data is High, the first drive transis-
tor 2 is turned off, and the anode of the first organic EL
element 1 is lowered to the cathode potential VSS, but simul-
taneously with this the gate potential of the second drive
transistor 4 also similarly falls to the cathode potential VSS
and the second drive transistor 4 is turned on. If the second
drive transistor 4 is turned on, the anode of the second organic
EL element 3 is connected to the second power supply line 10,
current is made to flow in the second organic element 3 by the
anode of the second organic EL element 3 becoming the
second power supply potential VDD2, and at the same time
the gate potential of the first drive transistor 2 also becomes
the second power supply potential VDD2. As long as the
second power supply potential VDD2 is a sufficient potential
to turn off the first drive transistor 2, then even if the gate
transistor 5 is turned off the first organic EL element 1 is kept
unlit and a state where current continues to flow in the second
organic EL element 3 is maintained.

[0022] Since the structure is such that the first organic EL
element 1 contributes to display by generating light, that is
emitted when current flows, to the outside, but the second
organic EL element 3 does not contribute to display because
emitted light is not released to the outside even if current
flows, the operation of the first organic EL element 1 deter-
mines a light emitting state of the pixel.

[0023] As a method of giving a structure such that emitted
light is not released to the outside, as with the second organic
EL element 3, there is a method of making the second organic
EL element 3 itself an element that does not emit light, but this
requires manufacturing steps to fabricate the first organic EL
element 1 that emits light and the second organic EL element
3 that does not emit light, which complicates the manufactur-
ing process. It is therefore easier to darken the second organic
EL element 3 using metal or black matrix etc. so that there is
no release of light to the outside. In any case, since the second
organic EL element 3 does not contribute to display, forma-
tion is preferred where the light emitting surface area of the
second organic EL. element 3 is made small, and the light
emitting surface area of the first organic EL element 1 is made
large.
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[0024] However, even when constructing the organic EL
elements as described above, there is a limit to how small the
second organic EL element 3 can be made, and current flow-
ing from the second power supply line 10 is of an extent to
maintain the gate potential of the first drive transistor 2 at an
off level, even after the gate transistor 5 has been turned off.

[0025] Accordingly, with this embodiment, the second
power supply potential VDD2 supplied to the second power
supply line 10 is made smaller than the first power supply
potential VDD1 supplied to the first power supply line 8, and
current flowing in the second organic EL element 3 is limited
by setting to a potential sufficient to turn off the first drive
transistor 2, in other words, to at least the threshold voltage of
the first drive transistor 2.

[0026] A potential that makes the power consumption
extremely small while maintaining a state where the first
organic EL element 1 is not lit is found by appropriately
varying the second power supply potential VDD?2, and if this
potential is set as VDD?2, it is possible to guarantee operation
of'the static memory while realizing low power consumption.

[0027] A pixel circuit of another embodiment is shown in
FIG. 2. In FIG. 2, a current limiting transistor 11 is arranged
in series between the second drive transistor 4 and the first
power supply line 8. The gate terminal of the current limiting
transistor 11 is connected to the current limit line 12, the
source terminal is connected to the first power supply line 8,
and the drain terminal is connected to the source terminal of
the second drive transistor 4.

[0028] A control voltage supplied to the current limit line
12 is required to be at the threshold or below of the current
limiting transistor 11 in order for current to flow in the second
organic EL element 3, but it should be a value such that the
potential of the second organic EL element 3 at this current is
a sufficiently high level to turn the first drive transistor 2 off.
That is, a minimum current that allows the second organic EL.
element 3 to keep the first drive transistor 2 off. In other
words, the minimum current can generate a voltage that is the
threshold or higher of the first drive transistor 2 so that the first
transistor 2 keeps off state, and the first organic EL element 1
can maintain the unlit state by supplying a control voltage
generated by the current limiting transistor 11 to the current
limit line 12.

[0029] WithFIG. 1, the structure is such that the off level of
the first drive transistor 2 is directly controlled by using the
second power supply potential VDD, but with FIG. 2, by
controlling current flowing in the second organic EL element
3 using the current limiting transistor 11 the second power
supply voltage VDD2 is generated and the off level of the first
drive transistor 2 is controlled indirectly.

[0030] Tt is also possible to have the current limiting tran-
sistor 11 arranged in series between the second organic EL.
element 3 and the second drive transistor 4, with the gate
terminal of the current limiting transistor 11 connected to the
current limit line 12, the drain terminal connected to the
anode of the second organic EL element 3, and the source
terminal connect to the drain terminal of the second drive
transistor 4, the gate terminal of the first drive transistor 2, and
the source terminal of the gate transistor 5.

[0031] In this case, by using the current limiting transistor
11 the off voltage generated at the gate terminal of the first
drive transistor 2 can be made substantially equal to the first
power supply potential VDD 1, and it is possible to limit the
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current flowing in the second organic EL. element 3 while
maintaining an off state of the first drive transistor 2 in a more
stable manner.

[0032] Also, as shown in FIG. 4, it is possible to arrange a
diode transistor, having the gate terminal and drain terminal
short circuited and operating as a diode, between the second
organic EL element 3 and the second drive transistor 4, with
the drain terminal (gate terminal) connected to the anode of
the second organic EL element 3, and the source terminal
connect to the drain terminal of the second drive transistor 4,
the gate terminal of the first drive transistor 2, and the source
terminal of the gate transistor 5.

[0033] Since the diode transistor 13 and the second organic
EL element 3 are connected in series, a larger forward bias
voltage is needed and current is limited.

[0034] As shown in FIG. 5, it is also possible to have the
diode transistor 13 arranged between the first power supply
line 8 and the second drive transistor 4, with the source
terminal connected to the power supply line 8, and the drain
terminal (gate terminal) connected to the source terminal of
the second drive transistor 4. In this case, the drain side
voltage of the diode transistor 13 becomes a voltage supplied
to the drain terminal (gate terminal) of the first drive transistor
2 when the second drive transistor 4 is on, namely, a voltage
corresponding to the second power supply potential VDD2 in
FIG. 1. Therefore, the voltage of the drain terminal (gate
terminal) of this diode transistor 13 is required to be designed
giving sufficient consideration to variations in characteristics
ofthe diode transistor 13, so that it is made a sufficiently high
potential to turn off the first drive transistor 2.

[0035] FIG. 6 shows a display device includes a pixel array
15 having the pixels 14 of FIG. 1 to FIG. 5 arranged in a
matrix array, a gate driver 17 for driving gate lines 6, and a
data driver 16 for driving data lines 7.

[0036] When a pixel 14 is as shown in FIG. 1, the second
power supply voltage VDD?2 is supplied to the second power
supply line 10, while when configured as shown in FIG. 2 or
FIG. 3 the current limit voltage is supplied to the current limit
line 12. With the pixel 14 shown in FIG. 4 or FIG. 5, the
second power supply line 10 and the current limit line 12 are
not required, and so they are omitted.

[0037] In this manner, by controlling the voltage and cur-
rent supplied to the second organic EL element 3 either
directly or indirectly using a transistor, it is possible to lower
the power consumption when maintaining an unlit state of the
first organic EL element 1.

PARTS LIST
[0038] 1 organic EL element
[0039] 2 first drive transistor
[0040] 3 organic EL element
[0041] 4 second drive transistor
[0042] 5 gate transistor
[0043] 6 gate line
[0044] 7 data line
[0045] 8 first power supply line
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[0046] 9 cathode electrode

[0047] 10 second power supply line
[0048] 11 current limiting transistor
[0049] 12 current limit line

[0050] 13 diode transistor

[0051] 14 pixels

[0052] 15 pixel array

[0053] 16 data driver

[0054] 17 gate driver

1. An active matrix display device comprising, in each
pixel arranged in a matrix form, a self-emitting element and
an element that controls light emission of the self-emitting
element, wherein each pixel comprises:

a static memory in which a first transistor of a pair of
transistors is switched ON or OFF according to a sup-
plied signal and a second transistor of the pair of the
transistors is switched OFF or ON according to an out-
put voltage of the first transistor, so that the static
memory maintains a state according to the supplied sig-
nal;

a pair of self-emitting elements, each connected to each of
the pair of transistors of the static memory, wherein a
first self-emitting element contributes to display when a
current is supplied and a second self-emitting element
does not contribute to display even when a current is
supplied; and

means for flowing current through the second self-emitting
element which does not contribute to display that is
reduced to be within a range which does not affect the
state maintenance by the static memory.

2. The active matrix display device of claim 1, wherein:

a power supply voltage for supplying current to the tran-
sistor, of the pair of transistors of the static memory, that
is connected to the self-emitting element that does not
contribute to display is made a low voltage compared to
the power supply for supplying current to the other tran-
sistor.

3. The active matrix display device of claim 1, wherein:

a current control transistor separate from the transistors of
the static memory is connected in series with the tran-
sistor connected to the self-emitting element that does
not contribute to display, and current amount flowing in
the self-emitting element that does not contribute to
display is adjusted by adjusting the current amount of
this current control transistor.

4. The active matrix display device of claim 1, wherein:

a diode connected current control transistor separate from
the transistors of the static memory is connected in series
with the transistor connected to the self-emitting ele-
ment that does not contribute to display, and current
amount flowing in the self-emitting element that does
not contribute to display is reduced.

5. The active matrix display device of claim 1, wherein the

self-emitting elements are organic EL elements.
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