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DISPLAY DEVICE WITH DUTY CONTROL
FUNCTION AND DUTY CONTROL METHOD
THEREOF

This application claims the benefit of Korean Patent
Application No. 10-2016-0175625 filed on Dec. 21, 2016,
which is incorporated herein by reference for all purposes as
if fully set forth herein.

BACKGROUND

Technical Field

The present invention relates to a display device and a
driving method thereof.

Discussion of the Related Art

An active matrix-type electroluminescent display device
includes a self-emitting Organic Light Emitting Diode
(OLED), and has advantages of a fast response time, a high
light emitting efficiency, high luminance, and a wide view-
ing angle.

An OLED serving as a self-emitting element includes an
anode electrode, a cathode electrode, and an organic com-
pound layer formed between the anode electrode and the
cathode electrode. The organic compound layer includes a
hole injection layer HIL, a hole transport layer HTL, a light
emitting layer EML, an electron transport layer ETL, and an
electron injection layer EIL. When a driving voltage is
applied to the anode electrode and the cathode electrode,
holes passing through the hole transport layer HTL and
electrons passing through the electron transport layer ETL
move to the light emitting layer EML. and form excitons. As
aresult, the light emitting layer EML generates visible light.

The electroluminescent display device includes pixels
each including an OLED, wherein the pixels are arranged in
matrix, and adjusts luminance of the pixels in accordance
with a gray level of video data. Each of the pixels includes
a Thin Film Transistor (TFT) that controls a driving current
flowing in an OLED in accordance with a voltage applied to
a gate electrode and a source electrode of a corresponding
pixel. In addition, a gray level (luminance) of each pixel is
adjusted dependent upon an amount of light emitted by the
OLED, which is proportional to the driving current.

FIG. 2 illustrates a circuit of an existing pixel, and FIG.
3 illustrates a driving waveform of FIG. 2.

Referring to FIGS. 2 and 3, a pixel PXL includes an
Organic Light Emitting Diode (OLED), a plurality of Thin
Film Transistors ST1 to ST3 DT, and two capacitors Cstl
and Cst2. In FIG. 2, “Coled” indicates a parasitic capaci-
tance of the OLED.

The TFTs ST1 to ST2 DT are implemented as an n-type
MOSFET (which is hereinafter referred to as an NMOS). In
addition, for a low-speed driving, a first switch TFT ST1 is
in the form of an NMOS-type oxide TFT having an excellent
off-current characteristic, and other TFTs ST2 and ST3 DT
are in the form of an NMOS-type LTPS TFT having an
excellent response characteristic.

The pixel PXL is driven during a scanning period and an
emission time Tem. The scanning period may be set as
approximately one horizontal period 1H, and includes an
initialization time Ti, a sampling time Ts, and a program-
ming time Tw.

During the initialization time Ti, a predetermined refer-
ence voltage Vref is supplied to a data line DL. During the
initialization time Ti, a voltage of the gate node Ng is
initialized to the reference voltage Vref, and a voltage of a
source node Ng is initialized to a predetermined initializa-
tion voltage Vinit.
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During the sampling time Ts, an electric potential of the
gate node Ng is maintained at the reference voltage Vref, but
an electric potential of the source node Ns is increased by a
drain-source current Ids. In this source-follower method, a
gate-source voltage Vgs of the driving TFT DT is sampled
to a threshold voltage Vth of the driving TFT DT, and the
sampled threshold voltage Vth is stored in the first capacitor
Cstl. At a time when the sampling time Ts is finished, a
voltage of the gate node Ng becomes the reference voltage
Vref and a voltage of the source node Ns becomes a voltage
that corresponds to a difference between the reference
voltage Vref and the threshold voltage Vth.

During the programming time Tw, the data voltage Vdata
is applied to the gate node Ng, and a result of distribution of
a voltage variation Vdata-Vref of the gate node Ng between
the capacitors Cstl and Cst2 is reflected to the source node
Ns. Thus, the gate-source voltage Vgs of the driving TFT DT
which corresponds to a desired driving current is pro-
grammed.

During the emission time Tem, the OLED emits light in
accordance with the driving current to thereby realize lumi-
nance corresponding to image data.

In an existing display device, the programming time Tw
is determined by a driving frequency. If the programming
time Tw is determined, the emission time Tem is fixed as
well.

FIG. 4 is a diagram illustrating a duty control method of
the existing display device.

Referring to FIG. 4, a frame period of a display device is
determined by a driving frequency, and accordingly, a pro-
gramming time and an emission duty are fixed as well by the
driving frequency.

In the course of inputting frame data, a period where data
is not input between a previous frame data and a next frame
data is a blank time BT. During the blank time BT, various
control procedures may be performed to measure luminance
or current of a pixel and improve degradation of image
quality.

However, an emission duty is fixed by a programming
time Tw, which is determined by a driving frequency, in the
existing display device, and thus, there is a limitation in
securing a blank time when resolution are enhanced. As a
result, there is insufficient time for performing functions
required to be done during the blank time, such as sensing
luminance or current and improving image quality.

SUMMARY

Accordingly, embodiments of the present disclosure are
directed to a display device and a driving method that
substantially obviates one or more of the problems due to
limitations and disadvantages of the related art.

Features and aspects of embodiments of the present
disclosure will be set forth in the description that follows,
and in part will be apparent from the description, or may be
learned by practice of the inventive concepts provided
herein. Other features and aspects of the inventive concepts
may be realized and attained by the structure particularly
pointed out in the written description, or derivable there-
from, and the claims hereof as well as the appended draw-
ings.

To achieve these and other aspects of the inventive
concepts, as embodied and broadly described, a display
device comprises a display panel on which a plurality of
pixels connected to data lines, reference lines, and gate lines
are arranged, wherein each of the pixels comprises an
Organic Light Emitting Diode (OLED), a driving Thin Film
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Transistor (TFT) for controlling a driving current flowing in
the OLED in accordance with a gate-source voltage; a data
drive circuit configured to supply a data voltage to the data
lines and a reference voltage to the reference lines; a gate
drive circuit configured to generate a scan signal and a
sensing signal and supply the scan signal and the sensing
signal to the gate lines, wherein the scan signal is to be
synchronized with the data voltage and the sensing signal is
to be synchronized with the reference voltage; and a timing
controller configured to divide one frame into a program-
ming time, an emission time, and a non-emission time to
drive the display panel, and control an emission duty by
variably controlling the programming time based on a result
of analysis of input image data, wherein the programming
time is a period of time in which the gate-source voltage is
set to be suitable for the driving current, the emission time
is a period of time in which the OLED emits light in
accordance with the driving current, and the non-emission
time is a period of time in which the OLED stops emitting
light.

When the result of analysis of the input image data shows
that image data of one or more lines is maintained as
identical data, the timing controller may control the gate
drive circuit so that a gate output corresponding to the one
or more lines are turned on simultaneously.

In a cinema view mode in which an empty area is
displayed in upper and lower parts of the display panel, the
timing controller may set the gate-source voltage for areas,
except for the empty area, to be suitable for the driving
current, so that the programming time is reduced.

The timing controller may control the gate drive circuit so
that gate outputs corresponding to lines displaying the empty
area are turned on at the same time.

When the emission time is reduced as a result of control-
ling of the emission duty, the timing controller may correct
a voltage of input data so that a gate-source voltage to be
input to a driving TFT of a corresponding OLED 1is
increased.

When the emission time is reduced as a result of control-
ling of the emission duty, the timing controller may correct
data Vdata, which is input to a driving TFT of a correspond-
ing OLED, into a corrected data V'data based on the
following equation:

Emission Time Ref. ]2 [Equation]

Vs = Vigia X — -
data e Emission Time

When controlling the emission duty, the timing controller
may calculate a gray level of input image data, and, in
response to the calculated gray level being equal to or less
than a reference value, correct a gate-source voltage to be
input to a driving TFT of a corresponding OLED.

In another aspect, a driving method of a display device
which comprises a display panel on which a plurality of
pixels connected to data lines, reference lines, and gate lines
are arranged, wherein each of the pixels comprises an
Organic Light Emitting Diode (OLED), a driving Thin Film
Transistor (TFT) for controlling a driving current flowing in
the OLED in accordance with a gate-source voltage, the
method comprises: supplying a data voltage to the data lines
and a reference voltage to the reference lines; generating a
scan signal and a sensing signal and supplying the scan
signal and the sensing signal to the gate lines, wherein the
scan signal is to be synchronized with the data voltage and
the sensing signal is to be synchronized with the reference
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voltage; and dividing one frame into a programming time, an
emission time, and a non-emission time to drive the display
panel, and controlling an emission duty by variably control-
ling the programming time based on a result of analysis of
input image data, wherein the programming time is a period
of time in which the gate-source voltage is set to be suitable
for the driving current, the emission time is a period of time
in which the OLED emits light in accordance with the
driving current, and the non-emission time is a period of
time in which the OLED stops emitting light.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the inventive concepts as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the disclosure and are
incorporated and constitute a part of this application, illus-
trate embodiments of the disclosure and together with the
description serve to explain various principles. In the draw-
ings:

FIG. 1 is a diagram illustrating a general structure of an
Organic Light Emitting Diode (OLED).

FIG. 2 is a diagram illustrating an existing pixel circuit.

FIG. 3 is a diagram illustrating a driving waveform of
FIG. 2.

FIG. 4 is a diagram illustrating a duty control method of
an existing display device.

FIG. 5 is a block diagram illustrating a display device
according to an embodiment of the present invention.

FIG. 6 is a diagram illustrating a duty control method
according to an embodiment of the present invention.

FIG. 7 is a diagram illustrating a configuration of a pixel
required to implement a duty control method according to an
embodiment of the present invention.

FIG. 8A is an equivalent circuit of a pixel corresponding
to a programming time shown in FIG. 7.

FIG. 8B is an equivalent circuit of a pixel corresponding
to an emission time shown in FIG. 7.

FIG. 8C is an equivalent circuit of a pixel corresponding
to a non-emission time shown in FIG. 7.

FIG. 9 is a diagram illustrating an example of an image
displayed on a display device according to an embodiment
of the present invention.

FIG. 10 is a diagram illustrating a duty control method
implemented on an image which is displayed on the display
device shown in FIG. 9.

FIGS. 11 and 12 are graphs illustrating a variation in
luminance of an OLED according to variation in Vigs and a
current.

FIG. 13 is a graph illustrating a variation in luminance of
an OLED according to variation in Vgs and a current.

FIG. 14 is a graph showing the principle of correcting
luminance of an OLED in response to a duty variation.

FIG. 15 is a graph showing a corrected state of Vgs in
response to a duty variation.

DETAILED DESCRIPTION

Reference will now be made in detail to embodiments of
the invention examples of which are illustrated in the
accompanying drawings.

Advantages and features of the present invention, and
implementation methods thereof will be clarified through
following embodiments described with reference to the
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accompanying drawings. The present invention may, how-
ever, be embodied in different forms and should not be
construed as limited to the embodiments set forth herein.
Rather, these embodiments are provided so that this disclo-
sure will be thorough and complete, and will fully convey
the scope of the present invention to those skilled in the art.
Further, the present invention is only defined by scopes of
claims.

A shape, a size, a ratio, an angle, and a number disclosed
in the drawings for describing embodiments of the present
invention are merely an example, and thus, the present
invention is not limited to the illustrated details. Like
reference numerals refer to like elements throughout. In the
following description, when the detailed description of the
relevant known function or configuration is determined to
unnecessarily obscure the important point of the present
invention, the detailed description will be omitted. In a case
where ‘comprise’, ‘have’, and ‘include’ described in the
present specification are used, another part may be added
unless ‘only™ is used. The terms of a singular form may
include plural forms unless referred to the contrary.

In construing an element, the element is construed as
including an error range although there is no explicit
description.

In description of embodiments of the present invention,
when a relationship of two elements is described using
“on~", “above~", “below~", “next~", etc., this description
should be construed as one or more elements can be posi-
tioned between the two elements unless “directly” is used.

In description of embodiments of the present invention,
when an element or layer is “on” a different element or layer,
this description should be construed in that another layer or
element is on the different element or positioned between the
two elements.

It will be understood that, although the terms “first”,
“second”, etc. may be used herein to describe various
elements, these elements should not be limited by these
terms. These terms are only used to distinguish one element
from another. For example, a first element could be termed
a second element, and, similarly, a second element could be
termed a first element, without departing from the scope of
the present invention.

The same reference numerals denote the same elements
throughout the specification.

The size and thickness of each element in the drawings are
illustrated by way of example, and aspects of the present
invention are not limited thereto.

Features of various embodiments of the present invention
may be partially or overall coupled to or combined with each
other, and may be variously inter-operated with each other
and driven technically as those skilled in the art can suffi-
ciently understand. The embodiments of the present inven-
tion may be carried out independently from each other, or
may be carried out together in co-dependent relationship.

Hereinafter, various embodiments of the present inven-
tion will be described in detail with reference to the accom-
panying drawings.

FIG. 5 is a block diagram illustrating a display device
according to an embodiment of the present invention.

Referring to FIG. 8, a display device according to the
present invention includes a display panel 10, a timing
controller 11, a data drive circuit 12, and a gate drive circuit
13.

The display panel 10 includes a plurality of data lines 15,
a plurality of reference lines 16, and a plurality of gate lines
17 and 18 intersecting each other. In addition, pixels each
disposed at each intersection are arranged in matrix on the
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display panel 10 so as to form a pixel array. The pixel array
includes a plurality of horizontal pixel lines, and one hori-
zontal pixel line includes a plurality of pixels arranged
neighboring each other in a horizontal direction.

The gate lines 17 and 18 may include: first gate lines 17
to which a scan signal is applied; and second gate lines 18
to which a sensing signal is applied. Each pixel may be
connected to any one of the date lines 15, any one of the
reference lines, any one of the first gate lines 17, and any one
of the second gate lines 18. Each pixel includes an Organic
Light Emitting Diode (OLED) and a driving Thin Film
Transistor (TFT), and is able to enable a duty driving
operation by controlling a programming time of the OLED
within one frame.

Such a pixel is supplied from a power block with a
high-electric potential driving voltage EVDD and a low-
electric potential driving voltage EVSS. TFTs forming a
pixel may be implemented as a P-type TFT, an N-type TFT,
or a hybrid-type TFT. In addition, semiconductor layers of
the TFTs forming a pixel may include amorphous silicon, a
polysilicon, or an oxide.

Under the control of the timing controller 11, the data
drive circuit 12 converts an input image data RGB into a
data voltage and supplies the data voltage to the data lines
15. Under the control of the timing controller 11, the data
drive circuit 12 generates a reference voltage and supplies
the reference voltage to the reference lines 16.

Under the control of the timing controller 11, the gate
drive circuit 13 generates a scan signal, which is to be
synchronized with a data voltage, and then supplies the scan
signal to the first gate lines 17. In addition, the gate drive
circuit 13 generates a sensing signal, which is to be syn-
chronized with a reference voltage and then supplies the
sensing signal to the second gate lines 18. The gate drive
circuit 13 may be embedded in a non-display area of the
display panel 10, or may be in the form of an Integrated
Circuit (IC) bonded to the display panel 10. The gate drive
circuit 13 may supply a scan signal for a duty driving
operation to pixels within one frame.

The timing controller 11 receives a timing signal, such as
a vertical synchronization signal Vsync, a horizontal syn-
chronization signal Hsync, a data enable signal DE, and a
dot clock CLK, from the host system 14, and generates
control signals for controlling operation timing of the data
drive circuit 12 and the gate drive circuit 13. The control
signals include a gate timing control signal GDC for con-
trolling operation timing of the gate drive circuit 13, a source
timing control signal DDC for controlling operation timing
of the data drive circuit 12, and a programming control
signal PCON for controlling a programming time of an
OLED.

The programming control signal PCON may control
high-speed programming through image analysis so as to
reduce a programming time and therefore control an emis-
sion duty. For example, by turning on n number of gate
outputs and selectively writing data of other gate outputs, it
is possible to reduce a programming time. Generally, if there
is a difference between an aspect ratio of image data and an
aspect ratio of a display device, an area remaining empty at
the aspect ratio of image data is displayed in black. As such,
programming is not performed on an area in which the same
data is displayed during image display is not programmed
again, while programming is performed in an area in which
data is changed. In doing so, it is possible to reduce a
programming time and therefore change an emission duty.

The timing controller 11 controls operation of the gate
driver circuit 13 to perform a duty driving operation, so that
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a copy of data of a previous frame is used in an area in which
the same data is displayed during image display, such as a
cinema mode screen, while programming is performed only
in an area in which data is changed. In this manner the
timing controller 11 is able to secure a blank time.

In a duty driving operation, if a gray level of image data
RGB is in a low gray-level state indicating that the gray level
of image data RGB is lower than a reference value, the
timing controller 11 controls inputting of the image data by
adjusting a voltage of the input data according to an adjusted
duty. In doing so, it is possible to prevent a displayed image
from being displayed too dark despite of adjustment of a
duty. In addition, the timing controller 11 may improve
image quality by inserting black data according to an
adjusted duty. Using various well-known image analysis
techniques, the timing controller 11 may analyze input a
specific amount (e.g., one frame) of image data RGB. The
timing controller 11 may calculate luminance of each pixel
based on a result of analysis of the image data. The timing
controller 11 may correct data Vdata to be written into a
pixel, so that a loss of luminance caused by reduction in an
emission time due to a duty driving operation is compen-
sated.

FIG. 6 is a diagram illustrating a duty control method
according to an embodiment of the present invention. To
clarify the difference between the present invention and an
existing technique, a conceptual diagram (a) of a duty
control method of the existing technique and a conceptual
diagram (b) of a duty control method of the present inven-
tion are presented.

Referring to (a) of FIG. 6, the duty control method
according to the existing technique is implemented such that
a frame period is determined by a driving frequency and
accordingly a programming time P0 and an emission duty
are fixed by the driving frequency. Because the emission
duty is fixed dependent upon the programming time PO
which is determined by the driving frequency, even a blank
time BO is fixed as well. Thus, if resolution increases, there
is a limitation in securing the blank time BO.

Referring to (b) of FIG. 6, the duty control method
according to the present invention is implemented such that
a frame period is determined based on a driving frequency
but a programming time P1, P2, or P3 of each frame is able
to be controlled through image analysis. As the program-
ming times P1, P2, and P3 are changed, even blank times
BT1, BT2, and BT3 may be set different. If the program-
ming time P1 is reduced, a longer blank time BT1 may be
secured. The blank time secured as above may be used for
performing various control functions, such as a real-time
sensing function, a black-data writing function, and a driv-
ing TFT compensating function.

FIG. 7 shows a configuration of a pixel for implementing
a duty control method according to the present invention.

Referring to FIG. 7, a pixel according to the present
invention may include an OLED, a driving TFT DT, a
storage capacitor Cst, a first switch TFT ST1, and a second
switch TFT ST2.

The OLED includes an anode electrode connected to a
source node Ns, a cathode electrode connected to an input
stage of the low-electric potential driving voltage EVSS, and
an organic compound layer disposed between the anode
electrode and the cathode electrode.

The driving TFT DT controls a driving current that flows
in the OLED due to a voltage difference between a gate node
Ng and the source node Ns. The driving TFT DT includes a
gate electrode connected to the gate node Ng, a drain
electrode connected to an input stage of the high-electric
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potential driving voltage EVDD, and a source electrode
connected to the source node Ns. The storage capacitor Cst
is connected between the gate node Ng and the source node
Ns.

The first switching TFT ST1 switches a current flow
between a data line 15 and the gate node Ng in response to
a scan signal SCAN so as to apply a data voltage of the data
line 15 to the gate node Ng. The first switch TFT ST1
includes a gate electrode connected to a first gate line 17, a
drain electrode connected to the data line 15, and a source
electrode connected to the gate node Ng.

The second switch TFT ST2 switches a current flow
between a reference lien 16 and the source node Ns in
response to a sensing signal SEN so as to apply a reference
voltage Vref of the reference line 16 to the source node Ns.
The second switch TFT ST2 includes a gate electrode
connected to a second gate line 18, a drain electrode
connected to the reference line 16, and a source electrode
connected to the source node Ns.

Such a pixel’s one frame for a duty driving operation
includes: a programming time Tp in which a voltage
between the gate node Ng and the source node Ng is set to
be suitable for a driving current; an emission time Te in
which an OLED emits light in accordance with the driving
current; and a non-emission time Tb in which the OLED
stops emitting light.

FIG. 8A is an equivalent circuit of a pixel corresponding
to a programming time Tp shown in FIG. 7, FIG. 8B is a
equivalent circuit of a pixel corresponding to an emission
time Te shown in FIG. 7, and F1G. 8C is an equivalent circuit
of a pixel corresponding to a non-emission time Th shown
in FIG. 7.

Referring to FIG. 8A, during a programming time Tp, a
first switch TFT ST1 of a first pixel is turned on in response
to a first scan pulse Pal and then applies a first data voltage
D1 to the gate node Ng. During the programming time Tp,
a second switch TFT ST2 of the first pixel is turned on in
response to a first sensing pulse Pbl of a sensing pulse SEN
and then applies to a reference voltage Vref to the source
node Ns. In doing so, a voltage between the gate node Ng
and the source node Ns of the first pixel is set suitable for a
driving current. The present invention may correct a data
Vdata, which is written into a pixel, so as to compensate for
a loss of luminance caused by reduction in an emission time
due to a duty driving operation for controlling a duty. In
particular, a low gray-level image (e.g., being equal to or less
than 30~40 gray) may be affected by a more severe degra-
dation of image quality due to a loss of luminance, and thus,
a data of a higher voltage is input in order to compensate for
the loss of luminance.

Referring to FIG. 8B, during an emission time Te, a first
switch TFT ST1 of the first pixel is turned off in response to
a scan signal SCAN, and a second switch TFT ST2 of the
first pixel is turned off in response to a sensing signal SEN.
During a programming time Tp, a preset voltage Vgs
between the gate node Ng and the source node Ns of the first
pixel is maintained even during the emission time Te.
Because the voltage Vgs between the gate node Ng and the
source node Ns is greater than a threshold voltage Vth of a
driving TFT DT of the first pixel, a driving current flows in
the driving TFT during the emission time Te. While the
voltage Vgs between the gate node Ng and the source node
Ns is maintained by the driving current during the emission
time Te, an electric potential of the gate node Ng and an
electric potential of the source node Ns are boosted respec-
tively. If the electric potential of the source node Ns is
boosted to an operating level of an OLED, an OLED of the
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first pixel emits light. The present invention writes a cor-
rected data so as to compensate for a loss of luminance lost
caused by reduction in an emission time due to a duty
control operation. Accordingly, a greater current is input to
the OLED of the first pixel and the OLED emits light for a
relatively short period of time, and therefore, it is possible to
prevent degradation of image quality due to controlling a
duty.

Referring to FIG. 8C, during a non-emission time Tb, a
first switch TFT ST1 of the first pixel is turned on in
response to a second scan pulse Pa2 of a scan signal SCAN
to apply a j-th data voltage Dj to a gate node Ng. In addition,
a second switch TFT ST2 of the first pixel remains turned off
in response to a sensing signal SEN. The j-th data voltage Dj
corresponds to input image data which is to be applied to the
j-th pixel. The first pixel and the j-th pixel shares one data
line, and the non-emission time Th of the first pixel overlaps
a programming time of the j-th pixel. Thus, the j-th data
voltage Dj is applied not just to a gate node of the j-th pixel,
but to a gate node Ng of the first pixel. When the j-th data
voltage Dj is applied during the non-emission time Th, an
electric potential of the gate node Ng of the first pixel falls
down from a boosting level to the j-th data voltage Dj, and
an electric potential of the source node Ns of the first pixel
is maintained at an operating level of an OLED.

FIG. 9 is a diagram illustrating an example of an image
displayed on a display device according to an embodiment
of the present invention, and FIG. 10 is a diagram illustrating
a duty control method implemented on an image displayed
on the display device shown in FIG. 9.

As illustrated in FIG. 9, when a display device operates in
a specific mode such as a cinema view mode, a black empty
area occurs in the upper and lower parts of a screen of a
display device without cutting an image. The black empty
area in the upper and lower parts of the screen is maintained
until the cinema view mode is finished. Thus, the timing
controller 11 does not program an image data into the black
empty area and instead controls n number of gate outputs of
the black empty area to be turned on at the same time so as
to keep the empty area being displayed.

Referring to (a) of FIG. 10, in the case of an image of a
normal view mode, data needs to be programmed into pixels
in all lines required to display one frame. Thus, a program-
ming time PO may be determined by a driving frequency. As
the programming time PO is fixed, a blank time BT is fixed
as well.

In contrary, in a cinema view mode as in FIG. 9, a black
empty area in the upper and lower parts of the screen is
maintained until the cinema mode is finished. Thus, the
timing controller 11 does not program image data into the
empty area and instead control data of a previous frame to
be displayed. Accordingly, because it is possible to perform
programming of only pixel data in a line, except for the
empty area, a programming time P1 may be set, which is
reduced compared to the previous programming time P0. As
a result, it is possible to secure a blank time BT1 which has
been increased as much as the reduction from the program-
ming time PO to the programming time P1.

As such, by reducing a programming time based on
characteristics of image data, the present invention may
control an emission duty to thereby secure a blank time.

Meanwhile, if a duty of every frame is changed, there may
be a difference in luminance between lines. In particular, a
low gray-level image may be affected by a severe degrada-
tion of image quality due to a loss of luminance. In such a
case, in order to compensate for the loss of luminance,
correction may be performed by increasing a current value
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in a corresponding pixel. Hereinafter, a method of compen-
sating for a loss of luminance in response to a duty variation
will be described in detail.

FIGS. 11 and 12 are graphs illustrating a variation in an
OLED driving current in accordance with an emission duty.

As described above with reference to FIG. 7, a driving
TFT DT controls a driving current which flows in an OLED
in accordance with a difference in voltages between a gate
node Ng and a source node Ns. Thus, the lower Vgs applied
to the driving TFT DT, the greater parasitic capacitance or
deviation of parasitic capacitance of the driving TFT DT.
Therefore, degradation of image quality is likely to occur in
a low gray-level area due to a low value of Vgs.

As illustrated in FIG. 11, if luminance (cd/m?2) is reduced,
a voltage Vgs of the driving TFT is reduced as well. As
illustrated in FIG. 12, if luminance (cd/m2) is reduced, a
current A for driving an OLED is reduced as well. As such,
due to the reduction in the driving voltage and current, a
parasitic capacitance and a deviation thereof in the driving
TFT increase, and therefore, degradation of image quality
and difference in luminance between lines may occur.

The difference in luminance between lines may be
improved by compensating for Vdata, which is a voltage of
data to be input to Vgs, through calculation of an emission
time. An equation of relationship between Vgs and Lumi-
nance for compensation for Vgs is as below.

<Equation of Relationship Between Gain of Input Data
(Vgs) and Emission Time>

Torep=k( VgV )2
Luminance=PxIp;zp
K VotV
k=Mobility

P=L-I Parameter [Equation 1]

A graph showing a relationship between Vgs and lumi-
nance based on the above equation is depicted in FIG. 13. As
illustrated in FI1G. 13, luminance of an OLED is proportional
to the square of Vgs. To increase luminance of the OLED,
it is necessary to increase an amount of Vgs.

Based on this principle, if an emission time is reduced
because a duty is changed in each frame, luminance can be
compensated by increasing Vgs as much as a reduction in
luminance.

FIG. 14 is a graph illustrating the principle of correcting
luminance of an OLED in response to a duty variation.

Referring to FIG. 14, if data required to emit 50 nit (1
nit=cd/m*) for 8 ms is controlled to emit for 4 ms, luminance
needs to be increased as much as the reduced emission time
so as to achieve the same amount of luminance accumulated.

That is, if an emission time is reduced by ¥ from 8 ms to
4 ms, it is necessary to increase luminance by double. If this
is applied to [Equation 1], it will be presented as below.

Luminance= PX I pp — 2 X Luminance= 2P X Iprp
2P X lopep = 2PK(Vjs = Vi)” = Ph(4Vgs + Vip — Vi)

, Emission Time Ref. }?
Ve = Ve X | —m—————
Emission Time

As found in the above equation, V'data which is a
correction value of Vdata may be presented as in the
following [Equation 2].
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[Equation 2]

Emission Time Ref. ]2
Emission Time

Vd/ara = vdara X(

FIG. 15 is a graph showing a relationship between a duty
variation and Vgs. As an emission duty decreases, an emis-
sion time is reduced. That is, if the emission duty is reduced
from 100% through 50% to 25%, the emission time is
reduced to Y2 and Y. The present invention corrects input
data Vdata so as to compensate for a loss of luminance
caused by the reduction of the emission time. The magnitude
of Vgs of the driving TFT increases due to the corrected
input data V'data, and, as a result, a current value input to an
OLED increases and this lead to an increase of luminance of
the OLED. That is, an emission time is reduced but the level
of luminance is increased. Thus, it is possible to prevent
degradation of image quality by performing correction so as
to achieve the same amount of luminance accumulated.

As described above, by reducing a programming time
based on characteristics of image data, the prevent invention
controls an emission duty to thereby secure a sufficient blank
time. In this manner, it is possible to secure a relatively long
blank time despite increase in resolution, and thus, it is
possible to perform various control functions, such as a
real-time sensing function, a black data writing function, and
a driving TFT compensation function, in the blank time.

Furthermore, as input data is corrected to compensate for
a loss of luminance caused due to a duty control, a display
panel emits relatively more bright light during a relatively
short period of time, so that a loss of luminance caused by
a duty control operation may be compensated and degrada-
tion of image quality may be prevented.

It will be apparent to those skilled in the art that various
modifications and variations can be made in the display
device of the present disclosure without departing from the
technical idea or scope of the disclosure. Thus, it is intended
that the present disclosure cover the modifications and
variations of this disclosure provided they come within the
scope of the appended claims and their equivalents.

What is claimed is:

1. A display device comprising;

a display panel on which a plurality of pixels connected
to data lines, reference lines, and gate lines are
arranged, wherein each of the pixels comprises an
Organic Light Emitting Diode (OLED) and a driving
Thin Film Transistor (TFT) for controlling a driving
current flowing in the OLED in accordance with a
gate-source voltage;

a data drive circuit configured to supply a data voltage to
the data lines and a reference voltage to the reference
lines;

a gate drive circuit configured to generate a scan signal
and a sensing signal and supply the scan signal and the
sensing signal to the gate lines, wherein the scan signal
is to be synchronized with the data voltage and the
sensing signal is to be synchronized with the reference
voltage; and

a timing controller configured to divide one frame into a
programming time, an emission time, and a non-emis-
sion time to drive the display panel, and control an
emission duty by variably controlling the programming
time based on a result of analysis of input image data,
wherein the programming time is a period of time in
which the gate-source voltage is set for the driving
current, the emission time is a period of time in which
the OLED emits light in accordance with the driving
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current, and the non-emission time is a period of time
in which the OLED stops emitting light,

wherein, in a cinema view mode in which an empty area
is displayed in upper and lower parts of the display
panel, the timing controller sets the gate-source voltage
for areas, except for the empty area, for the driving
current, so that the programming time is reduced,

wherein, when the emission time is reduced as a result of
controlling of the emission duty, the timing controller
corrects data Vdata, which is input to a driving TFT of
a corresponding OLED, into a corrected data V'data
based on the following equation:

Emission Time Ref. ]2 [Equation]

Vi = Vi X — -
data = *dais Emission Time

2. The display device of claim 1, wherein, when the result
of analysis of the input image data shows that image data of
one or more lines is maintained as identical data, the timing
controller controls the gate drive circuit so that a gate output
corresponding to the one or more lines are turned on
simultaneously.

3. The display device of claim 1, wherein the timing
controller controls the gate drive circuit so that gate outputs
corresponding to lines displaying the empty area are turned
on at the same time.

4. The display device of claim 1, wherein, when the
emission time is reduced as a result of controlling of the
emission duty, the timing controller corrects a voltage of
input data so that a gate-source voltage to be input to the
driving TFT of a corresponding OLED is increased.

5. The display device of claim 4, wherein, when control-
ling the emission duty, the timing controller calculates a gray
level of input image data, and, in response to the calculated
gray level being equal to or less than a reference value,
corrects a gate-source voltage to be input to the driving TFT
of a corresponding OLED.

6. A driving method of a display device which comprises
a display panel on which a plurality of pixels connected to
data lines, reference lines, and gate lines are arranged,
wherein each of the pixels comprises an Organic Light
Emitting Diode (OLED), a driving Thin Film Transistor
(TFT) for controlling a driving current flowing in the OLED
in accordance with a gate-source voltage, the method com-
prising:

supplying a data voltage to the data lines and a reference

voltage to the reference lines;

generating a scan signal and a sensing signal and supply-

ing the scan signal and the sensing signal to the gate
lines, wherein the scan signal is to be synchronized
with the data voltage and the sensing signal is to be
synchronized with the reference voltage;

dividing one frame into a programming time, an emission

time, and a non-emission time to drive the display
panel, and controlling an emission duty by variably
controlling the programming time based on a result of
analysis of input image data, wherein the programming
time is a period of time in which the gate-source
voltage is set for the driving current, the emission time
is a period of time in which the OLED emits light in
accordance with the driving current, and the non-
emission time is a period of time in which the OLED
stops emitting light; and

in a cinema view mode in which an empty area is

displayed in upper and lower parts of the display panel,



US 10,504,430 B2

13

setting the gate-source voltage for areas, except for the
empty area, for the driving current, so that the pro-
gramming time is reduced,

wherein, when the emission time is reduced as a result of
controlling of the emission duty, the timing controller
corrects data Vdata, which is input to a driving TFT of
a corresponding OLED, into a corrected data V'data
based on the following equation:

Emission Time Ref. ]2 [Equation]

Vit = Vdata X ——
data e Emission Time

7. The driving method of claim 6, wherein, when the
result of analysis of the input image data shows that image
data of one or more lines is maintained as identical data, the
method comprises:

controlling the gate drive circuit so that a gate output
corresponding to the one or more lines are turned on
simultaneously; and

setting the gate-source voltage for lines, except for lines
in which the gate output is turned on, so that the
gate-source voltage is set for the driving current.

8. The driving method of claim 6, further comprising,
when the emission time is reduced as a result of controlling
the emission duty, correcting a voltage of an input data so
that a gate-source voltage to be input to the driving TFT of
a corresponding OLED is increased.

9. A display device comprising:

a display panel on which a plurality of pixels connected
to data lines, reference lines, and gate lines are
arranged, wherein each of the pixels comprises an
Organic Light Emitting Diode (OLED) and a driving
Thin Film Transistor (TFT) for controlling a driving
current flowing in the OLED in accordance with a
gate-source voltage;

a data drive circuit configured to supply a data voltage to
the data lines and a reference voltage to the reference
lines;

a gate drive circuit configured to generate a scan signal
and a sensing signal and supply the scan signal and the
sensing signal to the gate lines, wherein the scan signal
is to be synchronized with the data voltage and the
sensing signal is to be synchronized with the reference
voltage; and

a timing controller configured to divide one frame into a
programming time, an emission time, and a non-emis-
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sion time to drive the display panel, and control an
emission duty by variably controlling the programming
time based on a result of analysis of input image data,
wherein the programming time is a period of time in
which the gate-source voltage is set for the driving
current, the emission time is a period of time in which
the OLED emits light in accordance with the driving
current, and the non-emission time is a period of time
in which the OLED stops emitting light,

wherein, when the emission time is reduced as a result of
controlling of the emission duty, the timing controller
corrects data Vdata, which is input to a driving TFT of
a corresponding OLED, into a corrected data V'data
based on the following equation:

Emission Time Ref. ]2 [Equation]

Viiata = Vdata X ——
data e Emission Time

10. The display device of claim 9, wherein, when the
result of analysis of the input image data shows that image
data of one or more lines is maintained as identical data, the
timing controller controls the gate drive circuit so that a gate
output corresponding to the one or more lines are turned on
simultaneously.

11. The display device of claim 9, wherein, in a cinema
view mode in which an empty area is displayed in upper and
lower parts of the display panel, the timing controller sets
the gate-source voltage for areas, except for the empty area,
for the driving current, so that the programming time is
reduced.

12. The display device of claim 11, wherein the timing
controller controls the gate drive circuit so that gate outputs
corresponding to lines displaying the empty area are turned
on at the same time.

13. The display device of claim 9, wherein, when the
emission time is reduced as a result of controlling of the
emission duty, the timing controller corrects a voltage of
input data so that a gate-source voltage to be input to a
driving TFT of a corresponding OLED is increased.

14. The display device of claim 13, wherein, when
controlling the emission duty, the timing controller calcu-
lates a gray level of input image data, and, in response to the
calculated gray level being equal to or less than a reference
value, corrects a gate-source voltage to be input to a driving
TFT of a corresponding OLED.
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