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(57) ABSTRACT

Disclosed is an image display wherein luminance change due
to change of the light-emitting device over time is compen-
sated while suppressing affects of characteristics change in
the drive transistor. Specifically disclosed is an image display
comprising a plurality of pixels, wherein each pixel has a
light-emitting device (OLED) which emits light when current
is passed therethrough, a driver device (Td) for controlling
light emission of the light-emitting device, and a control
circuit (A) which is electrically connected to the light-emit-
ting device and the driver device, and directly or indirectly
detects the voltage applied to the light-emitting device at least
during when the light-emitting device is emitting light and
reflects the detection results to the driver device.
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1
IMAGE DISPLAY APPARATUS AND DRIVING
METHOD THEREOF

TECHNICAL FIELD

The present invention relates to an image display apparatus
such as an organic EL display apparatus, and the driving
method thereof.

RELATED ART

Conventionally, an image display apparatus with an
organic EL (Electronic Luminescence) element which has the
function of emitting light by recombination of holes and
electrons injected into a light-emitting layer has been pro-
posed.

In this type of image display apparatus, each pixel includes
thin film transistor (“TFT”) having amorphous silicon, poly-
crystalline silicon, etc. and an organic light-emitting diode
(“OLED”) which is an example of an organic EL element.
The luminance of each pixel is controlled by setting the
current through each pixel to an appropriate value.

An active matrix type image display apparatus includes a
plurality of pixels, each of which has a current driving type
light emitting element such as an OLED and a driving tran-
sistor such as a TFT for controlling a current through the
OLED in series. In this type of image display apparatus, the
current value through the light emitting element may change
because of the fluctuation of the threshold voltage of the
driving transistor in each pixel, and luminance nonuniformity
may occur. One technique for reducing this nonuniformity, is
the driving method for detecting the threshold voltage of the
driving transistor, and then controlling the current through the
light emitting element on a basis of the detected threshold
voltage, as disclosed in R. M. A. Dawson, et al. (1998).
Design of an Improved Pixel for a Polysilicon Active-Matrix
Organic LED Display. SID 98 Digest, pp. 11-14. A circuit
structure for carrying out such a driving method is disclosed
in S. Ono, et al. (2003). Pixel Circuit for a-Si AM-OLED.
Proceedings of IDW 03, pp. 255-258.

It is known that in addition to the fluctuation of the thresh-
old voltage of the driving transistor, the OLED also deterio-
rates over time. The current density and the luminance of the
OLED decrease over time according to the applied voltage to
the OLED. A technique for coping with this phenomenon, is
discussed in Japanese Unexamined Patent Application Pub-
lication No. 2003-330418 which discloses a display appara-
tus and the driving method thereof which can compensate the
luminance change due to the characteristics change over time
with a simple circuit structure not having a light conductive
element.

SUMMARY OF THE INVENTION

However, the technique disclosed in Japanese Unexamined
Patent Application Publication No. 2003-330418 does not
perform the act of detecting the current or the voltage in the
circuit which includes the light emitting element such as the
OLED, and the act of compensating the luminance change of
the light emitting elements in a pixel. Therefore, there is a
problem that an external circuit can have a more complicated
structure and a larger size.

An object of the present invention is to compensate the
luminance change of the light emitting elements due to the
characteristics change of the light emitting elements over
time with the simple external circuit.
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According to one aspect of the invention, an image display
apparatus includes a plurality of pixels. Each of the pixels
includes a light emitting element operable to emit light while
a current passes through the light emitting element. Each
pixel also includes a driver configured to control light emis-
sion of the light emitting element. The driver is electrically
connected to the light emitting element. Each pixel further
includes a control circuit electrically connected to the light
emitting element and the driver. The control circuit directly or
indirectly detects a voltage applied to the light emitting ele-
ment to reflect the detection results to the driver at least while
the light emitting element is emitting light.

According to another aspect of the invention, a method of
driving an image display apparatus comprising a light emit-
ting element and a driver configured to control the light emis-
sion of the light emitting element includes: detecting a volt-
age applied to the light emitting element at least while the
light emitting element is emitting light; and applying a volt-
age to the driver at least while the light emitting element is
emitting light. The applied voltage to the driver corresponds
to the detected voltage.

According to another aspect of the invention, since the
luminance change due to the characteristic change of the light
emitting element of each pixel can be small the external
circuit can be maintained with a simple structure while com-
pensating the luminance change of the light emitting ele-
ments.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram for explaining an image display appa-
ratus in accordance with one embodiment of the invention
and shows an exemplary pixel circuit corresponding to one
pixel of the image display apparatus.

FIG. 2 shows parasitic capacities of transistor and an
organic light emitting element capacitor on the pixel circuit
shown in FIG. 1.

FIG. 3 is a sequence diagram showing general operations
of the pixel circuit shown in FIG. 2.

FIG. 4 is a diagram showing an operation in a preparation
period shown in FIG. 3.

FIG. 5 is a diagram showing an operation in a threshold
voltage detection period shown in FIG. 3.

FIG. 6 is a diagram showing an operation in a writing
period shown in FIG. 3.

FIG. 7 is a diagram showing an operation in a light emis-
sion period shown in FIG. 3.

FIG. 8 is a diagram showing an exemplary relationship
between the applied voltage to the organic light emitting
element OLED and the current density in the organic light
emitting element OLED.

FIG. 9 is a diagram showing an exemplary relationship
between the current density in organic light emitting element
OLED and the luminance of the organic light emitting ele-
ment OLED.

FIG. 10 is a diagram showing an exemplary relationship
between the applied voltage (image signal potential) to the
gate of the driving transistor Td for controlling the organic
light emitting element OLED and the luminance of the
organic light emitting element OLED.

FIG. 11 is a characteristic diagram showing the relation-
ship between the ‘AV ./’ after 501 hours and AV, after 501
hours at the test like the test in FIGS. 8 to 10.

FIG. 12 is a diagram superimposing a solid line P1 which
is a characteristic curve of the driven organic light emitting
element OLED for 48.5 hours and a dashed line P2 which is
a characteristic curve of the driven organic light emitting



US 8,154,483 B2

3
element OLED for 165.5 hours on a shorter dashed line P3
which is a characteristic diagram in FIG. 11.

FIG. 13 is a diagram showing a characteristic after com-
pensation on a basis of the technique in accordance with one
embodiment of the invention, which is a characteristic of
luminance of the organic light emitting element OLED to the
image signal potential applied to the gate of the driving tran-
sistor Td.

FIG. 14 is a diagram showing an exemplary pixel circuit
where the compensation technique in accordance with one
embodiment of the invention is applied to the pixel circuit in
FIG. 1.

FIG. 15 is a sequence diagram showing the operations of
the pixel circuit shown in FIG. 14.

FIG. 16 is another sequence diagram showing the opera-
tions of the pixel circuit shown in FIG. 14.

FIG. 17 is a diagram showing an image display apparatus in
accordance with another embodiment of the invention and
shows an exemplary pixel circuit corresponding to one pixel
in the image display apparatus.

FIG. 18 is a diagram showing an image display apparatus in
accordance with another embodiment of the invention and
shows an exemplary pixel circuit corresponding to one pixel
in the image display apparatus.

DETAILED DESCRIPTION OF THE INVENTION

Hereinafter, exemplary embodiments of image display
apparatuses and driving methods thereof according to the
present invention are described in detail with the reference to
the figures. It should be understood that the invention is not
limited to the embodiments.

FIG. 1 is a diagram for explaining an image display appa-
ratus in accordance with one embodiment of the invention
and shows an exemplary pixel circuit corresponding to one
pixel in the image display apparatus. The pixel circuit shown
in FIG. 1 includes an organic light emitting element OLED
which is one of the light emitting elements, a driving transis-
tor T, which is a driver for driving the organic light emitting
element OLED, a threshold voltage detecting transistor T,,, a
storage capacitor C, a switching transistor T, and a switch-
ing transistor T,,. The structure shown in FIG. 1 is a general
pixel circuit for controlling the organic light emitting element
etc. and does not show the feature of the invention. This image
display apparatus includes a plurality of pixels arranged in a
matrix.

InFIG. 1, the driving transistor T ; is the controller (driver)
for controlling the current through the organic light emitting
element OLED on a basis of the potential difference between
its gate terminal and its source terminal.

The threshold voltage detecting transistor T,,, when it is
on, electrically connects the gate and the drain of the driving
transistor T, As a result, the current from the gate of the
driving transistor T , flows to the drain of the driving transistor
T, until the potential difference between the gate and the
source of the driving transistor T, substantially reaches the
threshold voltage V , of the driving transistor T ;, and then the
threshold voltage V , of the driving transistor T, is detected.

The organic light emitting element OLED has a character-
istic that the current flows through the organic light emitting
element OLED by applying a potential difference larger than
the threshold voltage of the organic light emitting element to
the anode and the cathode of the organic light emitting ele-
ment OLED, and thereby emits light. Specifically, the organic
light emitting element OLED includes an anode layer having
Al, Cu, or ITO (Indium Tin Oxide), a cathode layer, and a
light emitting layer between the anode and cathode layers.
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The light emitting layer includes an organic material such as
Phthalocyanine, tris-(8-hydroxyquinoline)aluminum, benzo-
quinoline, beryllium. The organic light emitting element
OLED has a function of emitting light by recombination of
electrons and holes injected into the light emitting layer.

The driving transistor T, the threshold voltage detecting
transistor T,,, the switching transistor T's and the switching
transistor Tm may be TFTs. In each figure referred below, the
channel type (p-type or n-type) of each TFT is not shown.
Each of the TFTs may be either p-type or n-type. In this
embodiment, all TFTs are n-type. Each of the TFTs may
include any one of amorphous silicon, microcrystalline sili-
con, and polycrystalline silicon.

A power source line 10 supplies various pre-determined
voltages to the driving transistor T, and the switching tran-
sistor T,,,. A control line 11 supplies a signal for controlling
drive of the threshold voltage detecting transistor T, to the
transistor T,. Amerge line 12 supplies a signal for controlling
drive of the switching transistor T,, to the transistor T,,. A
scanning line 13 supplies a control signal for driving the
switching transistor Ts. An image signal line 14 supplies an
image signal to the storage capacitor C,.

InFIG. 1, a ground line is arranged on the anode side of the
organic light emitting element OLED and the power source
line 10 is arranged on the cathode side of the organic light
emitting element OLED. Alternatively, the power source line
10 may be arranged on the anode side and the ground line may
be arranged on the cathode side. The power source line 10
may be arranged on both ofthe anode and the cathode sides of
the organic light emitting element OLED.

Generally, transistors have parasitic capacitors between the
gate and the source and between the gate and the drain. In this
embodiment, the following four parasitic capacitors mainly
affect the gate potential of the driving transistor T,: a first
capacitor C, ., between the gate and the source of the driving
transistor T ,, a second capacitor C, 7, between the gate and
the drain of the driving transistor Td, a third capacitor C,,
between the gate and the source of the threshold voltage
detecting transistor T ;,, and a fourth capacitor C, ;;, between
the gate and the drain of the threshold voltage detecting
transistor T ,,. FIG. 2 shows an image pixel circuit including
the above-described parasitic capacitors and including an
organic light emitting element capacitor C_,,, which the
organic light emitting element inherently has.

Next, the operations of this embodiment are explained with
reference to FIGS. 3 to 7. FIG. 3 is a sequence diagram
showing general operations of the pixel circuit shown in FIG.
2. FIGS. 4 to 7 are diagrams showing the operation in each
frame, which is divided into the following four periods: the
preparation period (FIG. 4), the threshold voltage detection
period (FIG. 5), the writing period (FIG. 6) and the emission
period (FIG. 7). The operations described below are con-
trolled by a control unit (not shown in the Figures).

(The Preparation Period)

The operation in the preparation period is explained with
reference to FIGS. 3 and 4. In the preparation period, the
power source line 10 is set to the preparation potential (V,,),
the merge line 12 is set to the high gate potential (V, ), the T,
control line 11 is set to the low gate potential (V,;), and the
image signal line 14 is set to zero. This state, as shown in FIG.
4, turns off the threshold voltage detecting transistor T, turns
off the first switching transistor T, turns on the driving tran-
sistor T ; and turns on the second switching transistor T ,,. As
a result, the current flows from power source line 10 to the
organic light emitting element capacitor C_,,, through the
driving transistor T, and thereby the organic light emitting
element capacitor C,,,; stores an electric charge, in order for
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the organic light emitting element capacitor C,,,, to be used
as a supply source of the current flowing between the drain
and the source of the driving transistor T, while the threshold
voltage between the gate and the source of the driving tran-
sistor is being detected. When the threshold voltage between
the gate and the source of the driving transistor T, a current
between the drain and the source of the driving transistor T,
(hereinafter, the current is referred as an “I ;") substantially
does not flow in the threshold voltage detection period.

(The Threshold Voltage Detection Period)

Next, the operation in the threshold voltage detection
period is explained with reference to FIGS. 3 and 5. In the
threshold voltage detection period, the power source line 10 is
set to zero, the merge line 12 is set to the high gate potential
(Vgm), the T, control line 11 is set to the high gate potential
(Vgz), the scanning line 13 is set to the low gate potential
(Vgr) and the image signal line 14 is set to zero. This state
turns on the threshold voltage detecting transistor T,, as
shown in FIG. 5. As a result, the gate and the drain of the
driving transistor T, are electrically connected.

The electric charges stored in the storage capacitors C_ and
the organic light emitting element capacitor C_,,; are dis-
charged and current flows from the driving transistor Td to the
power source line 10. When the potential difference between
the gate and the source of the driving transistor T, substan-
tially reaches the threshold voltage V ,;,, the driving transistor
T, is substantially turned off and the threshold voltage V ,;, of
the driving transistor Td is detected.

(The Writing Period)

The operation in the writing period is explained with ref-
erence to FIGS. 3 and 6. In the writing period, a data potential
(=V 4ara) 18 supplied to the storage capacitor C,, and thereby
the gate of the driving transistor T ,is set to the data potential.
Specifically, the power source line 10 is set to zero, the merge
line 12 is set to the low gate potential (V,;), the T, control
line 11 is set to the high gate potential (V,4), the scanning line
13 is set to the high gate potential (V ), and the image signal
line 14 is set to the data potential (-V ;,,,).

This operation turns on the first switching transistor T, and
turns off the second switching transistor T,,, and then the
electric charge stored in the organic light emitting element
capacitor C,,,, is discharged. Therefore, current flows from
the organic light emitting element capacitor C_,,, to the stor-
age capacitor C, through the threshold voltage detecting tran-
sistor T,, and the storage capacitor C; stores the electric
charge. In other words, the electric charge stored in the
organic light emitting element moves to the storage capacitor
C,. As a result, the gate of the driving transistor T, is set to a
potential corresponding to the data potential.

Here, V, represents the threshold voltage of the driving
transistor T, C, represents the capacitance value of the stor-
age capacitor, and C_, represents the sum of the capacitance
values connected to the gate of the driving transistor Td while
the threshold voltage detecting transistor T,, is on. The gate
potential V,, of the driving transistor Td is represented by the
following equation (1). Note that the above representation
applies to the following equations.

Vg: Vi (C/Cotd)V data 1)

The potential difference V., between both ends of the
storage capacitor C, is represented by the following equation

2.
Ve= Vg_<_ Vaata) =Vt (Coir Co) Cotd] Y ata 2

In the equation (2), ‘C,;/ is represented by the following
equation.

3)

CoatrmCoteatCst Cos i+ Couram+Cosra
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Equation (3) does not include the second capacitor C, ;7
between the gate and the drain of the driving transistor T .
This is because the gate and the drain of the driving transistor
T are connected through the threshold voltage detecting tran-
sistor T, and because both the gate and the drain have sub-
stantially the same potential. The capacitance value relation
between the storage capacitor C, and the organic light emit-
ting element capacitor C,,,, 1s set to be C,<C_,_.

(The Emission Period)

Finally, the operation in the light emission period is
explained with reference to FIGS. 3 and 7. In the light emis-
sion period, the power source line 10 is set to the negative
potential (-V ), the merge line 12 is set to the high gate
potential (V ), the T,, control line 11 is set to the low gate
potential (V,;), the scanning line 13 is set to the low gate
potential (V) and the image signal line 14 is set to zero.

Consequently, as shown in FIG. 7, the operation turns on
the driving transistor T, turns off the threshold voltage
detecting transistor T,;, and turns off the first switching tran-
sistor Ts. Then, the current flows from the organic light emit-
ting element OLED to the power source line 10 through the
driving transistor T, and thereby the organic light emitting
element OLED emits light.

Here, the current [ ;; flowing from the drain of the driving
transistor T, to the source of the driving transistor Td is
represented by the following equation 4. The equation has the
constant 3 whose value is determined by the structure and
material of the driving transistor T, the potential difference
V., between the gate and the source of the driving transistor
Td, and the threshold voltage V , of the driving transistor.

Li=(B/2) (Ve V) )

Next, in order to consider the relation between the potential
difference V, of the driving transistor T, and the current Ids,
the potential difference V,, is calculated under the assump-
tion that the pixel circuit has no parasitic capacitors.

In FIG. 7, the driving transistor Td is on during the emis-
sion period. The data potential (-V ,,,,) partially influences
the voltage of the storage capacitor C, and that of the organic
light emitting element capacitor C,,, ;. Therefore, the gate to
source potential difference V., is represented by the follow-
ing equation.

VsVt Coted (CtCotod)V gasa (5)

Thus, the equation for showing the relation between the
potential difference V between the gate and the source of the
driving transistor Td and the current Ids is represented by the
following equation derived from the equations (4) and (5).

las = (B12)+ (Cotea [ (Cs + Cotea)  Vatara b ©

- 2
=0 Viga

As shown in the equation (6), theoretically, detecting the
threshold voltage of the transistor T, can make the current I,
independent of the threshold voltage V,,,.

The above-described pixel circuit compensates the charac-
teristics change of the driving transistor Td and the influence
of'the parasitic capacitors which any transistor inherently has.
However, the organic light emitting element OLED deterio-
rates as well as the driving transistor does over time. Both of
the current density for the applied voltage to the organic light
emitting element OLED and the luminance for the current
density of the organic light emitting element OLED deterio-
rate according to the driving time of the organic light emitting
element OLED.
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FIG. 8 is an exemplary diagram showing a relationship
between the applied voltage to the organic light emitting
element OLED and the current density of the organic light
emitting element OLED. The graphs in the FIG. 8 show the
result of a continuous light emitting test for the organic light
emitting element OLED. In the FIG. 8, the solid line K1
represents the characteristics at the beginning phase where
the OLED driving time is 0 hour, the long dashed line K2
represents the characteristics after 48.5 hours of OLED driv-
ing time, the short dashed line K3 represents the characteris-
tics after 165.5 hours of OLED driving time, and the dotted
line K4 represents the characteristics after 501 hours of
OLED driving time. Unlike the characteristics of the light
emitting element in the FIGS. 2 and 7 etc. of Japanese Unex-
amined Patent Application Publication No. 2003-330418, the
characteristics shown in FIG. 8 do not include the deteriora-
tion of transistors such as the driving transistor T .

FIG. 8 clearly shows that the longer the driving time of the
organic light emitting element OLED is, the smaller the cur-
rent density to the applied voltage becomes. FIG. 8 also
shows that keeping the same level of current density requires
an increased applied voltage to the organic light emitting
element OLED in accordance with the length of the OLED
driving time.

FIG. 9 is a diagram showing an exemplary relationship

between the current density and the luminance of the organic
light emitting element OLED. The graphs in the FIG. 9 show
the continuous light emitting test as in FIG. 8. The solid line
L1 represents the characteristics at the beginning phase where
the OLED driving time is 0 hour, the long dashed line .2
represents the characteristics after 48.5 hours of OLED driv-
ing time, the short dashed line 1.3 represents the characteris-
tics after 165.5 hours of OLED driving time, and the dotted
line L4 represents the characteristics after 501 hours of
OLED driving time.
Like in FIG. 8, the characteristics shown in FIG. 9 do not
include the deterioration of transistors such as the driving
transistor Td. FIG. 9 shows that the longer the driving time of
the organic light emitting element OLED is, the smaller the
luminance to the current density of the organic light emitting
element OLED becomes. FIG. 8 also shows that keeping the
same level of luminance requires increased current density of
the organic light emitting element OLED in accordance with
the length of the OLED driving time.

FIG. 10 is a diagram showing an exemplary relationship
between the applied voltage to the gate of the driving transis-
tor Td for controlling the organic light emitting element
OLED and the square root of the luminance of the organic
light emitting element OLED. FIG. 10 shows the continuous
light emitting test as in FIGS. 8 and 9. The solid line M1
represents the characteristics in the beginning phase where
the OLED driving time is 0 hour, the long dashed line M2
represents the characteristics after 48.5 hours of OLED driv-
ing time, the short dashed line M3 represents the character-
istics after 165.5 hours of OLED driving time, and the dotted
line M4 represents the characteristics after 501 hours of
OLED driving time. In the above-described pixel circuit, the
potential to be directly controlled is the gate of the driving
transistor Td for driving the organic light emitting element
OLED, which is supplied with the image signal potential.
Therefore, it is necessary to know the fluctuation character-
istics shown in FIG. 10.

FIG. 10 shows similar characteristics to the characteristics
in FIGS. 8 and 9. It is found that even if the image signal
potential V ;. is written with the threshold voltage V ;, to the
gate of the driving transistor T, the luminance decreases
according to the length of the driving time of the light emit-
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ting. It is also found that the same level of the luminance
requires an increased applied voltage to the driving transistor
T, in accordance with the driving time.

The technique shown in Japanese Unexamined Patent
Application Publication No. 2003-330418 does not feed back
the detected voltage or the detected current in the same frame
during which the detected voltage or the detected current is
obtained (hereinafter, referred to a ‘detecting frame’). The
technique in Japanese Unexamined Patent Application Pub-
lication No. 2003-330418 feeds back the detected voltage or
the detected current in the next frame after the detected frame
in the earliest case. Therefore, this conventional technique
cannot compensate adequately when the luminance com-
pletely changes before and after one frame. Here, a ‘frame’
means a period during which a sequence of processes for
rewriting an image displayed in the image display apparatus
are performed in cycle. For example, in a display driven at the
60 Hz frequency, one frame period is 16.67 ms.

On the other hand, a technique according to one embodi-
ment described below, the pixel circuit itself detects the
applied voltage to the organic light emitting element OLED,
and then feeds back a voltage corresponding to the detected
voltage, to the driving transistor T, in the same frame as the
detecting frame. The principle is explained below.

‘AV .. represents the difference between the initial volt-
age V., of the organic light emitting element OLED at the
light emission and the voltage of the organic light emitting
element OLED after the organic light emitting element
OLED is driven for a certain period. ‘AV_’ represents the
value of V,,, which is necessary value for increasing the
luminance of the organic light emitting element OLED which
has been driven for the certain period to the initial luminance
value of the organic light emitting element OLED. FIG. 11 is
acharacteristic diagram showing the relationship between the
‘AV,,;.; after 501 hours and AV, after 501 hours at the
continuous light emitting test like the above-described tests.
FIG. 11 shows that both AV, and ‘AV,’ depend on the
image signal voltage V..

FIG. 12 is a diagram superimposing the following three
lines: the solid line P1 is the characteristics curve of the
organic light emitting element OLED driven for 48.5 hours,
the dashed line P2 is the characteristics curve of the organic
light emitting element OLED driven for 165.5 hours, and the
dotted line P3 is the characteristics curve in FIG. 11. FIG. 12
additionally shows the straight line having a gradient (in an
example of FIG. 12, the gradient is 0.43). It was found that the
characteristics curves of ‘AV, " to ‘AV ,,;/ at each of driving
times of the organic light emitting element OLED align along
a straight line having a certain gradient.

Accordingly, adding a voltage proportional to the ‘AV ./’
of'the organic light emitting element OLED (the proportional
constant in FIG. 12: 0.43) to the V, of the driving transistor
T, enables it to compensate for the deterioration of the lumi-
nance of the organic light emitting element at all gradation
levels.

FIG. 13 is a diagram showing a characteristic after com-
pensation on a basis of the above-described technique. As
understood by comparing with FIG. 10 showing the charac-
teristics before the compensation, the luminance change
depending on the driving time of the organic light emitting
element can be reduced.

Next, the method of adding the voltage is explained. At the
actual control, in view of the ease of control, it is preferable to
add the proportional voltage to °V ./ rather thanto ‘AV .,/ .
Of course, adding the proportional voltage to ‘AV . is also
available.

ole.
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V ,ieq0 tepresents the initial value of the voltage of the
organic light emitting element OLED and V' represents the
voltage of the gate to the source of the driving transistor Td
after compensation. The V' can be represented by the fol-
lowing equation by using the proportional constant ‘b’ which
is a gradient of the straight line on the above-described char-
acteristics curves.

Voo = Vs + AV O]

= Vs + b+ AVpred

= Vs + b (Vorea = Voredo)

Now, d is substituted for C,,,/(C,+C,,.,) in the equation
(5) and then the resulting equation (5) is substituted for the
equation (7), and thereby the applied voltage V' after com-
pensation can be represented by the following equation.

8

Vs = Vi + d - Viaa + b (Voted = Votedo)

= Vs +(d Vagia = 0+ Voteao) + 0+ Vorea

In the equation (8), b-V,,, ,, does not depend on the OLED
characteristics change over time and is determined by a value
of V uras While V., depends on the OLED characteristics
change over time. Accordingly, taking b-V_,, ., into consid-
eration allows to compensate the luminance change of the
organic light emitting element OLED on a basis of the equa-
tion (8). Note that b-V_,, ,, is a constant value determined by
the OLED characteristics. Therefore, in the case that an image
signal potential (-V ,,,,) is written to the storage capacitor C;
in the pixel circuit shown in FIG. 1, if the written image signal
potential (-V ,,,.) stored in the storage capacitor C, is reduced
in advance by a predetermined voltage corresponding to
bV, .40, 1t 1s nOt necessary to store the initial characteristics
of the organic light emitting element OLED. It is not neces-
sary either to store other initial constants even when such
constants exist.

FIG. 14 is a diagram showing an exemplary structure in a
case that the above-described technique applies to the pixel
circuit shown in FIG. 1. The pixel circuit shown in FIG. 14
includes a control circuit A. The control circuit A includes a
detecting circuit 21 as a detecting unit, for detecting a voltage
applied to both ends of the organic light emitting element
OLED, a voltage storage circuit 23 as a voltage storage unit,
for storing the detected voltage by the detecting circuit 21,
and a feedback circuit 25 as a feedback unit, for applying the
stored voltage in the voltage storage circuit 23 between the
gate and the source of the driving transistor Td. Each pixel
includes the control circuit A. Note that in FIG. 14, the para-
sitic capacitors in the transistor constituting the control circuit
A are not shown.

In FIG. 14, the voltage storage circuit 23 includes the
additional capacitor C,,; which stores the detected voltage.
The detecting circuit 21 may include, for example, a pair of
transistors connected to each other through the voltage stor-
age circuit 23. Each gate of the transistors can be commonly
connected to the first V,,, control line 15 as a first control
line. A first end of the detecting circuit 21 (for example, drain
or source of one transistor) may be connected to the cathode
ofthe organic light emitting element OLED and a second end
ofthe detecting circuit 21 (for example, drain or source of the
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other transistor) may be connected to the anode of the organic
light emitting element OLED.

The feedback circuit 25 may include a similar structure as
the detecting circuit 21. The feedback circuit 23 may include,
for example, a pair of transistors connected to each other
through the voltage storage circuit 23. Each gate of the tran-
sistors can be commonly connected to a second V,,, control
line 16 as a second control line. A first end of the feedback
circuit 25 (for example, drain or source of one transistor) may
be connected to the first terminal (gate) of the driving tran-
sistor T, and a second end of the feedback circuit 25 (for
example, drain or source of the other transistor) may be con-
nected to the second terminal (source or drain) of the driving
transistor T .

Next, the operations of the pixel circuit shown in FIG. 14
are explained with reference to FIGS. 14 and 15. FIG. 15 is a
sequence diagram showing the operations of the pixel circuit
shown in FIG. 14.

InFIG. 15, the operations during the preparation, V,;, detec-
tion, and writing periods are the same as the sequence dia-
gram shown in FIG. 3. The explanation of those operations is
omitted. During the light emission period, the first V_,,; con-
trol line 15 is set to a high gate potential (V) in order to
electrically connect the pair of transistors in the detecting
circuit 21 to each other. On the other hand, the second V.,
control line 16 is set to a low gate potential (V) to electri-
cally disconnect the pair of transistors in the feedback circuit
25 to each other. After that, when the organic light emitting
element OLED emits light, the additional capacitor stores an
electric charge corresponding to a voltage V., which is
applied between both ends of the organic light emitting ele-
ment OLED. As a result, the voltage storage circuit 23 stores
a voltage corresponding to the voltage V_,, ;. Next, the first
V,eacontrol line 15 is set to alow gate potential (V) and the
second V,,, control line 16 is set to a high gate potential
(Vgz)- Thus, the voltage V.., stored in the additional capaci-
tor C,,,;1s added to the image signal potential already written
to the storage capacitor C,, and thereby the control technique
on a basis of the equation (8) is performed. Note that the
proportional constant ‘b’ in equation (8) is determined by the
capacitance ratio which is the ratio of total capacitance of the
capacitors (for example, parasitic capacitance of the driving
transistor T ) electrically connected to the gate or source of
the driving transistor T, vs. the capacitance of the additional
capacitor C, ;. Therefore, the desired proportional constant
can be determined by adequately adjusting the capacitance of
the additional capacitor. For example, in this embodiment, the
proportional constant ‘b’ is 0.43 as shown in FIG. 12.

As described above, the image display apparatus according
to this embodiment enables the individual pixel circuit to
detect the change of the applied voltage to the organic light
emitting element OLED and to apply a voltage corresponding
to the detected voltage to the driving element to feed back the
detected result to the pixel circuit. Therefore, external circuits
can have simple structures. The luminance change of the
organic light emitting element OLED can be compensated
with less influenced by the characteristics fluctuation of the
driving transistors. The act of detecting the applied voltage to
the organic light emitting element OLED and the act of apply-
ing the detected applied voltage to the organic light emitting
element OLED are performed in the same frame, and thereby
the luminance of the organic light emitting element OLED
can be more appropriately compensated. It is preferable to
perform the detection and the compensation in each frame.

As clearly understood by the circuit structure in FIG. 1 etc.,
since the sum of the voltage V., of both ends of the organic
light emitting element OLED and the voltage V ;, between the
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drain and the source of the driving transistor Td is substan-
tially constant, the change of the voltage V_, , may be
detected as the an equivalent change of the voltage V , of the
driving transistor to the change of the voltage V., and then
the driving transistor T; may be controlled by the detected
equivalent change of the voltage V ;.. In this embodiment, the
first and second terminals of the detecting circuit 21 may be
connected to the drain and the source of the driving transistor
T, respectively. For example, as shown in FIG. 18, the detect-
ing circuit 21 may be connected to the drain and the source of
the driving transistor T, and the feedback circuit 25 may be
connected to the gate of the driving transistor T, and the
anode of the organic light emitting element OLED. The pixel
circuit in FIG. 18 can be driven on a basis of the same
sequence as FIGS. 15 and 16. Alternatively, the feedback
circuit 25 may be connected to the gate of the driving tran-
sistor T ;and the cathode of the organic light emitting element
OLED (or the drain of the driving transistor T ;). However, it
is preferable to connect the first terminal of the feedback
circuit 25 to the anode of the organic light emitting element
OLED and the feedback circuit 25 is connected to the gate and
the drain of the driving transistor T, through the organic light
emitting element OLED. This is because the luminance of the
organic light emitting element OLED is directly adjusted and
the compensation for the luminance is easier.

FIG. 16 is another sequence diagram different from the
sequence in FIG. 15. In the sequence shown in FIG. 16, the
first V ,,, control line 15 is set to a high gate potential (V)
and the second V., control line 16 is set to a low gate
potential (V) during the preparation period. Even when the
first V., control line 15 is set to a high gate potential (V ),
there is no problem since the stored voltage in the additional
capacitor C,,, is not applied between the gate and the source
of'the driving transistor T ; so long as the second V., control
line 16 is set to the low gate potential (V). In particular,
when a longer emission period is desired in the sequence in
FIG. 15, the detection period for the both ends voltage of the
organic light emitting element OLED may be too short to
store the electric charge to the additional capacitor C,, ;. On
the other hand, in the sequence of FIG. 16, a longer detection
period can be obtained. Although the timing to switch the
potential of the first V,,, control line 15 from a low gate
potential (V) to ahigh gate potential (V) and the timing to
switch the potential of the second V,,; control line 16 from a
high gate potential (V) to a low gate potential (V) is
during the preparation period in FIG. 16, those timings may
be during the V,, detection period or the writing period.

In this embodiment, it is preferable that each of the channel
widths W, and W, of the thin-film transistors in the detect-
ing circuit 21 and the feedback circuit 25 be smaller than the
channel width W, of the driving transistor Td. In this case,
the space for the control circuit A can be smaller. Note that
since the current flowing through the detecting circuit 21 or
the feedback circuit 25 is smaller than the current flowing
through the driving transistor Td, the smaller channel widths
of detecting circuit 21 and the feedback circuit 25 than the
channel width of the driving transistor Td has no major prob-
lem. In view of smaller space for the control circuit A, it is
preferable that each of the channel widths W, , and W, of the
thin-film transistors in the detecting circuit 21 and the feed-
back circuit 25 be smaller than each of the channel widths
Wi, Wy, and W, of the threshold voltage detecting transis-
tor and switching transistors T, T,, and T,.

It is preferable that the capacitance of the additional capaci-
tor C,,,, in the voltage storage circuit 23 be smaller than the
capacitance of the storage capacitor C, connected to the driv-
ing transistor T,. This is because a larger capacitance of the
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additional capacitor reduces the writing efficiency which is
the change of voltage (V,_,~V ) to the change of voltage of
the image signal line.

The transistors in the control circuit A can be formed in a
different layer from a layer in which the driving transistor T,
and the switching transistors T, T,, and T, are formed. As a
result, the control circuit A can be formed within the pixel
area.

In the above-described embodiments, the invention applies
to the pixel circuit including the threshold voltage detecting
transistor T, for detecting the threshold voltage V,, of the
driving transistor. However, the invention can apply to a pixel
circuit not including the threshold voltage detecting transistor
T,, as shown in FIG. 17.

The above-described explanation is related to a pixel cir-
cuit corresponding to one pixel in the image display appara-
tus, but may apply to the image display apparatus related to
the multi-color display having picture elements, each of
which includes three primary color pixels consisting of red,
green, and blue pixels. In this case, the capacitance ratios for
each color pixel, which are ratios of total capacitance values
of capacitors connected to between the gate and source of the
driving transistor T, vs. the capacitance value of the addi-
tional capacitor C,,,;, can be different from one another.
Therefore, setting the appropriate capacitance ratio for each
color pixel enables the each color pixel to compensate for the
luminance with the smaller characteristic fluctuation of the
driving transistor.

In this embodiment, an organic light emitting element is
used as the light emitting element, however other types of
light emitting elements, such as an inorganic LED can be used
as the light emitting element.

The invention claimed is:

1. An image display apparatus comprising:

a plurality of pixels circuits, each pixel circuit including

a light emitting element operable to emit light while
current passes there through;

a driver configured to control light emission of the light
emitting element, the driver being electrically con-
nected to the light emitting element;

a control circuit electrically connected to the light emit-
ting element and driver; and

a first capacitor electrically connected to the driver for
storing a data voltage;

wherein the control circuit detects a voltage applied to the
light emitting element and the detected voltage is fed
back to the driver at least while the light emitting ele-
ment is emitting light in a frame,

wherein the control circuit includes a second capacitor for
storing the detected voltage applied to the light emitting
element, the second capacitor having a smaller capaci-
tance than the first capacitor, and

wherein an electrical charge in the second capacitor is
discharged to be supplied to the first capacitor while the
light emitting element is emitting light in the frame.

2. An image display apparatus according to claim 1,

wherein the control circuit comprises

a detecting unit for detecting the voltage applied to the light
emitting element at least while the light emitting ele-
ment is emitting light;

a voltage storage unit comprising the second capacitor for
storing the detected voltage which is detected by the
detecting unit; and

a feedback unit for applying a voltage to the driver at least
while the light emitting element is emitting light, the
voltage being corresponding to the detected voltage
which is stored in the voltage storage unit.
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3. An image display apparatus according to claim 2,
wherein the act of detecting the applied voltage to the light
emitting element by the detecting unit and the act of applying
the corresponding voltage and the stored voltage to the driver
by the feedback unit occur in the frame.

4. An image display apparatus according to claim 2,
wherein the feedback unit applies a voltage to the driver, the
voltage corresponding to a capacitance value of the second
capacitor in the voltage storage unit.

5. An image display apparatus according to claim 1,
wherein each of the pixel circuits further comprises a thresh-
old voltage detecting unit for detecting a threshold voltage of
the driver.

6. An image display apparatus according to claim 2,
wherein the detecting unit is electrically connected to both
ends of the light emitting element.

10

15

14

7. An image display apparatus according to claim 2,
wherein the driver comprises a thin film transistor.

8. An image display apparatus according to claim 7,
wherein the detecting unit is electrically connected to a
source and a drain of the driver.

9. An image display apparatus according to claim 7,
wherein the feedback unit is electrically connected to a gate
and a source of the driver or to a gate and a drain of the driver.

10. An image display apparatus according to claim 7,
wherein the voltage storage unit is electrically connected to
both the detecting unit and the feedback unit.

11. An image display apparatus according to claim 7,
wherein each of the detecting unit and the feedback unit
comprises a thin film transistor, and has a smaller channel
width than the driver.
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