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(7) ABSTRACT

A light-emitting display panel sub-pixel circuit, comprising:
at least three switches; at least one capacitive element; at
least one light-emitting element; a power line serving as a
wire for connecting the at least three switches, the at least
one capacitive element, and the at least one light-emitting
element; an earth line; a scan line for selecting a sub-pixel
for light emission; a data line for supplying data to the
light-emitting element; and a sense line for detecting deg-
radation of the light-emitting element, wherein the data
corresponding to a predetermined luminous intensity are
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HIGH RESOLUTION OLED DISPLAY
OPERATION CIRCUIT

TECHNICAL FIELD

[0001] The present invention relates to a light-emitting
display panel sub-pixel circuit employing an organic electro-
luminescence element such as organic light-emitting diode
(OLED) or organic EL, a drive method therefore, and a
display panel/unit using the sub-pixel circuit.

BACKGROUND ART

[0002] Display panels using a two-terminal display device
that emits light at luminous intensity corresponding to a
direct current level, such as an organic electroluminescence
element or organic light-emitting diode (OLED); namely,
devices employing organic electro luminescence (EL), have
recently been developed.

[0003] TImplementation of a high-luminance, high-contrast
image display requires an active drive through the use of a
switching element or, for example, a thin film transistor
(TFT). Typically, the OLED is a light-emitting device that
has a laminated structure of a thin organic material and
varies emission intensity according to the level of an electric
current. A display unit that displays an image can be
configured by using TFTs to pass an electric current through
an OLED provided on each of pixels or sub-pixels disposed
on a matrix and thereby allow the pixel or sub-pixel to emit
light.

[0004] In active matrix drive OLEDs, many light-emitting
regions called pixels are typically arranged in a matrix form,
where their lines are scanned one by one for repeated writing
(programming) operation for luminescence or colour tone.
One pixel is typically composed of a plurality of sub-pixels
having different colour tones, in which the luminescence and
colour tone of the pixel is controlled through the control of
a combination of luminescence for each sub-pixel.

[0005] A sub-pixel is connected to a plurality of matrix
wires and is composed of a plurality of switching elements,
light-emitting elements, and capacitive elements (capaci-
tors). Various drive methods have been proposed to correct
the variation in characteristics of the switching elements and
light-emitting elements as well as changes in characteristics
caused by the degradation.

[0006] FIG. 1 is a diagram showing an exemplary con-
figuration of a current program method in a sub-pixel circuit
using an OLED and its drive method. F1G. 1(a) is a diagram
showing an example application of a current mirror circuit
array to a sub-pixel circuit array (see, for example, PTL 1),
in which a mirror transistor forming part of current mirror
circuits 11 to 17 is programmed to cause a predetermined
level of current to flow therethrough so as to cause a current
proportional to it to flow through an OLED forming part of
sub-pixel circuits 19 to 25. FIG. 1(b) is a diagram of a
current mirror circuit 31 and a sub-pixel circuit 33 in which
data (current) to be programmed is passed through the
OLED and the current itself flowing through the OLED is
thereby programmed (see, for example, Non Patent Litera-
ture NPL 1). The drive method of this circuit by current
programming tends to result in an increase in the number of
switching elements per sub-pixel, although it has an advan-
tage of providing precise control of an electric current
flowing through the OLED. Also, the method is not adequate
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for implementing a high-definition display having a small
pixel area and high-speed scanning, since current program-
ming is time consuming.

[0007] FIG. 2 is a diagram showing an exemplary con-
figuration of a voltage program method in a sub-pixel circuit
using an OLED and its drive method. FI1G. 2(a) is a diagram
showing an example of a drive circuit 35 which includes a
threshold correction circuit which applies a threshold cor-
rection function for a switching element (see, for example,
PTL 2). FIG. 2(b) is a diagram showing an example of a
voltage control circuit 39 mitigating degradation of an
OLED through the release and resetting of a voltage applied
to an OLED (see, for example, PTL 3). The voltage program
method applied by the voltage control circuit 39 has an
advantage of implementing high-speed scanning as well as
reducing the number of switching elements per pixel. In
contrast, the voltage program method has difficulty in cor-
recting switching element threshold variation and OLED
degradation simultaneously.

[0008] There has recently been increasing demand for
higher definition and higher-speed scanning. In order to
satisfy this demand, it would be desirable to provide display
units that employ various means and their drive methods
should be offered.

[0009] OLED display units designed for use in mobile
devices which have recently been gaining attention require
high definition ranging from 300 ppi (pixel per inch) up to
400 ppi. A high-definition OLED display unit of 400 ppi, for
example, has one pixel of 60 micron square size. Also, 60
frames/sec or higher speed scanning is required in order to
implement smoother motion picture display, making it very
difficult to reduce the number of switching elements per
pixel and at the same time provide an effective correction.
There is a currently known technology for incorporating a
threshold variation correction for switching elements into a
voltage program drive method, but the technology is not
sufficiently satisfactory to ensure variation correction and
long-term reliability.

[0010] It would be desirable to provide a light-emitting
display panel sub-pixel circuit, its drive method, and a
display panel/unit using the sub-pixel circuit and its drive
method.

SUMMARY

[0011] One aspect of the invention provides a light-emit-
ting display panel sub-pixel circuit according to one embodi-
ment of the present invention including at least three
switches, at least one capacitive element, at least one light-
emitting element, a power line connecting the at least three
switches, the at least one capacitive element and the at least
one light-emitting element, an earth line, a scan line for
selecting a sub-pixel for light emission, a data line for
supplying data to the light-emitting element, and a sense line
for detecting degradation of the light-emitting element,
wherein the data corresponding to a predetermined luminous
intensity are programmed on the basis of a voltage.

[0012] Another aspect of the invention provides a sub-
pixel drive method for a light-emitting display panel
wherein, in the light-emitting display panel sub-pixel circuit,
the sense line is pre-charged at a predetermined pre-charge
voltage, and a voltage variation of the sense line is detected
at the time of the activation of the sense transistor associated
with the selection of a sub-pixel.
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[0013] Another aspect of the invention provides a display
panel wherein a plurality of sub-pixels including a sub-pixel
circuit for the light-emitting display panel is disposed in a
matrix.

[0014] Another aspect of the invention provides a display
unit including a display panel.

[0015] One or more embodiments of the invention can
implement a sub-pixel circuit, its drive method, and a
display panel/unit using such a sub-pixel circuit and its drive
method, which is high-definition and capable of high-speed
scanning and correcting variation in switching transistor
characteristics as well as light-emitting element (OLED)
degradation.

BRIEF DESCRIPTION OF DRAWINGS

[0016] FIG. 1 is a diagram showing an example configu-
ration of a current program method in a sub-pixel circuit
using a conventional OLED and its drive method. FIG. 1(a)
is a diagram showing an example application of a current
mirror circuit array to a sub-pixel circuit array. FIG. 1(J) is
a diagram of a current mirror circuit and a sub-pixel circuit
in which data (current) to be programmed is passed through
the OLED and the current itself flowing through the OLED
is thereby programmed.

[0017] FIG. 2 is a diagram showing an exemplary con-
figuration of a voltage program method in a sub-pixel circuit
using a conventional OLED and its drive method. FIG. 2(a)
is a diagram showing an example of a drive circuit which
includes a threshold correction circuit which applies a
threshold correction function for a switching element. FIG.
2(b) is a diagram showing an example of voltage control
circuit mitigating OLED degradation.

[0018] FIG. 3 is a diagram showing an example configu-
ration of a sub-pixel circuit using an OLED including a
compensating circuit according to an embodiment of the
present invention. FIG. 3(a) is a diagram showing a first
example configuration of a sub-pixel circuit. FIG. 3(b) is a
diagram showing a second example configuration of a
sub-pixel circuit. FIG. 3(c) is a diagram showing a third
example configuration of a sub-pixel circuit. FIG. 3(d) is a
diagram showing a fourth example configuration of a sub-
pixel circuit.

[0019] FIG. 4is a schematic diagram showing an example
of signal waveforms of a sub-pixel circuit using an OLED.
[0020] FIG. 5 is a diagram showing an example configu-
ration of a sub-pixel circuit using an OLED including a
compensating circuit according to an embodiment of the
present invention. FIG. 5(a) is a diagram showing a first
example configuration of a sub-pixel circuit. FIG. 5(b) is a
diagram showing a second example configuration of a
sub-pixel circuit.

[0021] FIG. 6 is a schematic diagram showing an example
of signal waveforms of a sub-pixel circuit using an OLED.
[0022] FIG. 7 is a diagram of an example of a sub-pixel
circuit configuration using an OLED, which shows opera-
tion of a compensating circuit.

[0023] FIG. 8 is a diagram of an example of a sub-pixel
circuit configuration using an OLED, which shows opera-
tion of a compensating circuit.

[0024] FIG. 9 is a graph showing OLED degradation
characteristics.
[0025] FIG. 10 is an example of a look-up table and a

mathematical model used in compensation operation. FIG.
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10(a) is a look-up table showing OLED characteristics. FIG.
10(b) is a look-up table showing drive TFT characteristics
and a mathematical model.

DETAILED DESCRIPTION OF THE DRAWINGS

[0026] Embodiments according to the present invention
will be described below with reference to the attached
drawings. Through the drawings, reference numbers are
re-used to indicate correspondence between referenced
embodiments.

First Embodiment

[0027] FIG. 3 is a diagram showing a sub-pixel circuit of
a light-emitting display unit according to a first embodiment
of the present invention. In the first embodiment, one
sub-pixel is composed of three n-channel TFTs 20, 30, 40,
one or two capacitive elements (capacitors) 50, and one
OLED 10, which are connected to a scan line 80, a data line
90, a power line 60, a correction line 110, and an earth line
70.

[0028] FIG. 4 is a schematic diagram showing a voltage
application in a sub-pixel circuit of FIG. 3 as time passes.
“Point A” of FIG. 4 corresponds to point A in a wire
connected to a gate of the drive TFT 20 of FIG. 3, showing
a gate voltage of the drive TFT 20 as time passes.

[0029] In FIG. 3(a). a drain D1 of a drive TFT 20 is
connected to the power line 60, and a source S1 is connected
to an anode of the OLED 10. A cathode of the OLED 10 is
connected to the earth line 70. A gate of the drive TFT 20 is
connected to one electrode of the capacitive element 50 and
a drain D2 of the selection TFT 30. A gate of the selection
TET 30 is connected to the scan line 80 and the source S2
is connected to the data line 90. Meanwhile, the other
electrode of the capacitive element is connected to the
correction line 110. A gate of the sense TFT 40 is connected
to the scan line 80, and a drain D3 is connected to the sense
line 100, and a source S3 is connected to an anode of the
OLED 10.

[0030] The OLED 10 is a light-emitting element that emits
light with luminescence corresponding to a voltage applied
across the anode and the cathode, or a current flowing across
the anode and the cathode. The drive TFT 20 is a transistor
for driving the OLED 10 for light emission. The selection
TFT 21 is a transistor for selecting a sub-pixel to be driven
for light emission. The sense TFT 40 is a transistor for
detecting the degradation of the OLED 10.

[0031] The power line 60 is a wire provided for supplying
electric power to a sub-pixel circuit. The earth line 70 is a
wire for grounding circuit elements contained in the sub-
pixel circuit. The scan line 80 is a wire for selecting a
sub-pixel. Supplying the scan line 80 with a selection
voltage that activates the selection TFT 30 allows the
selection of a sub-pixel to be driven for light emission. The
data line 90 is a wire for supplying data (voltage) to the
OLED 10. The luminescence of the OLED 10 is controlled
by the level of this voltage. The sense line 100 is a wire for
detecting voltage variation caused by degradation in the
OLED 10 and, in cooperation with the sense TFT 40, detects
variation in anode voltage of the OLED 10. The correction
line 110 is a wire for correcting (compensating) voltage
variation to cause the OLED 10 to emit with the same
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luminescence under variation of the anode voltage of the
OLED 10 required for light emission with a predetermined
luminescence.

[0032] When a voltage is applied to the scan line 80 and
to the gate of the selection TFT 30, the selection TFT 30
becomes activated, causing a data signal (voltage) applied to
the data line 90 to be applied to the gate (point A) of the
drive TFT 20. This results in a predetermined level of
current flowing to the OLED 10, causing the OLED 10 to
emit light with luminescence corresponding to the data
signal (voltage). When no voltage is present in the scan line
80, the selection TFT 30 becomes deactivated, but the gate
voltage (point A) of the drive TFT 20 is maintained at a
constant level by the capacitive element 50 until a scan
voltage is applied again.

[0033] A voltage of the sense line 100 is pre-charged at a
level corresponding to an anode voltage that occurs when a
predetermined level of current flows through the OLED 10.
When a voltage is applied to the scan line 80 and to the gate
of the selection TFT 30 and the sense TFT 40, a voltage is
applied to a gate of the drive TFT 20, causing a predeter-
mined level of current corresponding to the data signal
(voltage) to begin to flow through the OLED 10. At this
time, the sense TFT 40 is in the activated state, resulting in
a comparison between anode voltage of the OLED 10 and
voltage of the pre-charged sense line 100. If the anode
voltage is higher than the voltage of the sense line 100, a
current flows into the sense line 100. If lower, a current flows
out of the sense line 100. A determination as to which one
of these two states occurs will be made by the detection of
a voltage variation in the sense line 100.

[0034] In FIG. 3(), the drain D1 of the drive TFT 20 is
connected to the power line 60, and the source S1 is
connected to an anode of the OLED 10. A cathode of the
OLED 10 is connected to the earth line 70. A gate of the
drive TFT 20 is connected to one electrode of a capacitive
element 51 and the drain D2 of the selection TFT 30. A gate
of the selection TFT 30 is connected to the scan line 80, and
the source S2 is connected to the data line 90. The other
electrode of the capacitive element 51 is connected to an
anode of the OLED 10. Meanwhile, one electrode of the
capacitive element 50 is connected to the anode of the
OLED 10, and the other electrode is connected to the
correction line 110. A gate of the sense TFT 40 is connected
to the scan line 80, and a drain D3 is connected to the sense
line 100, and a source S3 is connected to the anode of the
OLED 10.

[0035] When a voltage is applied to the scan line 80 and
to the gate of the selection TFT 30, the selection TFT 30
becomes activated, causing a data signal (voltage) applied to
the data line 90 to be applied to the gate (point A) of the
drive TFT 20. This results in a predetermined level of
current flowing to the OLED 10, causing the OLED 10 to
emit light with luminescence corresponding to the data
signal (voltage). When no voltage is present in the scan line
80, the selection TFT 30 becomes deactivated, but the gate
voltage (point A) of the drive TFT 20 is maintained at a
constant level by the capacitive elements 50, 51 until a scan
voltage is applied again. The difference from the second
embodiment of FIG. 3(a) lies in the use of the two capacitive
elements 50, 51 connected in series. In other words, the
difference is that, when a predetermined level of current
begins to flow through the OLED 10, a voltage is applied to
the anode of the OLED 10, which causes the capacitive
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element 51 to act to maintain a voltage between the gate and
source (anode of the OLED) of the drive TFT, thereby
automatically correcting a variation in threshold of the drive
TFT 20.

[0036] As is the case with the embodiment of FIG. 3(a),
the voltage of the sense line 100 is pre-charged at a level
corresponding to an anode voltage that occurs when a
predetermined level of current flows through the OLED 10.
When a voltage is applied to the scan line 80 and to the gate
of the selection TFT 30 and the sense TFT 40, a voltage is
applied to a gate of the drive TFT 20, causing a predeter-
mined level of current corresponding to the data signal
(voltage) to begin to flow through the OLED 10. At this
time, the sense TFT 20 is in the activated state, resulting in
a comparison between anode voltage of the OLED 10 and
voltage of the pre-charged sense line 100. If the anode
voltage is higher than the voltage of the sense line 100, a
current flows into the sense line 100. If lower, a current flows
out of the sense line 100. A determination as to which one
of these two states occurs will be made by the detection of
a voltage variation in the sense line 100.

[0037] Degradation in emission intensity of the OLED 10
caused by its deterioration usually results in increased
resistance, which tends to cause a voltage required for
passing a predetermined level of current through the OLED
10 to become high. For this reason, the OLED 10, if
deteriorated, tends to cause the anode voltage of the OLED
100 to become higher than the pre-charge voltage of the
sense line 100. If this occurs, a desired level of emission
intensity cannot be obtained even if a predetermined level of
current is passed through the OLED 10 (namely, degradation
in emission intensity).

[0038] FIGS. 3(a) and (b) show means for correcting
degradation in emission intensity by applying a correction
voltage to the correction line 110. As shown in FIG. 4,
application of the correction voltage following the comple-
tion of the scan voltage application increases the gate
voltage (point A) of the drive TFT 20 by a degree of the
correction voltage, which causes a level of current flowing
through the OLED 10 to be increased or reduced by a degree
corresponding to the correction voltage. The correction
voltage is set according to the degree of deterioration of the
OLED 10, thereby allowing a predetermined level of emis-
sion intensity to be maintained despite the deterioration of
the OLED 10.

[0039] Meanwhile, FIGS. 3(c) and (d) show that adding
the correction voltage to a voltage applied to the gate (point
A) of the drive TFT 20 increases or reduces a level of current
flowing through the OLED 10 by a degree corresponding to
the correction voltage.

Second Embodiment

[0040] FIG. 5 is a diagram showing a sub-pixel circuit of
a light-emitting display unit according to a second embodi-
ment of the present invention. In the second embodiment,
one sub-pixel is composed of three p-channel TFTs 21, 31,
42, one or two capacitive elements (capacitors) 51, 52, and
one OLED 11, which are connected to a scan line 81, a data
line 91, a power line 61, a correction line 111, and an earth
line 71.

[0041] FIG. 6 is a schematic diagram showing a voltage
application in a sub-pixel circuit of FIG. 5 as time passes.
“Point A” of FIG. 6 corresponds to “Point A” in a wire
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connected to a gate of the drive TFT 21 of FIG. 5, showing
a gate voltage of the drive TFT 21 as time passes.

[0042] In FIG. 5(a), a source S4 of the drive TFT 21 is
connected to the earth line 71, and a drain D4 is connected
to an anode of the OLED 11. A cathode of the OLED 11 is
connected to the power line 61. A gate of the drive TFT 21
is connected to one electrode of the capacitive element 52
and a source S6 of the selection TFT 31. A gate of the
selection TFT 31 is connected to the scan line 81 and a drain
D6 is connected to the data line 91. Meanwhile, the other
electrode of the capacitive element 52 is connected to the
correction line 111. The gate of the sense TFT 41 is
connected to the scan line 81, a source S5 is connected to the
sense line 101, and a drain D5 is connected to an anode of
the OLED 11.

[0043] When a voltage is applied to the scan line 81 and
to the gate of the selection TFT 31, the selection TFT 31
becomes activated, causing a data signal (voltage) applied to
the data line 91 to be applied to the gate (point A) of the
drive TFT 21. This results in a predetermined level of
current flowing to the OLED 11, causing the OLED 11 to
emit light with luminescence corresponding to the data
signal (voltage). When no voltage is present in the scan line
81, the selection TFT 31 becomes deactivated, but the gate
voltage (point A) of the drive TFT 21 is maintained at a
constant level by the capacitive element 52 until a scan
voltage is applied again.

[0044] A voltage of the sense line 101 is pre-charged at a
level corresponding to an anode voltage that occurs when a
predetermined level of current flows through the OLED 11.
When a voltage is applied to the scan line 81 and to the gate
of the selection TFT 31 and the sense TFT 41, a voltage is
applied to a gate of the drive TFT 21, causing a predeter-
mined level of current corresponding to the data signal
(voltage) to begin to flow through the OLED 11. At this time,
the sense TFT 41 is in the activated state, resulting in a
comparison between anode voltage of the OLED 11 and
voltage of the pre-charged sense line 101. If the anode
voltage is higher than the voltage of the sense line 101, a
current flows into the sense line 100. If lower, a current flows
out of the sense line 100. A determination as to which one
of these two states occurs will be made by the detection of
a voltage variation in the sense line 100.

[0045] In FIG. 5(b), a source S4 of the drive TFT 21 is
connected to the earth line 71, and a drain D4 is connected
to an anode of the OLED 11. A cathode of the OLED 11 is
connected to the power line 61. A gate of the drive TFT 21
is connected to one electrode of the capacitive element 53
and a source S6 of the selection TFT 31. A gate of the
selection TFT 31 is connected to the scan line 81 and a drain
D6 is connected to the data line 91. The other electrode of
the capacitive element 53 is connected to the anode of the
OLED 11. Meanwhile, one electrode of the capacitive
element 52 is connected to the anode of the OLED 11, and
the other electrode is connected to the correction line 111.
An electrode of the sense TFT 41 is connected to the scan
line 81, a source S5 is connected to the sense line 101, and
a drain D5 is connected to an anode of the OLED 11.
[0046] When a voltage is applied to the scan line 81 and
to the gate of the selection TFT 31, the selection TFT 31
becomes activated, causing a data signal (voltage) applied to
the data line 91 to be applied to the gate (point A) of the
drive TFT 21. This results in a predetermined level of
current flowing to the OLED 11, causing the OLED 11 to
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emit light with luminescence corresponding to the data
signal (voltage). When no voltage is present in the scan line
81, the selection TFT 31 becomes deactivated, but the gate
voltage (point A) of the drive TFT 21 is maintained at a
constant level by the capacitive elements 52, 53 until a scan
voltage is applied again. The difference from the embodi-
ment of FIG. 5(a) includes the use of the two capacitive
elements 52, 53. In other words, the difference is that, when
a predetermined level of current begins to flow through the
OLED 11, a voltage is applied to the anode of the OLED 11,
which causes the capacitive element 53 to act to maintain a
voltage between the gate and drain (anode of the OLED 11)
of the drive TFT 21, thereby automatically correcting a
variation in threshold of the drive TFT 21.

[0047] As is the case with the embodiment of FIG. 5(a),
the voltage of the sense line 101 is pre-charged at a level
corresponding to an anode voltage that occurs when a
predetermined level of current flows through the OLED.
When a voltage is applied to the scan line 81 and to the gate
of the selection TFT 21 and the sense TFT 41, a voltage is
applied to a gate of the drive TFT 21, causing a predeter-
mined level of current corresponding to the data signal
(voltage) to begin to flow through the OLED. At this time,
the sense TFT 10 is in the activated state, resulting in a
comparison between the anode voltage of the OLED 11 and
voltage of the pre-charged sense line 101. If the anode
voltage is higher than the voltage of the sense line 101, a
current flows into the sense line 101. If lower, a current flows
out of the sense line 101. A determination as to which one
of these two states occurs will be made by the detection of
a voltage variation in the sense line 101.

[0048] Degradation in emission intensity of the OLED 11
caused by to its deterioration usually results in increased
resistance which tends to cause a voltage required for
passing a predetermined level of current through the OLED
11 to become high. For this reason, the OLED 11, if
deteriorated, tends to cause the anode voltage of the OLED
11 to become higher than the pre-charge voltage of the sense
line 101. If this occurs, a desired level of emission intensity
cannot be obtained even if a predetermined level of current
is passed through the OLED 11 (namely, degradation in
emission intensity).

[0049] The second embodiment (FIGS. 5(a) and (b)) pro-
vides means for correcting degradation in emission intensity
by applying a correction voltage to the correction line. As
shown in FIG. 6, application of the correction voltage
following the completion of the scan voltage application
increases the gate voltage (point A) of the drive TFT 21 by
a degree of the correction voltage, which causes a level of
current flowing through the OLED 11 to be increased by a
degree corresponding to the correction voltage. The correc-
tion voltage is set according to the degree of deterioration of
the OLED 11, thereby allowing a predetermined level of
emission intensity to be maintained despite the deterioration
of the OLED 11.

Third Embodiment

[0050] FIG. 7 is a diagram showing a sensing section 160
connected to the sense line 100 of the above mentioned
sub-pixel circuit. The sub-pixel circuit shown in FIG. 7 is the
same as the circuit shown in FIG. 3, except for the sensing
section. For this reason, the same components have the same
numerals and symbols in these figures, and repeated descrip-
tions of the same components are omitted.
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[0051] 1In the sub-pixel circuit shown in FIG. 7, a voltage
set by a pre-charge power supply 140 is applied in advance
to the sense line 100 and one terminal (inverted terminal of
FIG. 7) of a comparator 120 (pre-charged state), in order to
measure an anode voltage of the OLED 10. Such a pre-
charged state is shown at the lower right of FIG. 7 where a
switch 131 is on and a switch 130 is off and the voltage set
by the pre-charge power supply 140 is applied to the
inverted terminal of the comparator 120.

[0052] Next, when the application of a voltage to the scan
line 100 brings the selection TFT 20 and the sense TFT 40
into an activated state, the sense line 100 and the anode of
the OLED 10 are electrically connected. At this time, the
switch 130 is on and the switch 131 is off, as shown at the
lower left of FIG. 7. If the anode voltage of the OLED 10 is
lower than the pre-charge voltage, the potential of the sense
line 100 goes down slightly, causing a low voltage to be
output from the comparator 120 through the process of a
comparison in potential between both terminals of the
comparator 120. On the contrary, if the anode voltage of the
OLED 10 is higher than the pre-charge voltage, the potential
of the sense line 100 goes up slightly, causing a high voltage
to be output from the comparator 120 through the process of
a comparison in potential between both terminals of the
comparator 120.

[0053] FIG. 8 is a diagram showing a configuration of a
sensing section 161 that is different from that of FIG. 7. The
sensing section 161 is the same as that of FIG. 7 in that the
switch 130 is connected to the non-inverted terminal of the
comparator 120, but is different from that of FIG. 7 in that
a capacitive element 150 and a switch 132 as well as the
pre-charge power supply 140 and a switch 133 are connected
to the inverted terminal. The switch 132 and the switch 133
are configured to work together. Other configurations are the
same as those of FIG. 7. For this reason, the same compo-
nents have the same numerals and symbols, and repeated
descriptions of the same components are omitted.

[0054] 1In the sensing section 161 having these configura-
tions, when pre-charging takes place, the switch 130
becomes off and the switches 132, 133 become on, causing
a voltage set by the pre-charge power supply 140 to be
connected to the inverted terminal of the comparator 120, as
shown in the lower right of FIG. 8. This results in such a
pre-charge voltage being maintained by the capacitive ele-
ment 150.

[0055] When sensing takes place, the sensing section 161
is switched to a state indicated in the lower left of FIG. 8. In
other words, both of the switches 132, 133 are off and the
switch 130 is on. In conjunction with this, a voltage is
applied to the scan line 80, causing the selection TFT 30 and
the sense TFT 40 to become on. This results in a voltage
applied to the data line 90 being applied to the anode of the
OLED 10 through the drive TFT 20. At that time, the sense
TFT 40 is on and the sense line 100 is charged at a
pre-charge voltage set by the pre-charge power supply 140,
causing the anode voltage of the OLED 10 to be input to the
non-inverted terminal of the comparator 120 through the
sense line 100 for comparison with the pre-charge voltage.
If the anode voltage of the OLED 10 is higher than the
pre-charge voltage, a high level voltage signal is output from
the comparator 120, thereby causing detection of a rise of
the anode voltage of the OLED 10.

[0056] As described above, the sensing section 161 may
have a configuration shown in FIG. 8. In addition, the
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sensing sections 160, 161 are not limited to these embodi-
ments, and may have other configurations so long as they are
capable of detecting a variation in anode voltage of the
OLED 10.

[0057] FIG. 9is a graph showing an example of OLED 10
degradation characteristics. The OLED 10 typically has
degradation characteristics shown in FIG. 9. In other words,
the OLED 10 suffers from degradation in luminescence with
an increase in application voltage as time passes during
constant-current operation (at 1 mA/em?). In a sub-pixel
circuit according to the third embodiment, luminescence
correction is performed by the measurement of such an
increase in application voltage. Even if degradation in the
OLED 10 results in an increase in application voltage, the
luminescence can be maintained at a constant level by
making corrections to increase the application voltage cor-
responding to such an increase.

[0058] FIG. 10 is an example of a look-up table showing
OLED application voltage versus luminescence character-
istics and drive TFT application voltage versus drive current
characteristics. The OLED 10, for example, has application
voltage versus luminescence characteristics shown in FIG.
10(a).

[0059] In addition, the drive TFT 20 has gate voltage (Vg)
versus drain current (Ig) characteristics (for a constant drain
voltage) shown in FIG. 10(b).

[0060] For example, in order to operate the OLED 10 at a
drive current of about 1 mA/cm? with luminescence of about
1000 cd/m?, pre-charging is carried out with anode voltage
corresponding to 1,000 cd/m” set to 5.90 V and a pre-charge
voltage set to 5.90 V, referencing FIG. 10(b). For the drive
TFT 20, a gate voltage is set to 0.24 V to supply a drive
current of about 1 mA/em?, referencing FIG. 10(5). If a high
signal is output from the comparator 120 at the first scan-
ning, the pre-charge voltage is lower than the anode voltage
of the OLED 10, although about 1 mA/cm® flows through
the OLED 10. Accordingly, the pre-charge voltage is
increased by one step (+0.02 V in this case) for the second
scanning. If the output from the comparator 120 becomes
low for the first time after these repeated operations (or after
18 repeated operations in this case), the OLED 10 is
projected to have an increase in anode voltage of about 6%
with a decrease in luminescence of about 20% (from FIG. 9).
[0061] As described above, if a variation in anode voltage
of the OLED 10 detected via the sense line 100 is in the
positive direction (or on the upward trend), the pre-charge
voltage may be likewise changed by one step in the positive
direction (on the upward trend), thereby detecting the varia-
tion in anode voltage of the OLED 10 using the sense line
100 again. The number of steps required for voltage correc-
tion can be determined by repeating the above operation
until the voltage variation is inverted in the negative direc-
tion (or on the downward trend), thereby allowing lumines-
cence correction (or luminous intensity correction) based on
proper voltage corrections. Although a voltage variation in
the positive direction or on the upward trend is described in
this example, the same operation can also be performed for
cases where a voltage variation is in the negative direction
or on the downward trend. In other words, the pre-charge
voltage is changed by the proper number of steps in the
negative direction corresponding to the voltage variation of
the OLED 10, thereby allowing luminescence correction (or
luminous intensity correction) based on proper voltage cor-
rections.
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[0062] There are two methods for compensating for the
decrease in luminescence. One of the methods can be
accomplished by changing gate voltage settings of the drive
TFT from 0.24 V to 0.28 V. As shown in FIG. 10(),
changing the gate voltage to 0.28 V increases the current Id
to be supplied to the OLED 10 by about 20%. This can be
accomplished by updating the look-up table of FIG. 10().
The second method can be accomplished by applying +0.4
V to the correction line 110 following pixel scanning to
increase the gate voltage of the drive TFT 20 through the
capacitive element 50. In this case, the look-up table for the
drive TFT 20 does not need to be updated.

[0063] The look-up table may be stored in a predetermined
storage element, such as nonvolatile memory or ROM (read
only memory). Data, pre-charge voltages, or correction
voltages corresponding to a predetermined luminescence
may be determined by referencing the look-up table stored
in such a storage element.

[0064] Also, there is a method for mathematically calcu-
lating application voltages without using the look-up table.
FIG. 10(b) shows an example of values obtained using
mathematical models. Such mathematical models allow a
mathematical calculation of a predetermined application
voltage. The mathematical models can be stored in a pre-
determined storage element, such as ROM or RAM. Data,
pre-charge voltages, or correction voltages corresponding to
a predetermined luminescence may be calculated by refer-
encing the mathematical models stored in such a storage
element.

[0065] A light-emitting display panel sub-pixel circuit and
its drive method described in the embodiments 1 through 3
can be applied to a display panel and display unit employing
such a sub-pixel circuit and its drive method. A light-
emitting display panel can be configured by arranging in
matrix a plurality of pixels each having a light-emitting
display panel sub-pixel circuit. In addition, a light-emitting
display unit or light-emitting display system can be config-
ured using an image processing circuit, a control circuit, and
an enclosure.

[0066] Typical configurations of the present invention are
described with reference to, but not limited to, the foregoing
preferred embodiments. Various modifications are conceiv-
able within the scope of the present invention.
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PARTS LIST

[0071] 10, 11 OLED

[0072] 20, 21 Drive TFT

[0073] 30, 31 Selection TFT

[0074] 40, 41 Sense TFT

[0075] 50-53, 150 Capacitive elements (capacitor)

[0076] 60, 61 Power line

[0077] 70, 71 Earth line

[0078] 80, 81 Scan line
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[0079] 90, 91 Data line

[0080] 100, 101 Sense line

[0081] 110, 111 Correction line
[0082] 120 Comparator

[0083] 130-133 Switch

[0084] 140 Pre-charge power source
[0085] 160, 161 Sensing section

1.-28. (canceled)

29. A light-emitting display panel sub-pixel circuit, com-
prising:

a power line and an earth line;

at least one light-emitting element connected in series
with a drive transistor between the power line and the
earth line;

a data line for applying a data voltage, indicative of data,
to a control electrode of the drive transistor so as to
selectively operate the drive transistor and draw current
through the light-emitting element to cause light trans-
mission;

a sense line for detecting voltage variation across the
light-emitting element caused by degradation in the
light-emitting element;

at least one capacitive element connected to the control
electrode of the drive transistor to apply a correcting
voltage to the control electrode to compensate for the
degradation; and

a scan line for selecting a sub-pixel for light emission;

wherein the data corresponding to a predetermined lumi-
nous intensity are programmed on the basis of a volt-
age.

30. The light-emitting display panel sub-pixel circuit
according to claim 29, wherein the power line further
includes a correction line.

31. The light-emitting display panel sub-pixel circuit
according to claim 30, further comprising

a selection transistor for selecting a sub-pixel for light
emission, and

a sense transistor for detecting degradation in the light-
emitting element;

wherein an anode of the light-emitting element is con-
nected to a first main electrode of the drive transistor
and the sense transistor;

wherein a second main electrode of the sense transistor is
connected to the sense line;

wherein a first main electrode of the selection transistor is
connected to the data line and a second main electrode
is connected to a control electrode of the drive transis-
tor; and

wherein a control electrode of the selection transistor and
the sense transistor are cornected to the scan line.

32. The light-emitting display panel sub-pixel circuit
according to claim 31, wherein the control electrode of the
drive transistor and the second main electrode of the selec-
tion transistor are connected to the correction line through
the at least one capacitive element.

33. The light-emitting display panel sub-pixel circuit
according to claim 32,

wherein each of the drive transistor, the selection transis-
tor, and the sense transistor is an n-channel field effect
transistor;

wherein the first main electrode is a source electrode;

wherein the second main electrode is a drain electrode;
and

wherein the control electrode is a gate electrode.
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34. The light-emitting display panel sub-pixel circuit
according to claim 31, wherein each of the drive transistor,
the selection transistor, and the sense transistor is a field
effect transistor which includes an active layer composed
mainly of a silicon, metallic oxide, or organic matter.

35. The light-emitting display panel sub-pixel circuit
according to claim 31 wherein each of the drive transistor,
the selection transistor, and the sense transistor is an n-chan-
nel field effect transistor.

36. The light-emitting display panel sub-pixel circuit
according to claim 31, wherein each of the drive transistor,
the selection transistor, and the sense transistor is a p-chan-
nel field effect transistor.

37. The light-emitting display panel sub-pixel circuit
according to claim 30, wherein a cathode of the light-
emitting element is grounded and a drain electrode of the
drive transistor is connected to the power line.

38. The light-emitting display panel sub-pixel circuit
according to claim 37, wherein the correction line is
grounded.

39. The light-emitting display panel sub-pixel circuit
according to claim 37,

wherein a gate electrode of the drive transistor and a drain

electrode of the selection transistor are connected to the
correction line through first and second capacitive
elements;

wherein the first capacitive element is connected between

the correction line and the source electrode of the sense
transistor; and

wherein the second capacitive element is connected

between a gate electrode of the drive transistor and a
drain electrode of the selection transistor and a source
electrode of the sense transistor.

40. The light-emitting display panel sub-pixel circuit
according to claim 35,

wherein each of the drive transistor, the selection transis-

tor, and the sense transistor is a p-channel field effect
transistor;

wherein the first main electrode is a drain electrode;

wherein the second main electrode is a source electrode;

and

wherein the control electrode is a gate electrode.

41. The light-emitting display panel sub-pixel circuit
according to claim 40, wherein a cathode of the light-

Mar. 23, 2017

emitting element is connected to the power line, and a source
electrode of the drive transistor is grounded.

42. The light-emitting display panel sub-pixel circuit
according to claim 40, wherein a gate electrode of the drive
transistor and a source electrode of the selection transistor
are connected the correction line through first and second
capacitive elements;

wherein the first capacitive element is connected between

the correction line and the drain electrode of the sense
transistor; and

wherein the second capacitive element is connected

between a gate electrode of the drive transistor and a
source electrode of the selection transistor and a drain
electrode of the sense transistor.

43. A method for driving a light-emitting display panel
sub-pixel comprising the light-emitting display panel sub-
pixel circuit according to claim 31, comprising:

pre-charging the sense line of the light-emitting display

panel sub-pixel circuit at a predetermined pre-charge
voltage; and

detecting a voltage variation in the sense line which

occurs when the sense transistor becomes on at the time
of a sub-pixel selection.

44. The method according to claim 43, wherein, if the
voltage variation in the sense line is found to be in a positive
or negative direction, changing the pre-charge voltage by
one predetermined step in the same direction as the positive
or negative direction, and detecting the voltage variation
again.

45. The method according to claim 44, further comprising
repeating the changing and detecting steps until the detected
voltage variation is inverted in the direction opposite the
positive or negative direction.

46. The method according to claim 43, wherein luminous
intensity of the light-emitting element is corrected by apply-
ing a correction voltage to the correction line.

47. The method according to claim 43, wherein luminous
intensity of the light-emitting element is corrected by addi-
tionally applying a correction voltage to a gate electrode of
the drive TFT.

48. The method according to claim 46, wherein the
correction voltage is set on the basis of a step width
corresponding to the voltage variation in the sense line.
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