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(54) Title: DISPLAY DEVICE

(57) Abstract: To compensate for a change of light emission intensity
caused by deterioration of a light emitting element, provided is a display

FIG. 1

device including a drive element (T1) which controls a drive current to be
supplied to a light emitting element (EL) in accordance with a data signal

representing a target luminance of the light emitting element (EL). The
light emitting element (EL) emits light in accordance with a current flow-
ing through the light emitting element (EL). The data signal is corrected in

Vdat

accordance with a voltage applied at both terminals of the light emitting el-
ement (EL) so that the drive current to be supplied to the light emitting el-
ement (EL) increases with an increase in an amount of a voltage drop of
the light emitting element (EL).
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DISPLAY DEVICE

BACKGROUND OF THE INVENTION
1. Field of the Invention
The present invention relates to a display device including

a self light emitting element, and a method of driving the display

device.
2. Description of the Related Art

In recent years, organic EL displays have been actively
developed, andhave achievedasignificant advancement. Inadisplay
device including a self light emitting element such as an organic
EL element, light emission may be controlled pixel by pixel, and
hence there are advantages in contrast and viewing angle

characteristics. 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, luminance reduction occurs in accordance

with a usage history of each pixel. The luminance reduction occurs

at a predetermined pattern depending on displayed images or the
usage, and in some cases, the luminance reduction may be visually
recognized as "screen burn-in."

In a case where an ordganic 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
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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
isuniformacrosstheentiredisplayregion. Therefore, whenuniform
display characteristics are desired to be obtained, 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.
Inan active matrix type organic EL display, the current is controlled
by a thin £ilm transistor (TFT) element provided in each pixel,
and thus the organic EL element is driven. Generally, a
low~temperature polycrystalliﬁe silicon TFT or the like is used
as the TFT element.

As characteristics of the low-temperature polycrystalline
silicon TFT, there is a problem in that, because of grain boundary
scattering of conduction electrons, fluctuation in mobiiity or in
turn-on voltage occurs among the pixels. Therefore, efforts have
been made to obtain uniform display characteristics by suppressing
the fluctuation in mobility or in turn-on voltage and by correcting
the fluctuation, to thereby enable uniform pixel current supply.
For example, Japanese Patent Application Laid-open No. 2005-217214
describes a technology in which the crystal-growth direction of
the polysiliconiscontrolled toobtaincrystallinegrains of uniform

shapes. Further, there have been proposed many technolcgies for
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suppressing fluctuation in display characteristics 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, Japanese Patent Application Laid—open No. 2008-203387
is proposed.
Here,theconventionaltechnologiesdescribedabovearebased
on the presupposition that the organic EL element maintains the
in-plane uniformity of the current luminous efficiency. However,
in actual use, the organic EL element itself is deterio#ated by
its use, and the current luminous efficiency is accordingly reduced.
Reflecting the difference of the usage history among the pixels,
the current luminous efficiency is reduced in different speed among
the pixels. Depending on the usage of the display device and the
displayed images, the difference 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 display
luminance unevenness and screen burn-in. Generally, 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 luminance 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. Therefore, there
is a demand to compensate for the display luminance reduction caused

by the current luminous efficiency reduction of the organic EL

element.
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SUMMARY OF THE INVENTION

According to the present invention, there is provideda display
device, including a plurality of pixels arranged in matrix, each
of the plurality of pixels being driven by a drive circuit, in which:
the each of the plurality of pixels incluaes: a light emitting element
which emits light;. in accordance with a current flowing through the
light emitting element; and a drive element for controlling a drive
current to be supplied to the light emitting element in accordance
with a data signal representing a target luminance of the light
emitting element; the drive circuit includes a correction unit for
correcting the data signal to be supplied to the drive element in
accordance with a light emitting element voltage applied at both
terminals of the light emitting element; and the correction unit
corrects the data signal so that the drive current to be supplied
to the light emitting element in accordance with the data signal
increaseé with an increase in an amount of a voltage drop of the
light emitting element.

Further, it is preferred that; in the display device according
to the present invention, the drive element be a transistor, and
the correction unit apply. to the drive element, a voltage, which
is one of proportional to and has a positive correlation with the
data signal and the light emitting element voltage.

Further, it is preferred that, in the display device according

to the present invention, the correction unit include a multiplier
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circuithavingthedatasignalandthelightemittingelementvoltage
as an input.

Further, it is preferred that, in the display device according
to the present invention, the multiplier circuit included in the
correction unit be formed of a single transistor element which has
a source electrode and a‘gate electrode as an input and a drain
electrode as an output.

Further, it is preferred that the display device according
tothepresentinventionfurtherinclude,intheeachoftheplurality
of pixels, in addition to the correction unit provided in the each
of the plurality of pixels, a unit for offsetting a control voltage
applied to a gate of the drive element by an amount of fluctuation
of a drive voltage of the light emitting element.

As described above, according to the present invention, the
data signal 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 current reduction caused

by the data signal due to the deterioration of the light emitting

element.

BRIEF DESCRIPTION OF THE DRAWINGS
In the accompanying drawings: |
FIG. 1 is a diagram iilustrating 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 embodiment;
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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 relationship 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 current
simulation of the circuit of the second embodiment;

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 EMBODIMENTS
Hereinafter, embodiments of the present invention are
described with referénce to the attached drawings.
(Consideration of Current Luminous Efficiency Reduction)
Element characteristics of an o:;ganic EL element are
deteriorated by its use. Generally, because of this deterioration,

a current luminous efficiency of the element is reduced and an element
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drive voltage rise occurs. The cause of the current luminous
efficiency reduction has not been completely figured out, but it
is understood that generation of a non-radiative recombination
center, which is caused by change in properties of the light emifting
material, causes the luminous efficiency reduction and the drive
voltage rise (M. E. Kondakova et al., SID 09 DIGEST, pl677). As
described in M. E. Kondakova et al., SID 09 DIGEST, pl677, there
isastrongcorrelationbetweenthedrivevoltageriseandthecurrent
luminous efficiency reduction of the organicEL 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 element. That is, the luminous efficiency reduction
and the drive voltage (capacitance transition voltage) rise are
substantially linear, and further, hardly depend on temperature.
Here, the capacitance transition voltage is a voltage at which
carriers are excited in an organic layer and a change in capacitance
of the organicELelement is observed. As described in M. E. Kondakova

et al., SID 09 DIGEST, pl677, the capacitance transition voltage
rise can be explained by the generation of the non-radiative
recombination center with a deep energy level.

Therefore, the recombination center acts as a trap, and I-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
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voltage is a voltage at which the carriers start to increase in
the element in accordance with voltage application, and hence, owing
to the I-V characteristics, the capacitance transition voltage
cor:esponds to a turn-on voltage of the element in 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 increases in accordance with the turn-on voltage rise.

(Compensation for Current Luminous Efficiency Reduction)

Light emission intensity L from the organic EL elément is
proportional fo a drive current I; of the element. When the current
luminous efficiency is represented by n, the following expression
is satisfied.

L=n-Ia(1)

When a drive voltage rise of the organic EL element is
represented by Avelea, and it is assumed that Ayciea 1S proportional
to a current luminous efficiency reduction An of the element, the
following expression is satisfied.

An=Klyoled (2)
where x represents a constant that does not depend on temperature.

Meanwhile, the drive current I supplied from a TFT element
may be expressed as follows.

Ia=(B/2) (Vg-Ven)* (3)
where B represents a transconductance, and V4 and Vi, represent a

gate-source voltage and a threshold voltage, respectively, of the

drive TFT.
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When a voltage proportional to a display data signal voltage
Vaat 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=Vgat (aVo+b) (4)

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

This may be realized by, in the circuit, adding Vg, and the
multiplier output of Vgar and Vo. | Note that, "a" and "b" are constants
determined based on designs of a multiplier circuit and an adder
circuit. |

Here, when it is assumed that the drive voltage of thé organic
EL element is changed by Av by the deterioration of the element,
Vg may be expressed as follows.

Vy=Vaar{av%(1+Av)+b} (5)
where_V°o represents a drive voltage value of the organic EL element
before the deterioration thereof.

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’  £*(1-00) (1+28V0)

Note that, the following expressions are satisfied.

£=av®y+b

r=(2av%)/(av’,+b)
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Here, when V, is determined so as to satisfy x=A, Expression

(5) satisfies

L~(B/2)Vaat’ §2,
and hence the 1light emission intensity L from the organic EL element
becomes substantiallyconstant regardlessof the luminous efficiency
reduction of the element.

Therefore, it is found that, by applying the voltage
proportional to the display data signal voltage Vaat ‘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)

FIG. 1 is a circuit diagram for one pixel according to a first
embodiment of the present invention. The pixel includes a drive
transistor Tl, a write transistor T2, a transistor T3 which serves
as amultiplier, a transistor T4 for controlling a multiplier input
of the transistor T3, a storage capacitor Cs, and an organic EL
element EL.

The drive transistor Tl 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 a low

voltage Vss. With this, a drive current flowing through the drive

10
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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 TI1.

The transistor T2 has a sourcé connected to a data line dat,
and a drain connected to a source of the transistor T3. Further,
the transistor T3 has a drain connected to the gate of the drive
transistor Tl and a gate connected to the anode of the organic EL
element EL via the transistor T4.

A gate of the transistor T2 is connected to a selection control
line sel, and a gate of the transistof T4 is connected to a merge
control line mrg. The transistor T2 and the transistor T4 are
controlledbyvoltagesappliedtofhoselines. Adisplay datasignal
voltage Vgat and a constant voltage Vpix are alternately loaded to
the data line dat. Here, the voltage Vuik is a constant voltage which
turns OFF the drive transistor T1.

FIG. 2 illustrates signal waveforms at respective portions
in the ecircuit of the first embodiment. With reference to FIG. 2,
a method of driving the circuit is described. In FIG. 2, "dat"
indicates a state of a signal of the data line dat, andithe display
data signal voltage Vgat, which is indicated by outlined periods,
and a predetermined low voltage Vpix., 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 contrcl line

11
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sel, in the pixel, the organic EL element EL is driven by a current
flowing through the drive transistor Tl in accordance with a voltage
Vgs1 stored in the storage capacitor Cs.

Under a state in which the voltage of the data line dat is
set to the voltage Vaa:, which is a predetermined high voltage, the
selection control line sel is set to have a H level voltageland
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 anodé of the organic EL element EL is set to
have a voltage higher by Voiea, 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.

Next, the voltage of the data line is set to Vbik, which is
a predetérmined low voltage, and Vpix is supplied from the data line
dat to the gate (node na) of the drive transistor Tl. Vpix is a low
voltage, and hence the drive transistor T1 is turned 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 Vo of the
organic EL element EL. With this, Vo is held at the gate of the
transistor T3 via the transistor T4. At this stage, Vo-Vpik 18 stored
in the storage capacitor Cs. Further, V, is a voltage higher than

Voix, and hence the transistor T3 is held in an ON state.

12
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Next, themerge control linemrgis set to haveal levelvoltage,
and the transistor T4 is turned OFF. Then, the data line dat is
set to have the signal voltage Vsat. At this time, the turn-on voltage
VooftheorganicELelementELisappliedtothegateofthetransismn:
T3,andthesignalvoltagevmmisappliedtothedrainofthetransistor
T3.

When the transistor T3 is opefated in a linear region, acurrent
I, £lowing through the transistor T3 is substantially proportional
to Vgs3 (which is proportional to Vo) and Vass of the transistor T3.
That is, a current is caused to flow through the transistor T3 in
accordance with a value obtained by multiplying V, and Vgat. With
thiscurrent,thegatevoltageriseofthedrivetransistorTloccurs,
and a current is caused to flow through the drive transistor T1,
to thereby cause the organic EL element EL to emit light.

The current amount at this time is determined in accordance
with the gate-source voltage Vgs; of the drive transistor T1l. As
described above, the gate voltage of the drive transistor T1 is
proportional to V, at that time.

That is, the gate-source voltage Vgs is set as follows.

Vgs=Vaat* (aVo+b)

Note that, in FIG. 2, the data voltage Vgt is assumed to be
a constant voltage. Therefore, before and after the writing of the
data voltage Vga,: is performed as described above, the data voltage
Vaar is always recovered to the same voltage. In actual, the data

voltage Vg may have an arbitrary value, but description thereof

13
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is similar to that of this embodiment, and hence the description
is omitted.

As described above, according to the circuit of this embodiment,
the gate-source voltage of the drive transistor Tl (=charged voltage
of the storage capacitor Cs) when the transistor T2 is fugned OFF
is a voltage corresponding to a value obtained by multiplying Vo,
which is the gate voltage of the transistor T3, and Vaat, which is
the di‘ain voltage of the transistor T3. Note that, the transistor
T4 is in the OFF state, and hence the voltage of the gate ng of
the transistor T3 increases as the source voltage changes from Vpix
to Vgat. Thus, the ON state of the transistor T3 is maintained.

That is, a voltage which is proportional to Vp and Vaat (which
corresponds to the voltage obt_ained by multiplying Vo and Vaat) 1S
applied as Vgsy of the drive transistor T1. - Therefore, when Vg
increases with the deterioration of the organic EL element EL, a
current supplied to the organic EL element EL with respect to the
same signal voltage input Vg.: increases, to thereby compensate for
the deterioration amount of the luminous efficiency of the organic
EL element EL.

In this embodiment, the pixel circuit compepsates 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 toanegligible extent. Forexample, this embodiment

is preferred tobe applied toapolycrystallinesilicon TFT substrate,

14
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whichhassufficientin-planeuniformityduetoprocessoptimizatian,
orandcrocrystallinesiliconTFTsubstrateandancxideTFTsubstrate,
which have excellent in-plane uniformity and small drive TFT
deterioration.

(Second Embodiment)

FIG. 3 is a circuit diagram according to a second embodiment
of the present invention. The second embodiment exemplifies, in
consideration of general application thereof, a circuit in which
a function of compensating for a threshold voltage of the drive
TFT is added besides compensating for luminous efficiency
deterioration of the organic EL element. The circuit according to
the second embodiment includes, in addition to the components of
the circuit according to the first embodiment, a light emission
control transistor TS and a reset transistor T6. Therefore, the
circuit of the second embodiment includes six transistors and one
capacitor.

The transistor T5 is inserted in series between the power source
1 and the drive transistor Tl. The transistor T5 turns ON/OFF the
drive current and controls the light emission period.' In order to
reset the anode voltage of the organic EL element EL, the transistor
T6 ié disposed between the anode of the organic EL element EL and
a power source 3 for supplying a voltage VssZ.

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 so as to turn ON the transistor

15
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T4. At this time, the transistors T5 and T6é are turned OFF, and
the transistor T2 is turned ON, and then a constant voltage Vpix
is written from the data line. Vpix 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 Vo, 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.

Then, the transistor T4 is turned OFF and the transistor Té6
is turned ON so that the 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 transistor T6 is turned OFF
to write the constant voltage Vpix 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 a result, the anode
potential of the organic EL element EL increases, and at a timing
when the anode potential reaches Voix-Vin (at a timing when the
gate-source voltage of the drive transistor Tl matches the threshold
voltage Vi, thereof), the drive transistor Tl is turned OFF.

Next, a desired signal voltage Vsar is written from the data
vlinedat. At this time, a turn-onvoltage V, of the organic EL element
EL is applied to the gate of the transistor T3, and the signal voltage

Vaar is applied to the drain of the transistor T3.

16
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Whéﬁ the transistor T3 is operated in a linear region, the
current I, flowing through the transistor T3 is substantially
proportional to Vgs (Vgs2) and Vg of the transistor 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 Tl, apotential obtained by adding Vuix to the voltage
proportional to the gate voltage Vg and the drain volfage Vaar OFf
the transistor T3 is held.

Meanwhile, the other terminal of the storage capécitor Cs is
connected to the source of thé drive transistor Tl and the anode
of the organic EL element EL, and Vgoik-Ven is held. That is, avoltage
obtained by adding V¢, to the voltage (Vaar* (aVo+b) +Vp1x) proportional
to Vo, and Vaat is applied as Vg (Vgs1) of the drive transistor T1.

As described above, in the second embodiment, the gaté-source
voltage Vg of the drive transistor Tl is offset by V., and hence
the pixel current does not depend on the change of the threshold
voltage Vin of the drive transistor Tl. Further, the gate-source
voltage Vg of the drive transistor Tl is proportional to V, and
Vmﬂ,andhence,whenVoincreaseswiththedeteriorationoftheorganic
EL element EL, the pixel current increases, to thereby compensate
for the luminous efficiency reduction of the organic EL element
EL, which has a linear relation with the V, rise.

Hereinafter, effects are described with reference to the pixel
circuit according to the second embodiment as an example. The

deterioration characteristics of the organic EL element are cited

17
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from the data of M. E. Kondakova et al., SID 09 DIGEST, pl677 as
an example, and the pixel current is obtained by calculation by
a circuit simulator.

FIGS. 5A and 5B are graphs illustrating a relationship between
a luminance of the organic EL element, which is cited from the data
of M. E. Kondakova et al., SID 09 DIGEST, pl677, and the capacitance
transition voltage. After the organic EL element is driven under
various temperatures to be deteriorated, the organic EL element
is driven at a constant current under room temperature. The relative
value of the luminance and the capacitance transition voltage rise
at this time are measured, 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.

Further, as described above, the change of the capacitance
transition voltage of the element is the same as the change of the
element drive voltage (voltage corresponding to the turn-on
potential of the element). FIG. 5A illustrates measurement results
in a case where there is used an organic EL element in which NPB,
C545T-doped Alg, and Alg are laminated and the element is driven
under various temperatures to be deteriorated. FIG. 5Billustrates
measurement results in a case where a red dopant RD3 or DCJTB is

doped in a light emission layer, and the element is deteriorated

under 65°C.

18
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FIG. 6 illuétrates simulation results of the pixel current
when,inthecircuitaccordingtothesecondembodiment,thethreshold
voltage Vi, of the drive transistor Tl is changed in the range of
f£rom 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 Vi, of the drive
t:ansistor 71, whereas the pixel current substantially linearly
increases in accordance with the drive voltage (turn-on voitage)
rise of the organic EL element.

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 deterioration 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 vV, 0.5V, and
1 VvV, with Vi of the drive'transistor T1 as a parameter.

In FIG. 7A, the deterioration characteristics of the organic
EL element are assumed as those of the element represéntéd 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 luminance with respect to the change of Vin, and the change

of Vi is sufficiently compensated for in the range of from 0 V to

2 V.
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Meanwhile, it is found that the relative value of the pixel
luminance with respect to the turn-on voltage of the organic EL
element hardly changes in the range of from0V to 0.5V, and although
there is a slight reduction when the turn-on voltage is 1V, the
reduction is noticeably compensated for compared with the case of
about 75% (FIG. 5A) of the constant current light emission luminance
relativevaluewhentheturn-onvoltagechangeoftheoriginalorganic
EL element is 1 V.

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 organic EL element is deteriorated
by about 25% (even when the turn-on voltage change of the organic
EL element is 1Vin FIG. 5B), the relative value of the pixel luminance
is substantially maintained to its initial value.

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 Vin shift
of the drive transistor (TFT) but also the drive voltage (turn-on

voltage)changeoftheorganicELelementandtheluminousefficiency

deterioration.

20



WO 2011/097277 : PCT/US2011/023445

WHAT IS CLAIMED IS:

1. Adisplay device, comprising a plurality of pixels arranged
in matrix, each of the plurality of pixels being driven by a drive
circuit, wherein:

the each of the plurality of pixels comprises:

alight emitting element whichemits 1ight in accordance

with a current flowing through the light emitting element; and
a drive element for controlling a drive current to be
supplied to the light emitting element in accordance with a data
signal representing a target luminance of the l1ight emitting element;
the drive circuit comprises a correction unit for correcting

the data signal to be supplied to the drive element in accordance
with a light emitting element voltage applied at both terminals

of the light emitting element; and

the correction unit corrects the data signal so that the drive
current to be supplied to the light emitting element in accordance
with the data signal increases with an increase in an amount of

a voltage drop of the light emitting element.

2. A display device according to claim 1, wherein:

the drive element comprises a transistor; and

the correction unit applies, to the drive element, a voltage,
‘which is one of proportional to and has a positive correlation with

the data signal and the light emitting element voltage.
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3.Adisplaydevice according toclaim2, wherein the correction
unit comprises a multiplier circuit having the data signal and the

light emitting element voltage as an input.

4.Adisplaydevice according toclaim 3, whereinthemultiplier
circuit included in the correction unit is formed of a single
transistor element which has a source electrode and a gate electrode

as an input and a drain electrode as an output.

| 5. A display device according to any one of claims 2 to 4,
further comprising, in the eachof thepluralityofpixels, inaddition
to the correction unit provided in the each of the plurality of
pixels, a unit for offsetting a control voltage applied to a gate

- of the drive element by an amount of fluctuation of a drive voltage

of the light emitting element.
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