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(57) ABSTRACT

An organic light emitting display (OLED) device comprises:
a display panel including a substrate, a plurality of data lines
on the substrate, a plurality of gate lines on the substrate and

(22) Filed: Dec. 6, 2018 oriented transverse to the data lines, and a plurality of pixels
. L L. connected to the data lines and the gate lines. A data driver
(30) Foreign Application Priority Data supplies data voltages to the data lines, and a gate-in-panel
(GIP) gate driver supplies gate pulses to the gate lines. The
Dec. ]8, 2017 (KR) ........................ 10-2017-0174431 gate driver drives the dlsplay panel ina plurality of blocks
. . o e of pixel lines within one frame. The data voltages are
Publication Classification sequentially supplied to pixel lines of a jth block (j is a
(51) Int. CL natural number) during a data writing period, and a black
G09G 3/3275 (2006.01) image is written simultaneously to pixel lines of a qth block
G0IG 3/3225 (2006.01) (q is a natural number different from j) during a black data
G09G 3/3266 (2006.01) insertion period.
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ORGANIC LIGHT EMITTING DISPLAY
PANEL AND DISPLAY DEVICE HAVING THE
SAME

[0001] This application claims the priority benefit of
Korean Patent Application No. 10-2017-0174431 filed on
Dec. 18, 2017, which is hereby incorporated herein by
reference for all purposes as if fully set forth herein.

BACKGROUND

Technical Field

[0002] The present disclosure relates to an active-matrix
display panel and a display device comprising the same.

Description of the Related Art

[0003] Flat-panel displays (FPDs) are widely used for
monitors for desktop computers, portable computers such as
laptops and PDAs, mobile phones, and so on, because they
offer advantages in terms of slimness and lightweightness.
Such flat-panel displays include liquid-crystal displays
(LCDs), plasma display panels (PDPs), field emission dis-
plays (FEDs), and organic light-emitting diode displays
(OLEDs).

[0004] Meanwhile, black image insertion techniques have
been proposed to reduce the motion picture response time
(MPRT) of a display device. That is, this technology aims to
eliminate an image from a previous frame by displaying a
black image in between each video frame. However, the
conventional black image display techniques should double
the video frame rate, which results in a lack of data charging
time.

BRIEF SUMMARY

[0005] An exemplary embodiment of the present disclo-
sure provides an organic light emitting display (OLED)
device that includes: a display panel including a substrate, a
plurality of data lines on the substrate, a plurality of gate
lines on the substrate and oriented transverse to the data
lines, and a plurality of pixels connected to the data lines and
the gate lines. A data driver supplies data voltages to the data
lines, and a gate-in-panel (GIP) gate driver supplies gate
pulses to the gate lines. The gate driver drives the display
panel in a plurality of blocks of pixel lines within one frame,
the one frame including a plurality of cycles, each of the
cycles having a data writing period, at least one black data
insertion period, and at least one precharge period. The data
voltages are sequentially supplied to pixel lines of a jth block
(j is a natural number) during the data writing period of a
cycle of the plurality of cycles, and a black image is written
simultaneously to pixel lines of a qth block (q is a natural
number different from j) during the at least one black data
insertion period of the cycle.

[0006] In another embodiment, the present disclosure pro-
vides a gate-in-panel (GIP) gate driver that includes a
plurality of stages. Each of the stages includes a first pull-up
transistor, a second pull-up transistor, a first Q node control
transistor, and a second Q node control transistor. The first
pull-up transistor receives a respective carry clock and
outputs carry signals corresponding to the carry clock in
response to a Q node voltage of the stage. The second pull-
up transistor receives a respective scan clock and outputs
scan signals corresponding to the scan clock in response to
the Q node voltage. The first Q node control transistor
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charges the Q node in response to a forward carry signal in
a forward scan mode. The second Q node control transistor
discharges the Q node in response to a reverse carry signal
in the forward scan mode. Each of the carry clocks includes
an image clock signal for generating a respective one of the
scan signals that are output during a data writing petiod, and
a black data insertion (BDI) clock signal for generating a
respective one of the scan signals that are output during a
black data insertion period.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0007] The accompanying drawings, which are included
to provide a further understanding of the disclosure and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the disclosure and together with
the description serve to explain the principles of the disclo-
sure. In the drawings:

[0008] FIG. 1is a view showing an organic light-emitting
diode display according to the present disclosure;

[0009] FIG. 2 is equivalent circuit diagram of a pixel
shown in FIG. 1 according to an exemplary embodiment;
[0010] FIG. 3 is a view showing the duty cycle of an
organic light-emitting diode display device according to the
present disclosure;

[0011] FIG. 4 is a timing diagram showing the duty cycle
of an organic light-emitting diode display device according
to the present disclosure;

[0012] FIG. 5A is an equivalent circuit diagram of a pixel
in a programing period of FIG. 8;

[0013] FIG. 5B is an equivalent circuit diagram of a pixel
in a light-emission period of FIG. 8;

[0014] FIG. 5C is an equivalent circuit diagram of a pixel
in a non-light-emission period of FIG. 8;

[0015] FIG. 6 is a schematic diagram of stages of a gate
driver according to the present disclosure;

[0016] FIGS. 7 and 8 are views showing voltage variation
of stages connected to pixel lines relative to the operation of
the gate driver according to a first exemplary embodiment;
[0017] FIG. 91is a view showing timings of clocks accord-
ing to the first exemplary embodiment;

[0018] FIGS. 10 and 11 are views showing how the clocks
and the stages are connected according to the first exemplary
embodiment;

[0019] FIG. 12 is a view showing timings of clocks
according to a second exemplary embodiment;

[0020] FIGS. 13 and 14 are views showing how the clocks
and the stages are connected according to the second exem-
plary embodiment;

[0021] FIG. 15 is a view showing timings of clocks
according to a third exemplary embodiment;

[0022] FIGS. 16 to 18 are views showing how the clocks
and the stages are connected according to the third exem-
plary embodiment;

[0023] FIG. 19 is a view showing timings of clocks
according to a fourth exemplary embodiment;

[0024] FIGS. 20 and 21 are views showing how the clocks
and the stages are connected according to the fourth exem-
plary embodiment;

[0025] FIGS. 22 and 23 are views showing Q node voltage
variation in a bidirectional scan mode of a shift register
according to the foregoing first to fourth exemplary embodi-
ments;
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[0026] FIGS. 24 and 25 are views showing a shift register
and stages for a bidirectional scan mode operation according
to the present disclosure;

[0027] FIG. 26 is a view showing a shift register capable
of bidirectional scanning according to the first exemplary
embodiment;

[0028] FIGS. 27 and 28 are views showing Q node voltage
variation caused by the shift register capable of bidirectional
scanning according to the first exemplary embodiment;
[0029] FIG. 29 is a view showing a shift register capable
of bidirectional scanning according to the second exemplary
embodiment; and

[0030] FIG. 30 is a view showing a shift register capable
of bidirectional scanning according to the third exemplary
embodiment.

DETAILED DESCRIPTION

[0031] Advantages and features of the present disclosure
and methods of accomplishing the same may be understood
more readily by reference to the following detailed descrip-
tion of preferred embodiments and the accompanying draw-
ings. The present disclosure may, however, be embodied in
many different forms and should not be construed as being
limited to the embodiments set forth herein. Rather, these
embodiments are provided so that this disclosure will be
thorough and complete and will fully convey the concept of
the disclosure to those skilled in the art, and the present
disclosure will only be defined by the appended claims.
[0032] Hereinafter, exemplary embodiments of the present
disclosure will be described in detail with reference to the
accompanying drawings. Throughout the specification, the
same reference numerals indicate substantially the same
components. In describing the present disclosure, when it is
deemed that a detailed description of known functions or
configurations may unnecessarily obscure the subject matter
of the present disclosure, the detailed description will be
omitted.

[0033] Although the embodiments of the present disclo-
sure disclose transistors of a pixel that are all implemented
as N-type, the technical idea of the present disclosure is not
limited thereto and may be applicable to P-type transistors.
[0034] While this specification here is described with
respect to an organic light-emitting display device, the
technical idea of the present disclosure is not limited to the
organic light-emitting display device. For example, the
pixels on the display panel shown in FIG. 1 may be
composed of liquid crystal cells shown in FIG. 2B, and the
configuration of FIG. 1 may be varied for the liquid-crystal
display device.

[0035] FIG. 1is a view showing a display device accord-
ing to an exemplary embodiment of the present disclosure.
[0036] As shown in FIG. 1, the display device according
to the exemplary embodiment of the present disclosure
comprises a display panel 10, a timing controller 11, a data
driver 12, and a gate driver 13.

[0037] A plurality of data lines 15 and reference voltage
lines 16 and a plurality of gate lines 17 and 18 are formed
on a display portion of the display panel 10. Pixels are
formed at the regions of intersections of the data lines 15,
reference voltage lines 16, and gate lines 17 and 18. For
example, each pixel may be connected to a data line 15, a
reference voltage line 16, and gate lines 17 and 18. The term
“intersect” is used herein in its broadest sense to include
within the meaning that one element crosses over or over-
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laps another element, and does not necessarily require that
the two elements contact each other. For example, the data
lines 15 and reference voltage lines 16, which extend in a
first direction, may overlap with the gate line units 17, 18,
which extend in a second direction transverse to the first
direction, and thus intersect with each other, but may be
physically separated from one another, for example, by one
or more layers or elements provided there between. It also
includes within its meaning, in some embodiments, that the
lines or elements can contact each other. The pixels may be
separated horizontally line by line. For example, the pixels
may be divided into first to nth pixel lines HL1 to HLn. The
pixels arranged in the same horizontal orientation receive
the same scan signal.

[0038] The gate lines 17 and 18 comprise first gate lines 17
to which scan signals are applied and second gate lines 18
to which sensing signals are applied. Each pixel may be
connected to one of the data lines 15, one of the reference
voltage lines 16, one of the first gate lines 17, and one of the
second gate lines 18. Each pixel comprises an OLED and a
driving transistor, and can operate in duty-cycle mode to
control the light emission duty cycle of the OLED.

[0039] Such a pixel receives a high-potential driving volt-
age EVDD and a low-potential driving voltage EVSS. The
thin film transistors (TFTs) constituting the pixel may be
implemented as P-type or N-type, or a hybrid of the two.
Semiconductor layers of the TFTs constituting the pixel may
include any suitable material, and in some embodiments
may comprise amorphous silicon, polysilicon, or oxide.
[0040] The data driver 12 converts input image data RGB
into a data voltage and supplies this data voltage to the data
lines 15, under control of the timing controller 11. Also, the
data driver 12 generates a reference voltage and supplies it
to the reference voltage lines 16, under control of the timing
controller 11.

[0041] Under control of the timing controller 11, the gate
driver 13 generate a scan signal synchronized with the data
voltage and supplies it to the first gate lines 17 and generates
a sensing signal synchronized with the reference voltage and
supplies it to the second gate lines 18.

[0042] The scan signal generated for duty cycle operation
during one frame comprises first and second scan signals,
and the gate driver 13 supplies the first scan signal and the
second scan signal to the same pixel separately during one
frame. The first scan signal and the second scan signal are
supplied with a time difference between them.

[0043] The sensing signal generated for duty cycle opera-
tion during one frame is composed only of a first sensing
pulse, and the first sensing pulse may be supplied to the
pixel, in synchronization with the first scan signal. The
sensing signal generated for duty cycle operation during one
frame may be composed only of a first sensing pulse and a
second sensing pulse, and the gate driver 13 may supply the
first sensing pulse to the pixel in synchronization with the
first scan signal and then supply the second sensing pulse to
the pixel after the second sensing pulse.

[0044] The gate driver 13 may comprise a level shifter and
a shift register. The level shifter is formed on a printed
circuit board (not shown) connected to the display panel 10
in the form of an integrated circuit (IC). The level shifter
level-shifts a start signal, a carry clock CRCLK, a scan clock
SCCLK, a sense clock SECLK, etc., and then supplies them
to the shift register. The shift register comprises a plurality
of stages connected in cascade. The level shifter outputs two
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or more start signals in one frame and supplies them to the
shift register. In some embodiments, the gate driver 13 may
be a gate-in-panel (GIP) gate driver which is embedded in a
non-active area of the display panel 10. For example, the
GIP gate driver 13 may be mounted directly on a substrate
of the display panel 10.

[0045] The timing controller 11 receives input image data
RGB from a host system 14 via an interface circuit (not
shown) and supplies this image data RGB to the data driver
12 through various interface methods such as a mini-LVDS.
[0046] The timing controller 11 receives timing signals,
such as a vertical synchronization signal Vsync, a horizontal
synchronization signal Hsync, a data enable signal DE, and
a dot clock signal DCLK, from the host system 14 and
generates control signals for controlling the operation tim-
ings of the data driver 12 and gate driver 13. The control
signals comprise a gate timing control signal GDC for
controlling the operation timing of the gate driver 13, a
source timing control signal DDC for controlling the opera-
tion timing of the data driver 12, and a duty control signal
DCON for controlling the light emission duty cycle of the
OLED.

[0047] FIG. 2 is a view showing an example of pixel. FIG.
2 depicts a pixel comprising an organic light-emitting diode.
[0048] Referring to FIG. 2, a pixel according to the present
disclosure comprises an OLED, a driving thin-film transistor
DT, a storage capacitor Cst, a first switching TFT ST1, and
a second switching TFT ST2.

[0049] The OLED comprises an anode connected to a
source node N, a cathode connected to an input terminal of
the low-potential driving voltage EVSS, and an organic
compound layer situated between the anode and the cathode.
[0050] The driving transistor DT controls the drive current
flowing through the OLED depending on the voltage dif-
ference between a gate node Ng and a source node Ns. The
driving transistor DT has a gate electrode connected to the
gate node Ng, a drain electrode connected to an input
terminal of the high-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.

[0051] The first switching TFT ST1 applies a data voltage
on a data line 15 to the gate node Ng by switching the current
flow between the data line 15 and the gate node Ng in
response to a scan signal SCAN. The first switching TFT
ST1 has 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.

[0052] The second switching TFT ST2 applies a reference
voltage Vref on the reference voltage line 16 to the source
node Nis by switching the current flow between the reference
voltage line 16 and the source node Ns in response to a sense
signal SEN. The second switching TFT ST2 has a gate
electrode connected to a second gate line 18, a drain
electrode connected to the reference voltage line 16, and a
source electrode connected to the source node Ns.

[0053] The display panel 10 of the display device shown
in FIG. 1 may be implemented by a liquid-crystal display
device comprising a liquid crystal cell. On a lower substrate
of the display panel implemented into a liquid-crystal dis-
play device are data lines, gate lines, TFTs, pixel electrodes
connected to the TFTs, and storage capacitors connected to
the pixel electrodes. Each pixel adjusts the amount of light
transmission by using liquid crystal molecules driven by the
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voltage difference between the pixel electrode which stores
data voltage through the TFT and a common electrode to
which common voltage Vcom is applied.

[0054] FIGS. 3 and 4 are views for explaining the duty
cycle of an organic light-emitting display device according
to the present disclosure.

[0055] Referring to FIGS. 3 and 4, in the organic light-
emitting display device according to the present disclosure,
both image data and black data are written within one frame
period. That is, the organic light-emitting display device
according to the present disclosure may use a black data
insertion technology without increasing the frame rate.
[0056] FIG. 4 shows driving waveforms of a scan signal
SCAN, sense signal SEN, and data voltage DATA that are
applied to a first pixel on a first pixel line HL1. That is, one
frame for duty-cycle operation comprises a programming
period Tp in which the voltage between the gate node Ng
and the source node N is set in response to a drive current,
a light-emission period Te in which the OLED emits light in
response to a drive current, and a non-light-emission period
Tb in which the OLED does not emit light. The light
emission duty may correspond to the light emission period
Te and the black duty may correspond to the black period
Tb. As shown in FIG. 4, the scan signal includes an image
scan signal Pal synchronized with the timing of writing
image data, and a BDI scan signal Pa2 for black data
insertion (BDI) synchronized with the timing of writing
black data.

[0057] FIGS. 5A to 5C are views showing how a pixel
operates during the programming period, the light-emission
period, and the non-light-emission period, respectively.
[0058] As shown in FIG. 5A, in the programming period
Tp, the first switching TFT ST1 of the first pixel is turned on
in response to an image scan signal Pal of a scan signal
SCAN to apply a first data voltage D1 to the gate node Ng.
In the programing period Tp, the second switching TFT ST2
of the first pixel is turned on in response to a first sensing
pulse Pbl of a sensing signal SEN to apply a reference
voltage Vref'to the source node Ns. Through this, the voltage
between the gate node Ng and source node Ns of the first
pixel is set according to a drive current.

[0059] As shown in FIG. 5B, in the light-emission period
Te, the first switching TFT ST1 of the first pixel is turned off
in response to the scan signal SCAN, and the second
switching TFT ST2 of the first pixel is turned off in response
to the sense signal SEN. The voltage Vgs between the gate
node Ng and the source node Ns, which is preset for the first
pixel in the programming period Tp, is held in the light-
emission period Te. In this case, the voltage Vgs between the
gate node Ng and the source node Ns is higher than a
threshold voltage Vth of the driving transistor DT of the first
pixel. Thus, a drive current flows through the driving tran-
sistor of the first pixel during the light-emission period Te.
With this drive current, the potential of the gate node Ng and
the potential of the source node are boosted while the
voltage Vgs between the gate node Ng and the source node
Ns is maintained in the light-emission period Te. When the
potential of the source node Ns is boosted to an operating
point level of the OLED, the OLED of the first pixel emits
light.

[0060] As shown in FIG. 5C, in the non-light-emission
period Th, the first switching TFT ST1 of the first pixel is
turned on in response to a BDI scan pulse Pa2 of the scan
signal SCAN to apply a black data voltage Bdata to the gate
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node Ng. The second switching TFT ST2 of the first pixel
remains turned off in response to the sensing signal SEN.
Here, the black data voltage Bdata is a data voltage for
displaying a black image.

[0061] During the light-emission period Te, the scan signal
SCAN and the sense signal SEN are sequentially applied to
pixel lines, and the pixel lines are sequentially supplied with
data voltage.

[0062] At a point in time when the non-light-emission
period Tb starts, a plurality of BDI scan pulses Pa2 are
simultaneously turned on, and therefore a plurality of pixel
lines simultaneously receive black data voltage Bdata.
[0063] An image scan pulse Pal for writing an image data
voltage is output at an image clock timing, and a BDI scan
pulse Pa2 for writing a black data voltage Bdata is output at
a BDI clock timing.

[0064] FIG. 6 is a schematic diagram of stages of the gate
driver according to the present disclosure.

[0065] Referring to FIG. 6, an ith stage (i is a natural
number) of the shift register comprises first to third pull-up
transistors Tpu_CR, Tpu_SC, and Tpu_SE that output
clocks according to the voltage of a Q node. The ith stage
STG1 is a stage that outputs a scan signal SCAN and a sense
signal SEN to drive an ith pixel line HL1.

[0066] The Q node is charged by receiving a start signal or
preceding carry signal carry[i-3] or discharged by receiving
a reset signal or a succeeding carry signal carry[i+3]. The
carry signals received by the ith stage are not limited to i+3
but may vary depending on the design.

[0067] The first pull-up transistor Tpu_CR comprises a
gate electrode connected to the Q node, a drain electrode to
which a carry clock CRCLK is applied, and a source
electrode connected to a first output terminal n1. When the
Q node is charged, the first pull-up transistor Tpu_CR
outputs a carry signal carry[i] to the first output terminal nl
by using the carry clock CRCLK applied to the drain
electrode.

[0068] The second pull-up transistor Tpu_SC comprises a
gate electrode connected to the Q node, a drain electrode to
which a scan clock SCCLK is applied, and a source elec-
trode connected to a second output terminal n2. When the Q
node is charged, the second pull-up transistor Tpu_SC
outputs a scan signal SCAN[1] to the second output terminal
n2 by using the scan clock SCCLK applied to the drain
electrode.

[0069] The third pull-up transistor Tpu_SE comprises a
gate electrode connected to the Q node, a drain electrode to
which a sense clock SECLK is applied, and a source
electrode connected to a third output terminal n3. When the
Q node is charged, the third pull-up transistor Tpu_SE
outputs a sense signal SEN[i] to the third output terminal n3
by using the sense clock SECLK applied to the drain
electrode.

[0070] The first pull-down transistor Tpd_CR comprises a
gate electrode connected to a QB node, a drain electrode
connected to an input terminal of the low-potential voltage
VSS, and a source electrode connected to the first output
terminal nl. The first pull-down transistor Tpd_CR dis-
charges the first output terminal nl to the low-potential
voltage VSS, in response to a QB node voltage.

[0071] The second pull-down transistor Tpd_SC com-
prises a gate electrode connected to the QB node, a drain
electrode connected to the input terminal of the low-poten-
tial voltage VSS, and a source electrode connected to the
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second output terminal n2. The second pull-down transistor
Tpd_SC discharges the second output terminal n2 to the
low-potential voltage VSS, in response to the QB node
voltage.

[0072] The third pull-down transistor Tpd_SE comprises a
gate electrode connected to the QB node, a drain electrode
connected to the input terminal of the low-potential voltage
VSS, and a source electrode connected to the third output
terminal n3. The third pull-down transistor Tpd_SE dis-
charges the third output terminal n3 to the low-potential
voltage VSS, in response to the QB node voltage.

[0073] An inverter INV controls the voltages of the Q
node and the QB node in opposite ways.

[0074] The gate driver according to the present disclosure
drives 7k pixel lines during one cycle within one frame
period. One cycle comprises an image data writing period,
a black data insertion period, and a precharge period. A
period in which image data is written to one pixel line may
be defined as 1 horizontal period 1H, and the black data
insertion period BDI and the precharge period each may
correspond to 1 horizontal period 1H. The black data inset-
tion period BDI is repeated k times within one cycle. The
precharge period Pre comes after the black data insertion
period BDI. The precharge period Pre is a period following
the black data insertion period BDI, in which the gate nodes
of the pixels connected to the next pixel line are precharged.
[0075] In other words, in one cycle according to the
present disclosure, (z+2) horizontal periods are repeated k
times, which comprise an image data writing period corre-
sponding to z horizontal periods (z=2), a black data insertion
period corresponding to 1 horizontal period, and a precharge
period corresponding to 1 horizontal period.

First Exemplary Embodiment

[0076] The gate driver according to the first exemplary
embodiment drives 16 pixel lines during one cycle.

[0077] That is, an image data writing petiod lasts for 8
horizontal periods within a 1/2 cycle, then a black data
writing period lasts for 1 horizontal period, and then a
precharge period lasts for 1 horizontal period. In this way, 10
horizontal periods for driving 8 pixel lines are repeated once
more, and as a result, the gate driver according to the first
exemplary embodiment drives 16 pixel lines during one
cycle of 20 horizontal periods.

[0078] FIGS. 7 and 8 are views showing Q node voltage
variation of stages in the gate driver according to the first
exemplary embodiment. FIG. 9 is a view showing carry
clocks, scan clocks, and sense clocks according to the first
exemplary embodiment. FIGS. 10 and 11 are views showing
how the stages and the carry clocks, scan clocks, and sense
clocks are connected. Of the horizontal periods shown in
FIGS. 7 to 9, the periods indicated by numbers (e.g., 0, 1, 2,
etc.) denote image data writing periods, BDI denotes black
data insertion periods, and Pre denotes precharge periods.
Hereinafter, an ith horizontal period refers to an image data
writing period in which image data is written to an (i+16j)th
pixel line (j is an integer greater than or equal to 0;
0<i+16j<total number of pixel lines). A signal for turning on
or off the Q node corresponds to a stage that outputs a carry
signal at a corresponding timing. That is, a signal for turning
on the Q node of a fifth stage is a carry signal outputted by
a first stage, and a signal for turning off the Q node of the
fifth stage is a carry signal outputted by a ninth stage.
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[0079] The scan clocks shown in FIG. 9 determine the
timing of a scan signal, and the sense clocks shown in FIG.
9 determine the timing of a sense signal. That is, when the
scan clocks have a turn-on voltage, the stages output a scan
signal, and when the sense clocks have the turn-on voltage,
the stages output a sense signal.

[0080] As a result, the gate driver according to the first
exemplary embodiment sequentially outputs a scan signal
and a sense signal during an image data writing period
corresponding to 8 horizontal periods. Then, the gate driver
supplies a scan signal simultaneously to a plurality of pixel
lines during a black data writing period. Also, the gate driver
outputs a scan signal and a sense signal during a precharge
period.

[0081] As shown in FIG. 9, the carry clocks CRCLK, scan
clocks SCCLK, and sense clocks SECLK each have 16
phases. The carry clocks CRCLK, scan clocks SCCLK, and
sense clocks SECLK each have one cycle of 20 horizontal
periods. One cycle is a period in which 16 pixel lines are
drivern.

[0082] The turn-on voltage of the carry clocks CRCLK,
scan clocks SCCLK, and sense clocks SECLK is maintained
during 2 horizontal periods 2H, and then a tum-off voltage
is maintained during 8 horizontal periods 8H. The turn-on
voltage of the first to 16th carry clocks CRCLK1 to
CRCLK16 may be divided for an image writing clock and
a black data writing clock. The image writing clock and the
black data writing clock alternate with each other. That is,
the image writing clock is inverted to the turn-off voltage,
and the black data writing clock has the turn-off voltage after
8 horizontal periods.

[0083] The first to 16th carry clocks CRCLK1 to
CRCLK16 are sequentially outputted during the image data
writing period while maintaining the turn-on voltage during
2 horizontal periods. The ninth to 16th scan clocks SCCLK9
to SCCLK16 maintain the turn-on voltage during a first
black data insertion period, and the first to eighth scan clocks
SCCLK1 to SCCLK8 maintain the turn-on voltage during a
second black data insertion period.

[0084] The first to 16th carry clocks CRCLK1 to
CRCLK16 are sequentially outputted during the image data
writing period while maintaining the turn-on voltage during
2 horizontal periods.

[0085] Referring to FIGS. 10 and 11, the first carry clock
CRCLK, the first scan clock SCCLK, and the first sense
clock SECLK are connected to the first stage STG. The
second carry clock CRCLK, the second scan clock SCCLK,
and the second sense clock SECLK are connected to the
second stage STG. Likewise, the ith (i is a natural number
less than or equal to 16) carry clock CRCLK, the ith scan
clock SCCLK, and the ith sense clock SECLK are connected
to the ith stage STG.

[0086] In the first exemplary embodiment, the duty cycle
of a light-emission period may be set to (16n+8)lines/
number of frame lines. The number of frame lines is the sum
of the total number of pixel lines and the number of lines
corresponding to a vertical blanking interval. In this speci-
fication, the duty cycle is defined as the interval of time
between each pixel line, which spans from the time when an
image data writing carry clock is inputted to a certain stage
until the time when a black data insertion carry clock is
inputted to the stage STG.

[0087] The actual insertion of black data into pixels
oceurs, not at a point in time when a black data insertion
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carry clock is applied, but during a black data insertion
period BDI in which a black data insertion scan clock is
applied while the Q node of the stage STG is in a charged
state. In the present disclosure, a scan signal SCAN for
writing image data is sequentially outputted, and a scan
signal SCAN for inserting black data is simultaneously
written to a plurality of pixel lines HL during 1 horizontal
period. Thus, each pixel line HL has a slightly different duty
cycle for an image display period.

[0088] In the present specification, the duty cycle is
defined relative to a point in time when a carry clock
CRCLK for charging the Q node is inputted to a stage, rather
than relative to an actual image display period.

[0089] For example, when the pixel lines displaying an
image on the display panel 10 are made up of first to 2160th
pixel lines HL.1 to HL.2160, there is no blanking interval, and
n is set to 67, the duty cycle is 1080/2160 (i.e., (16%67+8)/
2160). That is, when n is set to 67, a display device with
2,160 pixel lines has a 50% duty cycle according to the first
exemplary embodiment. When the blanking interval corre-
sponds to 320 lines and n is set to 67, the duty cycle is
1080/2480, that is, 43.55%.

[0090] The operation of the gate driver during 1 frame
according to the first exemplary embodiment when n=67
will be described below.

[0091] While the Q node of the first stage STG is in a
charged state, the first stage STG outputs the first carry
signal in response to the first carry clock CRCLK during the
first horizontal period 1H. Then, the first stage STG outputs
the first scan signal SCAN in response to the first scan clock
SCCLK, and outputs the first sense signal SEN in response
to the first sense clock SECLK. As a result, data is written
to the pixels on the first pixel line HL1 during the first
horizontal period 1H.

[0092] Likewise, the pixels on the second pixel line HI.2
are programmed during the second horizontal period 2H.
Then, the pixels on the first pixel line HL1 emit light based
on data programmed during the first horizontal period 1H.

[0093] In this line sequential method, data is sequentially
written to the pixels arranged on the first to fourth pixel lines
HL1 to HL4 during the first to fourth horizontal periods 1H
to 4H.

[0094] Next, the ninth to 16th scan clocks SCCLK9 to
SCCLK16 are applied at the turn-on voltage during the first
black data insertion period BDI to output the ninth to sixteen
scan signals. The pixel lines to which the ninth to 16th scan
signals SCAN outputted during the first black data insertion
period BDI are supplied may vary depending on the duty
cycle.

[0095] Using the line sequential method, the first to
1072nd pixel lines HL1 to HL.1072 sequentially emit light
during the first to 1072nd horizontal periods 1H to 1072H.
In the black data insertion period BDI which occurs on every
8 lines, corresponding to 10 horizontal periods out of the
first to 1072nd horizontal periods 1H to 1072H, black data
is inserted into a certain group of pixel lines comprising 8
pixel lines, out of the 1073rd to 2160th pixel lines HL.1073
to HL.2160 that display the preceding frame image.

[0096] The 1073rd to 1080th horizontal periods 1080H are
periods in which image data is written to the 1073rd to
1080th pixel lines HL, which correspond to operating times
spanning from the first horizontal period 1H until the eighth
horizontal period 8H.
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[0097] When n is set to 67, a carry clock for inserting
black data into the first pixel line is inputted into the 1081st
pixel line which has a pixel line interval of (16*67+8=1080).
[0098] The operating times in the 1081st to 1088th hori-
zontal periods 1081H to 1088H correspond to the operating
times in the 1st horizontal period 1H to 8th horizontal period
8H. After scan signals are sequentially outputted during the
10815t horizontal period 1081H to 1084th horizontal period
1084H, the first to eighth scan signals are outputted during
the subsequent black data insertion period BDI, correspond-
ing to the timings of the first to eighth scan clocks SCCLK.
The pixels arranged on the first to eighth pixel lines HL1 to
HL8 are supplied with black data by the first to eighth scan
signals outputted during the black data insertion period BDI.

Second Exemplary Embodiment

[0099] FIG. 12 is a view showing the timings of carry
clocks, scan clocks, and sense clocks for driving stages
according to the second exemplary embodiment. FIGS. 13
and 14 are views showing how the stages and the carry
clocks, scan clocks, and sense clocks are connected. Of the
horizontal periods shown in FIG. 12, the periods indicated
by numbers denote image data writing periods, BDI denotes
black data insertion periods, and Pre denotes precharge
periods. Hereinafter, an ith horizontal period refers to an
image data writing period in which image data is written to
an (i+32j)th pixel line (j is an integer greater than or equal
to 0, 0<i+32j<total number of pixel lines).

[0100] As shown in FIG. 12, the carry clocks CRCLK,
scan clocks SCCLK. and sense clocks SECLK each have 16
phases. The carry clocks CRCLK, scan clocks SCCLK, and
sense clocks SECLK each have one cycle of 40 horizontal
periods. In the second exemplary embodiment, the gate
driver 13 drives 32 pixel lines during one cycle. In one cycle,
the black data insertion period BDI occurs four times, and
the precharge period also occurs four times.

[0101] The turn-on voltage of the first to 16th carry clocks
CRCLKI1 to CRCLK16 may be divided for an image clock
and a BDI clock. The first to 16th carry clocks CRCLK1 to
CRCLK16 maintain the turn-on voltage during 2 horizontal
periods and the turn-off voltage during 8 horizontal periods.
[0102] In one cycle, the first and second applied turn-on
voltages of the first to eighth carry clocks CRCLKI1 to
CRCLKS correspond to image clocks, and the third and
fourth applied turn-on voltages correspond to BDI clocks. In
one cycle, the first and second applied turn-on voltages of
the ninth to 16th carry clocks CRCLK9 to CRCLK16
correspond to BDI clocks, and the third and fourth voltages
correspond to image clocks. In the present specification, the
application of clocks refers to applying clocks with a turn-on
voltage level. That is, the second turn-on voltage of the first
carry clock refers to the turn-on voltage applied during the
eighth and ninth horizontal periods 8H and 9H.

[0103] The first to 16th scan clocks SCCLK1 to SCCLK16
comprise clocks synchronized with the image clocks of the
first to 16th carry clocks CRCLK1 to CRCLK16. Also, the
first to eighth scan clocks SCCLK1 to SCCLK8 maintain the
turn-on voltage during the third and fourth black data
insertion periods BDI, and the ninth to 16th scan clocks
SCCLK9 to SCCLK16 maintain the turn-on voltage during
the first and second black data insertion periods BDI.
[0104] The first to 16th sense clocks SECLK1 to
SECLK16 are synchronized with the image clocks of the
first to 16th carry clocks CRCLK1 to CRCLK16.
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[0105] Referring to FIGS. 13 and 14, the first to eighth
stages STG1 to STGS are sequentially connected to the first
to eighth carry clocks CRCLK1 to CRCLKS, the first to
eighth scan clocks SCCLK1 to SCCLKS, and first to eighth
sense clocks SECLK1 to SECLKS. Also, the ninth to 24th
stages STG9 to STG24 are sequentially connected to the first
to 16th carry clocks CRCLK1 to CRCLK16, the first to 16th
scan clocks SCCLK1 to SCCLK16, and first to 16th sense
clocks SECLK1 to SECLK16. Subsequently, the 25th to
32nd stages STG25 to STG32 are sequentially connected to
the 9th to 16th carry clocks CRCLK9 to CRCLK16, the 9th
to 16th scan clocks SCCLK9 to SCCLK16, and the 9th to
16th sense clocks SECLK9 to SECLK16.

[0106] The operation of the gate driver during one cycle
according to the second exemplary embodiment will be
described below.

[0107] The gate driver according to the second exemplary
embodiment drives 32 pixel lines during one cycle. In FIG.
12, the -3rd horizontal period —-4H to 0th horizontal period
OH correspond to the preceding frame driving period. The
precharge period not shown in the drawing and the 29th to
32nd horizontal periods following the precharge period have
the same operating times as the -3rd horizontal period -3H
to Oth horizontal period 0H.

[0108] The first to fourth stages STG1 to STG4 according
to the second exemplary embodiment output first to fourth
scan signals and first to fourth sense signals during the first
horizontal period 1H to fourth horizontal period 4H. As a
result, the first to fourth pixel lines HL1 to HL4 are
sequentially supplied with data during the first to fourth
horizontal periods 1H to 4H.

[0109] The gate driver 13 outputs ninth to 16th scan
signals during the subsequent black data insertion period
BDL

[0110] Then, the precharge period occurs, and the fifth to
eighth stages STG5 to STGS8 output fifth to eighth scan
signals and fifth to eighth sense signals during the fifth
horizontal period 5H to eighth horizontal period 8H. As a
result, the fifth to eighth pixel lines HL5 to HL8 are
sequentially supplied with data during the fifth to eighth
horizontal periods 5H to 8H.

[0111] Next, the ninth to 12th stages STG9 to STG12
output the first to fourth scan signals and first to fourth sense
signals during the ninth horizontal period 9H to 12th hori-
zontal period 12H. As a result, the ninth to 12th pixel lines
HL9 to HL12 are sequentially supplied with data during the
ninth to 12th horizontal periods 9H to 12H.

[0112] The ninth to 16th scan signals are simultaneously
outputted during the black data insertion period BDI fol-
lowing the 12th horizontal period 12H.

[0113] Then, the precharge period occurs, and the 13th to
20th stages STG13 to STG20 output 13th to 20th scan
signals and 13th to 20th sense signals (e.g., the scan and
sense signals of the 5th to 12th scan clocks SCCLKS to
SCCLK12 and sense clocks SECLKS5 to SECLK12, as
shown in FIGS. 12 and 13) during the 13th horizontal period
13H to 20th horizontal period 20H. As a result, the 13th to
20th pixel lines HL13 to HL20 are sequentially supplied
with data.

[0114] The gate driver 13 outputs the first to ninth scan
signals during the black data insertion period BDI following
the 20th horizontal period 20H.

[0115] Then, a 21st scan signal and a 21st sense signal
(e.g., the scan and sense signals of the 13th scan clock
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SCCLK13 and 13th sense clock SECLK13, as shown in
FIGS. 12 and 13)are outputted during the precharge period.
[0116] The 21st to 24th stages STG21 to STG24 output
21st to 24th scan signals and 21st to 24th sense signals (e.g.,
the scan and sense signals of the 13th to 16th scan clocks
SCCLK13 to SCCLK16 and sense clocks SECLK13 to
SECLK16, as shown in FIGS. 12 and 13) during the 21st
horizontal period 21H to 24th horizontal period 24H. As a
result, the 21st to 24th pixel lines are supplied with data.
[0117] The 25th to 28th stages STG25 to STG28 output
25th to 28th scan signals and 25th to 28th sense signals (e.g.,
the scan and sense signals of the 9th to 12th scan clocks
SCCLKY to SCCLK12 and sense clocks SECLK9 to
SECLK12, as shown in FIGS. 12 and 13) during the 25th
horizontal period 25H to 28th horizontal period 28H. As a
result, the 25th to 28th pixel lines are supplied with data.
[0118] In the second exemplary embodiment, the duty
cycle of a light-emission period may be set to (32n+16)
lines/mumber of frame lines.

[0119] For example, when the pixel lines displaying an
image on the display panel 10 are made up of first to 2160th
pixel lines HLL1 to HL.2160 and n is set to 33, the duty cycle
is 1072/2160. That is, when n is set to 33, a display device
with 2,160 pixel lines has a 49.63% duty cycle according to
the second exemplary embodiment. That is, when n is set to
33, black data is written to the first to eighth pixel lines
during the black data insertion period BDI which comes
immediately after 1072 horizontal lines.

Third Exemplary Embodiment

[0120] FIG. 15 is a view showing the timings of carry
clocks, scan clocks, and sense clocks according to the third
exemplary embodiment. FIGS. 16 to 18 are views showing
how the stages and the carry clocks, scan clocks, and sense
clocks are connected.

[0121] As shown in FIG. 15, the carry clocks CRCLK
have 16 phases, and the scan clocks SCCLK and the sense
clocks SECLK each have 12 phases. The carry clocks
CRCLK, scan clocks SCCLK, and sense clocks SECLK
have one cycle of 60 horizontal periods. In the third exem-
plary embodiment, the gate driver 13 drives 48 pixel lines
during one cycle. In one cycle, the black data insertion
period BDI occurs six times, and the precharge period also
oceurs six times.

[0122] The turn-on voltage of the first to 16th carry clocks
CRCLK1 to CRCLK16 may be divided for an image clock
and a BDI clock. The first to 16th carry clocks CRCLK1 to
CRCLK16 maintain the turn-on voltage during 2 horizontal
periods and the turn-off voltage during 8 horizontal periods.
[0123] In one cycle, the first to third turn-on voltages of
the first to eighth carry clocks CRCLK1 to CRCLKS cor-
respond to image clocks, and the fourth to sixth turn-on
voltages correspond to BDI clocks. In one cycle, the first to
third turn-on voltages of the ninth to 16th carry clocks
CRCLK9 to CRCLK16 correspond to BDI clocks, and the
fourth to sixth turn-on voltages correspond to image clocks.
[0124] The first to sixth scan clocks SCCLK1 to SCCLK6
are sequentially outputted a total of four times during first to
24th horizontal periods 1H to 24H. The seventh to 12th scan
clocks SCCLK7 to SCCLK12 are sequentially outputted a
total of four times during 25th to 48th horizontal periods
25H to 48H. Also, the first to sixth scan clocks SCCLK1 to
SCCLK6 maintain the turn-on voltage during the fourth to
sixth black data insertion periods BDI, and the seventh to
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12th scan clocks SCCLK7 to SCCLK12 maintain the turn-
on voltage during the first to third black data insertion
periods BDIL

[0125] The first to 12th sense clocks SECLK1 to
SECLK12 are synchronized with the image clocks of the
first to 12th scan clocks SCCLK1 to SCCLK12.

[0126] Referring to FIGS. 16 and 17, the first to eighth
stages STG1 to STGS are sequentially connected to the first
to eighth carry clocks CRCLK1 to CRCLKS, and the ninth
to 16th stages STG9 to STG16 are sequentially connected to
the first to eighth carry clocks CRCLK1 to CRCLKS. The
17th to 32nd stages STG17 to STG32 are sequentially
connected to the first to 16th carry clocks CRCLK1 to
CRCLK16. The 33rd to 40th stages STG33 to STG40 are
sequentially connected to the ninth to 16th carry clocks
CRCLK9 to CRCLK16, and the 41st to 48th stages STG 41
to STG 48 are sequentially connected to the ninth to 16th
carry clocks CRCLK9 to CRCLK16.

[0127] Referring to FIGS. 16 to 18, the first to sixth stages
STG1 to STG 6 are sequentially connected to the first to
sixth scan clocks SCCLK1 to SCCLK6 and sequentially
connected to the first to sixth sense clocks SECLK1 to
SECLKS®. Also, the seventh to 12th stages STG 7 to STG 12
are sequentially connected to the first to sixth scan clocks
SCCLK1 to SCCLK®6 and sequentially connected to the first
to sixth sense clocks SECLK1 to SECLK6. The 13th to 18th
stages STG13 to STG 18 are sequentially connected to the
first to sixth scan clocks SCCLK1 to SCCLK6 and sequen-
tially connected to the first to sixth sense clocks SECLKI1 to
SECLK6. The 19th to 30th stages STG 19 to STG 30 are
sequentially connected to the first to 12th scan clocks
SCCLK1 to SCCLK12 and sequentially connected to the
first to 12th sense clocks SECLK1 to SECLK12. The 31st to
36th stages STG 31 to STG 36 are sequentially connected to
the seventh to 12th scan clocks SCCLK1 to SCCLK12 and
sequentially connected to the seventh to 12th sense clocks
SECLK7 to SECLK12. The 37th to 42nd stages STG 37 to
STG 42 are sequentially connected to the seventh to 12th
scan clocks SCCLK7 to SCCLK12 and sequentially con-
nected to the seventh to 12th sense clocks SECLK7 to
SECLK12. The 43rd to 48th stages STG 43 to STG 48 are
sequentially connected to the seventh to 12th scan clocks
SCCLK7 to SCCLK12 and sequentially connected to the
seventh to 12th sense clocks SECLK7 to SECLK12.
[0128] Like in the first and second exemplary embodi-
ments, the gate driver according to the third exemplary
embodiment outputs a scan signal and a sense signal in
synchronization with scan clock and sense clock timings. A
detailed description of how a pixel operates by the scan
signal and the sense signal will be omitted since it is similar
or identical to what has been described in the foregoing
exemplary embodimerts.

[0129] In the third exemplary embodiment, the duty cycle
of a light-emission period may be set to (48n+24)lines/
number of frame lines.

[0130] For example, when the pixel lines displaying an
image on the display panel 10 are made up of first to 2160th
pixel lines HLL1 to HL.2160 and n is set to 22, the duty cycle
is 1080/2160. That is, when n is set to 22, a display device
with 2,160 pixel lines has a 50% duty cycle according to the
third exemplary embodiment. That is, when n is set to 22,
black data is written to the first to eighth pixel lines during
the black data insertion period BDI which comes immedi-
ately after 1080 horizontal lines.
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Fourth Exemplary Embodiment

[0131] FIG. 19 is a view showing the timings of carry
clocks, scan clocks, and sense clocks according to the fourth
exemplary embodiment. FIGS. 20 and 21 are views showing
how the stages and the carry clocks, scan clocks, and sense
clocks are connected.

[0132] As shown in FIG. 19, the carry clocks CRCLK,
scan clocks SCCLK, and sense clocks SECLK each have 12
phases. The carry clocks CRCLK, scan clocks SCCLK, and
sense clocks SECLK have one cycle of 60 horizontal
periods. In the fourth exemplary embodiment, the gate
driver 13 drives 48 pixel lines during one cycle. In one cycle,
the black data insertion period BDI occurs six times, and the
precharge period also occurs six times.

[0133] The turn-on voltage of the first to 12th carry clocks
CRCLKI1 to CRCLK12 may be divided for an image clock
and a BDI clock. The first to 12th carry clocks CRCLK1 to
CRCLKI12 maintain the turn-on voltage during 2 horizontal
periods and the turn-off voltage during 8 horizontal periods.
[0134] In one cycle, the first to fourth turn-on voltages of
the first to sixth carry clocks CRCLK1 to CRCLK®6 corre-
spond to image clocks, and the fifth to eighth turn-on
voltages correspond to BDI clocks. In one cycle, the first to
fourth turn-on voltages of the seventh to 12th carry clocks
CRCLK? to CRCLK12 correspond to BDI clocks, and the
fifth to eighth turn-on voltages correspond to image clocks.
[0135] The first to sixth scan clocks SCCLK1 to SCCLK6
are sequentially outputted a total of four times during first to
24th horizontal periods 1H to 24H. The seventh to 12th scan
clocks SCCLK7 to SCCLK12 are sequentially outputted a
total of four times during 25th to 48th horizontal periods
25H to 48H. Also, the first to sixth scan clocks SCCLK1 to
SCCLK6 maintain the turn-on voltage during the fourth to
sixth black data insertion periods BDI, and the seventh to
12th scan clocks SCCLK7 to SCCLK12 maintain the turn-
on voltage during the first to third black data insertion
periods BDL

[0136] The first to 12th sense clocks SECLK1 to
SECLK12 are synchronized with the image clocks of the
first to 12th scan clocks SCCLK1 to SCCLK12.

[0137] Referring to FIGS. 20 and 21, the first to sixth
stages STG1 to STG 6 are sequentially connected to the first
to sixth carry clocks CRCLK1 to CRCLKS6, sequentially
connected to the first to sixth scan clocks SCCLK1 to
SCCILKS6, and sequentially connected to the first to sixth
sense clocks SECLK1 to SECLKS6. The seventh to twelfth
stages STG 7 to STG 12 are sequentially connected to the
first to sixth carry clocks CRCLK1 to CRCLKS6, sequen-
tially connected to the first to sixth scan clocks SCCLK1 to
SCCLKS6, and sequentially connected to the first to sixth
sense clocks SECLK1 to SECLK6. Also, the 13th to 18th
stages STG13 to STG 18 are sequentially connected to the
first to sixth carry clocks CRCLK1 to CRCLKS6, sequen-
tially connected to the first to sixth scan clocks SCCLK1 to
SCCLKS6, and sequentially connected to the first to sixth
sense clocks SECLK1 to SECLKS.

[0138] The 19th to 30th stages STG 19 to STG 30 are
sequentially connected to the first to 12th carry clocks
CRCLK1 to CRCLK12, sequentially connected to the first
to 12th scan clocks SCCLK1 to SCCLK12, and sequentially
connected to the first to 12th sense clocks SECLK1 to
SECLK12.

[0139] The 31st to 36th stages STG 31 to STG 36 are
sequentially connected to the seventh to 12th carry clocks
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CRCLK7 to CRCLK12, sequentially connected to the sev-
enth to 12th scan clocks SCCLK7 to SCCLK12, and sequen-
tially connected to the seventh to 12th sense clocks SECLK7
to SECLK12.

[0140] The 37th to 42nd stages STG 37 to STG 42 are
sequentially connected to the seventh to 12th carry clocks
CRCLK7 to CRCLK12, sequentially connected to the sev-
enth to 12th scan clocks SCCLK7 to SCCLK12, and sequen-
tially connected to the seventh to 12th sense clocks SECLK7
to SECLKI12.

[0141] The 43rd to 48th stages STG 43 to STG 48 are
sequentially connected to the seventh to 12th carry clocks
CRCLK7 to CRCLK12, sequentially connected to the sev-
enth to 12th scan clocks SCCLK?7 to SCCLK12, and sequen-
tially connected to the seventh to 12th sense clocks SECLK7
to SECLK12.

[0142] Like in the foregoing exemplary embodiments, the
gate driver according to the fourth exemplary embodiment
outputs a scan signal and a sense signal in synchronization
with scan clock and sense clock timings. A detailed descrip-
tion of how a pixel operates by the scan signal and the sense
signal will be omitted since it is similar or identical to what
has been described in the foregoing exemplary embodi-
ments.

[0143] In the fourth exemplary embodiment, the duty
cycle of a light-emission period may be set to (48n+24)
lines/number of frame lines.

[0144] For example, when the pixel lines displaying an
image on the display panel 10 are made up of first to 2160th
pixel lines HL.1 to HL.2160 and n is set to 22, the duty cycle
is 1080/2160. That is, when n is set to 22, a display device
with 2,160 pixel lines has a 50% duty cycle according to the
fourth exemplary embodiment. That is, when n is set to 22,
black data is written to the first to eighth pixel lines during
the black data insertion period BDI which comes immedi-
ately after 1080 horizontal lines.

[0145] As described above, the organic light-emitting dis-
play according to the present disclosure may improve
motion picture response time by using a black data display
period. Particularly, the organic light-emitting display
according to the present disclosure may display black data
without changing driving frequency. That is, it is possible to
improve motion picture response time by inserting black
data without reducing the length of a programming period.
[0146] Moreover, the organic light-emitting display
according to the present disclosure may easily vary the duty
cycle according to the n value. When a fast moving image
is displayed, the duty cycle is decreased to improve MPRT,
and when a still pattern is displayed, the duty cycle is
decreased to near 100% to prevent flicker. The duty cycle
may be adjusted for each frame through image processing,
thereby giving the best picture quality to the user.

[0147] As discussed above, the present disclosure allows
for driving pixel lines in separate blocks and enables BDI by
writing an image sequentially to one block of pixel lines
using an image clock signal and writing black data simul-
taneously to the subsequent block of pixel lines using a BDI
clock signal.

[0148] FIG. 22 is a view showing Q node voltage variation
of stages according to the foregoing first to fourth exemplary
embodiments. In FIG. 22, reference numeral ‘Out’ denotes
stages that output a carry signal, reference numeral ‘Q high’
denotes stages that do not output a carry signal but maintain
the turn-on voltage. Reference numeral ‘Q low’ denotes
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stages in which the Q node has the turn-off voltage. In FIG.
22, the horizontal axis represents first to eighth horizontal
periods and a black data insertion period BDI and precharge
period Pre inserted between them. In FIG. 22, the vertical
axis represents stages. In FIG. 22, the dotted lines indicate
that the output of the corresponding stage is used as a carry
signal for charging the Q node of the succeeding stage, and
the solid lines indicate that the output of the corresponding
stage is used as a carry signal for resetting the Q node of the
preceding stage to the turn-off voltage. The stage preceding
the kth stage is one of the first to (k-1)th stages, and the
stage succeeding the kth stage is one of the (k+1)th to last
stages.

[0149] Referring to FIG. 22, in the display device accord-
ing to the foregoing first to fourth exemplary embodiments
of the present disclosure, black data is written simultane-
ously to 8 pixel lines during the black data insertion period
BDIL. In order to write black data simultaneously to 8 pixel
lines, the Q nodes of (8k+1)th stage STG[8k+1] to (8k+8)th
stage STG[8k+8] maintain the turn-on voltage during the
black data insertion period BDI. Although the (8k+1)th stage
STG[8k+1] to (8k+8)th stage STG[8k+8] output no carry
signal in the black data insertion period BDI, the Q nodes of
these stages maintain the turn-on voltage. This is because, in
the black data insertion period BDI, a scan signal SCAN has
to be outputted through the second output terminal n2, even
if the first to third output terminals nl to n3 maintain the
turn-off voltage. Moreover, the Q nodes maintaining the
turn-on voltage in the black data insertion period BDI have
a turn-on voltage for the stages which is turned on in the
precharge period Pre.

[0150] Subsequently, during the precharge period Pre, the
(8k+5)th stage STG[8k+5] outputs a (8k+5)th carry signal
CARRY[8k+5] in response to a carry clock signal applied to
the first pull-up transistor Tpu_CR.

[0151] In order for the Q nodes of the eight stages to
maintain the charged state in the black data insertion period
BDI, the Q node of each pixel line has to remain turned-on
for a minimum of (8x1) horizontal periods or more, as
shown in FIGS. 7 and 8. Accordingly, as shown in FIG. 6,
while a (i-3)th carry signal CARRY(i-3) is used to charge
the Q nodes of the stages, a (i+5)th carry signal CARRY (i+
5) is used to reset the Q node to the turn-off voltage.
[0152] Moreover, in the present disclosure, the carry sig-
nals applied to the stages are different from carry signals
applied to a common shift register, due to the black data
insertion period BDI in which no carry signal is outputted.
That is, in the common shift register, the interval between
the application of the carry signals to the stages and the
bootstrapping of the Q nodes is the same. However, in the
present disclosure, the interval between the application of
the carry signals to the stages and the bootstrapping of the
Q nodes may vary as shown in FIG. 22, due to the black data
insertion period BDI. For example, the Q node of the
(8k+1)th stage STG[8k+1] is reset by the carry signal of the
(8k+6)th stage STG[8k+6] corresponding to the (i+5)th
stage outputs during the fifth horizontal period. On the
contrary, the Q node of the (8k+2)th stage STG[8k+2] is
reset by the carry signal the (8k+6)th stage STG[8k+6]
corresponding to the (i+4)th stage outputs during the fifth
horizontal period.

[0153] Even if there is a difference in the period of time in
which the Q node maintains the charged state, relative to the
output timing of the stages, the shift register works

Jun. 20, 2019

smoothly. However, a change in the scan direction of the
shift register may cause malfunction.

[0154] This will be described in further details.

[0155] A common shift register generates a scan pulse in
a single direction—that is, from the uppermost stage to the
lowermost stage. As the range of applications of the display
device is widened, a driving circuit part mounted on the
display panel is not limited to a certain position. To apply the
display panel in various models of display, a bidirectional
shift register may be used, which is a single shift register that
outputs a scan pulse from the uppermost side or from the
lowermost side.

[0156] In the shift register, the operation of the stages
comprises a setting operation for charging the Q node with
the turn-on voltage and a reset operation for discharging the
Q node to the turn-off voltage.

[0157] Inthe shift register, forward and reverse outputs are
opposite in the setting operation and reset operation. That is,
the setting operation for the forward output is the reset
operation for the reverse output, and the reset operation for
the reverse output is the setting operation for the forward
output.

[0158] Accordingly, a clock signal for controlling the
setting operation and a clock signal for controlling the reset
operation have to be symmetrical.

[0159] FIG. 23 is a view showing reverse outputting of the
carry signals shown in FIG. 22. In a bidirectional shift
register based on the carry signals shown in FIG. 22, the
voltage margin at the Q node may be insufficient in some
parts as shown in FIG. 23.

[0160] This is because, in a forward scan mode and a
reverse scan mode, a transistor charging the Q node and a
transistor discharging the Q node play opposite roles. That
is, the transistor charging the Q node in the forward scan
mode discharges the Q node in the reverse scan mode, and
the transistor discharging the Q node in the forward scan
mode charges the Q node in the reverse scan mode.
[0161] Thus, if the interval between the charging of the Q
nodes and the bootstrapping of the Q nodes in the stages is
different from the interval between the discharging of the Q
nodes and the bootstrapping of the Q nodes as shown in FIG.
22, the eight stages may not be able to maintain the turn-on
voltage in the precharge period Pre as shown in FIG. 23.
[0162] Hereinafter, an example of a shift register capable
of bidirectional scanning while using the clock signals
explained in the first to fourth exemplary embodiments will
be described.

[0163] FIG. 24 is a view showing a bidirectional shift
register, and FIG. 25 is a view showing the nth stage of the
bidirectional shift register shown in FIG. 24.

[0164] Referring to FIG. 24, the shift register comprises
first to nth stages STG1 to STGn. The first to nth stages
STG1 to STGn control the Q nodes by a Q node controller
T1 and T2 and sequentially output carry signals. The Q node
controller T1 and T2 comprises first and second transistors
T1 and T2. The first transistor T1 receives a forward carry
signal CARRY_F, and the second transistor T2 receives a
reverse carry signal CARRY_R.

[0165] In the forward scan mode, the first transistor T1
charges the Q node in response to the forward carry signal
CARRY_F, and resets the Q node to the turn-off voltage in
response to the reverse carry signal CARRY _R.

[0166] In the reverse scan mode, the second transistor T2
charges the Q node in response to the reverse carry signal
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CARRY R, and resets the Q node to the turn-off voltage in
response to the forward carry signal CARRY_F.

[0167] Referring to FIG. 25, the nth stage STG[n] of the
bidirectional shift register comprises a first transistor T1, a
second transistor T2, a Q node holding part T3, an inverter
part, first to third pull-up transistors Tpu_CR, Tpu_SC, and
Tpu_SE, and first to third pull-down transistors Tpd_CR,
Tpd_SC, and Tpd_SE.

[0168] In FIG. 25, a forward driving voltage VDD_F and
a reverse driving voltage VDD_R vary with the scan mode.
Table 1 below is a table showing the voltage levels of the
forward driving voltage and reverse driving voltage in
different scan modes.

TABLE 1

Forward Scan Mode Reverse Scan mode

VDD_F VGH VGL
VDD_R VGL VGH
[0169] Referring to Table 1, the forward driving voltage

VDD_F maintains the high-potential voltage (VGH) of the
turn-on voltage level in the forward scan mode and main-
tains the low-potential voltage (VGL) of the turn-off voltage
level in the reverse scan mode. The reverse driving voltage
VDD_R maintains the high-potential voltage of the turn-on
voltage level in the reverse scan mode and maintains the
low-potential voltage of the turn-off’ voltage level in the
forward scan mode.

[0170] The first transistor T1 comprises a gate electrode
that receives the forward carry signal CARRY_F, a drain
electrode connected to an input terminal of the forward
driving voltage VDD_F, and a source electrode connected to
the Q node.

[0171] The second transistor T2 comprises a gate elec-
trode that receives the reverse carry signal CARRY_R, a
drain electrode connected to the Q node, and a source
electrode connected to an input terminal of the reverse
driving voltage VDD_R.

[0172] The Q node holding part T3 applies the turn-off
voltage to the Q node when a QB node has the turn-on
voltage. To this end, the Q node holding part T3 comprises
a gate electrode connected to the QB node, a drain electrode
connected to the Q node, and a source electrode connected
to an input terminal of the low-potential voltage VGL.
[0173] The inverter part comprises a fourth transistor T4,
a Q pull-up transistor T4l, a Q' pull-down transistor T4q, a
fifth transistor T5, a Qb pull-down transistor T5¢, a forward
QA pull-up transistor TSF, and a reverse QA pull-up tran-
sistor TSR.

[0174] The fourth transistor T4 applies the turn-on voltage
to the QB node when a Q' node has the turn-on voltage. To
this end, the fourth transistor T4 comprises a gate electrode
connected to the Q' node, a drain electrode connected to an
input terminal of the high-potential voltage VDD, and a
source electrode connected to the QB node.

[0175] The Q' pull-up transistor T4l comprises a gate
electrode and drain electrode connected to the input terminal
of the high-potential voltage VDD and a source electrode
connected to the Q' node. The Q' pull-up transistor T4l
performs a diode function to stably supply the high-potential
voltage VDD to the Q' node.

[0176] The Q pull-down transistor T4g comprises a gate
electrode connected to the Q node, a drain electrode con-

Jun. 20, 2019

nected to the Q' node, and a source electrode connected to
the input terminal of the low-potential voltage VSS. The Q'
pull-down transistor Tdg maintains the turn-off voltage at
the Q' node when the Q node is charged with the turn-on
voltage.

[0177] The Qb pull-down transistor TSq comprises a gate
electrode connected to the Q node, a drain electrode con-
nected to the QB node, and a source electrode connected to
the input terminal of the low-potential voltage VSS. The Qb
pull-down transistor T5¢ maintains the low-potential volt-
age VSS at the QB node when the Q node has the turn-on
voltage.

[0178] The fifth transistor TS comprises a gate electrode
connected to a QA node, a drain electrode connected to the
QB node, and a source electrode connected to the input
terminal of the low-potential voltage VSS.

[0179] The forward QA pull-up transistor TSF comprises
a gate electrode that receives the forward carry signal
CARRY_E a drain electrode connected to the input terminal
of the forward driving voltage VDD_F, and a source elec-
trode connected to the QA node.

[0180] The reverse QA pull-up transistor TSR comprises a
gate electrode that receives the reverse carry signal CAR-
RY_R, a drain electrode connected to the input terminal of
the reverse driving voltage VDD_R, and a source electrode
connected to the QA node.

[0181] The first pull-up transistor Tpu_CR comprises a
gate electrode connected to the Q node, a drain electrode that
receives a carry clock CRCLK, and a source electrode
connected to a first output terminal n1. When the Q node is
in the charged state, the first pull-up transistor

[0182] Tpu_CR outputs a carry signal CARRY[n] to the
first output terminal nl by using the carry clock CRCLK
inputted into the drain electrode.

[0183] The second pull-up transistor Tpu_SC comprises a
gate electrode connected to the Q node, a drain electrode that
receives a scan clock SCCLK, and a source electrode
connected to a second output terminal n2. When the Q node
is in the charged state, the second pull-up transistor Tpu_SC
outputs a scan signal SCAN[n] to the second output terminal
n2 by using the scan clock SCCLK inputted into the drain
electrode.

[0184] The third pull-up transistor Tpu_SE comprises a
gate electrode connected to the Q node, a drain electrode that
receives a sense clock SECLK, and a source electrode
connected to a third output terminal n3. When the Q node is
in the charged state, the third pull-up transistor Tpu_SE
outputs a sense signal SEN[n] to the third output terminal n3
by using the sense clock SECLK inputted into the drain
electrode.

[0185] The first pull-down transistor Tpd_CR comprises a
gate electrode connected to the QB node, a drain electrode
connected to the input terminal of the low-potential voltage
VSS, and a source electrode connected to the first output
terminal nl. The first pull-down transistor Tpd_CR dis-
charges the first output terminal nl to the low-potential
voltage VSS, in response to a QB node voltage.

[0186] The second pull-down transistor Tpd_SC com-
prises a gate electrode connected to the QB node, a drain
electrode connected to the input terminal of the low-poten-
tial voltage VSS, and a source electrode connected to the
second output terminal n2. The second pull-down transistor
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Tpd_SC discharges the second output terminal n2 to the
low-potential voltage VSS, in response to the QB node
voltage.

[0187] The third pull-down transistor Tpd_SE comprises a
gate electrode connected to the QB node, a drain electrode
connected to the input terminal of the low-potential voltage
VSS, and a source electrode connected to the third output
terminal n3. The third pull-down transistor Tpd_SE dis-
charges the third output terminal n3 to the low-potential
voltage VSS, in response to the QB node voltage.

[0188] An example of the Q node controller will be
described below.

[0189] FIG. 26 is a view showing carry signals applied to
the Q node controller according to the first exemplary
embodiment. F1G. 27 is a view showing the timings of carry
signals in the forward scan mode according to the first
exemplary embodiment. FIG. 28 is a view showing the
timings of carry signals in the reverse scan mode according
to the first exemplary embodiment.

[0190] The first transistor T1 of each of the (8k+1)th stage
STG[8k+1] to (8k+8)th stage STG[8k+8] is turned on in
response to the forward carry signal CARRY_F, and the
second transistor T2 thereof is turned on in response to the
reverse carry signal CARRY_R. In the forward scan mode,
the first transistor T1 charges the Q node, and the second
transistor T2 resets the Q node. In the reverse scan mode, the
second transistor T2 charges the Q node, and the first
transistor T1 resets the Q node. The Q node reset operation
refers to applying the turn-off voltage to the Q node.
[0191] Consequently, the operation of stages in the for-
ward scan mode according to the first exemplary embodi-
ment will be described below.

[0192] The first transistor T1 of the (8k+1)th stage STG
[8k+1] charges the Q node in response to a (n-3)th carry
signal CARRY[n-3], and the second transistor T2 thereof
resets the Q node in response to a (n+5)th carry signal
CARRY[n+5].

[0193] The first transistor T1 of the (8k+2)th stage STG
[8k+2] charges the Q node in response to a (n-4)th carry
signal CARRY[n-4], and the second transistor T2 thereof
resets the Q node in response to a (n+4)th carry signal
CARRY[n+4].

[0194] The first transistor T1 of the (8k+3)th stage STG
[8k+3] charges the Q node in response to the (n-3)th carry
signal CARRY[n-3], and the second transistor T2 thereof
resets the Q node in response to the (n+5)th carry signal
CARRY[n+5].

[0195] The first transistor T1 of the (8k+4)th stage STG
[8k+4] charges the Q node in response to the (n-4)th carry
signal CARRY[n-4], and the second transistor T2 thereof
resets the Q node in response to the (n+4)th carry signal
CARRY[n+4].

[0196] The first transistor T1 of the (8k+5)th stage STG
[8k+5] charges the Q node in response to the (n-4)th carry
signal CARRY[n-4], and the second transistor T2 thereof
resets the Q node in response to the (n+4)th carry signal
CARRY[n+4].

[0197] The first transistor T1 of the (8k+6)th stage STG
[8k+6] charges the Q node in response to a (n-5)th carry
signal CARRY[n-5], and the second transistor T2 thereof
resets the Q node in response to a (n+3)th carry signal
CARRY[n+3].

[0198] The first transistor T1 of the (8k+7)th stage STG
[8k+7] charges the Q node in response to the (n-4)th carry
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signal CARRY[n-4], and the second transistor T2 thereof
resets the Q node in response to the (n+4)th carry signal
CARRY[n+4].

[0199] The first transistor T1 of the (8k+8)th stage STG
[8k+8] charges the Q node in response to the (n-5)th carry
signal CARRY[n-5], and the second transistor T2 thereof
resets the Q node in response to the (n+3)th carry signal
CARRY[n+3].

[0200] In the reverse scan mode, the second transistor T2
charges the Q node in response to the reverse carry signal,
and the first transistor T1 resets the Q node in response to the
forward carry signal.

[0201] The operation of stages in the reverse scan mode
according to the first exemplary embodiment will be
described below.

[0202] The second transistor T2 of the (8k+8)th stage
STG[8k+8] charges the Q node in response to the (n+3)th
carry signal CARRY[n+3], and the first transistor T1 thereof
resets the Q node in response to the (n-5)th carry signal
CARRY[n-5].

[0203] The second transistor T2 of the (8k+7)th stage
STG[8k+7] charges the Q node in response to the (n+4)th
carry signal CARRY[n+4], and the first transistor T1 thereof
resets the Q node in response to the (n-4)th carry signal
CARRY[n-4].

[0204] The second transistor T2 of the (8k+6)th stage
STG[8k+6] charges the Q node in response to the (n+3)th
carry signal CARRY[n+3], and the first transistor T1 thereof
resets the QQ node in response to the (n-5)th carry signal
CARRY[n-5].

[0205] The second transistor T2 of the (8k+5)th stage
STG[8k+5] charges the Q node in response to the (n+4)th
carry signal CARRY[n+4], and the first transistor T1 thereof
resets the Q node in response to the (n-4)th carry signal
CARRY[n-4].

[0206] The second transistor T2 of the (8k+4)th stage
STG[8k+4] charges the Q node in response to the (n+4)th
carry signal CARRY[n+4], and the first transistor T1 thereof
resets the Q node in response to the (n-4)th carry signal
CARRY[n-4].

[0207] The second transistor T2 of the (8k+3)th stage
STG[8k+3] charges the Q node in response to the (n+5)th
carry signal CARRY[n+5], and the first transistor T1 thereof
resets the Q node in response to the (n-3)th carry signal
CARRY[n-3].

[0208] The second transistor T2 of the (8k+2)th stage
STG[8k+2] charges the Q node in response to the (n+4)th
carry signal CARRY[n+4], and the first transistor T1 thereof
resets the Q node in response to the (n-4)th carry signal
CARRY[n-4].

[0209] The second transistor T2 of the (8k+1)th stage
STG[8k+1] charges the Q node in response to the (n+5)th
carry signal CARRY[n+5], and the first transistor T1 thereof
resets the Q node in response to the (n-3)th carry signal
CARRY[n-3].

[0210] The output timing of the (n-3)th carry signal
CARRY[n-3] in the forward scan mode is the same as the
output timing of the (n+3)th carry signal CARRY[n+3] in
the reverse scan mode. That is, the Q node charge timing of
the (8k+1)th stage STG[8k+1] in the forward scan mode is
the same as the Q node charge timing of the (8k+8)th stage
STG[8k+8] in the reverse scan mode. Also, the Q node
charge timing of the (n+5)th carry signal CARRY[n+5] in
the forward scan mode is the same as the Q node charge
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timing of the (n-=5)th carry signal CARRY[n-5]in the
reverse scan mode. That is, the Q node reset timing of the
(8k+1)th stage STG[8k+1] in the forward scan mode is the
same as the Q node reset timing of the (8k+8)th stage
STG[8k+8] in the reverse scan mode.

[0211] Likewise, the Q node charge timing of the (8k+2)th
stage STG[8k+2] in the forward scan mode is the same as
the Q node charge timing of the (8k+7)th stage STG[8k+7]
in the reverse scan mode. The Q node reset timing of the
(8k+2)th stage STG[8k+2] in the forward scan mode is the
same as the Q node reset timing of the (8k+7)th stage
STG[8k+7] in the reverse scan mode.

[0212] The Q node charge timing of the (8k+3)th stage
STG[8k+3] in the forward scan mode is the same as the Q
node charge timing of the (8k+6)th stage STG[8k+6] in the
reverse scan mode. The Q node reset timing of the (8k+3)th
stage STG[8k+3] in the forward scan mode is the same as
the Q node reset timing of the (8k+6)th stage STG[8k+6] in
the reverse scan mode.

[0213] The Q node charge timing of the (8k+4)th stage
STG[8k+4] in the forward scan mode is the same as the Q
node charge timing of the (8k+5)th stage STG[8k+5] in the
reverse scan mode. The Q node reset timing of the (8k+4)th
stage STG[8k+4] in the forward scan mode is the same as
the Q node reset timing of the (8k+5)th stage STG[8k+5] in
the reverse scan mode.

[0214] In this way, the Q node controller according to the
first exemplary embodiment sets the timings of carry signals
in the forward scan mode and reverse scan modes to be
symmetrical within a group of stages. As a result, the Q
nodes of the stages in the group have the same charge timing
and the same reset timing in the forward scan mode and
reverse scan mode. Due to this, the Q nodes in the stage
group may maintain the charged state during the black data
insertion period and the precharge period in both the forward
and reverse scan modes. The number of stages of symmetry
in the group corresponds to the number of pixel lines to
which black data is written during the black data insertion
period. Every eight stages are set in symmetrical relation to
each other because the stages repeat their operation depend-
ing on the number of pixel lines to which black data is
written during the black data insertion period BDI.

[0215] FIG. 29 is a view showing carry signals applied to
the Q node controller according to the second exemplary
embodiment. The first transistor T1 of each of the (8k+1)th
stage STG[8k+1] to (8k+8)th stage STG[8k+8] is turned on
in response to the forward carry signal CARRY _F, and the
second transistor T2 thereof is turned on in response to the
reverse carry signal CARRY_R. In the forward scan mode,
the first transistor T1 charges the Q node, and the second
transistor T2 resets the Q node. In the reverse scan mode, the
second transistor T2 charges the Q node, and the first
transistor T1 resets the Q node. The Q node reset operation
refers to applying the turn-off voltage to the Q node.
[0216] Consequently, the operation of stages in the for-
ward scan mode according to the second exemplary embodi-
ment will be described below.

[0217] The first transistor T1 of the (8k+1)th stage STG
[8k+1] charges the Q node in response to a (n-3)th carry
signal CARRY[n-3], and the second transistor T2 thereof
resets the Q node in response to a (n+5)th carry signal
CARRY[n+5].

[0218] The first transistor T1 of the (8k+2)th stage STG
[8k+2] charges the Q node in response to a (n-3)th carry
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signal CARRY[n-3], and the second transistor T2 thereof
resets the Q node in response to a (n+4)th carry signal
CARRY[n+4].

[0219] The first transistor T1 of the (8k+3)th stage STG
[8k+3] charges the Q node in response to the (n-3)th carry
signal CARRY[n-3], and the second transistor T2 thereof
resets the Q node in response to the (n+4)th carry signal
CARRY[n+4].

[0220] The first transistor T1 of the (8k+4)th stage STG
[8k+4] charges the Q node in response to the (n-4)th carry
signal CARRY[n-4], and the second transistor T2 thereof
resets the Q node in response to the (n+4)th carry signal
CARRY[n+4].

[0221] The first transistor T1 of the (8k+5)th stage STG
[8k+5] charges the Q node in response to the (n-4)th carry
signal CARRY[n-4], and the second transistor T2 thereof
resets the Q node in response to the (n+4)th carry signal
CARRY[n+4].

[0222] The first transistor T1 of the (8k+6)th stage STG
[8k+6] charges the Q node in response to a (n-4)th carry
signal CARRY[n-4], and the second transistor T2 thereof
resets the Q node in response to a (n+3)th carry signal
CARRY[n+3].

[0223] The first transistor T1 of the (8k+7)th stage STG
[8k+7] charges the Q node in response to the (n-4)th carry
signal CARRY[n-4], and the second transistor T2 thereof
resets the Q node in response to the (n+3)th carry signal
CARRY[n+3].

[0224] The first transistor T1 of the (8k+8)th stage STG
[8k+8] charges the Q node in response to the (n-5)th carry
signal CARRY[n-5], and the second transistor T2 thereof
resets the Q node in response to the (n+3)th carry signal
CARRY[n+3].

[0225] In the reverse scan mode, the second transistor T2
charges the Q node in response to the reverse carry signal,
and the first transistor T1 resets the Q node in response to the
forward carry signal.

[0226] The operation of stages in the reverse scan mode
according to the second exemplary embodiment will be
described below.

[0227] The second transistor T2 of the (8k+8)th stage
STG[8k+8] charges the Q node in response to the (n+3)th
carry signal CARRY[n+3], and the first transistor T1 thereof
resets the Q node in response to the (n-5)th carry signal
CARRY[n-5].

[0228] The second transistor T2 of the (8k+7)th stage
STG[8k+7] charges the Q node in response to the (n+3)th
carry signal CARRY[n+3], and the first transistor T1 thereof
resets the Q node in response to the (n-4)th carry signal
CARRY[n-4].

[0229] The second transistor T2 of the (8k+6)th stage
STG[8k+6] charges the Q node in response to the (n+3)th
carry signal CARRY[n+3], and the first transistor T1 thereof
resets the Q node in response to the (n-4)th carry signal
CARRY[n-4].

[0230] The second transistor T2 of the (8k+5)th stage
STG[8k+5] charges the Q node in response to the (n+4)th
carry signal CARRY[n+4], and the first transistor T1 thereof
resets the Q node in response to the (n-4)th carry signal
CARRY[n-4].

[0231] The second transistor T2 of the (8k+4)th stage
STG[8k+4] charges the Q node in response to the (n+4)th
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carry signal CARRY[n+4], and the first transistor T1 thereof
resets the Q node in response to the (n-4)th carry signal
CARRY[n-4].

[0232] The second transistor T2 of the (8k+3)th stage
STG[8k+3] charges the Q node in response to the (n+4)th
carry signal CARRY[n+4], and the first transistor T1 thereof
resets the Q node in response to the (n-3)th carry signal
CARRY[n-3].

[0233] The second transistor T2 of the (8k+2)th stage
STG[8k+2] charges the Q node in response to the (n+4)th
carry signal CARRY[n+4], and the first transistor T1 thereof
resets the Q node in response to the (n-3)th carry signal
CARRY[n-3].

[0234] The second transistor T2 of the (8k+1)th stage
STG[8k+1] charges the Q node in response to the (n+5)th
carry signal CARRY[n+5], and the first transistor T1 thereof
resets the Q node in response to the (n-3)th carry signal
CARRY[n-3].

[0235] FIG. 30 is a view showing carry signals applied to
the Q node controller according to the third exemplary
embodiment. The first transistor T1 of each of the (8k+1)th
stage STG[8k+1] to (8k+8)th stage STG[8k+8] is turned on
in response to the forward carry signal CARRY _F, and the
second transistor T2 thereof is turned on in response to the
reverse carry signal CARRY_R. In the forward scan mode,
the first transistor T1 charges the Q node, and the second
transistor T2 resets the Q node. In the reverse scan mode, the
second transistor T2 charges the Q node, and the first
transistor T1 resets the Q node. The Q node reset operation
refers to applying the turn-off voltage to the Q node.
[0236] Consequently, the operation of stages in the for-
ward scan mode according to the third exemplary embodi-
ment will be described below.

[0237] The first transistor T1 of the (8k+1)th stage STG
[8k+1] charges the Q node in response to a (n-3)th carry
signal CARRY[n-3], and the second transistor T2 thereof
resets the Q node in response to a (n+5)th carry signal
CARRY[n+5].

[0238] The first transistor T1 of the (8k+2)th stage STG
[8k+2] charges the Q node in response to a (n-3)th carry
signal CARRY[n-3], and the second transistor T2 thereof
resets the Q node in response to a (n+4)th carry signal
CARRY[n+4].

[0239] The first transistor T1 of the (8k+3)th stage STG
[8k+3] charges the Q node in response to the (n-3)th carry
signal CARRY[n-3], and the second transistor T2 thereof
resets the Q node in response to the (n+4)th carry signal
CARRY[n+4].

[0240] The first transistor T1 of the (8k+4)th stage STG
[8k+4] charges the Q node in response to the (n-3)th carry
signal CARRY[n-3], and the second transistor T2 thereof
resets the Q node in response to the (n+3)th carry signal
CARRY[n+3].

[0241] The first transistor T1 of the (8k+5)th stage STG
[8k+5] charges the Q node in response to the (n-3)th carry
signal CARRY[n-3], and the second transistor T2 thereof
resets the Q node in response to the (n+3)th carry signal
CARRY[n+3].

[0242] The first transistor T1 of the (8k+6)th stage STG
[8k+6] charges the Q node in response to a (n-4)th carry
signal CARRY[n-4], and the second transistor T2 thereof
resets the Q node in response to a (n+3)th carry signal
CARRY[n+3].
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[0243] The first transistor T1 of the (8k+7)th stage STG
[8k+7] charges the Q node in response to the (n-4)th carry
signal CARRY[n-4], and the second transistor T2 thereof
resets the Q node in response to the (n+3)th carry signal
CARRY[n+3].

[0244] The first transistor T1 of the (8k+8)th stage STG
[8k+8] charges the Q node in response to the (n-5)th carry
signal CARRY[n-5], and the second transistor T2 thereof
resets the Q node in response to the (n+3)th carry signal
CARRY[n+3].

[0245] In the reverse scan mode, the second transistor T2
charges the Q node in response to the reverse carry signal,
and the first transistor T1 resets the Q node in response to the
forward carry signal.

[0246] The operation of stages in the reverse scan mode
according to the third exemplary embodiment will be
described below.

[0247] The second transistor T2 of the (8k+8)th stage
STG[8k+8] charges the Q node in response to the (n+3)th
carry signal CARRY[n+3], and the first transistor T1 thereof
resets the Q node in response to the (n-5)th carry signal
CARRY[n-5].

[0248] The second transistor T2 of the (8k+7)th stage
STG[8k+7] charges the Q node in response to the (n+3)th
carry signal CARRY[n+3], and the first transistor T1 thereof
resets the Q node in response to the (n-4)th carry signal
CARRY[n-4].

[0249] The second transistor T2 of the (8k+6)th stage
STG[8k+6] charges the Q node in response to the (n+3)th
carry signal CARRY[n+3], and the first transistor T1 thereof
resets the QQ node in response to the (n-4)th carry signal
CARRY[n-4].

[0250] The second transistor T2 of the (8k+5)th stage
STG[8k+5] charges the Q node in response to the (n+3)th
carry signal CARRY[n+3], and the first transistor T1 thereof
resets the Q node in response to the (n-3)th carry signal
CARRY[n-3].

[0251] The second transistor T2 of the (8k+4)th stage
STG[8k+4] charges the Q node in response to the (n+3)th
carry signal CARRY[n+3], and the first transistor T1 thereof
resets the Q node in response to the (n-3)th carry signal
CARRY[n-3].

[0252] The second transistor T2 of the (8k+3)th stage
STG[8k+3] charges the Q node in response to the (n+4)th
carry signal CARRY[n+4], and the first transistor T1 thereof
resets the Q node in response to the (n-3)th carry signal
CARRY[n-3].

[0253] The second transistor T2 of the (8k+2)th stage
STG[8k+2] charges the Q node in response to the (n+4)th
carry signal CARRY[n+4], and the first transistor T1 thereof
resets the Q node in response to the (n-3)th carry signal
CARRY[n-3].

[0254] The second transistor T2 of the (8k+1)th stage
STG[8k+1] charges the Q node in response to the (n+5)th
carry signal CARRY[n+5], and the first transistor T1 thereof
resets the Q node in response to the (n-3)th carry signal
CARRY[n-3].

[0255] As discussed above, in the shift registers according
to the second and third exemplary embodiments, the Q node
charge timing of the (8k+1)th stage STG[8k+1] in the
forward scan mode is the same as the Q node charge timing
of the (8k+8)th stage STG[8k+8] in the reverse scan mode.
Also, the Q node reset timing of the (8k+1)th stage STG
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[8k+1] in the forward scan mode is the same as the Q node
reset timing of the (8k+8)th stage STG[8k+8] in the reverse
scan mode.
[0256] Likewise, the Q node charge timing of a (8k+a)th
stage in the forward scan mode is the same as the Q node
charge timing of a (8k+[9-a])th stage (a is a natural number
less than or equal to 8) in the reverse scan mode. The Q node
reset timing of the (8k+a)th stage in the forward scan mode
is the same as the Q node reset timing of the (8k+[9-a])th
stage in the reverse scan mode.
[0257] As stated above, according to the exemplary
embodiments of the present specification, motion picture
response time may be improved without increasing driving
frequency by inserting black data within one frame period.
[0258] Although embodiments have been described with
reference to a number of illustrative embodiments thereof, it
should be understood that numerous other modifications and
embodiments can be devised by those skilled in the art that
will fall within the scope of the principles of this disclosure.
More particularly, various variations and modifications are
possible in the component parts and/or arrangements of the
subject combination arrangement within the scope of the
disclosure, the drawings and the appended claims. In addi-
tion to variations and modifications in the component parts
and/or arrangements, alternative uses will also be apparent
to those skilled in the art.
[0259] The various embodiments described above can be
combined to provide further embodiments. These and other
changes can be made to the embodiments in light of the
above-detailed description. In general, in the following
claims, the terms used should not be construed to limit the
claims to the specific embodiments disclosed in the speci-
fication and the claims, but should be construed to include
all possible embodiments along with the full scope of
equivalents to which such claims are entitled. Accordingly,
the claims are not limited by the disclosure.
What is claimed is:
1. An organic light emitting display (OLED) device
comprising:
a display panel including:
a substrate;
a plurality of data lines on the substrate;
a plurality of gate lines on the substrate and oriented
transverse to the data lines; and
a plurality of pixels connected to the data lines and the
gate lines;
a data driver that supplies data voltages to the data lines;
and
a gate-in-panel (GIP) gate driver that supplies gate pulses
to the gate lines,
wherein the gate driver drives the display panel in a
plurality of blocks of pixel lines within one frame, the
one frame including a plurality of cycles, each of the
cycles having a data writing period, at least one black
data insertion period, and at least one precharge period,
wherein the data voltages are sequentially supplied to
pixel lines of a jth block during the data writing period
of a cycle of the plurality of cycles, and a black image
is written simultaneously to pixel lines of a qth block
during the at least one black data insertion period of the
cycle, wherein j is a natural number, and q is a natural
number different from j.
2. The OLED device of claim 1, wherein the GIP gate
driver drives zk pixel lines during each cycle of the plurality
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of cycles, where 7 is a natural number greater than 1, and k
is a natural number that satisfies: z(k-1)<a total number of
the pixel lines <k,

wherein, during a data writing period having zk horizontal

periods, the GIP gate driver sequentially outputs scan
signals and the data driver supplies data voltages to the
7k pixel lines, and, during k black data insertion
periods, the GIP gate driver simultaneously supplies
scan signals to z pixel lines and the data driver writes
black data simultaneously to the z pixel lines.

3. The OLED device of claim 1, wherein each of the at
least one black data insertion period lasts for 1 horizontal
period.

4. The OLED device of claim 1, wherein, during the at
least one precharge period following the at least one black
data insertion period, the gate driver supplies a scan signal
and a sense signal to a next pixel line which is supplied with
a last data voltage during the data writing period.

5. The OLED device of claim 1, wherein the gate driver
comprises a plurality of stages respectively connected to the
pixel lines,

wherein each of the stages comprises:

a first pull-up transistor that outputs carry signals
corresponding to carry clock timings, in response to
a Q node voltage; and

a second pull-up transistor that outputs scan signals
corresponding to scan clock timings, in response to
the Q node voltage, and

the carry clocks comprise:

an image clock signal for charging the Q node to
generate a respective one of the scan signals that are
output during the data writing period; and

a black data insertion (BDI) clock signal for charging
the Q node to generate a respective one of the scan
signals that are output during the at least one black
data insertion period.

6. The OLED device of claim 5, wherein the carry clocks
maintain a turn-off voltage during the at least one black data
insertion period.

7. The OLED device of claim 5, wherein the carry clocks
include 16 carry clocks, the scan clocks include 16 scan
clocks, and each cycle includes 20 horizontal periods,

the carry clocks are sequentially output during a period of

time spanning from a first horizontal period until a
sixteenth horizontal period, and

an interval between the image clock signal and the BDI

clock signal of the carry clocks corresponds to a portion
of the data writing period of 8 horizontal periods, a
black data insertion period of 1 horizontal period, and
a precharge period of 1 horizontal period.

8. The OLED device of claim 7, wherein there is a time
difference of 16n+8 (n is a natural number) horizontal
periods between the carry clock signal for writing image
data to an ith pixel line (i is a natural number) and the carry
clock signal for writing black data to the ith pixel line.

9. The OLED device of claim 5, wherein the carry clocks
include 16 carry clocks, the scan clocks include 16 scan
clocks, and each cycle includes 40 horizontal periods,

the carry clocks are sequentially output during a period of

time spanning from a first horizontal period until a
sixteenth horizontal period,

an interval between the image clock signal and the BDI

clock signal of the carry clocks corresponds to a portion
of the data writing period of 8 horizontal periods, a
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black data insertion period of 1 horizontal period, and
a precharge period of 1 horizontal period, and

there is a time difference of 32n+8 (n is a natural number)
horizontal periods between the carry clock signal for
writing image data to an ith pixel line (i is a natural
number) and the carry clock signal for writing black
data to the ith pixel line.

10. The OLED device of claim 5, wherein the carry clocks
include 16 carry clocks, the scan clocks include 12 scan
clocks, and each cycle includes 60 horizontal periods, and

first to 16th carry clocks are sequentially output for 60
horizontal periods, from a first horizontal period until a
60th horizontal period,

wherein a first half of one cycle of the first to eighth carry
clocks corresponds to the image clock signal of the
carry clock, and the first half of one cycle of the ninth
to 16th carry clocks corresponds to the BDI clock
signal of the carry clock.

11. The OLED device of claim 10, wherein there is a time
difference of 48n+24 (n is a natural number) horizontal
periods between the carry clock signal for writing image
data to an ith pixel line (i is a natural number) and the carry
clock signal for writing black data to the ith pixel line.

12. The OLED device of claim 5, wherein the carry clocks
include 12 carry clocks, the scan clocks include 12 scan
clocks, and each cycle includes 60 horizontal periods,

first to 12th carry clocks are sequentially output for 60
horizontal periods, from a first horizontal period until a
60th horizontal period, and

wherein a first half of one cycle of the first to sixth carry
clocks corresponds to the image clock signal of the
carry clock, and the first half of one cycle of the seventh
to 12th carry clocks corresponds to the BDI clock
signal of the carry clock.

13. The active-matrix display device of claim 12, wherein
there is a time difference of 48n+24 (n is a natural number)
horizontal periods between the carry clock signal for writing
image data to an ith pixel line (i is a natural number) and the
carry clock signal for writing black data to the ith pixel line.

14. The OLED device of claim 5, wherein each of the
plurality of stages comprises:

a first Q node control transistor that charges the Q node in
response to a forward carry signal in a forward scan
mode; and

a second Q node control transistor that discharges the Q
node in response to a reverse carry signal in the forward
scan mode,

wherein output timings of the forward carry signal and
reverse carry signal are set longer than a scan time of
each of the blocks of the display panel.

15. The active-matrix display device of claim 14, wherein

the second Q node control transistor charges the Q node in
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response to the reverse carry signal in a reverse scan mode,
and the first Q node control transistor applies a turn-off
voltage to the Q node in response to the forward carry signal
in the reverse scan mode.

16. The active-matrix display device of claim 14, wherein
each of the plurality of blocks includes 8k pixel lines (k is
a natural number),

wherein the output timing of the forward carry signal
applied to the first Q node control transistor of a
(8k+a)th stage (a is a natural number less than or equal
to 8) and the output timing of the reverse carry signal
applied to the second Q node control transistor of a
(8k+[9-a])th stage are the same.

17. The active-matrix display device of claim 16, wherein
the output timing of the reverse carry signal applied to the
second Q node control transistor of the (8k+a)th stage (a is
a natural number less than or equal to 8) and the output
timing of the forward carry signal applied to the first Q node
control transistor of the (8k+[9-a])th stage are the same.

18. A gate-in-panel (GIP) gate driver, comprising:
a plurality of stages, each of the stages including:

a first pull-up transistor that receives a respective carry
clock and outputs carry signals corresponding to the
carry clock in response to a Q node voltage of the
stage;

a second pull-up transistor that receives a respective
scan clock and outputs scan signals corresponding to
the scan clock in response to the Q node voltage;

a first Q node control transistor that charges the Q node
in response to a forward carry signal in a forward
scan mode; and

a second Q node control transistor that discharges the
Q node in response to a reverse carry signal in the
forward scan mode,

wherein each of the carry clocks includes:

an image clock signal for generating a respective one of
the scan signals that are output during a data writing
period; and

a black data insertion (BDI) clock signal for generating
a respective one of the scan signals that are output
during a black data insertion period.

19. The gate driver of claim 18, wherein the carry clocks
maintain a turn-off voltage during the black data insertion
period.

20. The gate driver of claim 18, wherein the black data
insertion period lasts for 1 horizontal period.
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