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PIXEL CIRCUIT

FIELD OF THE INVENTION

[0001] The present invention relates to a pixel circuit of an
organic EL display or the like.

BACKGROUND OF THE INVENTION

[0002] Because an organic EL display is of self-emissive
type, it has high contrast and fast response, making is suitable
for moving picture applications such as a television for dis-
playing natural images. Generally, an organic EL element is
driven at a constant current using a control element such as a
transistor, but since the transistor in this case is used in the
saturation region, different currents are generated in each
pixel, even with the same gradation voltage (voltage step)
supplied to the pixel, because of variations in Vth (threshold
voltage) and mobility characteristics of the transistor, and it is
not possible to keep the emission brightness uniform, which
is aproblem. In order to solve this problem, a structure having
a circuit for compensating for Vth provided inside a pixel is
disclosed in WO 1998048403.

SUMMARY OF THE INVENTION

[0003] FIG. 7 shows the pixel circuit disclosed WO
1998048403. In FIG. 7, a gate of a p-channel switching tran-
sistor P4 having a source connected to a data line is connected
to a gate line, and the drain of this transistor P4 is connected
to the gate of a p-channel driving transistor P1 via a capacitor
Cc. The source of the driving transistor P1 is connected to
power supply VDD, while the drain is connected via a p-chan-
nel light emission controlling transistor P2 and the organic EL
element OLED to a negative power supply. Also, a capacitor
Cs is arranged between the gate of the driving transistor P1
and the power supply VDD, with a reset transistor P3 being
arranged between the gate and source of the driving transistor
P1.

[0004] With this structure, in a state where the light emis-
sion controlling transistor P2 has been turned off by the light
emission control line, power supply potential VDD is sup-
plied to the data line, the switching transistor P4 and the reset
transistor P3 are turned on by the gate line and the reset line,
and Vith is written to the capacitors Cc and Cs. Next, the reset
transistor P3 is turned off to apply a data line gradation signal
voltage Vsig to the gate of the driving transistor P1 via the
capacitor Cc, and a gate voltage Vg=Cc/(Cc+Cs)xVsig+Vth
is applied to the gate terminal of the driving transistor P1.
[0005] In this way, since this Vth is always added to the
gradation signal voltage as an offset at the gate terminal of the
driving transistor, Vth is automatically corrected. However,
since a dynamic range of the gradation signal voltage is
reduced to Cc/(Cc+Cs), it is preferable to make Cc suffi-
ciently large compared to Cs in order to avoid this. However,
if Cc 1s made larger the surface area occupied by Cc in the
pixel section increases, making the surface area of an opening
section disadvantageously larger. As a result, the organic EL
element is driven at a high current density, and it is difficult to
ensure reliability, such as lifespan.

[0006] Tt is also difficult to correct mobility with the Vth
correction circuit of the related art disclosed in patent docu-
ment 1, and it is difficult to ensure high brightness uniformity
in a wide gradation range when there are variations in mobil-
ity between pixels. Also, an organic EL element generally has
reduced emission brightness accompanying light emission,
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but with the pixel circuit of the related art it is also not possible
to correct the lowering of light emission brightness.

[0007] The present invention is directed to (a pixel circuit)
comprising a first storage capacitor having a first terminal
connected to a data line, a switching transistor having a first
terminal connected to this first storage capacitor and which is
switched ON and OFF by a selection line, a driving transistor
having a control terminal connected to a second terminal of
the switching transistor and having a first terminal connected
to a power supply, an organic electroluminescence element
which is connected to a second terminal of the driving tran-
sistor through a light emission controlling transistor, a second
storage capacitor which connects the control terminal of the
driving transistor and a first power supply side terminal, and
a reset transistor which connects a second terminal of the
driving transistor on the side near the light emission control-
ling transistor and the control terminal of the driving transis-
tor or the side of the first storage capacitor near the driving
transistor, wherein the first storage capacitor is formed over-
lapping the data line.

[0008] 1t is also possible for the first storage capacitor to
comprise a section where a semiconductor thin film consti-
tuting the switching transistor or the reset transistor extends,
an insulating film formed with the same process as for a gate
insulation film of the switching transistor or the reset transis-
tor, and a metal layer formed with the same process as for the
gate electrode of the switching transistor or the reset transis-
tor, wherein the metal layer and the data line are connected by
a contact.

[0009] Itis also possible, after a voltage corresponding to a
threshold voltage of the driving transistor has been written to
the gate of the driving transistor, to turn off the switching
transistor while the reset transistor and the light emission
controlling transistor are turned on, and for a voltage obtained
by voltage division of the power supply voltage by an organic
electroluminescence element and the driving transistor to be
written to the gate of the driving transistor by current flowing
in the driving transistor.

[0010] Inthis way, according to the present invention, it is
possible to form a storage capacitor overlapping a data line.
Accordingly, obtaining a large capacitance storage capacitor
is easy. In this way it is possible to easily perform threshold
value compensation for the driving transistor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 is a drawing showing the structure of one
example of a pixel circuit of the embodiments;

[0012] FIG. 2A is a plan view showing the structure of a
first storage capacitor;

[0013] FIG. 2B isa cross sectional view showing the struc-
ture of the first storage capacitor;

[0014] FIG. 2C is a cross sectional view showing another
structural example of the first storage capacitor;

[0015] FIG. 3 isa drawing showing the structure of another
example of a pixel circuit of the embodiments;

[0016] FIG.4isatimingchart showing an example of states
of each line;

[0017] FIG. 5isa timing chart showing another example of
states of each line;

[0018] FIG. 6isatimingchart showing a further example of
states of each line; and
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[0019] FIG. 7 is a drawing showing the structure of a pixel
circuit of the related art.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0020] Embodiments of the present invention will be
described in the following based on the drawings. A pixel
circuit for the pixel 14 of this embodiment is shown in FIG. 1.
An organic EL element 1 has its cathode connected to a
cathode electrode 13 common to all pixels (for supplying
VSS), and its anode connected to a drain terminal of a light
emission controlling transistor 5 having a gate terminal con-
nected to a light emission controlline 12. A source terminal of
the light emission controlling transistor 5 is connected to a
drain terminal of a driving transistor 2 having a source con-
nected to a power supply line 9 common to all pixels (for
supplying VDD).

[0021] A source terminal of a reset transistor 4 having a
gate terminal connected to a reset line 11 is connected to a
connection point of the light emission controlling transistor 5
and the driving transistor 2, while the drain terminal of the
reset transistor 4 is connected to one end of a first storage
capacitor 6 having its other end connected to a data line 8, and
to a drain terminal of a switching transistor 3 that has its gate
terminal connected to a gate line 10. The source terminal of
the switching transistor 3 is connected to a gate terminal of the
driving transistor 2 and to one end of a second storage capaci-
tor 7 that has its other end connected to a power supply line 9,
to thus constitute the pixel 14.

[0022] The first storage capacitor 6 has a capacitance value
Cc, and the second storage capacitor 7 has a capacitance value
Cs. The fact that it is preferable, in preventing reduction in
dynamic range of a gradation signal voltage Vsig supplied to
the data line 8, to make the capacitance value Cc of the first
storage capacitor large compared to the capacitance value Cs
of the second storage capacitor has been described previ-
ously. With this embodiment, the pixel 14 is constructed so
that it is possible to ensure that the capacitance Cc is suffi-
ciently large, because it is possible to form the first storage
capacitor 6 by coupling with the data line 8.

[0023] FIGS. 2A and 2B show an example of the first stor-
age capacitor 6 formed along the data line 8. One end of the
first storage capacitor 6 is connected to the data line 8, while
the other end is connected to drain terminals of the switching
transistor 3 and the reset transistor 4. It is therefore convenient
1o form the capacitor with a polysilicon thin film doped with
impurities, wherein it is possible to use one end of the first
storage capacitor 6 as the data line and to use the other end as
drain terminals of the switching transistor 3 and the reset
transistor 4.

[0024] Here, the first storage capacitor 6 shown in FIG. 2A
and FIG. 2B is formed by sandwiching a gate insulating film
with a gate element and a polysilicon thin film that has been
doped with impurities, and the gate insulating film is formed
on the polysilicon thin film that has been doped with impuri-
ties, and metal of the data line 8 is formed on thus gate
insulating film by way of gate metal and a further interlayer
insulating film. In this way the first storage capacitor 6 is
formed based on a general polysilicon process. Then as
shown in the cross section A-A', by connecting the data line 8
and the gate metal by way of a contact, one end of the first
storage capacitor constitutes the data line 8 and the other end
constitutes the polysilicon thin film that has been doped with
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impurities, and the first storage capacitor 6 shown in FIG. 2A
and FIG. 2B functions as the storage capacitor 6 of FIG. 1.
[0025] The polysilicon thin film that has been doped with
impurities is formed by extending the drain terminals of the
switching transistor 3 and the reset transistor 4, and the gate
metal of the first storage capacitor 6 is formed by the same
process as the gate electrodes of the transistors, but they are
electrically isolated. A central section of the polysilicon thin
film is a channel region that is basically not doped with
impurities, and there are a drain region and a source region at
either side that are doped with impurities, and by arranging
the gate electrode on the channel region via a gate insulating
film a transistor is formed.

[0026] By configuring a pixel circuit in this way, it is pos-
sible to form the first storage capacitor 6 using a coupling with
the data line 8, which shows that by forming the first storage
capacitor 6 along the data line 8 it is possible to make the
capacitance value Cc of the storage capacitor 6 sufficiently
large.

[0027] The storage capacitor 6 can also be formed by way
of an interlayer insulating film, besides by way of the gate
insulating film, and besides polysilicon doped withimpurities
the metal functioning as the terminals of the storage capacitor
can use gate metal etc. More specifically, by not forming the
contact between the data line and the gate metal as shown in
FIG. 2B, and connecting the gate metal to the polysilicon thin
film that has been doped with impurities and used as drain
electrodes for the switching transistor 3 and the reset transis-
tor 4, an area, where the gate metal and the data line 8 oppos-
ing via the interlayer insulation film functions as the storage
capacitor 6.

[0028] For example, with the configuration of F1G. 2C, the
polysilicon thin film that has been doped with impurities is
connected to the data line 8. This polysilicon thin film that has
been doped with impurities is isolated from the drain termi-
nals of the switching transistor 3 and the reset transistor 4. On
the other hand, the gate metal is connected to the drain ter-
minals of the switching transistor 3 and the reset transistor 4
by contacts. In this manner, both between the gate metal and
the data line, and between the gate metal and the polysilicon
thin film doped with impurities, function as the first storage
capacitor 6.

[0029] Anexample of another pixel 14 of the present inven-
tion is shown in FIG. 3. A point of difference from FIG. 1 is
that the drain terminal of the reset transistor 4, is connected to
the gate terminal of the driving transistor 2, the end of the
second storage capacitor 7 that is not connected to the power
supply line 9, and the source terminal of the switching tran-
sistor 3. In this pixel 14 also, by using the control method that
will be described next it is possible to correct Vth of the
driving transistor 2.

[0030] A control method for correcting Vth of the driving
transistor 2 using the pixel 14 of FIG. 1 and FIG. 3 is shown
in FIG. 4. As shown in FIG. 4, a horizontal period is divided
into a reset period and a date write period, and the operation
of the pixel 14 is different in each period.

[0031] In ahorizontal period in which the line of the pixel
14 is selected, the gate line 10 is selected, but in the initial
reset period the reset line 11 is first set Low. As a result, the
switching transistor 3 and the reset transistor 4 are turned on,
and the driving transistor 2 is diode connected causing current
to flow inthe organic EL element 1. After that, the current that
is flowing in the organic EL element 1 is made to flow via the
reset transistor 4 to the first and second storage capacitors 6
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and 7 by setting the light emission control line 12 to High.
While this is happening the same power supply voltage VDD
as on the power supply line 9 is supplied to the data line 8, and
so by the time a certain time has elapsed and current no longer
flows Vth is held at the first and second storage capacitors 6
and 7. Since the reset transistor 4 is turned off by setting the
reset transistor 11 High at this time, the potential held at the
first and second storage capacitors 6 and 7 is settled, and the
reset period is completed.

[0032] After that, if the gradation control voltage Vsig is
supplied to the data line 8, the gate voltage Vg of the driving
transistor 2 is controlled to Vg=Cc/(Cc+Cs)*Vsig+Vth by
adding a potential that is proportional to the gradation signal
voltage Vsig to Vth using coupling with the first coupling
capacitor 6, and Vth of the driving transistor 2 is corrected.
However, the previously described reset period does not have
to be maintained until there is substantially no current flow in
the driving transistor 2, and can be an appropriate time such as
a few us to a few tens of us.

[0033] Thecapacitance Cc of the first storage capacitor 6 is
sufficiently larger than the capacitance Cs of the second stor-
age capacitor 7, which shows that Cc/(Cc+Cs) is substantially
equal to 1, and the dynamic range of the gradation signal
voltage Vsig is maintained.

[0034] Once the horizontal period is completed, the light
emission control line is made Low, a current corresponding to
the written gradation signal voltage Vsig flows in the organic
EL element 1 via the light emission controlling transistor 5,
and light emission is maintained until the line of the next pixel
14 is selected.

[0035] Vth is corrected by controlling the pixel 14 as
described above, but if the mobility of the driving transistor 2
is different for every pixel, current flowing in the organic EL
element 1 will vary even if it is possible to correct only Vth,
Therefore, a voltage difference arises between pixels, and
brightness uniformity is deteriorated. Consequently, bright-
ness variation due to differences in mobility are corrected by
controlling the pixel 14 of FIG. 1 as described in the follow-
ing.

[0036] FIG. 5 shows a control method for performing
mobility correction in addition to Vth correction. Differing
from FIG. 4, the horizontal period is divided into 4, namely a
reset period, a first data write period, a current difference
extraction period, and a second data write period. In the reset
period, similar to FIG. 4, when the gate line 10 of the pixel 14
is selected the driving transistor 2 is diode connected by
setting the reset line 11 to Low, and current temporarily flows
in the organic EL element. Next, by setting the light emission
control line 12 to High a current path to the organic EL
element 1 is cut off, current continues to flow into the first and
second storage capacitors 6 and 7, and Vth is written (reset
period).

[0037] After that, if the reset line 11 is set to High, Vth
written to the first and second storage capacitors 6 and 7 is
settled, and by supplying the gradation signal voltage Vsig to
the data line 8 Vth is corrected at the gate voltage of the
driving transistor 2 and a potential Vg=Cc/(Cc+Cs)+Vth that
is the gradation signal voltage Vsig inverted is generated.
Therefore, a current with Vth corrected is made to flow in the
organic EL element 1 by setting the light emission control line
12 to Low (first data write period).

[0038] Here, once the gate line 10 is set High, current with
Vth corrected continues to flow even if deselected. If the reset
line 11 is set Low at this time, the potential stored at the first
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storage capacitor 6 varies in accordance with current flowing
in the organic EL element 1. That is, if the reset line 11 is set
Low, current flows from the first storage capacitor 6 to the
organic EL element 1 via the reset transistor 4, but if a large
current is flowing in the organic EL element 1 (mobility of the
driving transistor 2 is high) the voltage across the source and
drain of the reset transistor 4 becomes smaller which shows
that a current discharged from the first storage capacitor 6
becomes small, while if the current flowing in the organic EL
element is small (mobility of the driving transistor 2 is low)
the voltage across the source and drain of the reset transistor
4 becomes high causing the current discharged from the first
storage capacitor 6 to be large.

[0039] Once the current difference extraction period in
which the reset line 11 is made Low elapses and the reset line
11 is set High, the potential on a reset transistor side end of the
first storage transistor 6 becomes a higher potential in the
event that the mobility of the driving transistor 2 is high, or a
lower potential in the event that the mobility of the driving
transistor 2 is low, and a potential corresponding to the mobil-
ity of the driving transistor 2 is reflected at the first storage
capacitor 6 (current difference extraction period).

[0040] If this type of mobility correction is carried out, the
gate line 10 is selected again, and the potential reflected at the
first storage capacitor 6 is written to the second storage
capacitor 7 (second data write period). In this way, in the
event that the mobility of the driving transistor 2 is high, a
higher potential is written to the second storage capacitor 7 to
suppress the current of the driving transistor 2, while if the
mobility is low a lower potential is written to the second
storage capacitor 7 to stimulate the current of the driving
transistor 2.

[0041] Since the gradation signal voltage Vsig continues to
be supplied to the data line 8 except in the reset period, the
same mobility correction is carried out at all gradations, but
because the source drain voltage of the reset transistor 4
becomes large in the current difference extraction period and
a required current or greater flows from the first storage
capacitor 6 in the case of low gradation, it is preferable that
the current difference extraction period not be too long. Alter-
natively, it is possible to make the Low level of the reset line
11 comparatively high, and make the onresistance of the reset
transistor 4 large, or to lengthen the channel length of the reset
transistor 4 and increase the on resistance to avoid excessive
current flowing.

[0042] If the pixel 14 of FIG. 1 is controlled as described
above, it is possible to correct not only Vth but also mobility,
butifthe organic EL element 1 deteriorates and becomes high
resistance, then at the time of current difference extraction the
source drain voltage of the reset transistor 4 is affected more
by the raise in voltage of the organic EL element 1, which
shows that the above described mobility correction no longer
functions appropriately. It is therefore preferable to perform
the following homogenization processing for the organic EL
element 1.

[0043] FIG. 6 shows a control method for carrying out
homogenization processing for the organic EL element 1
using the pixel 14 of FIG. 1. The procedure of the homogeni-
zation processing is the same as for FIG. 5, in that the hori-
zontal period is divided into 4 periods, namely a reset period,
afirst data write period, a current difference extraction period,
and a second data write period. If the same reset period as in
FIG. 4 and FIG. 5 is completed and Vth is written to the first
and second storage capacitors 6 and 7, the cathode potential
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VSSis supplied to the data line 8 (it can also be a low voltage
corresponding to VSS), and by writing to the second storage
capacitor 7 the first data write period is completed. In this
way, the gate voltage of the driving transistor 2 becomes
sufficiently low, and the driving transistor 2 operates in the
linear region. If the gate line 10 becomes High in the current
difference extraction period and is unselected, the second
storage capacitor 7 is isolated from the first storage capacitor
6 and by setting the reset line 11 and the light emission control
line 12 Low a potential that is voltage divided by the organic
EL element 1 and the on resistance of the driving transistor 2
is written to a reset transistor side terminal of the first storage
capacitor 6.

[0044] If the organic EL element 1 is degraded and its
resistance becomes high, the current flowing from the power
supply line 9 to the organic EL element 1 becomes small and
the drain potential of the driving transistor 2 during an on
operation rises because voltage lowering becomes small. In
the event that there is low degradation, the current flowing
from the power supply line 9 to the organic EL element 1
increases, and as a result the drain potential of the driving
transistor 2 during an on operation falls with large lowering of
voltage. The drain potential of the driving transistor 2 is
written via the reset transistor 4 to the first storage capacitor 6,
which shows that degradation of the organic EL elements 1 is
reflected to the first storage capacitor 6. Alternatively, it is also
possible to reflect degradation of the organic EL element 1 at
the first storage capacitor 6 by supplying the VDD potential
(or a potential higher than VDD) to the data line 8 in the first
data write period after the reset period is completed, and
writing to the second storage capacitor 7 to reliably turn off
the driving transistor 2. That is, if the reset transistor 4 and the
light emission controlling transistor 5 are turned on in a state
where the driving transistor 2 is off, current flows from the
data line 8 that is maintained at VDD, through the first storage
capacitor 6, the reset transistor 4 and the light emission con-
trolling transistor 5, to the organic EL element 1, which shows
that the anode potential of the organic EL element 1 is
reflected at one end of the first storage capacitor 6, and a
potential corresponding to the extent of degradation is main-
tained at the first storage capacitor 6 by turning the reset
transistor 4 off at an appropriate time. In this case also, it
becomes difficult for current to flow if degradation is signifi-
cant, which shows that the anode potential of the organic EL
element 1 becomes high, while if degradation is low it is easy
for current to flow which shows that the anode potential
becomes low, and these differences are reflected at the first
storage capacitor 6.

[0045] 1In the second data write period, the gate line 10 is
again made Low, drive potential of the organic EL element 1
that has been written to the first storage capacitor 6 and the
gradation control signal Vsig supplied to the data line 8 are
written to the second storage capacitor 7 by way of coupling
of the first storage capacitor 6, and a potential that reflects
degradation of the first organic EL element 1 is maintained at
the gate terminal of the driving transistor 2. That is, in a pixel
that has significant degradation there is a higher gate voltage,
and in a pixel with slight degradation there is a lower gate
voltage. By setting the light emission control line 12 low,
current that has been subjected to homogenization that differs
for each organic EL element 1 according to the extent of
degradation flows with a smaller current flowing in pixels
with significant degradation and a larger current flowing in
pixels that have slight degradation, thus performing unifor-
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mity of degradation. The fact that the gradation signal voltage
Vsig supplied to the data line 8 in the second data write period
determines current flowing in all pixels at the time of homog-
enization processing is arbitrary, and it is preferable to set so
that a particular current flows, because degradation is accel-
erated if too much current flows.

[0046] This homogenization processing is carried out at,
for example, about 60 Hz so as to achieve normal display. The
state of degradation of the organic EL element 1 for every
frame period is read in the current difference extraction
period, and is reflected in the homogenized current, which
shows that homogenized current is automatically adjusted.
Specifically, as a result of homogenization processing, pixels
with accelerated degradation have homogenized current
moderated, and ultimately the same current flows in all pixels.
[0047] Homogenization processing is preferably carried
out in a separate period from the normal image display period,
but it is also possible to divide a frame into a plurality of
subframes, and perform normal display in an initial sub-
frame, and after that carry out homogenization processing in
the next subframe. In this case, it is preferable for the homog-
enization processing to set the homogenization current to an
extent that does not affect display.

[0048] Generally, degradation in the light emission inten-
sity of an organic EL element is closely related to the previ-
ously described resistance increase, which shows that as well
as equalizing the drive voltage using the homogenization
processing it is also possible to anticipate homogenization of
degradation in light emission intensity, and it is possible to
prevent burn-in.

PARTS LIST
[0049] 1 organic EL element
[0050] 2 driving transistor
[0051] 3 switching transistor
[0052] 4 reset transistor
[0053] 5 light emission controlling transistor
[0054] 6 first storage capacitor
[0055] 7 second storage capacitor
[0056] 8 data line
[0057] 9 power supply line
[0058] 10 gate line
[0059] 11 reset line
[0060] 12 light emission control line
[0061] 13 cathode electrode
[0062] 14 pixel
[0063] P1 driving transistor
[0064] P2 p-channel light emission controlling transistor
[0065] P3 reset transistor
[0066] P4 p-channel switching transistor

1. A pixel circuit for an electroluminescent element com-

prising:

a data line and a power supply;

a first storage capacitor having a first terminal connected to
the data line;

a switching transistor having a first terminal connected to
the first storage capacitor and which is switched ON and
OFF by a selection line connected to a control terminal;

a driving transistor having a control terminal connected to
a second terminal of the switching transistor and having
a first terminal connected to the power supply;
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a light emitting transistor in an organic electrolumines-
cence element which is connected to the second terminal
of the driving transistor through the light emission con-
trolling transistor;

a second storage capacitor which connects the control ter-
minal of the driving transistor and a first power supply
side terminal; and

a reset transistor which connects a second terminal of the
driving transistor on the side near the light emission
controlling transistor and the control terminal of the
driving transistor or the side of the first storage capacitor
near the driving transistor, wherein the first storage
capacitor is formed overlapping the data line.

2. The pixel circuit of claim 1, wherein:

the first storage capacitor comprises

a section where a semiconductor thin film constituting the
switching transistor or the reset transistor extends;
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an insulating film formed with the same process as for the
gate insulation film of the switching transistor or the
reset transistor; and

a metal layer formed with the same process as for the gate
electrode of the switching transistor or the reset transis-
tor; wherein the metal layer and the data line are con-
nected by a contact.

3. The pixel circuit of claim 1, wherein:

after a voltage corresponding to a threshold voltage of the
driving transistor has been written to the gate of the
driving transistor, the switching transistor is turned off
while the reset transistor and the light emission control-
ling transistor are turned on, and a voltage correspond-
ing to the voltage of an organic electroluminescence
element side terminal of the driving transistor is set at the
gate of the driving transistor by current flowing in the
driving transistor.
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