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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] Thepresentinventionrelatestoadisplaydevice
including a self light emitting element.

2. Description of the Related Art

[0002] Inrecentyears, organic EL displays have been
actively developed, and have achieved a significant ad-
vancement. In a display device including a self light emit-
ting element such as an organic EL element, light emis-
sion may be controlled pixel by pixel, and hence there
are advantages in contrast and viewing angle character-
istics. When used in video display or the like, there is
also a merit that reduction in power consumption may be
achieved because an average display gradation is low.
Meanwhile, when the characteristics of the light emitting
element themselves are deteriorated by its use, lumi-
nance reduction occurs in accordance with a usage his-
tory of each pixel. The luminance reduction occurs at a
predetermined pattern depending on displayed images
orthe usage, andin some cases, the luminance reduction
may be visually recognized as "screen burn-in."

[0003] In a case where an organic EL element is used
as the light emitting element, light emission intensity is
proportional to a current flowing through the element. The
ratio between the light emission intensity and the current
flowing through the element is called a current luminous
efficiency. Normally, the current luminous efficiency is
determined based on an organic material forming the
light emitting element, an element structure, an interface
state, or the like, and the current luminous efficiency is
uniform across the entire display region. Therefore, when
uniform display characteristics are desired to be ob-
tained, it is only necessary to control, pixel by pixel, the
current to be supplied to the light emitting element, so as
to obtain uniform display. In an active matrix type organic
EL display, the current is controlled by a thin film transis-
tor (TFT) element provided in each pixel, and thus the
organic EL element is driven. Generally, a low-tempera-
ture polycrystalline silicon TFT or the like is used as the
TFT element.

[0004] As characteristics of the low-temperature poly-
crystalline silicon TFT, there is a problem in that, because
of grain boundary scattering of conduction electrons, fluc-
tuation in mobility or in turn-on voltage occurs among the
pixels. Therefore, efforts have been made to obtain uni-
form display characteristics by suppressing the fluctua-
tion in mobility or in turn-on voltage and by correcting the
fluctuation, to thereby enable uniform pixel current sup-
ply. For example, Japanese Patent Application Laid-
open No. 2005-217214 describes a technology in which
the crystal-growth direction of the polysilicon is controlled
to obtain crystalline grains of uniform shapes. Further,
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there have been proposed many technologies for sup-
pressing the fluctuation in mobility or in turn-on voltage
and by correcting the fluctuation, to thereby enable uni-
form pixel current supply. For example, Japanese Patent
Application Laid-open No. 2005-217214 describes a
technology in which the crystal-growth direction of the
polysilicon is controlled to obtain crystalline grains of uni-
form shapes. Further, there have been proposed many
technologies for suppressing fluctuation in display char-
acteristics caused by fluctuation in threshold voltage of
the TFT, by adding, to a pixel circuit, a function to offset
a threshold voltage of a drive TFT. For example, Japa-
nese patent Application Laid-open No. 2008-203387 is
proposed.

[0005] Here, the conventional technologies described
above are based on the presupposition that the organic
EL element maintains the in-plane uniformity of the cur-
rent luminous efficiency. However, in actual use, the or-
ganic EL element itself is deteriorated by its use, and the
current luminous efficienc is accordingly reduced. Re-
flecting the difference of the usage history among the
pixels, the current luminous efficiency is reduced in dif-
ferent speed among the pixels. Depending on the usage
of the display device and the displayed images, the dif-
ference of the deterioration speed among the organic EL
elements may be increased to an extent not negligible.
In this case, the difference is visually recognized as dis-
play luminance unevenness and screen burn-in. Gener-
ally, an organic EL display device life is defined by a
luminance half - life. The luminance unevenness and the
screen burn-in reach allowable limits thereof with the lu-
minance difference of several percent, and hence the
luminous efficiency reduction of the organic EL element
is a cause of a significant reduction in device life. There-
fore, there is a demand to compensate for the display
luminance reduction caused by the current luminous ef-
ficiency reduction of the organic EL element.

[0006] Document US 2005/179626 A1 discloses a
drive circuit for a light-emitting element that can be used
in a display, and an exposing device that uses a light-
emitting element as a load.

[0007] Document US 2006/0253755 A1 discloses a
display unit comprising a first switch unit, a driving unit,
a light-emitting unit, and a control circuit.

[0008] DocumentEP 1135764 A1 discloses an active
matrix electroluminescent display device in which the
drive current through an EL display element in each pixel
in a drive period is controlled by a driving device based
on a drive signal applied to the pixel in a preceding ad-
dress period and stored as a voltage on an associated
storage capacitor.

[0009] DocumentUS7,355,574B1disclosesan OLED
display with aging and efficiency compensation compris-
ing a compensate drive circuit.

SUMMARY OF THE INVENTION

[0010] Some or all of the above problems are over-
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come by a display device having the features of claim 1.
[0011] Further, it is preferred that the display device
according to the present invention further includes the
features of claim 2.

[0012] Accordingto the presentinvention, the data sig-
nal is corrected in accordance with a change of the drive
voltage (turn-on voltage) of the light emitting element,
and hence it is possible to compensate for the drive cur-
rent reduction caused by the data signal due to the de-
terioration of the light emitting element.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] In the accompanying drawings:

FIG. 1 is a diagram illustrating a configuration of a
pixel circuit according to a first embodiment of the
present invention;

FIG. 2 is a drive waveform diagram of the first em-
bodiment;

FIG. 3 is a diagram illustrating a configuration of a
pixel circuit according to a second embodiment of
the present invention;

FIG. 4 is a drive waveform diagram of the second
embodiment; FIG. 5A is a graph illustrating a rela-
tionship between a light emission luminance at a low
current of an organic EL element and a voltage of
the element;

FIG. 5B is a graph illustrating a relationship between
a light emission luminance at a low current of an
organic EL element and a voltage of the element;
FIG. 6 is a graph illustrating an example of pixel cur-
rent simulation of the circuit of the second embodi-
ment;

FIG. 7A is a graph illustrating an example of pixel
luminance compensation calculation performed by
the circuit of the second embodiment; and

FIG. 7B is a graph illustrating an example of pixel
luminance compensation calculation performed by
the circuit of the second embodiment.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0014] Hereinafter, embodiments of the presentinven-
tion are described with reference to the attached draw-
ings.

(Consideration of Current Luminous Efficiency Reduc-
tion)

[0015] Element characteristics of an organic EL ele-
ment are deteriorated by its use. Generally, because of
this deterioration, a current luminous efficiency of the el-
ement is reduced and an element drive voltage rise oc-
curs. The cause of the current luminous efficiency reduc-
tion has not been completely figured out, but it is under-
stood that generation of a non-radiative recombination
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center, which is caused by change in properties of the
light emitting material, causes the luminous efficiency re-
duction and the drive voltage rise (M. E. Kondakova et
al., SID 09 DIGEST, p1677). As described in M. E.
Kondakova et al., SID 09 DIGEST, p1677, there is a
strong correlation between the drive voltage rise and the
current luminous efficiency reduction of the organic EL
element. Therefore, from the amount of the drive voltage
rise, it is possible to predict the deterioration amount of
the light emitting characteristics of the organic EL ele-
ment. That is, the luminous efficiency reduction and the
drive voltage (capacitance transition voltage) rise are
substantially linear, and further, hardly depend on tem-
perature. Here, the capacitance transition voltage is a
voltage at which carriers are excited in an organic layer
and a change in capacitance of the organic EL element
is observed. As described in M. E. Kondakova et al., SID
09 DIGEST, p1677, the capacitance transition voltage
rise can be explained by the generation of the non-radi-
ative recombination center with a deep energy level.

[0016] Therefore, the recombination center acts as a
trap, and |-V characteristics of the organic EL element
are shifted simply to a positive direction of the voltage.
With usage of this, the deterioration of the organic EL
element may be compensated for with a method which
is relatively simple. The capacitance transition voltage is
a voltage at which the carriers start to increase in the
element in accordance with voltage application, and
hence, owing to the |-V characteristics, the capacitance
transition voltage corresponds to a turn-on voltage of the
elementin broad perspective. The capacitance transition
voltage rise is observed as a turn-on voltage rise of the
element, and the entire drive voltage of the element in-
creases in accordance with the turn-on voltage rise.

(Compensation for Current Luminous Efficiency Reduc-
tion)

[0017] Light emission intensity L from the organic EL
elementis proportional to a drive current | jof the element.
When the current luminous efficiency is represented by
1, the following expression is satisfied.

L=n-Ia(1)

[0018] When a drive voltage rise of the organic EL el-
ement is represented by Ayyeq, @and it is assumed that
Aygleq i proportional to a current luminous efficiency re-
duction An of the element, the following expression is
satisfied.

(2)

aAn= KAVole’d

where « represents a constant that does not depend on
temperature.
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[0019] Meanwhile, the drive current |y supplied from a
TFT element may be expressed as follows.

Ia=(B/2)(Vg-Ven)® (3)

where f represents a transconductance, and Vg and Vy,
represent a gate-source voltage and a threshold voltage,
respectively, of the drive TFT.

[0020] When a voltage proportional to a display data
signal voltage V,; and a drive voltage V, of the organic
EL element is applied as the gate-source voltage Vg of
the drive TFT, the following expression is satisfied.

Vg=vdat ( avy+b ) ( 4 )

[0021] Here, the drive voltage V(, corresponds to the
turn-on voltage of the organic EL element as described
above. Hereinafter, the drive voltage V, is described as
the turn-on voltage V.

[0022] This may be realized by, in the circuit, adding
V4at and the multiplier output of V44 and V. Note that,
"a" and "b" are constants determined based on designs
of a multiplier circuit and an adder circuit.

[0023] Here, when itis assumed that the drive voltage
of the organic EL element is changed by Av by the dete-
rioration of the element, Vg may be expressed as follows.

Vy=Vaar {aV%(1+4v) +b} (5)
where VO, represents a drive voltage value of the organic
EL element before the deterioration thereof.

[0024] Av is considered to be sufficiently smaller than
1, and hence, from Expressions (1). (3), and (5), the light
emission intensity L may be expressed as follows.

L=(B/2)Vaar’: £2(1-00) (1+AAV,)

[0025]
fied.

Note that, the following expressions are satis-

§=aV°o+b

r=(2av’)/(av’+b)

[0026] Here, when V; is determined so as to satisfy
k=A, Expression (5) satisfies

L~(B/2)Vaar>" €2,
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and hence the light emission intensity L from the organic
EL element becomes substantially constant regardless
of the luminous efficiency reduction of the element.
[0027] Therefore, it is found that, by applying the volt-
age proportional to the display data signal voltage V 4
and the turn-on voltage V, of the organic EL element,
which is represented in Expression (4), as the gate-
source voltage Vg of the drive TFT, and by appropriately
setting the constant"b" , it is possible to prevent the light
emission intensity L from receiving influence from the
current luminous efficiency 1.

(First Embodiment)

[0028] FIG. 1 is a circuit diagram for one pixel accord-
ing to a first embodiment of the present invention. The
pixel includes a drive transistor T1, a write transistor T2,
a transistor T3 which serves as a multiplier, a transistor
T4 for controlling a multiplier input of the transistor T3, a
storage capacitor Cs, and an organic EL element EL.
[0029] The drive transistor T1 has a drain connected
to a power source 1 for supplying a high voltage Vdd,
and a source connected to an anode of the organic EL
element EL. A cathode of the organic EL element EL is
connected to a power source 2 for supplying alow voltage
Vss. With this, a drive current flowing through the drive
transistor T1 is supplied to the organic EL element EL.
The storage capacitor Cs is connected between a gate
and the source of the drive transistor T1.

[0030] The transistor T2 has a source connected to a
data line dat, and a drain connected to a source of the
transistor T3. Further, the transistor T3 has a drain con-
nected to the gate of the drive transistor T1 and a gate
connected to the anode of the organic EL element EL via
the transistor T4.

[0031] A gate of the transistor T2 is connected to a
selection control line sel, and a gate of the transistor T4
is connected to a merge control line mrg. The transistor
T2 and the transistor T4 are controlled by voltages ap-
plied to those lines. A display data signal voltage V
and a constant voltage Vy, are alternately loaded to the
data line dat. Here, the voltage V is a constant voltage
which turns OFF the drive transistor T1.

[0032] FIG.2illustrates signal waveforms atrespective
portions in the circuit of the first embodiment. With refer-
encetoFIG. 2,amethod of driving the circuitis described.
In FIG. 2, "dat" indicates a state of a signal of the data
line dat, and the display data signal voltage V y,;. which
is indicated by outlined periods, and a predetermined low
voltage V., which is indicated by black colored periods,
are alternately applied to the data line dat. Hereinafter,
description is made of an operation from a timing at which
the selection control line sel is caused to rise up in FIG.
2. Note that, before the rising up of the selection control
line sel, in the pixel, the organic EL element EL is driven
by a current flowing through the drive transistor T1 in
accordance with a voltage Vg4 stored in the storage ca-
pacitor Cs.



7 EP 2 531 993 B1 8

[0033] Under a state in which the voltage of the data
line datis setto the voltage V4, which is a predetermined
high voltage, the selection control line sel is set to have
a H level voltage and the merge control line mrg is also
set to have a H level voltage. With this, the transistors
T2 and T4 are turned ON. At this time, the gate of the
transistor T3 is connected to the anode of the organic EL
element EL. The anode of the organic EL element EL is
set to have a voltage higher by Vo4, Which corresponds
to the voltage drop in the organic EL element EL, with
respect to Vss (for example, 0 V) of a cathode potential.
Therefore, the transistor T3 is also in an ON state.
[0034] Next, the voltage of the data line is set to V,
which is a predetermined low voltage, and V. is supplied
from the data line dat to the gate (node na) of the drive
transistor T1. Vy,, is a low voltage, and hence the drive
transistor T1isturned OFF, and the potential of the anode
(node nb) of the organic EL element EL is dropped to
approach asymptotically to the turn-on voltage V,, of the
organic EL element EL. With this, V, is held at the gate
of the transistor T3 via the transistor T4. At this stage,
Vo-Vpi is stored in the storage capacitor Cs. Further, V,
is a voltage higher than V,, and hence the transistor T3
is held in an ON state.

[0035] Next, the merge control line mrg is set to have
a L level voltage, and the transistor T4 is turned OFF.
Then, the data line dat is set to have the signal voltage
Vyat- At this time, the turn-on voltage V; of the organic
EL element EL is applied to the gate of the transistor T3 ,
and the signal voltage V; is applied to the drain of the
transistor T3.

[0036] When the transistor T3 is operated in a linear
region, a current I3 flowing through the transistor T3 is
substantially proportional to Vgg3 (which is proportional
to V) and Vg5 of the transistor T3. That is, a current is
caused to flow through the transistor T3 in accordance
with a value obtained by multiplying Vy and V4. With
this current, the gate voltage rise of the drive transistor
T1 occurs, and a current is caused to flow through the
drive transistor T1, to thereby cause the organic EL ele-
ment EL to emit light.

[0037] The current amount at this time is determined
in accordance with the gate-source voltage Vg4 of the
drive transistor T1. As described above, the gate voltage
of the drive transistor T1 is proportional to V at that time.
[0038] That is, the gate-source voltage Vg is set as
follows.

Vgs=Vaat* (aVo+b)

[0039] Note that, in FIG. 2, the data voltage V4 is as-
sumed to be a constant voltage. Therefore, before and
after the writing of the data voltage Vy,; is performed as
described above, the data voltage Vy; is always recov-
ered to the same voltage. In actual, the data voltage V 4
may have an arbitrary value, but description thereof is
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similar to that of this embodiment, and hence the descrip-
tion is omitted.

[0040] As described above, according to the circuit of
this embodiment, the gate-source voltage of the drive
transistor T1 (=charged voltage of the storage capacitor
Cs) when the transistor T2 is turned OFF is a voltage
corresponding to a value obtained by multiplying V,
which is the gate voltage of the transistor T3, and V 4,
which is the drain voltage of the transistor T3. Note that,
the transistor T4 is in the OFF state, and hence the volt-
age of the gate ng of the transistor T3 increases as the
source voltage changes from Vy, to V4. Thus, the ON
state of the transistor T3 is maintained.

[0041] That is, a voltage which is proportional to V,
and Vg, (which corresponds to the voltage obtained by
multiplying Vo and V) is applied as Vg, of the drive
transistor T1. Therefore, when V, increases with the de-
terioration of the organic EL element EL, a current sup-
plied to the organic EL element EL with respect to the
same signal voltage input V4, increases, to thereby com-
pensate for the deterioration amount of the luminous ef-
ficiency of the organic EL element EL.

[0042] In this embodiment, the pixel circuit compen-
sates for only the luminous efficiency reduction of the
organic EL element and the drive voltage rise. That is, it
is preferred that the characteristic fluctuation of the drive
TFT and the TFT deterioration by its use occur to a neg-
ligible extent. For example, this embodiment is preferred
to be applied to a polycrystalline silicon TFT substrate,
which has sufficient in-plane uniformity due to process
optimization, or a microcrystalline silicon TFT substrate
and an oxide TFT substrate, which have excellent in-
plane uniformity and small drive TFT deterioration.

(Second Embodiment)

[0043] FIG.3isacircuitdiagram according to a second
embodiment of the present invention. The second em-
bodiment exemplifies, in consideration of general appli-
cation thereof, a circuit in which a function of compen-
sating for a threshold voltage of the drive TFT is added
besides compensating for luminous efficiency deteriora-
tion of the organic EL element. The circuit according to
the second embodiment includes, in addition to the com-
ponents of the circuit according to the first embodiment,
alight emission controltransistor T5 and areset transistor
T6. Therefore, the circuit of the second embodiment in-
cludes six transistors and one capacitor.

[0044] The transistor T5 is inserted in series between
the power source 1 and the drive transistor T1. The tran-
sistor T5 turns ON/OFF the drive current and controls
the light emission period. In order to reset the anode volt-
age of the organic EL element EL, the transistor T6 is
disposed between the anode of the organic EL element
EL and a power source 3 for supplying a voltage Vss2.
[0045] FIG. 4 illustrates drive voltage waveforms of the
circuit according to the second embodiment. First, the
merge control line mrg is set to have a H level voltage
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so as to turn ON the transistor T4. At this time, the tran-
sistors T5 and T6 are turned OFF, and the transistor T2
is turned ON, and then a constant voltage V. is written
from the data line. V, is a low voltage, and hence the
potential of the anode (nb) of the organic EL element EL
is set to be near the turn-on voltage V, of the organic EL
element EL. At this time, the transistor T4 is in an ON
state, and hence V, is held at the gate of the transistor T3.
[0046] Then, the transistor T4 is turned OFF and the
transistor T6is turned ON so thatthe anode of the organic
EL element EL is connected to the power source 3, which
has the predetermined low voltage Vss2, to thereby reset
the anode of the organic EL element EL to the voltage
Vss2. With this, the voltage of the organic EL element
EL becomes equal to or lower than V. Then, the tran-
sistor T6 is turned OFF to write the constant voltage V
to the gate of the drive transistor T1. Then, the transistor
T5 is turned ON, to thereby cause a current to flow
through the organic EL element EL. As aresult, the anode
potential of the organic EL element EL increases, and at
a timing when the anode potential reaches V-V, (at a
timing when the gate-source voltage of the drive transis-
tor T1 matches the threshold voltage Vy, thereof), the
drive transistor T1 is turned OFF.

[0047] Next, a desired signal voltage Vg, is written
from the data line dat. At this time, a turn-on voltage V,
of the organic EL element EL is applied to the gate of the
transistor T3, and the signal voltage V4, is applied to the
drain of the transistor T3.

[0048] When the transistor T3 is operated in a linear
region, the current I3 flowing through the transistor T3 is
substantially proportional to Vs (Vgso) and Vs of the tran-
sistor T3. When the transistor T2 is turned OFF after a
predetermined time period, at one terminal of the storage
capacitor Cs on the gate side of the drive transistor T1,
a potential obtained by adding V, to the voltage propor-
tional to the gate voltage V5 and the drain voltage Vgq
of the transistor T3 is held.

[0049] Meanwhile, the other terminal of the storage ca-
pacitor Cs is connected to the source of the drive tran-
sistor T1 and the anode of the organic EL element EL,
and Vg, -Vy, is held. Thatis, a voltage obtained by adding
Vy, to the voltage (Vy,i*(@aVotb) +Vy,,) proportional to Vj
and Vgq¢is applied as Vg (Vgg) of the drive transistor T1.
[0050] As described above, in the second embodi-
ment, the gate-source voltage V44 of the drive transistor
T1 is offset by Vy,, and hence the pixel current does not
depend on the change of the threshold voltage Vy, of the
drive transistor T1. Further, the gate-source voltage Vg
of the drive transistor T1 is proportional to Vy and V4,
and hence, when V increases with the deterioration of
the organic EL element EL, the pixel current increases,
to thereby compensate for the luminous efficiency reduc-
tion of the organic EL element EL, which has a linear
relation with the Vj rise.

[0051] Hereinafter, effects are described with refer-
ence to the pixel circuit according to the second embod-
iment as an example. The deterioration characteristics
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of the organic EL element are cited from the data of M.
E. Kondakova et al., SID 09 DIGEST, p1677 as an ex-
ample, and the pixel current is obtained by calculation
by a circuit simulator.

[0052] FIGS. 5A and 5B are graphs illustrating a rela-
tionship between a luminance of the organic EL element,
which is cited from the data of M. E. Kondakova et al.,
SID 09 DIGEST, p1677, and the capacitance transition
voltage. After the organic EL element is driven under var-
ious temperatures to be deteriorated, the organic EL el-
ement is driven at a constant current under room tem-
perature. The relative value of the luminance and the
capacitance transition voltage rise at this time are meas-
ured, and the results are plotted. A relative change of the
luminance when the organic EL element is driven at a
constant current is the same as a relative change of the
current luminous efficiency at that current density.
[0053] Further, as described above, the change of the
capacitance transition voltage of the elementis the same
as the change of the element drive voltage (voltage cor-
responding to the turn-on potential of the element). FIG.
5Aillustrates measurementresults in a case where there
is used an organic EL element in which NPB, C545T-
doped Alq, and Alg are laminated and the element is
driven under various temperatures to be deteriorated.
FIG. 5B illustrates measurement results in a case where
ared dopant RD3 or DCJTB is doped in a light emission
layer, and the element is deteriorated under 65° C.
[0054] FIG. 6 illustrates simulation results of the pixel
current when, in the circuit according to the second em-
bodiment, the threshold voltage Vy, of the drive transistor
T1 is changed in the range of from 0 V to 2 V, and the
turn-on voltage V of the organic EL element is changed
in the range of from 0 V to 1 V. It is found that the pixel
current hardly depends on the change of Vy, of the drive
transistor T1, whereas the pixel current substantially lin-
early increases in accordance with the drive voltage
(turn-on voltage) rise of the organic EL element.

[0055] Assuming that the organic EL element is each
of the elements represented in FIGS. 5A and 5B, the
change of the pixel luminance with respect to the dete-
rioration of the organic EL element is calculated with the
use of the results of FIG. 6. FIGS. 7A and 7B illustrate
the relative change of the pixel luminance when the turn-
on voltage of the organic EL element is changed by 0 V,
0.5V, and 1V, with Vy, of the drive transistor T1 as a
parameter.

[0056] In FIG. 7A, the deterioration characteristics of
the organic EL element are assumed as those of the el-
ement represented in FIG. 5A. From FIG. 7A, it is found
that, when the turn-on voltage of the organic EL element
is changed in a range of from 0 V to 0.5 V, there is only
a small difference in the relative value of the pixel lumi-
nance with respect to the change of Vy,, and the change
of Vy, is sufficiently compensated for in the range of from
OVto2V.

[0057] Meanwhile, it is found that the relative value of
the pixel luminance with respect to the turn-on voltage
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of the organic EL element hardly changes in the range
of from 0 V to 0. 5V, and although there is a slight re-
duction when the turn-on voltage is 1 V, the reduction is
noticeably compensated for compared with the case of
about 75% (FIG. 5A) of the constant current light emis-
sion luminance relative value when the turn-on voltage
change of the original organic EL elementis 1 V.
[0058] In FIG. 7B, in which calculation is performed
with respect to the organic EL element of FIG. 5B, further
satisfactory effects are obtained, and although the or-
ganic EL element is deteriorated by about 25% (even
when the turn-on voltage change of the organic EL ele-
ment is 1 V in FIG. 5B), the relative value of the pixel
luminance is substantially maintained to its initial value.
[0059] From the results described above, it is found
that, by appropriately designing the compensation circuit
of the second embodiment, it is possible to compensate
for not only the Vy, shift of the drive transistor (TFT) but
also the drive voltage (turn-on voltage) change of the
organic EL element and the luminous efficiency deterio-
ration.

Claims

1. A display device, comprising a plurality of pixels ar-
ranged in matrix, wherein:

the each of the plurality of pixels comprises:

a light emitting element (EL) configured to
emit light in accordance with a current flow-
ing through the light emitting element (EL);
a drive transistor (T1) having a first current
terminal connected to the light emitting el-
ement (EL) at a node (nb) and adapted to
supply a drive current to the light emitting
element (EL) andto control the drive current
in accordance with a data signal represent-
ing a target luminance of the light emitting
element (EL); and

a correction unit for correcting the data sig-
nal to be supplied to the drive transistor (T1)
in accordance with a light emitting element
voltage applied at both terminals of the light
emitting element (EL), wherein

the correction unit is configured to apply to the
gate of the drive transistor (T1) a corrected data
voltage which is one of proportional to and has
a positive correlation with the data signal and
the light emitting element voltage such that the
drive current to be supplied to the light emitting
element (EL) increases with an increase in an
amount of a voltage drop of the light emitting
element (EL), the correction unit comprising:

a storage capacitor (Cs) having a first ter-
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minal connected to the gate of the drive tran-
sistor (T1) and a second terminal, and

a transistor (T4) for controlling a multiplier
circuit having a first current terminal con-
nected to the node (nb) and a second cur-
rent terminal connected to the multiplier cir-
cuit,

characterized in that

the second terminal of the storage capacitor (Cs)
is connected to the node (nb),

the correction unit further comprises a multiplier
circuit having the data signal and the light emit-
ting element voltage as inputs, the multiplier cir-
cuit included in the correction unit being formed
of a single transistor element (T3) which has a
source electrode and a gate electrode as inputs
and a drain electrode as an output, the drain of
the single transistor element (T3) being connect-
ed to the gate of the drive transistor (T1), the
source of the single transistor element (T3) be-
ing adapted to receive the data signal and the
gate of the single transistor element (T3) being
connected to the second current terminal of the
transistor (T4) for controlling a multiplier circuit.

2. Thedisplay device accordingto claim 1, further com-
prising in the each of the plurality of pixels a unit for
offsetting the corrected data voltage applied to the
gate of the drive transistor (T1) by an amount of fluc-
tuation of the light emitting element voltage compris-
ing a first power source (Vdd), a second power
source (Vss2), afirstadditional transistor (T5) having
a first current terminal connected to the first power
source (Vdd) and a second current terminal connect-
ed to the second current terminal of the drive tran-
sistor (T1) and a second additional transisitor (T6)
having a first current terminal connected to the node
(nb) and a second current terminal connected to the
second power source (Vss2).

Patentanspriiche

1. Anzeigeeinrichtung, die eine Mehrzahl von in einer
Matrix angeordneten Pixeln umfasst, wobei:

jeder der Mehrzahl von Pixeln umfasst:

ein Licht emittierendes Element (EL), das
dazu eingerichtet ist, Licht gemal einem
Strom zu emittieren, der durch das Licht
emittierende Element (EL) fliel3t;

einen Antriebstransistor (T1) mit einem ers-
ten Stromanschluss, der an einer Node (nb)
mit dem Licht emittierenden Element (EL)
verbunden und dazu eingerichtet ist, dem
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Licht emittierenden Element (EL) einen An-
triebsstrom zuzufiihren und den Antriebs-
strom gemaR einem Datensignal zu steu-
ern, das eine Zielluminanz des Licht emit-
tierenden Elements (EL) reprasentiert; und
eine Korrektureinheit zum Korrigieren des
dem Antriebstransistor (T1) zuzufiihrenden
Datensignals gemaf einer Spannung des
Licht emittierenden Elements, die an beide
Anschlisse des Licht emittierenden Ele-
ments (EL) angelegt ist, wobei

die Korrektureinheit dazu eingerichtetist, an das
Gate des Antriebstransistors (T 1) eine korrigier-
te Datenspannung anzulegen, die proportional
zu dem Datensignal und der Spannung des Licht
emittierenden Elements ist oder eine positive
Korrelation mit dem Datensignal und der Span-
nung des Licht emittierenden Elements hat, so
dass der dem Licht emittierenden Element (EL)
zuzufiihrende Antriebsstrom mit einer Zunahme
eines Spannungsabfalls des Licht emittieren-
den Elements (EL) zunimmt, wobei die Korrek-
tureinheit umfasst:

einen Speicherkondensator (Cs) mit einem
ersten Anschluss, der mitdem Gate des An-
triebstransistor (T1) verbunden ist, und ei-
nem zweiten Anschluss, und

einen Transistor (T4) zum Steuern einer
Multipliziererschaltung mit einem ersten
Stromanschluss, der mit der Node (nb) ver-
bunden ist, und einem zweiten Stro-
manschluss, der mit der Multipliziererschal-
tung verbunden ist,

dadurch gekennzeichnet, dass

der zweite Anschluss des Speicherkondensa-
tors (Cs) mit der Node (nb) verbunden ist,

die Korrektureinheit ferner eine Multiplizierer-
schaltung umfasst, die das Datensignal und die
Spannung des Licht emittierenden Elements als
Eingéange hat, wobei die in der Korrektureinheit
enthaltene Multipliziererschaltung aus einem
einzigen Transistorelement (T3) gebildetist, das
eine Sourceelektrode und eine Gateelektrode
als Eingénge und eine Drainelektrode als Aus-
gang hat, wobei das Drain des einzigen Tran-
sistorelements (T3) mit dem Gate des Antriebs-
transistor (T1) verbunden ist, die Source des
einzigen Transistorelements (T3) dazu einge-
richtet ist, das Datensignal zu empfangen und
das Gate des einzigen Transistorelements (T3)
mit dem zweiten Stromanschluss des Transis-
tors (T4) zum Steuern einer Multipliziererschal-
tung verbunden ist.
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Anzeigeeinrichtung nach Anspruch 1, die ferner in
jedem der Mehrzahlvon Pixeln eine Einheitzum Ver-
setzen der an das Gate des Antriebstransistors (T1)
angelegten Datenspannung um einen Fluktuations-
betrag der Spannung des Licht emittierenden Ele-
ments umfasst, die eine erste Energiequelle (Vdd),
eine zweite Energiequelle (Vss2), einen ersten zu-
satzlichen Transistor (T5) mit einem ersten Stro-
manschluss, der mit der ersten Energiequelle (Vdd)
verbunden ist, und einem zweiten Stromanschluss,
der mit dem zweiten Stromanschluss des Antriebs-
transistors (T1) verbunden ist, und einen zweiten zu-
satzlichen Transistor (T6) mit einem ersten Stro-
manschluss, der mit der Node (nb) verbunden ist,
und einem zweiten Stromanschluss, der mit der
zweiten Energiequelle (Vss2) verbunden ist, um-
fasst.

Revendications

Dispositif d’affichage, comprenant une pluralité de
pixels agencés en matrice, dans lequel :

chacun de la pluralité de pixels comprend :

un élément électroluminescent (EL) confi-
guré pour émettre une lumiére en fonction
d’un courant traversant I'élément électrolu-
minescent (EL) ;

un transistor d’attaque (T1) ayant une pre-
miére borne de courant connectée a I'élé-
ment électroluminescent (EL) au niveau
d’'un noeud (nb) et adapté a délivrer un cou-
rant d’attaque a I'élément électrolumines-
cent (EL) et a commander le courant d’at-
taque en fonction d’un signal de données
représentant une luminance cible de I'élé-
ment électroluminescent (EL) ; et

une unité de correction pour corriger le si-
gnaldedonnées devant étre délivré au tran-
sistor d’attaque (T1) en fonction d’une ten-
sion d’élément électroluminescent appli-
quée aux deux bornes de I'élément électro-
luminescent (EL), dans lequel

I'unité de correction est configurée pour appli-
quer a la grille du transistor d’'attaque (T1) une
tension de données corrigée qui est un parmi
proportionnelle a et a une corrélation positive
avec le signal de données et la tension d’élé-
ment électroluminescent de telle sorte que le
courantd’attaque devant étre délivré aI'élément
électroluminescent (EL) augmente avec une
augmentation d’'une quantité de chute de ten-
sion de I'élément électroluminescent (EL), I'uni-
té de correction comprenant :
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un condensateur de stockage (Cs) ayant
une premiére borne connectée a la grille du
transistor d’'attaque (T1) et une deuxiéeme
borne, et

un transistor (T4) pour commander un cir-
cuitmultiplicateur ayant une premiére borne
de courant connectée au noeud (nb) et une
deuxiéme borne de courant connectée au
circuit multiplicateur,

caractérisé en ce que

la deuxiéme borne du condensateur de stocka-
ge (Cs) est connectée au noeud (nb),

I'unité de correction comprend en outre un circuit
multiplicateur ayant le signal de données et la
tension d’élément électroluminescent comme
entrées, le circuit multiplicateur inclus dans 'uni-
té de correction étant constitué d’un unique élé-
ment de transistor (T3) qui a une électrode de
source et une électrode de grille comme entrées
et une électrode de drain comme une sortie, le
drain de 'unique élément de transistor (T3) étant
connecté a la grille du transistor d’attaque (T1),
la source de 'unique élément de transistor (T3)
étant adaptée a recevoir le signal de données
et la grille de 'unique élément de transistor (T3)
étant connectée ala deuxieme borne de courant
du transistor (T4) pour commander un circuit
multiplicateur.

Dispositif d’affichage selon la revendication 1, com-
prenanten outre dans chacunde la pluralité de pixels
une unité pour décaler la tension de données corri-
gée appliquée a la grille du transistor d’attaque (T1)
d’'une quantité de fluctuation de la tension d’élément
électroluminescent comprenant une premiére sour-
ce d’énergie (Vdd), une deuxiéme source d’énergie
(Vss2), un premier transistor additionnel (T5) ayant
une premiére borne de courant connectée a la pre-
miére source d’énergie (Vdd) etune deuxiéme borne
de courant connectée a deuxieme borne de courant
dutransistor d’attaque (T1) etun deuxiéme transistor
additionnel (T6) ayant une premiere borne de cou-
rantconnectée au noeud (nb) et une deuxiéme borne
de courant connectée a la deuxiéme source d’éner-
gie (Vss2).
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FIG. 1

Vdat

10



EP 2 531 993 B1

FIG. 2
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FIG. 3
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FIG. 4

~(aVytb)*Vdat+Voled

Vrst

Emit light

-

Resetng .

Write vdat at na

Store —vth at nb

PR EXE W PR T Y N

Resetnb

Store vto at ng

- ----'r---. bt Wbk RA L X3 L ALE biub

enb

sel

mrg

rst

Vna
Vnb
Vng

13



Normaized EL

EP 2 531 993 B1

FIG. 5A
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FIG. 6
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FIG. 7A
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