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DISPLAY PANEL

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based on and claims priority
under 35 U.S.C. § 119 to Korean Patent Application No.
10-2018-0063604, filed on Jun. 1, 2018, and Korean Patent
Application No. 10-2018-0097404, filed on Aug. 21, 2018,
in the Korean Intellectual Property Office, the disclosures of
which are incorporated by reference herein in their entirety.

BACKGROUND

1. Field

[0002] The disclosure relates to a display panel. More
particularly, the disclosure relates to a display panel in which
light emitting devices are included in a pixel.

2. Description of Related Art

[0003] In related art, a display panel driving an inorganic
light emitting device (LED) (hereinafter referred to as
“LED”) such as a red LED, a green LED, and a blue LED,
as a sub pixel expresses a grayscale or gradation of sub
pixels by means of an amplitude of a driving current.
[0004] In this case, a wavelength as well as the grayscale
of a light emitted is shifted together according to an ampli-
tude of the driving current, and thereby a color reproduc-
ibility of an image is reduced. FIG. 1 illustrates a wavelength
shift according to a magnitude (or amplitude) of a driving
current flowing through a blue LED, a green LED, and a red
LED.

[0005] The above information is presented as background
information only to assist with an understanding of the
present disclosure. No determination has been made, and no
assertion is made, as to whether any of the above might be
applicable as prior art with regard to the present disclosure.

SUMMARY

[0006] Provided is a display panel including a driving
circuit to control an LED which is an inorganic light
emitting device mounted on a glass substrate to be stably
operated.

[0007] Further, provided is a display panel including a
driving circuit appropriate for a high-density integrated
circuit by optimizing a design of a driving circuit driving an
LED which is an inorganic light emitting device mounted on
a glass substrate.

[0008] Further still, provided is a display panel that
improves color reproducibility to an input image signal
through an LED which is an inorganic light emitting device
mounted on a glass substrate, and a display apparatus
including the display panel.

[0009] In accordance with an aspect of the disclosure, a
display panel includes a driving circuit layer disposed on a
glass, the driving circuit layer comprising a first driving
circuit and a second driving circuit; and an inorganic light
emitting device mounted on the driving circuit layer and
electrically connected to the first driving circuit, the inor-
ganic light emitting device comprising a sub pixel of the
display panel, wherein the first driving circuit includes a
pulse amplitude modulation (PAM) driving circuit config-
ured to control an amplitude of a driving current provided to
the inorganic light emitting device; and a pulse width
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modulation (PWM) driving circuit configured to control a
light emitting duration of the inorganic light emitting device,
wherein the first driving circuit is provided a first area of the
driving circuit layer and the second driving circuit is pro-
vided in a second area of the driving circuit layer that is
different than and excludes the first area, and wherein the
second driving circuit is configured to generate a control
signal for driving the first driving circuit and provide the
generated control signal to the first driving circuit.

[0010] The display panel may further include a plurality of
pixels arranged in a matrix, each pixel from among the
plurality of pixels comprising an R sub pixel comprising a
red (R) inorganic light emitting device, a G sub pixel
comprising a green (G) inorganic light emitting device, and
a B sub pixel comprising a blue (B) inorganic light emitting
device, and a plurality of first driving circuits, wherein each
sub pixel from among the R, G and B sub pixels corresponds
to a respective first driving circuit from among the plurality
of first driving circuits.

[0011] A data voltage applied to each respective first
driving circuit from among the plurality of first driving
circuits to set an amplitude of the driving current may be
corrected according to a deviation of the respective driving
circuit, and wherein each respective first driving circuit from
among the plurality of first driving circuits comprises a
plurality of transistors configured to correct a deviation of
pulse width of the driving current caused by the deviation of
the respective first driving circuit.

[0012] Each respective first driving circuit from among the
plurality of first driving circuits may include a first transistor
connected to a data line and a current source, the first
transistor being configured to provide a current flowing
through the current source to a corresponding inorganic light
emitting device based on a signal supplied by the data line,
wherein the PAM driving circuit comprises a second tran-
sistor which is connected to the data line, wherein the PAM
driving circuit is configured to perform a PAM control for
the corresponding inorganic light emitting device according
to an amplitude setup voltage input via the second transistor,
the amplitude setup voltage being corrected based on the
current flowing through the current source to the corre-
sponding inorganic light emitting device, wherein the PWM
driving circuit comprises a third transistor which is con-
nected to the data line, and wherein the PWM driving circuit
is configured to perform a PWM control for the correspond-
ing inorganic light emitting device based on a pulse width
setup voltage input via the third transistor.

[0013] The second driving circuit may include a first
driver configured to generate, for each image frame from
among a plurality of image frames, a first control signal that
turns on respective first transistors that correspond to pixels
arranged in a first line from among a plurality of lines of the
matrix, and wherein the first driver is configured to provide
the generated first control signal to the respective first
transistors corresponding to the pixels arranged in the first
line.

[0014] The first driver may be configured to for a first
image frame from among the plurality of image frames,
generate the first control signal for turning on the respective
first transistors corresponding to the pixels arranged in the
first line; and for a second image frame, generate the first
control signal for turning on respective first transistors
corresponding to pixels arranged in a second line following
the first line.
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[0015] The first driver may include a first circuit for each
line from among the plurality of lines of the matrix, wherein
each respective first circuit is configured to generate the first
control signal for a corresponding line from among the
plurality of lines, wherein an output signal of each first
circuit is input as a start signal of the first circuit for a
following line.

[0016] The second driving circuit may include a second
driver configured generate, for each image frame from
among a plurality of image frames, second and third control
signals that turn on respective second and third transistors
that correspond to pixels arranged in a first line from among
a plurality of lines of the matrix, and wherein the second
driver is configured to provide the generated second and
third control signals to the respective second and third
transistors corresponding to the pixels arranged in the first
line.

[0017] The second driver may be configured to generate
and provide the third control signal sequentially for each line
from among the plurality of lines of the matrix, and wherein
the second driver is configured to, after generating and
providing the third control signal, generate and provide the
second control signal for each line from among the plurality
of lines of the matrix.

[0018] The second driver may include two second circuits
for each line from among the plurality of lines of the matrix,
wherein, for each line from among the plurality of lines, one
of the two respective second circuits is configured to gen-
erate the second control signal for the line, wherein, for each
line from among the plurality of lines, the other of the two
respective second circuits is configured to generate the third
control signal for the line, wherein the respective second
circuit for each line is configured to receive an output signal
of a second circuit of a previous line as a start signal, and
wherein an output signal of the respective second circuit for
each line is input as a reset signal to the second circuit of the
previous line.

[0019] The driving circuit layer may further include at
least one of a MUX circuit configured to select one of the R,
G and B sub pixels; an electro static discharge (ESD) circuit
configured to discharge static electricity occurring in the
display panel; a power circuit configured to supply driving
power to the first and second driving circuits; and a clock
provision circuit configured to provide a clock to drive the
first and second driving circuits.

[0020] The inorganic light emitting device may include a
micro-LED of a size less than or equal to 100 micrometers.

[0021] According to the various embodiments of the dis-
closure, a wavelength shift according to a grayscale of an
inorganic light emitting device included in a display panel
can be prevented. In addition, it is possible to correct a stain
or color of the inorganic light emitting device included in the
display panel. In addition, even in a case that a large-area
tiled display panel is configured by combining modular
display panels, a difference of brightness or color among the
respective display panel modules can be corrected.

[0022] Other aspects, advantages, and salient features of
the disclosure will become apparent to those skilled in the art
from the following detailed description, which, taken in
conjunction with the annexed drawings, discloses various
embodiments of the disclosure.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The above and other aspects, features, and advan-
tages of certain embodiments of the present disclosure will
be more apparent from the following description taken in
conjunction with the accompanying drawings, in which:
[0024] FIG. 1 is a diagram illustrating a wavelength shift
according to a magnitude of a driving current flowing
through a blue LED, a green LED, and a red LED;

[0025] FIG. 2A is a diagram illustrating a pixel structure
of a display panel, according to an embodiment;

[0026] FIG. 2B is a diagram illustrating a sub-pixel struc-
ture, according to an embodiment;

[0027] FIG. 3 is a block diagram illustrating a display
panel, according to an embodiment;

[0028] FIG. 4A is a block diagram illustrating a display
panel, according to an embodiment;

[0029] FIG. 4B is a plan view of a driving circuit layer,
according to an embodiment;

[0030] FIG. 5A is a cross-sectional view of a display
panel, according to an embodiment;

[0031] FIG. 5B is a plan view of a driving circuit layer,
according to an embodiment;

[0032] FIG. 6 is a diagram illustrating a configuration of
one sub pixel included in a display panel, according to an
embodiment;

[0033] FIG. 7 is a circuit diagram illustrating a first driving
circuit in detail, according to an embodiment;

[0034] FIG. 8 is a timing diagram of various signals for
driving a first driving circuit included in a display panel
according to an embodiment;

[0035] FIG. 9 is a circuit diagram of a first driving circuit
in which all transistors included in a first driving circuit are
as n-type metal-oxide-semiconductor field-effect transistor
(n-MOSFET) according to an embodiment;

[0036] FIG. 10A is a diagram illustrating a structure and
operation of a first driving circuit according to an embodi-
ment;

[0037] FIG. 10B is a diagram illustrating a structure and
operation of a first driving circuit according to an embodi-
ment;

[0038] FIG. 10C is a diagram illustrating a structure and
operation of a first driving circuit according to an embodi-
ment;

[0039] FIG. 11A is a diagram illustrating a structure and
operation of a second driving circuit according to an
embodiment;

[0040] FIG. 11B is a diagram illustrating a structure and
operation of a second driving circuit according to an
embodiment;

[0041] FIG. 11C is a diagram illustrating a structure and
operation of a second driving circuit according to an
embodiment; and

[0042] FIG. 12 is a diagram illustrating a configuration of
a display apparatus, according to an embodiment.

DETAILED DESCRIPTION

[0043] Inthe following description, well-known functions
or constructions are not described in detail since they would
obscure the application with unnecessary detail. In addition,
repeated description of the same element is omitted as much
as possible.

[0044] In the drawings, the same reference numerals are
used to represent the same elements.
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[0045] The term “unit” as it appears in the disclosure does
not itself have a distinct meaning or serve a particular
purpose beyond the generally understood meaning of the
term.

[0046] The terms used in the following description are
provided to explain embodiments and are not intended to
limit the scope. It is to be understood that the singular forms
“a,” “an,” and “the” include plural referents unless the
context clearly dictates otherwise.

[0047] Throughout this specification, it will be understood
that the terms “comprise” and “include” and variations
thereof, such as “comprising”, “comprises”, “including”,
and “includes”, specify the presence of features, numbers,
steps, operations, components, parts, or combinations
thereof, described in the specification, but do not preclude
the presence or addition of one or more other features,
numbers, steps, operations, components, parts, or combina-
tions thereof.

[0048] In the description, the terms “first, second, and so
forth” are used to describe diverse elements regardless of
their order and/or importance and to discriminate one ele-
ment from other elements, but are not limited to the corre-
sponding elements.

[0049] If it is described that a certain element (e.g., first
element) is “operatively or communicatively coupled with/
t0” or is “connected to” another element (e.g., second
element), it should be understood that the certain element
may be connected to the other element directly or through
still another element (e.g., third element). When it is men-
tioned that one element (e.g., first element) is “directly
coupled” with or “directly connected to” another element
(e.g., second element), it may be understood that there is no
element (e.g., third element) present between the element
and the other element.

[0050] Expressions such as “at least one of,” when pre-
ceding a list of elements, modify the entire list of elements
and do not modify the individual elements of the list. For
example, the expression, “at least one of a, b, and ¢,” should
be understood as including only a, only b, only ¢, both a and
b, both a and ¢, both b and ¢, or all of a, b, and c.

[0051] Unless indicated otherwise, it is to be understood
that all the terms used in the disclosure including technical
and scientific terms have the same meanings as understood
by those having ordinary skill in the art.

[0052] Hereinafter, the present disclosure will be
described in detail with reference to the accompanying
drawings.

[0053] FIG. 2A is a diagram illustrating a pixel structure
of a display panel 1000, according to an embodiment. As
illustrated in FIG. 2A, the display panel 1000 may include
a plurality of pixels 10 which are arranged in a matrix form.
[0054] The respective pixels 10 may include a plurality of
sub-pixels 10-1, 10-2 and 10-3. For example, one pixel 10
included in the display panel 1000 may include sub-pixels of
three types: a red (R) sub-pixel 10-1, a green (G) sub-pixel
10-2, and a blue (B) sub-pixel 10-3. That is, one set of R, G
and B sub-pixels may constitute a unit pixel of the display
panel 1000.

[0055] Referring to FIG. 2A, it may be understood that
one pixel area 20 of the display panel 1000 may include an
area occupied with pixels 10, and a remaining peripheral
area 11.

[0056] The area 10 occupied with pixels 10 may include
the R, G and B sub-pixels 10-1, 10-2, and 10-3. The R
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sub-pixel 10-1 may include an R light emitting device and
a first driving circuit for driving the R light emitting device.
The G sub-pixel 10-2 may include a G light emitting device
and a first driving circuit for driving the G light emitting
device. The B sub-pixel 10-3 may include a B light emitting
device and a first driving circuit for driving the B light
emitting device. Referring to FIG. 24, it may be understood
that the sub-pixels 10-1, 10-2, and 10-3 in the one pixel 10
are arranged in an [ shape. The left and right sides of the L
shape may be reversed.

[0057] The remaining area 11 peripheral to the pixel 10
may include various circuits comprising a second driving
circuit for driving the first driving circuit according to an
embodiment. A specific description regarding this will be
explained below.

[0058] FIG. 2B is a diagram illustrating a sub-pixel struc-
ture, according to another embodiment. As illustrated in
FIG. 2B, the R, G and B sub-pixels 10-1, 10-2, and 10-3 may
be arranged in a row. However, the disposition form of the
sub-pixels is only an example, and a plurality of sub-pixels
may be disposed in various forms in the respective pixels.

[0059] In the example described above, a pixel includes
three types of sub-pixels, but is not limited thereto. For
example, a pixel may be implemented with four types such
as R, G, B and white (W), and according to an embodiment,
a different number of pixels may be included in one pixel.
Hereinafter, an example in which the pixel 10 includes a
sub-pixel of three types such as R, G and B will be described
for convenience of explanation.

[0060] FIG. 3 is a block diagram illustrating a display
panel, according to an embodiment. Referring to FIG. 3, the
display panel 1000 may include a driving circuit layer 300
and a light emitting device 200 (or light emitting diode). In
the display panel 1000, as will be described later, a driving
circuit layer 300 including a first driving circuit 300-1 and
a second driving circuit 300-2 may be disposed on a glass
100, and the light emitting device 200 may be arranged on
the driving circuit layer 300.

[0061] The light emitting device 200 may be included in
the sub-pixels 10-1, 10-2, and 10-3 of the display panel
1000, and may emit light according to driving of the driving
circuit 300. The light emitting device 200 may be of a
plurality of types according to a color of light emitted. For
example, a red (R) light emitting device emits red light, a
green (G) light emitting device emits green light, and a blue
(B) light emitting device emits blue light.

[0062] As described above with reference to FIG. 2A, a
type of sub-pixel may be determined according to a type of
the light emitting device 200 included in the sub-pixel. That
is, the R light emitting device may be included in the R
sub-pixel 10-1. The G light emitting device may be included
in the G sub-pixel 10-2. The B light emitting device may be
included in the B sub-pixel 10-3.

[0063] The light emitting device 200 may be an inorganic
light emitting device (or inorganic light emitting diode)
fabricated using an inorganic material which is different
from an organic light emitting device (OLED) (or organic
light emitting diode) fabricated using an organic material.
Hereinafter, the term “LED” refers to an inorganic light
emitting device which is distinguished from the OLED.

[0064] According to an embodiment, the inorganic light
emitting device may be a micro light emitting diode (micro-
LED). The micro LED refers to a subminiature inorganic
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light emitting diode of a size less than or equal to 100
micrometers (um) self-illuminating without a backlight or a
color filter.

[0065] The driving circuit layer 300 may include various
circuits for driving the light emitting device 200. For
example, a first driving circuit 300-1 for driving the light
emitting device 200 and a second driving circuit 300-2 for
driving the first driving circuit 300-1 may be included in the
driving circuit layer 300.

[0066] For example, the first driving circuit 300-1 may
drive the light emitting device 200 and express a grayscale
(or gradation) for each sub-pixel. As described above, each
one of the sub-pixels may include a light emitting device,
and thus, unlike a liquid crystal display (LCD) panel using
a plurality of LEDs emitting light in a single color as a
backlight, the first driving circuit 300-1 may drive the light
emitting device 200 such that the grayscale for each one of
the sub-pixels is expressed individually.

[0067] To this end, the respective sub-pixels included in
the display panel 1000 may be implemented as the light
emitting device 200 and the first driving circuit 300-1 for
driving the light emitting device 200. That is, the first
driving circuit 300-1 for driving the respective light emitting
devices 200 may be present in the driving circuit layer 300
for each sub-pixel.

[0068] According to an embodiment, the first driving
circuit 300-1 may drive the light emitting device 200 accord-
ing to a pulse amplitude modulation (PAM) and/or a pulse
width modulation (PWM). That is, the first driving circuit
300-1 may control an amplitude and pulse width of a driving
current driving the light emitting device 200 together, and
provide, to the light emitting device 200, the driving circuit
of which the amplitude and pulse width are controlled
together.

[0069] The amplitude and pulse width of the driving
current being controlled “together” does not mean that the
amplitude and pulse width of the driving current are con-
trolled simultaneously in time, but means that the PAM drive
method and the PWM drive method are employed together
to express the grayscale.

[0070] The PWM drive method is a method of expressing
the grayscale according to a duration of light emission of the
light emitting device 200. Accordingly, in a case that the
light emitting device 200 is driven using the PWM method,
even if the driving current has the same amplitude, it is
possible to express various grayscales by adjusting the pulse
width of the driving current to control the duration of light
emission of the light emitting device 200. Accordingly, it is
possible to resolve the problem that occurs in a case in which
an LED is driven using the PAM method alone, namely, that
a wavelength shift of light emitted by an LED (in particular,
a micro-LED) may occur as the grayscale is adjusted.
[0071] To this end, the first driving circuit 300-1 may
include a current source, a PAM driving circuit and a PWM
driving circuit for each sub pixel, which will be described in
greater detail below.

[0072] The second driving circuit 300-2 may be a driving
circuit for driving the first driving circuit 300-1. That is, the
second driving circuit 300-2 may generate a control signal
for an operation of the first driving circuit 300-1 and provide
the generated control signal to the first driving circuit 300-1.
[0073] For example, the second driving circuit 300-2 may
generate control signals for respectively driving a PAM
driving circuit and PWM driving circuit included in the first
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driving circuit 300-1, and provide the respective control
signals to the PAM driving circuit and the PWM driving
circuit. In addition, the second driving circuit 300-2 may, as
illustrated in FIG. 7, generate a control signal for controlling
a turn-on and turn-off of the first transistor 340 for providing
a current flowing through a current source 320 included in
the first driving circuit 300-1 to the outside to be sensed, and
provide the generated control signal to the first transistor
340.

[0074] Here, the second driving circuit 300-2 may drive
pixels of a display panel arranged in a matrix form line by
line. That is, the second driving circuit 300-2 may drive the
first driving circuits 300-1 included in the display panel
1000 by driving the first driving circuits 300-1 included in
sub pixels of one line of the matrix and subsequently driving
the first driving circuits 300-1 included in sub pixels of the
next line.

[0075] As described above, the second driving circuit
300-2 may drive a plurality of pixels (or sub pixels) by the
horizontal line (or row) of the matrix, and thus may be
referred to as a “gate driver”. However, the element is not
limited by the name thereof, and depending on the function,
for example, a part of the second driving circuit 300-2 for
generating control signals for driving the PWM driving
circuit and the PAM driving circuit may be referred to as a
PWM driver and a PAM driver, and a part of the second
driving circuit 300-2 for generating a control signal for
turning on and off the first transistor 340 may be referred to
as a sense driver.

[0076] FIG. 4A is a cross-sectional diagram of a display
panel, according to an embodiment. With reference to FIG.
4A, only one pixel included in the display panel 1000 is
described for convenience of explanation.

[0077] Referring to FIG. 4A, the driving circuit layer 300
may be disposed (or arranged) on a glass 100, and the
respective light emitting devices R, G and B 200-1, 200-2,
and 200-3 may be arranged (or mounted) on the driving
circuit layer 300 and included in the respective sub pixels
10-1, 10-2, and 10-3.

[0078] As described above, the display panel 1000 in
which the driving circuit layer 300 and the light emitting
device layers 200-1. 200-2, and 200-3 are disposed on the
glass 100 may be referred to as a display panel of a chip on
glass (COG) type. The display panel of the COG type is
different from a display panel of a chip on board (COB) type
in which a driving circuit and a light emitting device layer
are disposed on a substrate such as a synthetic resin and the
like. The driving circuit layer 300 may be implemented as a
thin film transistor (TFT) and form a TFT layer. In this case,
the TFT may be a low temperature poly silicon (LTPS) TFT,
but is not limited thereto. The driving circuit layer 300
disposed on the glass 100 and the glass 100 may be referred
to as a TFT panel or a glass substrate. A type or characteristic
of the glass 100 included in the glass substrate is not related
to the embodiments so that an explanation thereof'is omitted.

[0079] The first driving circuit 300-1 for driving the
respective light emitting devices 200-1, 200-2, and 200-3
may be present on the driving circuit layer 300 for each of
the light emitting devices 200-1, 200-2, and 200-3. Accord-
ingly, the light emitting devices R, G and B 200-1, 200-2,
and 200-3 may be arranged on the driving circuit layer 300
so that they are respectively electrically connected to the
corresponding first driving circuit 300-1.
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[0080] As illustrated in FIG. 4A, the R light emitting
device 200-1 may be mounted or arranged so that an anode
electrode 3 and a cathode electrode 4 of the R light emitting
device 200-1 are respectively connected to an anode elec-
trode 1 and cathode electrode 2 disposed on the first driving
circuit 300-1 for driving the R light emitting device 200-1,
and the same applies to the G light emitting device 200-2
and the B light emitting device 200-3. According to an
embodiment, any one of the anode electrode 1 and the
cathode electrode 2 may be implemented as a common
electrode.

[0081] With reference to FIG. 4A, an example in which
the light emitting devices 200-1, 200-2, and 200-3 are
micro-LEDs of a flip chip type is described. However, the
example is not limited thereto, and according to an embodi-
ment, the light emitting devices 200-1, 200-2, and 200-3
may be micro-LEDs of a lateral type or micro-LEDs of a
vertical type.

[0082] For example, as described above, a second driving
circuit 300-2 for driving the first driving circuit 300-1 may
be further included in the driving circuit layer 300. The
specific description of the second driving circuit 300-2 will
be described in detail later.

[0083] FIG. 4B is a plan view of a driving circuit layer
300, according to an embodiment. For example, FIG. 4B
illustrates an example in which the first driving circuit 300-1
and the second driving circuit 300-2 are arranged in the
driving circuit layer 300 of the display panel 1000.

[0084] Referring to FIG. 4B, an entire pixel area 20
occupied by one pixel in the driving circuit layer 300 may
include an area 10 in which three first driving circuits 300-1
for driving the respective R, G and B sub pixels are
arranged, and a peripheral remaining area 11. According to
an embodiment, a size of the area 10 occupied by the first
driving circuit 300-1 for the respective R, G and B sub pixels
may be a size of about a quarter of the entire pixel area 20,
but is not limited thereto.

[0085] As described above, one pixel area 20 may include
the remaining area 11, and so may the other pixels. That is,
according to an embodiment, many spaces other than an area
occupied with the first driving circuit 300-1 are present in
the driving circuit layer 300, and thus, the second driving
circuit 300-2 implemented as a TFT may be included in the
remaining area 11 of the driving circuit layer 300 as illus-
trated in FIG. 4B. The location, size and number of the
second driving circuit 300-2 illustrated in FIG. 4B are only
a non-limiting example.

[0086] According to an embodiment, the display panel
1000 may further include various circuits, such as a multi-
plexer (MUX) circuit for selecting any one of the plurality
of sub pixels 10-1, 10-2, and 10-3 included in the pixel 10,
an electro static discharge (ESD) circuit for preventing a
static electricity generated on the display panel 1000, a
power circuit for supplying power to the driving circuit 300,
a clock circuit for providing a clock to operate the driving
circuit 300, and a data driver (or source driver) for providing
a data voltage (for example, an amplitude setup voltage, a
pulse width setup voltage, etc.) to the respective pixels or
sub pixels of the display panel 1000 arranged in a matrix
form.

[0087] An example display panel further comprising these
various circuits will be described in greater detail below
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with reference to FIGS. 5A and 5B. In FIGS. 5A and 5B, the
same elements described above will not be described in
detail.

[0088] FIG. 5Ais a cross-sectional view of a display panel
1000, according to another embodiment. As illustrated in
FIG. 5A, the display panel 1000' may include a driving
circuit layer 300" disposed on the glass 100 and including a
first driving circuit 300-1 and a second driving circuit 300-2,
a light emitting device 200-1, 200-2, and 200-3 disposed on
the driving circuit layer 300" and included in a sub pixel of
the display panel 1000', various circuits 400 for driving the
driving circuit 300 such as the MUX circuit, ESD circuit,
power circuit, clock circuit, and data driver described above,
and a connection cable 500 electrically connecting the
driving circuit layer 300" with the various circuits 400
described above.

[0089] The driving circuit layer 300" may include the first
and second driving circuits 300-1 and 300-2, and may be
disposed on a first surface of the glass 100. The various
circuits 400 described above may be disposed or arranged on
a second surface of the glass 100 as a semiconductor
integrated circuit (IC) separate from the driving circuit layer
300'.

[0090] According to an embodiment, the display panel
1000" may include the connection cable 500 in an edge area
of a TFT substrate, and electrically connect the driving
circuit layer 300" disposed on a first surface of the glass 100
with the various circuits 400 disposed on a second surface of
the glass 100 via the connection cable 500.

[0091] The connection cable 500 is disposed in the edge
area of the TFT substrate because otherwise, in a case that
a hole penetrating the glass is made and circuits arranged on
the opposite sides of the glass are connected to each other
via the hole, a crack may occur on the glass due to a
difference of temperature between a fabrication process of
the TFT substrate and a process of filling the hole with
conductive materials.

[0092] In the example described above, the various cir-
cuits described above are, as in the reference numeral 400,
separately disposed on the opposite side of the glass 100
surface on which the driving circuit layer 300" is disposed.
However, the example is not limited thereto. That is, all or
some of the various circuits may be included in the driving
circuit layer 300" and disposed.

[0093] For example, all the various circuits described
above may be disposed on the driving circuit layer 300", in
which case, it is not necessary that a circuit is additionally
arranged on the other surface of the glass 100 and accord-
ingly, the connection cable 500 of FIG. 5A connecting front
and rear surfaces of the glass 100 would not be necessary,
either.

[0094] As another example, the MUX circuit, the ESD
circuit, the power circuit, and the clock circuit may be
implemented as a TFT and included in the driving circuit
layer 300", and the data driver circuit is arranged on the other
side of the glass 100. FIG. 3B is a diagram provided to
explain such an embodiment.

[0095] FIG. 5B is a plan view of a driving circuit layer
300", according to another embodiment. In detail, FIG. 5B
illustrates a disposition of various circuits included in the
driving circuit layer 300" of the display panel 1000'.
[0096] As described with reference to FIG. 4B, many
spaces other than an area 10 occupied with the first driving
circuit 300-1 are present in the driving circuit layer 300, and
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thus, not only the second driving circuit 300-2 but also the
ESD circuit 51, the MUX circuit 52, the power circuit 53
(PW) and the clock circuit 54 (CLK) may be implemented
as a TFT and included in the remaining area 11 of the driving
circuit layer 300" as illustrated in FIG. 5B. In this case, the
data driver circuit may be arranged on the other surface of
the glass 100 as in the reference numeral 400 of FIG. 5A.
The location, size and number of the respective ESD circuit
51, the MUX circuit 52, the power circuit 53, and the clock
provision circuit 54 are only a non-limiting example.
[0097] In addition, an embodiment in which various cir-
cuits are arranged on both sides as being divided based on
the glass 100 is not limited to the example of FIG. 5B, and
at least one circuit from among the ESD circuit 51, MUX
circuit 52, power circuit 53, and clock circuit 54 of FIG. 5B
may be arranged on the other surface of the glass 100 as in
the reference numeral 400 of FIG. 5A.

[0098] In the example described above, the second driving
circuit 300-2 is included in the driving circuit layer 300 and
300". However, the example is not limited thereto, and
according to an embodiment, the second driving circuit
300-2 may be arranged on a second surface of the glass 100
as in the reference numeral 400 of FIG. 5A.

[0099] FIG. 6 is a diagram illustrating a configuration of
one sub pixel included in a display panel 1000 and/or 1000',
according to an embodiment. Referring to FIG. 6, the
display panel 1000 and/or 1000' may include a light emitting
device 200, a first driving circuit 300-1 and a second driving
circuit 300-2.

[0100] The first driving circuit 300-1 may include a pulse
amplitude modulation (PAM) driving circuit 310, a pulse
width modulation (PWM) driving circuit 330, a current
source 320, and a first transistor 340.

[0101] As described above, the first driving circuit 300-1
may be provided for each sub pixel, and the one first driving
circuit 300-1 drives one sub pixel. In this case, the PAM
driving circuit 310 may be referred to as a PAM pixel circuit,
and the PWM driving circuit 330 may be referred to as a
PWM pixel circuit. For convenience of explanation, the
terms “first driving circuit 300-1” “PWM driving circuit
310” and “PWM driving circuit 330” are used to describe an
embodiment.

[0102] The current source 320 may provide a driving
current to the light emitting device 200. For example, the
current source 320 may include a driving transistor 325
which is connected to in between the driving voltage ter-
minal 321 and the ground voltage terminal 322 of the current
source 320.

[0103] The PAM driving circuit 310 may control ampli-
tude of the driving circuit provided to the light emitting
device 200. For example, the PAM driving circuit 310 may
include a second transistor 311 connected to the data line 5,
and perform a PAM control for the light emitting device 200
according to an amplitude setup voltage input via the second
transistor 311 and corrected based on a sensed current
flowing through the light emitting device 200.

[0104] To this end, the first driving circuit 300-1 may
include a first transistor 340.

[0105] For example, the first transistor 340 may be con-
nected to the data line 5 and the current source 320 (more
specifically, a drain terminal of the driving transistor 325),
and provide, via the data line 5, a current flowing through the
current source (more specifically, the driving transistor 325)
to the light emitting device 200.
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[0106] In this case, the current transferred to the data line
5 may be detected by a current sensor outside the first
driving circuit 300-1, and a processor or timing controller
(TCON) outside the first driving circuit 300-1 may, as
described above, correct an amplitude setup voltage based
on the current sensed as described above, and apply the
corrected amplitude setup voltage to the PAM driving circuit
310.

[0107] Accordingly, a deviation of amplitude of a driving
current (more specifically, a deviation of threshold voltage
among the driving transistors 325 included in each of the
first driving circuits 300-1) caused by a deviation between a
plurality of first driving circuits 300-1 included in the sub
pixels of the display panel 1000 can be compensated.
[0108] As described above, a method of compensating a
threshold voltage of the driving transistor 325 by sensing a
current flowing through the driving transistor 325 and cor-
recting an amplitude setup voltage may be referred to
“external compensation” or “threshold voltage external
compensation (Vth external compensation)”.

[0109] The PWM driving circuit 330 may include a third
transistor 336 connected to the data line 5, and perform a
PWM control for the light emitting device 200 based on a
pulse width setup voltage input via the third transistor 336.
[0110] As illustrated in FIGS. 7 and 8, the PWM driving
circuit 330 may include two transistors connected to each
other using a so-called “diode connected method”. For
example, the PWM driving circuit 330 may include a fourth
transistor 331, and a fifth transistor 332 connected to a gate
terminal of the fourth transistor 331 and a drain terminal of
the fourth transistor 331.

[0111] Accordingly, in the operation process of the PWM
driving circuit 330, a voltage that accounts for a threshold
voltage of the fourth transistor 331 may be applied to the
gate terminal of the fourth transistor 331.

[0112] Accordingly, a deviation of pulse width of a driving
current (more specifically, a deviation of threshold voltages
among the fourth transistors 331 in included in each of the
first driving circuits 300-1) caused by a deviation between a
plurality of first driving circuits 300-1 included in the sub
pixels of the display panel 1000 can be compensated.

[0113] As described above, a method of compensating a
threshold voltage of a fourth transistor 331 through a con-
nection structure of the fourth transistor 331 and a fifth
transistor 332 in the PWM driving circuit 330 may be
referred to as “internal compensation” or “threshold voltage
internal compensation (Vth internal compensation)”.

[0114] For convenience of explanation, FIG. 6 illustrates
only one driving circuit 300-1 to explain a connection
relationship between the second driving circuit 300-2 and
the first driving circuit 300-1. However, the second driving
circuit 300-2 may, as described above, control a plurality of
pixels included in the display panel 1000 and/or 1000' by the
line, and thus may be connected to the first driving circuits
of all pixels included in the corresponding line.

[0115] According to an embodiment, the first driver 370 of
the second driving circuit 300-2 may, for each image frame,
generate a first control signal for turning on the first tran-
sistors 340 included in a plurality of driving circuits
included in one line from among a plurality of horizontal
lines of the display panel 1000 and/or 1000', and provide the
generated first control signal to the first transistors 340 of the
one line.
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[0116] To this end, the first driver 370 may, for one image
frame, generate a control signal for turning on the first
transistors 340 included in one line of the matrix of pixels,
and for the next image frame, generate a control signal for
turning on the first transistors 300-1 included in a line
following the one line.

[0117] The second driver 380 may generate second and
third control signals for turning on second transistors 311
and third transistors 336 of the plurality of first driving
circuits 300-1 included in a plurality of horizontal lines of
the display panel 1000 and/or 1000’ for one image frame line
by line, and provide the generated second and third control
signals to the second transistors 311 and the third transistors
336 of the respective lines.

[0118] The second driver 380 may, for one image frame,
generate a third control signal for sequentially turning on the
third transistors 336 line by line and provide the generated
third control signal to the third transistors of the respective
lines, and then generate a second control signal for sequen-
tially turning on the second transistors 311 line by line and
provide the generated second control signal to the second
transistors 311 of the respective lines.

[0119] An operation of the first driving circuit 300-1
according to the various embodiments described above will
be described in more detail with reference to FIGS. 7 to 9.
[0120] FIG. 7 is a detailed circuit diagram of a first driving
circuit 300-1, according to an embodiment. Referring to
FIG. 7, the first driving circuit 300-1 may include a PAM
driving circuit 310, a current source 320, and a PWM driving
circuit 330. The first driving circuit 300-1 may include a
driving transistor 325, a first transistor 340, a second tran-
sistor 311, a third transistor 336, a fourth transistor 331, a
fifth transistor 332, a sixth transistor 333, and a seventh
transistor 350. The first driving circuit 300-1 may include a
first capacitor 312, a second capacitor 334, and a third
capacitor 335.

[0121] The first driving circuit 300-1 illustrated in FIG. 7
is a circuit for driving one light emitting device 200, and as
described above, a plurality of pixels provided in the display
panel 1000 and/or 1000' includes a plurality of light emitting
devices, and thus a plurality of first driving circuits 300-1 as
illustrated in FIG. 7 may be provided in the display panel
1000 and/or 1000'.

[0122] The PAM driving circuit 310 may apply a voltage
input through the data line 5 to a gate terminal of the driving
transistor 325 of the current source 320. To this end, the
PAM driving circuit 310 may include a second transistor 311
of which a source terminal is connected to the data line § and
a drain terminal is connected to a gate terminal of the driving
transistor 325, and a first capacitor 312 of which a first
terminal is connected to a source terminal of the driving
transistor 325 and a second terminal is commonly connected
to the gate terminal of the driving transistor 325 and a drain
terminal of a second transistor 311.

[0123] Accordingly, the PAM driving circuit 310 may,
when an amplitude setup voltage (PAM data) is input
through the data line 5 while the second transistor 311 is
turned on according to a control signal (SPAM(n)), charge
the input amplitude setup voltage in the first capacitor 312,
and apply the voltage charged in the first capacitor 312 to the
gate terminal of the driving transistor 325.

[0124] As illustrated in FIG. 7, the source terminal of the
driving transistor 325 may be commonly connected to the
first terminal of the first capacitor 312 and a driving voltage
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terminal 321 of the first driving circuit 300-1, the drain
terminal of the driving transistor 325 may be connected to an
anode terminal of the light emitting device 200, and the
cathode terminal of the light emitting device 200 may be
connected to a ground voltage terminal 322 of the first
driving circuit 300-1.

[0125] The current source 320 may, in a state that a driving
voltage (VDD) is applied to the driving voltage terminal 321
and the voltage charged in the first capacitor 312 is applied
to the gate terminal of the driving transistor 325, when a
voltage of the ground voltage terminal 322 becomes a
ground voltage (VSS), provide, to the light emitting device
200, a driving current having an amplitude that corresponds
to an amplitude of the voltage charged in the first capacitor
312.

[0126] In the seventh transistor 350, the drain terminal
may be connected to the gate terminal of the driving
transistor 325, the source terminal may be commonly con-
nected to the fourth transistor 331 and a drain terminal of the
fifth transistor 332, and the PAM driving circuit 310 and the
PWM driving circuit 330 may be electrically connected to or
separated from each other according to a control signal
(Control) applied to a gate terminal of the seventh transistor
350.

[0127] The PWM driving circuit 330 may, when a pulse
width setup voltage determining a pulse width of a driving
current is applied through the data line 5, control a voltage
of the gate terminal of the driving transistor 325 on the basis
of the pulse width setup voltage.

[0128] To this end, the PWM driving circuit 330 may
include a fourth transistor 331, a fifth transistor 332 con-
nected to a gate terminal of the fourth transistor 331 and a
drain terminal of the fourth transistor 331, a sixth transistor
333 including a source terminal connected to the data line 5,
and a drain terminal commonly connected to the gate
terminal of the fourth transistor 331 and a source terminal of
the fifth transistor 332, a second capacitor 334 including a
first terminal commonly connected to the gate terminal of
the fourth transistor 331, the source terminal of the fifth
transistor 332 and the drain terminal of the sixth transistor
333, a third capacitor 335 including a first terminal receiving
input of a sweep signal, and a second terminal is connected
to a second terminal of the second capacitor 334, and a third
transistor 336 including a source terminal connected to the
data line 5, and a drain terminal commonly connected to the
second terminal of the second capacitor 334 and the second
terminal of the third capacitor 335.

[0129] In this case, the seventh transistor 350 may be
connected to the gate terminal of the driving transistor 325
and the drain terminal of the fourth transistor 331.

[0130] While the fifth transistor 332 is turned on, a gate
terminal voltage of the fourth transistor 331 may be a
voltage which is based on a threshold voltage of the fourth
transistor 331. Thereafter, while the third transistor 336 is
turned on according to a control signal (SPWM(n)), when a
pulse width setup voltage (PWM data) is input through the
data line 5, the gate terminal voltage of the fourth transistor
331 may be a voltage which is based on the threshold
voltage and pulse width setup voltage of the fourth transistor
331. Thereafter, when a linearly changing sweep signal is
input through one terminal of the third capacitor 335, the
gate terminal voltage of the fourth transistor 331 may be
linearly changed according to the sweep signal.
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[0131] When the linearly-changed gate terminal voltage of
the fourth transistor 331 reaches the threshold voltage of the
fourth transistor 331, the fourth transistor 331 may be turned
on and a driving voltage (VDD) applied to the source
terminal of the fourth transistor 331 may be applied to the
gate terminal of the driving transistor 325 through the drain
terminal of the fourth transistor 331 (in this case, it is
necessary that the seventh transistor 350 is also turned on
according to the Control signal). Accordingly, the driving
transistor 325 may be turned off and the driving current
flowing through the light emitting device 200 may be
stopped, and thereby a light emitting duration of the light
emitting device 200 can be controlled.

[0132] In this case, an inclination of linear change of the
sweep signal may be the same for all first driving circuits
300 included in a display panel 1000 and/or 1000', and
according to an input of the sweep signal, the gate terminal
voltage of the fourth transistor 331 may be linearly changed
from a voltage which is based on the threshold voltage and
pulse width setup voltage of the fourth transistor 331.
[0133] Accordingly, a time required for the gate terminal
voltage of the fourth transistor 331 to reach the threshold
voltage of the fourth transistor 331 after the sweep signal is
applied differs according to an amplitude of the pulse width
setup voltage, and thus the PWM driving circuit 330 may
express a variety of grayscales according to the amplitude of
the pulse width setup voltage.

[0134] In addition, a driving time of a driving current (that
is, a pulse width of a driving current) flowing through the
driving transistor 325 is a period from when the gate
terminal voltage of the fourth transistor 331 is linearly
changed in response to the input sweep signal until it reaches
the threshold voltage of the fourth transistor 331, and thus is
properly determined regardless of the threshold voltage of
the fourth transistor 331.

[0135] Accordingly, according to an embodiment, it is
possible to compensate a deviation of threshold voltages
among the fourth transistors 331 included in a plurality of
first driving circuits 300-1 included in a plurality of pixels of
the display panel 1000 and/or 1000'.

[0136] As illustrated in FIG. 7, it may be understood that
the display panel 1000 and/or 1000' according to various
embodiments is a display panel of an active matrix (AM)
drive method where the first driving circuit 300-1 for driving
the respective sub pixels is implemented as a TFT.

[0137] FIG. 8 is a timing diagram of various signals for
driving a first driving circuit 300-1 included in a display
panel. The numerical figures of various voltages and times
illustrated in FIG. 8 are only an example, and are not limited
to the corresponding values.

[0138] Referring to FIG. 8, the first driving circuit 300-1
may be, while one image frame is displayed, driven in the
order of a sensing duration, a reset duration, a data voltage
setup duration, and a light emitting duration.

[0139] The sensing duration is a duration for sensing a
current flowing through the driving transistor 325. The
sensing duration may include a voltage setup duration for
applying a particular voltage to the gate terminal of the
driving transistor 325, and a current sensing duration for
sensing a current flowing through the driving transistor 325
corresponding to the particular voltage.

[0140] The particular voltage is a voltage distinct from an
amplitude setup voltage determining amplitude of a driving
current provided to the light emitting device 200. The
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particular voltage is a voltage for correcting a deviation of
threshold voltages between the driving transistors 325
included in the plurality of pixel driving circuits according
to sensing of the current flowing through the driving tran-
sistor 325 corresponding to the particular voltage.

[0141] In detail, when the second transistor 311 is turned
on according to the control signal (SPAM(n)) within the
voltage setup duration, the particular voltage is charged in
the first capacitor 312 through the data line 5. Thereafter,
when the first transistor 340 is turned on according to the
control signal (Sense) within the current sensing duration, a
current corresponding to the particular voltage flowing
through the driving transistor 325 may be transferred to the
data line 5 through the first transistor 340.

[0142] The particular voltage may be variously set accord-
ing to embodiments. For example, a particular voltage for
sensing a driving voltage (that is, typical current) when the
display panel is normally driven and a particular voltage for
sensing a driving current (that is, peak current) when the
display panel is driven at a maximum brightness may be
different from each other, and as necessary, a particular
voltage of different amplitudes may be applied through the
data line 5 during the voltage setup duration.

[0143] As described above, the current flowing through
the data line 5 may be sensed by a current sensor outside of
the first driving circuit 300-1. Accordingly, according to an
embodiment, a processor or timing controller (TCON) out-
side of the first driving circuit 300-1 may correct an ampli-
tude setup voltage for each of the first driving circuits 300-1
on the basis of a current sensed as described above, and
apply the corrected amplitude setup voltage to the PAM
driving circuit 310 during the data voltage setup duration,
and thereby a deviation of threshold voltage between the
driving transistors 325 included in each of the plurality of
first driving circuits 300-1 included in the display panel can
be compensated.

[0144] For example, if a particular voltage applied to the
gate terminal of the driving transistor 325 during the voltage
setup duration is a and an amplitude of the sensed current is
X, the processor or the timing controller (TCON) may
identify an amplitude of current (for example, y) corre-
sponding to the voltage a from a pre-stored table with which
a particular voltage and an amplitude of current are mapped.
[0145] Accordingly, if the sensed current x is greater than
y, that is, if the sensed current is greater than a current
according to the pre-stored table, the processor or the timing
controller (TCON) may correct an amplitude setup voltage
to be applied to the driving transistor 325 during the actual
data voltage setup duration afterwards to be less than an
amplitude setup voltage that would originally have been
applied without the correction. If x is less than vy, the
amplitude setup voltage may be corrected to have an even
higher value and applied to the PAM driving circuit 310.
Accordingly, it is possible to compensate the deviation of
threshold voltage between the driving transistors 325
included in each of the plurality of first driving circuits
300-1 included in the plurality of pixels of the display panel.
[0146] The reset duration is a period for setting the gate
terminal voltage of the fourth transistor 331 to a voltage
based on the threshold voltage of the fourth transistor 331.
The reset duration may include an initialization duration for
setting the gate terminal voltage of the fourth transistor 331
of the first driving circuit 300-1 and/or the gate terminal
voltage of the driving transistor 325 to a preset reference
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voltage, and a threshold voltage setup duration for setting
the gate terminal voltage of the fourth transistor 331 to a
voltage based on the threshold voltage of the fourth tran-
sistor 331.

[0147] When the reset duration is started, the fifth tran-
sistor 332 may be turned on according to a control signal
(RES). While the fifth transistor 332 is turned on, the sixth
transistor 333 may be turned on or off according to a control
signal (Ref). That is, the sixth transistor 333 may be, as
illustrated in FIG. 8, turned on and then turned off during an
initialization duration.

[0148] When the sixth transistor 333 is turned on, a preset
reference voltage (in the example of FIG. 8, a predetermined
voltage in the range of OV to 4V) may be applied to the gate
terminal of the fourth transistor 331 through the data line 5,
and thus the gate terminal voltage of the fourth transistor 331
may be set to the reference voltage while the sixth transistor
333 is turned on.

[0149] Thereafter, when a threshold voltage setup duration
is started, the sixth transistor 333 may be turned off, and
accordingly, the gate terminal voltage of the fourth transistor
331 may be set to a voltage corresponding to the sum of the
driving voltage (VDD) and the threshold voltage (Vth) of
the fourth threshold voltage 331.

[0150] Referring to FIG. 8, the seventh transistor 350 is
turned on while the sixth transistor 333 is turned on accord-
ing to the control signal (Control), and thus a reference
voltage applied to the gate terminal of the fourth transistor
331 may be applied the same to the gate terminal of the
driving transistor 325. That is, during the initialization
duration, both the gate terminal voltage of the fourth tran-
sistor 331 and the gate terminal voltage of the driving
transistor 325 may be set to a predetermined reference
voltage (for example, OV).

[0151] As described above, the gate terminal voltage of
the fourth transistor 331 and the gate terminal voltage of the
driving transistor 325 may be clearly set to a reference
voltage prior to the threshold voltage setup duration, thereby
preventing an inaccurate operation due to floating of the gate
terminal voltage of the fourth threshold voltage 331.
[0152] The data voltage setup duration is a period for
respectively applving a pulse width setup voltage (PWM
data) and an amplitude setup voltage (PAM data) to the
PWM driving circuit 330 and the PAM driving circuit 310.
[0153] For example, when the third transistor 336 is
turned on according to the control signal (SPWM(n)) during
the data voltage setup duration, a pulse width setup voltage
is applied through the data line 5 to the gate terminal of the
fourth transistor 331 through the second capacitor 334.
Accordingly, the gate terminal voltage of the fourth transis-
tor 331 may rise by a pulse width setup voltage (Vw), and
the increased voltage may be maintained by the second
capacitor 334.

[0154] When the second transistor 311 is turned on
according to the control signal (SPAM(n)) during the data
voltage setup duration, an amplitude setup voltage applied
through the data line 5 may be charged in the first capacitor
312 and maintained. In this case, the amplitude setup voltage
applied through the data line 5 may be a voltage which is
corrected based on a current flowing through the driving
transistor 325 sensed during the sensing duration.

[0155] In FIG. 8, PWM data, that is, a pulse width setup
voltage is applied first and then, PAM data, that is, an
amplitude setup voltage, is applied. However, the example is
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not limited thereto, and according to embodiments, the
PWM data may be applied after the PAM data is applied.
[0156] The light emitting duration is a period for which
the light emitting device 200 emits light according to a pulse
width setup voltage and an amplitude setup voltage. As
illustrated in FIG. 8, when a light emitting duration is
started, a voltage of a ground voltage terminal 322 of the first
driving circuit 300-1 may fall to a ground voltage (VSS, for
example, 0V), and the driving transistor 325 may be accord-
ingly turned on and a driving current of an amplitude
corresponding to the amplitude setup voltage charged in the
first capacitor 312 may be provided to the light emitting
device 200. Accordingly, the light emitting device 200
initiates light emission.

[0157] When the light emitting duration is started, a sweep
voltage may be applied to one terminal of the second
capacitor 334 through the third capacitor 335, and thus the
gate terminal voltage of the fourth transistor 331 connected
to the other terminal of the second capacitor 334 may be
linearly reduced from the maintained voltage (VDD+Vth+
Vw) according to the sweep voltage.

[0158] When the gate terminal voltage of the fourth tran-
sistor 331 being linearly reduced reaches the threshold
voltage Vth of the second transistor 331, the fourth transistor
331 may be turned on, and a driving voltage VDD may be
applied to the gate terminal voltage of the driving transistor
325 via the seventh transistor 350. Accordingly, when the
driving transistor 325 is turned off, the driving current may
be blocked and the light emitting device 200 stops emitting
light.

[0159] That is, the light emitting device 200 may emit
light from a time when a light emitting duration is started
until the gate terminal voltage of the fourth transistor 331 is
linearly reduced according to a sweep voltage and reaches
the threshold voltage Vth of the fourth transistor 331.
[0160] Inaddition, FIG. 8 illustrates an embodiment of the
display panel 1000 and/or 1000' in which the plurality of
pixels are configured as 270 horizontal lines. Accordingly, as
illustrated in FIG. 8, control signals SPWM 1 to SPWM 270
and control signals SPAM 1 to SPAM 270 are respectively
driven in sequence during the data voltage setup duration.
[0161] According to an embodiment, the R, G and B sub
pixels included in the respective pixels of the display panel
1000 and/or 1000' may have a structure of being connected
to one data line 5. The R, G and B sub pixels may
respectively receive different data voltages applied through
one data line 5 via a multiplexer (Mux) (MUX Sel R, MUX
Sel G, and MUX Sel B).

[0162] That is, as illustrated in FIG. 8, the R, G and B sub
pixels included in the respective pixels of the display panel
1000 and/or 1000' may be time-division driven (or, sequen-
tially selected) through a MUX during the data voltage setup
duration, and receive input of a pulse width setup voltage or
amplitude setup voltage of different magnitudes from the
data line 5.

[0163] This operation is applied in the same way during
the sensing duration. As illustrated in FIG. 8, the R, G and
B sub pixels included in the respective pixels of the display
panel 1000 and/or 1000" may be sequentially selected
through the Mux during the voltage setup duration and
receive input of a particular voltage of different magnitudes
from the data line 5. In this case, a particular voltage input
to the respective R, G and B sub pixels may be a value which
is theoretically or experimentally determined based on a
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type of a sub pixel. According to an embodiment, a particu-
lar voltage of different magnitudes may be input to the
respective R, G and B sub pixels, or a particular voltage of
the same magnitude may be input to the respective R, G and
B sub pixels.

[0164] In addition, the display panel 1000 and/or 1000
may be driven in such a way that a current flowing through
the driving transistor 325 of the pixel driving circuit corre-
sponding to the R, G and B sub pixels during the sensing
duration is sensed in different durations within the current
sensing duration.

[0165] In this case, according to an embodiment, the
display panel 1000 and/or 1000' may be driven to sense a
current flowing through driving transistors 325 of a plurality
of first driving circuits 300-1 included in a plurality of pixels
included in one horizontal line (or one column) from among
a plurality of pixels configured in a matrix form during the
sensing duration.

[0166] That is, the display panel 1000 and/or 1000' may be
driven to sense only a current flowing through the driving
transistors 325 of the plurality of first driving circuits 300-1
included in the plurality of pixels arranged on one horizontal
line, with respect to one image frame, without sensing the
current flowing through the driving transistors 325 on the
other horizontal lines with respect to the one image frame.
[0167] That is, the display panel 1000 and/or 1000' may be
driven to sense a current flowing through the driving tran-
sistors 325 included in one horizontal line per image frame.
In this case, the display panel 1000 and/or 1000' may be
driven to sequentially shift a horizontal line for each image
frame and sense a current flowing through the driving
transistors 325 included in the corresponding line.

[0168] In general, a time for which one image frame is
displayed is a very short period of time that a viewer cannot
recognize with the naked eye, and thus, even if only one
horizontal line of one image frame is sensed as described
above, it may be sufficient to compensate a deviation of
threshold voltage between the driving transistors 325.
[0169] However, the example is not limited thereto, and
the display panel 1000 and/or 1000' may be driven to sense
a current flowing through the driving transistors 325
included in two or more horizontal lines during the sensing
duration for one image frame.

[0170] In the example described above, all transistors 325,
350, 311, 331, 332, 333, 336 and 340 included in the first
driving circuit 300-1 are implemented as a P-channel metal
oxide semiconductor field effect transistor (PMOSFET), but
are not limited thereto. However, embodiments are not
limited to any specific examples.

[0171] According to an embodiment, a first driving circuit
of which all transistors are implemented as an N-channel
metal oxide semiconductor field effect transistor (NMOS-
FET) may be implemented to perform the same operation as
the first driving circuit 300-1 as described above. FIG. 9
illustrates a first driving circuit 900 in which all transistors
included in a first driving circuit are as an n-type metal-
oxide-semiconductor field-effect transistor (n-MOSFET).
[0172] The first driving circuit 900 of FIG. 9 may perform
the same operation as the first driving circuit 300-1 of FIG.
7 excluding a difference due to a type of transistor (for
example, a difference of connection relationship between
devices and a difference of polarity of various signals to be
applied). Accordingly, in the first driving circuit 900 of FIG.
9, the same reference numeral is used for devices performing
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the same function as the devices included in the first driving
circuit 300-1 of FIG. 7. The structure and operation of the
first driving circuit 700 would be easily understood by those
skilled in the art through the description shown above, and
thus the redundant description will be omitted herein.
[0173] As described above, according to an embodiment,
the display panel 1000 and/or 1000' may be driven to sense
a current flowing through driving transistors included in a
horizontal line that is sequentially changed for each image
frame. To this end, as a horizontal line is sequentially
changed per image frame, it is necessary to apply the control
signal (Sense) to only the changed line during the sensing
duration. FIG. 8 is a timing diagram regarding one frame,
which illustrates an example in which a sense signal is
applied once to one line during the sensing duration (in
particular, current sensing duration).

[0174] In the display panel 1000 and/or 1000', to display
one image frame, it is necessary to set an amplitude setup
voltage and a pulse width setup voltage for all sub pixels of
each pixel.

[0175] Accordingly, in the display panel 1000 and/or
1000, it is necessary to apply a pulse width setup voltage
and an amplitude setup voltage to the PWM driving circuit
330 and the PAM driving circuit 310 while sequentially
changing the entire horizontal lines for one image frame. In
FIG. 8 in which signals are driven to display one image
frame in a time sequence, control signals SPWM 1 to
SPWM 270 and control signals SPAM 1 to SPAM 270
illustrate the embodiment described below.

[0176] According to various embodiments, the second
driving circuit 300-2 may generate a control signal control-
ling, line by line, light emitting devices 200 included in the
display panel 1000 and/or 1000' as described above, and
provide the generated control signal to the display panel
1000 and/or 1000'.

[0177] The following will explain the structure and opera-
tion of the second driving circuit 300-2 in detail by referring
to FIGS. 10A, 10B, 10C, 11A, 11B and 11C. The numerical
figures of various voltages and times illustrated in FIGS.
104, 10B, 10C, 11A, 11B and 11C are only an example, and
are not limited to the corresponding values.

[0178] FIG. 10A is a circuit diagram of a first circuit 210
included in a first driver 370, according to an embodiment.
As described above, the display panel 1000 and/or 1000’
may sequentially change horizontal lines per image frame,
and a control signal (Sense) may be applied to the changed
line.

[0179] To this end, first circuits 210-1 to 210-270 provided
for each line may be connected to each other as illustrated
in FIG. 10B. Referring to FIG. 10B, in a driver output signal
(Sense) for one line, 270 first circuits 210-1 to 210-270 may
be interconnected so that the driver output signal (Sense) is
input as a start signal (Vst) of a driver for the line following
the one line. Referring to FIG. 10C, the Sense signal may be
output by changing lines once per frame.

[0180] A process of outputting one Sense control signal
will be described below with reference to FIGS. 10A and
10C.

[0181] First, when a Vst signal is input, the transistor 211
is turned on and a QQ terminal voltage becomes a low state,
and accordingly the transistor 214 may be turned on and a
QB terminal voltage becomes a high state (VDD). The low
voltage may be charged in the capacitor 213.
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[0182] Then, when a CLK signal becomes a low state, the
Q terminal voltage may be bootstrapped and accordingly, the
transistor 216 may be fully turned on and a Vout, that is, a
Sense #1 signal, may be output.

[0183] Then, when a Reset signal is applied low, the
transistor 217 may be turned on and the Q terminal voltage
may become high and accordingly, the transistor 214 may be
turned off.

[0184] Inthiscase, a CLK hold signal is applied low, a QB
voltage becomes low, is charged in the capacitor 215, and
remains low according to the CLK hold signal because the
transistor 214 is turned off and the connection with the VDD
is released.

[0185] A time for which the QB terminal voltage remains
low is a period from when the reset signal is applied until
when the CLK low signal is applied to the first driving
circuit 210-2.

[0186] The other operations would be obviously under-
stood by those skilled in the art from a relationship between
the structure of the circuit and a signal to be applied, and
thus a further explanation will not be provided herein.

[0187] As described above, by connecting the first circuits
210-1 to 210-270 and applying a signal to the first circuits
210-1 to 210-270, the first driver 370 may generate a control
signal (Sense) output by changing lines once per frame, and
apply the generated control signal (Sense) to the first tran-
sistors 340 of the display panel 1000 and/or 1000,

[0188] In FIG. 10A, input signals applied to the first
circuit 210, such as CLK, CLK hold, VST, and Reset may
be received as illustrated in FIG. 10C from an external
processor or TCON.

[0189] FIG. 11A is a circuit diagram of a second circuit
220 included in a second driver 380, according to an
embodiment. As described above, in the display panel 1000
and/or 1000', a pulse width setup voltage and an amplitude
setup voltage may be respectively applied to the PWM
driving circuit and the PAM driving circuit while sequen-
tially changing the entire horizontal lines for one image
frame.

[0190] To this end, for example, two circuit components
220 included in the second driver 380 may be arranged per
line and may be connected to each other as illustrated in FIG.
11B. For example, as illustrated in FIG. 11B, two circuit
components 220-1 and 220-270 may both be arranged in line
1.

[0191] Referring to FIG. 11B, one second circuit 220-2
included in the second driver 380 may receive an output
signal of the second circuit 220-1 of the previous line as a
start signal (Vst), and may be connected so that the output
signal of the second circuit 220-2 is input as a reset signal
(Reset) of the second circuit 220-1 of the previous line.

[0192] As illustrated in FIG. 114, second circuit 220 may,
as compared with the first circuit 210 of FIG. 10A, further
include three transistors T9, T10 and T11 in relation to the
control signals Vst_all (the entire start) and Reset_all (the
entire reset), and may be identical except for the fact that the
output signal Vout becomes a SPWM signal or a SPAM
signal.

[0193] Accordingly, those skilled in the art would have
obviously understood the operation of the second circuit 220
through the description of operations of FIGS. 10A and 10C,
the structure of the circuit component 220 of FIG. 11A, and
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the timing diagram of the signals illustrated in FI1G. 11C.
Accordingly, a further explanation will not be provided
herein.

[0194] According to an embodiment, a ground voltage
(VSS) may be connected to a CLK 2 terminal rather than
inputting a CLK 2 signal to the CLK 2 terminal. In addition,
control signals Vst_all, Vst, CLK1, CLK2, Reset_all, etc.
applied to the second circuit 220 may be received as
illustrated in FIG. 11C from an external processor or TCON.
[0195] For example, the timing diagram of FIG. 11C
illustrates an example of a scan job of SPWM and SPAM
lines when sub pixels (for example, R, G and B sub pixels)
included in one pixel are not connected to each other via a
multiplexer (MUX), that is, when the MUX is not used.
[0196] Accordingly, when the MUX is used, that is, when
the R, G and B sub pixels are respectively driven through the
MUX, according to an embodiment, the scan job of the
SPWM and SPAM lines of FIG. 11C may be repeatedly
carried out three times by the sub pixel.

[0197] FIG. 12 is a diagram illustrating a configuration of
a display apparatus, according to an embodiment. Referring
to FIG. 12, a display apparatus 1200 may include a display
panel 1000 and/or 1000, a panel driver 800, and a processor
900.

[0198] The display panel 1000 and/or 1000' may include
a plurality of light emitting devices 200 included in a
plurality of sub pixels, and a plurality of first driving circuits
300-1 for driving the respective light emitting devices 200.
[0199] For example, the display panel 1000 and/or 1000’
may be disposed such that gate lines G1 to Gn and data lines
D1 to Dm intersect with each other, and the first driving
circuit 300-1 may be disposed in an area in which the
intersection is provided. For example, the plurality of first
driving circuits 300-1 may be respectively configured such
that adjacent R, G and B sub pixels form one pixel, but the
example is not limited thereto.

[0200] FIG. 12, for convenience of illustration, illustrates
one gate signal line G1 to Gn as a line for applying a control
signal from the gate driver 830 (that is, the second driving
circuit 300-2, hereinafter, in FIG. 12, referred to as “gate
driver 830”) to the respective first driving circuits 300-1
included in the display panel 1000 and/or 1000'. However,
the respective gate signal lines may include a Sense line
(Sense 1 to Sense n), a SPWM line (SPWM 1 to SPWM n),
and a SPAM line (SPAM 1 to SPAM n).

[0201] The panel driver 800 may be controlled by the
processor 900 to drive the display panel 1000 and/or 1000’
(in more detail, each of the plurality of first driving circuits
300-1), and may include a timing controller 810, a data
driver 820, and a gate driver 830.

[0202] The timing controller 810 may receive an input
signal IS, a horizontal synchronizing signal Hsync, a vertical
synchronizing signal Vsync and a main clock signal MCLK
from the outside, and generate an image data signal, a
scanning control signal, a data control signal, a data control
signal, a light emission control signal, and the like to the
display panel 1000 and/or 1000' and provide the generated
signals to the display panel 1000 and/or 1000, the data
driver 820, the gate driver 830, and the like.

[0203] For example, the timing controller 810 may,
according to various embodiments, apply a control signal
(Ref), a control signal (Sweep), a control signal (RES), a
control signal (Control), and a control signal (MUX Sel R,
G, B) to the first driving circuit 300-1.
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[0204] The data driver 820 (or source driver) may, as a
means for generating a data signal, receive an image data of
an R/G/B component from the processor 900 and generate a
data signal (for example, a particular voltage, an amplitude
setup voltage, and a pulse width setup voltage). In addition,
the data driver 820 may apply the generated data signal to
the display panel 1000 and/or 1000'.

[0205] The gate driver 830 may, as a means for generating
various control signals such as a control signal (Sense), a
control signal (SPWM), a control signal (SPAM), and the
like, transfer the generated various comtrol signals to a
particular column (or a particular horizontal line) of the
display panel 1000 and/or 1000'.

[0206] For example, in the first driving circuit 300-1 to
which the control signal (Sense) has been transferred, the
first transistor 340 may be turned on and a current flowing
through the driving transistor 325 may be sensed through the
data line 5. In addition, in the first driving circuit 300 and
700 to which the control signal (SPAM) has been trans-
ferred, the second transistor 311 may be turned on and an
amplitude setup voltage output from the data driver 820 may
be transferred through the data line 5. In addition, in the first
driving circuit 300 and 700 to which the control signal
(SPAM) has been transferred, the third transistor 336 may be
turned on and a pulse width setup voltage output from the
data driver 820 may be transferred through the data line 5.
[0207] To this end, the gate driver 830 may be configured
and operated as described with reference to FIGS. 10A, 10B,
10C, 11A, 11B and 11C.

[0208] Inaddition, the gate driver 830 may apply a driving
voltage (VDD) to the driving voltage terminal 321 of the
first driving circuit 300-1 according to an embodiment.
[0209] Some or all of the data driver 820 and the gate
driver 830 may, as described above, be included in the
driving circuit layer 300 and/or 300' disposed on one surface
of the glass 100 of the display panel 1000 and/or 1000' or
implemented as an additional semiconductor integrated cit-
cuit (IC) and arranged on the other surface of the glass 100.
[0210] The processor 900 may include various processing
circuitry and controls overall operations of the display
apparatus 1200. In particular, the processor 900 may control
the panel driver 800 to drive the display panel 1000 and/or
1000 so that the first and second driving circuits 300-1 and
300-2 perform the operations described above.

[0211] To this end, the processor 900 may include one or
more of a central processing unit (CPU), micro-controller,
application processor (AP), communication processor (CP),
ARM processor, or the like.

[0212] For example, according to an embodiment, the
processor 900 may set a pulse width of a driving current
according to a pulse width setup voltage, and control the
panel driver 800 to set amplitude of the driving current
according to an amplitude setup voltage. In a case that the
display panel 1000 and/or 1000" includes n columns and m
rows, the processor 900 may control the panel driver 800 to
set an amplitude or pulse width of the driving current by the
column (by the horizontal line).

[0213] Thereafter, the processor 900 may apply a driving
voltage (VDD) at once to the light emitting device 200 via
the current source 320 of the first and second driving circuits
300-1 and 300-2, and control the panel driver 800 to apply
a linear shift voltage (sweep signal) to a PWM driving
circuit 340 of each of the first and second driving circuits
300-1 and 300-2, and thereby an image can be displayed.
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[0214] 1In this case, the detail of the processor 900 con-
trolling the panel driver 800 to control operations of the first
and second driving circuits 300-1 and 300-2 included in the
display panel 1000 and/or 1000 is as described above and
thus, the overlapped description will be omitted.

[0215] 1In the example described above, the processor 900
and the timing controller 810 are separate elements. How-
ever, the timing controller 810 may perform a function of the
processor 900 without the processor 900.

[0216] In the example described above, the light emitting
device 200 is a micro LED, but is not limited thereto. That
is, according to an embodiment, even when the light emit-
ting device 200 is an LED of a size greater than or equal to
100 micrometers, the first and second driving circuits 300-1
and 300-2 according to the various embodiments described
above may be applied.

[0217] In addition, in the example described above, the
display panel 1000 and/or 1000' is a chip-on-glass (COG)
type, but according to an embodiment, the first and second
driving circuits 300-1 and 300-2 according to the various
embodiments described above may be applied to a display
panel of a chip-on-board (COB) type. As for a display panel
of a COB type, a substrate is used instead of the glass 100
unlike the COG type. In this case, a hole penetrating the
substrate is formed and one surface of the substrate and the
other surface of the substrate are electrically connected
through the hole, and thereby the driving circuit layer 300
provided on one surface of the substrate and various circuits
provided on the other surface of the substrate can be
electrically connected to each other.

[0218] According to an embodiment, the display panel
1000 and/or 1000' may be implemented as an independent
display panel without extensibility. However, the example is
not limited thereto, and the display panel 1000 and/or 1000’
may be implemented as an extensible display module
included in some of a large-area tiled display.

[0219] According to the various embodiments, a wave-
length shift according to a grayscale or gradation of a light
emitting device included in a display panel can be prevented.
In addition, it is possible to correct a stain or color of the
light emitting device included in the display panel. In
addition, even in a case that a large-area tiled display panel
is configured by combining a display panel in the form of a
plurality of modules, a difference of brightness or color
among the respective modular display panels can be cor-
rected.

[0220] The above-described embodiments may be imple-
mented as a software program including an instruction
stored on machine (e.g., computer)-readable storage media.
The machine is an apparatus which is capable of calling a
stored instruction from the storage medium and operating
according to the called instruction, and may include a
display apparatus 1200 according to the above-described
embodiments.

[0221] When the command is executed by a processor, the
processor may perform a function corresponding to the
command directly or using other components under the
control of the processor. The command may include a code
generated or executed by a compiler or an interpreter. A
machine-readable storage medium may be provided in the
form of a non-transitory storage medium. Herein, the term
“non-transitory” only denotes that a storage medium does
not include a signal but is tangible, and does not distinguish
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the case where a data is semi-permanently stored in a storage
medium from the case where a data is temporarily stored in
a storage medium.

[0222] According to an embodiment, the method accord-
ing to the above-described various embodiments may be
provided as being included in a computer program product.
The computer program product may be traded as a product
between a seller and a consumer. The computer program
product may be distributed online in the form of machine-
readable storage media (e.g., compact disc read only
memory (CD-ROM)) or through an application store (e.g.,
Play Store™). In the case of online distribution, at least a
portion of the computer program product may be at least
temporarily stored or temporarily generated in a server of
the manufacturer, a server of the application store, or a
storage medium such as memory.

[0223] Each of the components (e.g., module or program)
according to the various embodiments may include a single
entity or a plurality of entities, and some of the correspond-
ing sub components described above may be omitted, or
another sub component may be further added to the various
embodiments. Alternatively or additionally, some compo-
nents (e.g., module or program) may be combined to form
a single entity which performs the same or similar functions
as the corresponding elements before being combined.
Operations performed by a module, a program, or other
component, according to various exemplary embodiments,
may be sequential, parallel, or both, executed iteratively or
heuristically, or at least some operations may be performed
in a different order, omitted, or other operations may be
added.

[0224] Although embodiments of the present disclosure
have been illustrated and described, it should be understood
that the present disclosure is not limited to the disclosed
embodiments and may be variously changed without depart-
ing from the spirit and the scope of the present disclosure.
While the disclosure has been shown and described with
reference to various embodiments thereof, it will be under-
stood by those skilled in the art that various changes in form
and details may be made therein without departing from the
spirit and scope of the disclosure as defined by the appended
claims and their equivalents.

What is claimed is:

1. A display panel comprising:

a driving circuit layer disposed on a glass, the driving
circuit layer comprising a first driving circuit and a
second driving circuit; and

an inorganic light emitting device mounted on the driving
circuit layer and electrically connected to the first
driving circuit, the inorganic light emitting device
comprising a sub pixel of the display panel,

wherein the first driving circuit comprises:

a pulse amplitude modulation (PAM) driving circuit
configured to control an amplitude of a driving
current provided to the inorganic light emitting
device; and

a pulse width modulation (PWM) driving circuit con-
figured to control a light emitting duration of the
inorganic light emitting device,

wherein the first driving circuit is provided a first area of
the driving circuit layer and the second driving circuit
is provided in a second area of the driving circuit layer
that 1s different than and excludes the first area, and
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wherein the second driving circuit is configured to gen-
erate a control signal for driving the first driving circuit
and provide the control signal to the first driving circuit.

2. The display panel as claimed in claim 1, wherein the
display panel further comprises:

a plurality of sub-pixels, each pixel from among the
plurality of pixels comprising an R sub pixel compris-
ing a red (R) inorganic light emitting device, a G sub
pixel comprising a green (G) inorganic light emitting
device, and a B sub pixel comprising a blue (B)
inorganic light emitting device; and

a plurality of first driving circuits, and

wherein each sub pixel from among the R, G and B sub
pixels corresponds to a respective first driving circuit
from among the plurality of first driving circuits.

3. The display panel as claimed in claim 2, wherein a
deviation of amplitude of driving currents of the plurality of
first driving circuits for a data voltage applied to each
respective first driving circuit is compensated by correcting
the data voltage applied to each respective first driving
circuit to set an amplitude of each respective driving current,
and

wherein each respective first driving circuit from among
the plurality of first driving circuits comprises a plu-
rality of transistors configured to correct a deviation of
pulse width of the driving currents of the plurality of
driving circuits for the data voltage applied to each
respective first driving circuit.

4. The display panel as claimed in claim 2, wherein each
respective first driving circuit from among the plurality of
first driving circuits comprises a first transistor connected to
a data line and a current source, the first transistor being
configured to provide a current flowing through the current
source to a corresponding inorganic light emitting device
based on a signal supplied by the data line,

wherein the PAM driving circuit comprises a second
transistor which is connected to the data line,

wherein the PAM driving circuit is configured to perform
a PAM control for the corresponding inorganic light
emitting device according to an amplitude setup volt-
age input via the second transistor, the amplitude setup
voltage being corrected based on the current flowing
through the current source to the corresponding inot-
ganic light emitting device,

wherein the PWM driving circuit comprises a third tran-
sistor which is connected to the data line, and

wherein the PWM driving circuit is configured to perform
a PWM control for the corresponding inorganic light
emitting device based on a pulse width setup voltage
input via the third transistor.

5. The display panel as claimed in claim 4, wherein the
second driving circuit comprises a first driver configured to
generate, for each image frame from among a plurality of
image frames, a first control signal that turns on respective
first transistors that correspond to pixels arranged in a first
line from among a plurality of lines of the matrix, and

wherein the first driver is configured to provide the
generated first control signal to the respective first
transistors corresponding to the pixels arranged in the
first line.

6. The display panel as claimed in claim 5, wherein the
first driver is configured to:

for a first image frame from among the plurality of image
frames, generate the first control signal for turning on
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the respective first transistors corresponding to the
pixels arranged in the first line, and

for a second image frame, generate the first control signal
for turning on respective first transistors corresponding
to pixels arranged in a second line following the first
line.

7. The display panel as claimed in claim 5, wherein the
first driver comprises a first circuit for each line from among
the plurality of lines of the matrix,

wherein each respective first circuit is configured to
generate the first control signal for a corresponding line
from among the plurality of lines, and

wherein an output signal of each first circuit is input as a
start signal of the first circuit for a following line.

8. The display panel as claimed in claim 4, wherein the
second driving circuit comprises a second driver configured
generate, for each image frame from among a plurality of
image frames, second and third control signals that turn on
respective second and third transistors that correspond to
pixels arranged in a first line from among a plurality of lines
of the matrix, and

wherein the second driver is configured to provide the
generated second and third control signals to the
respective second and third transistors corresponding to
the pixels arranged in the first line.

9. The display panel as claimed in claim 8, wherein the
second driver is configured to generate and provide the third
control signal sequentially for each line from among the
plurality of lines of the matrix, and

wherein the second driver is configured to, after generat-
ing and providing the third control signal, generate and
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provide the second control signal for each line from
among the plurality of lines of the matrix.
10. The display panel as claimed in claim 8, wherein the
second driver comprises two second circuits for each line
from among the plurality of lines of the matrix,
wherein, for each line from among the plurality of lines,
one of the two respective second circuits is configured
to generate the second control signal for the line,

wherein, for each line from among the plurality of lines,
the other of the two respective second circuits is
configured to generate the third control signal for the
line,
wherein the respective second circuit for each line is
configured to receive an output signal of a second
circuit of a previous line as a start signal, and

wherein an output signal of the respective second circuit
for each line is input as a reset signal to the second
circuit of the previous line.

11. The display panel as claimed in claim 2, wherein the
driving circuit layer further comprises at least one of:

a MUX circuit configured to select one of the R, G and B

sub pixels;

an electro static discharge (ESD) circuit configured to

discharge static electricity occurring in the display
panel;

a power circuit configured to supply driving power to the

first and second driving circuits; and

a clock provision circuit configured to provide a clock to

drive the first and second driving circuits.

12. The display panel as claimed in claim 1, wherein the
inorganic light emitting device comprises a micro-light
emitting diode (LED) of a size less than or equal to 100
micrometers.
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