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DISPLAY PANEL AND DISPLAY APPARATUS
USING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the priority of Korean
Patent Application No. 10-2017-0082710 filed on Jun. 29,
2017, in the Korean Intellectual Property Office, which is
incorporated herein by reference for all purposes as if fully
set forth herein.

BACKGROUND

1. Technical Field

[0002] The present disclosure relates to a display panel
and a display apparatus, and more particular to a display
panel which includes LEDs arranged to form pixels for
displaying an image, including, for example, a display panel
which allows easy arrangement of LEDs in pixel regions
during manufacturing, and a display apparatus using the
same.

2. Description of the Related Art

[0003] A light emitting diode (LED) is a semiconductor
light emitting device configured to convert current into light
and has attracted much attention in the field of image
displays and high-output electronic components due to its
high thermal stability and broad bandgap characteristics (0.8
eVito 6.2 eV).

[0004] To increase the pixel resolution of a display, the
display typically needs to employ smaller LEDs. However,
as LEDs become smaller, the use of LEDs in a display
becomes more challenging due to technical limitations in
manufacturing equipment and obtainable resolution.
Accordingly, despite their high efficiency, the use of LEDs
in display devices has been limited to such applications as
displays for outdoor electronic signboards or backlight units
for liquid crystal display (LCD) devices.

[0005] Recently, high-efficiency LEDs having good physi-
cal and chemical properties have been manufactured, for
example in micro-sized or subminiature scale, to be used in
full-color LED displays rather than in simple backlight
units. Particularly, various attempts have been made to
arrange such subminiature LEDs on a TFT (thin-film tran-
sistor) switching substrate for typical displays to form pixels
for displaying an image. However, to arrange such submin-
iature LEDs as image display elements in pixel regions of
the TFT switching substrate for a display device, changes
should be made to the layout and design of the LEDs
corresponding, for example, to the area of an image display
region of the TFT switching substrate, pixel size, resolution,
and the like.

[0006] Further, it is more difficult to change the layout and
design of subminiature LEDs corresponding to characteris-
tics of a TFT switching substrate for so-called narrow-bezel
or zero-bezel display panels, which are emerging recently. In
other words, it is difficult to adjust the layout and design of
the subminiature LEDs, for example, with respect to the size
of the connection pads in a non-display region of the TFT
switching substrate, the size of the substrate, the size of
pixels, pixel resolution, and the like.

[0007] Particularly, some typical TFT switching substrates
for narrow-bezel or zero-bezel display panels are designed
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such that pixel regions adjacent to an outer pad region are
different in size than pixel regions at the center of the base
substrate. Accordingly, even if the layout and design of
subminiature LEDs are changed corresponding to the char-
acteristics of a TFT switching substrate for narrow-bezel or
zero-bezel display panels, the structure or pattern of LEDs
in pixel regions at an outer periphery of the substrate may be
different from that of LEDs in central pixel regions. As a
result, automated design and efficient panel inspection are
difficult, if not impossible, which can lead to an increase in
defects.

SUMMARY

[0008] Accordingly, embodiments of the present disclo-
sure are directed to a display panel and a display apparatus
using the same that substantially obviate one or more of the
problems due to limitations and disadvantages of the related
art.

[0009] One aspect of the present disclosure is to provide a
display panel which allows for easy arrangement of sub-
miniature LEDs in pixel regions of a TFT switching sub-
strate for different types of display devices, and a display
apparatus using the same.

[0010] It is another aspect of the present disclosure to
provide a narrow-bezel or zero-bezel display panel which
allows subminiature LEDs to be arranged in pixel regions
without any additional design change in manufacture
thereof, and a display apparatus using the same.

[0011] Additional features and aspects will be set forth in
the description that follows, and in part will be apparent
from the description, or may be learned by practice of the
inventive concepts provided herein. Other features and
aspects of the inventive concepts may be realized and
attained by the structure particularly pointed out in the
written description, or derivable therefrom, and the claims
hereof as well as the appended drawings.

[0012] To achieve these and other aspects of the inventive
concepts, as embodied and broadly described, a display
panel includes: a base substrate comprising a plurality of
pixel regions having corresponding gate lines and data lines,
a plurality of pads arranged at an outer periphery of the base
substrate; and a group of subminiature light emitting diodes
(LEDs) in each of the pixel regions to display an image,
wherein the subminiature LEDs in one of the pixel regions
are arranged at locations within the one of the pixel regions
based on a location of the one of the pixel regions with
respect to a center of the base substrate.

[0013] The subminiature LEDs in the one of the pixel
regions may be arranged at locations within the one of the
pixel regions based on a direction in which the one of the
pixel regions is disposed away from the center of the base
substrate and on a distance between the one of the pixel
regions and the center of the base substrate.

[0014] The pixel regions may include a first pixel region
and a second pixel region farther away from the center of the
base substrate than the first pixel region in a plan view. The
subminiature LEDs of the first pixel region may be arranged
in a substantially same pattern as the subminiature LEDs of
the second pixel region. On average, the subminiature LEDs
of the second pixel region may be arranged farther away
from a center of the second pixel region than the submin-
iature LEDs of the first pixel region are from a center of the
first pixel region in the plan view.
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[0015] One of the pixel regions may comprise: a plurality
of thin film transistors (TFTs) configured to switch on data
voltages in response to a gate-on voltage; a low voltage
contact pad configured to receive a low supply voltage; and
a plurality of data contact pads, each configured to transmit
a corresponding one of the data voltages from a correspond-
ing one of the TFTs to a corresponding one of the submin-
iature LEDs. The subminiature LEDs in the one of the pixel
regions may comprise: at least one red LED, at least one
green LED, and at least one blue LED, each of which has a
cathode and an anode, and is configured to emit light by
receiving, at the cathode, the low supply voltage from the
low voltage contact pad and by receiving, at the anode, a
corresponding one of the data voltages from a corresponding
one of the data contact pads.

[0016] Each of the data contact pads may be configured to
receive the corresponding one of the data voltages from the
corresponding one of the TFTs and to supply the correspond-
ing one of the data voltage to a corresponding one of the at
least one red, at least one green, and at least one blue
subminiature LEDs.

[0017] The data contact pads may correspond in number to
the TFTs or to the subminiature LEDs, and are respectively
located in sections of the one of the pixel regions excluding
an area occupied by the low voltage contact pad.

[0018] Further, the data contact pads each may have a
planar shape with substantially equal area and size with one
another, and are each connected to the corresponding one of
the subminiature LEDs via a contact point. The contact point
may be positioned at a location with respect to the corre-
sponding one of the data pads based on the location of the
one of the pixel regions with respect to the center of the base
substrate.

[0019] In another aspect, a display apparatus includes: a
display panel comprising a base substrate having a plurality
of pixel regions, and a group of subminiature light emitting
diodes (LEDs) in each of the pixel regions to display an
image, the subminiature LEDs in one of the pixel regions
being disposed at locations within the one of the pixel
regions based on a direction in which the one of the pixel
regions is disposed away from a center of the base substrate
and on a distance between the one of the pixel regions and
the center of the base substrate; and a driving circuit
configured to apply a high voltage and a low voltage to the
pixel regions and to drive gate lines and data lines of the
pixel regions such that an image is displayed by the sub-
miniature LEDs in the pixel regions.

[0020] Here, the driving circuit may be disposed on a back
side of the base substrate, and may be configured to apply
the high voltage and the low voltage to the pixel regions via
a high voltage supply line and a low voltage supply line,
respectively. The high voltage supply line and low voltage
supply line each may extend from the back side to a front
side of the base substrate. The gate lines and the data lines
may extend from the back side of the base substrate to the
respective pixel regions in the front side of the base sub-
strate. The driving circuit may be further configured to drive
the gate lines and the data lines to cause the subminiature
LED:s in the respective pixel regions to display an image.
[0021] In yet another aspect, an apparatus includes: a
matrix of pixel regions on a substrate and having a first
arrangement with a first pitch between adjacent pixel
regions; a set of connection pads in each of the pixel regions
and having a uniform layout; and a matrix of micro-sized
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light emitting diodes (LEDs) in each of the pixel regions to
output images on a display screen, the matrix of micro-sized
LEDs having a second arrangement different from the first
arrangement and a second pitch between adjacent micro-
sized LEDs different from the first pitch, wherein each of the
micro-sized LEDs in one of the pixel regions is electrically
connected via a contact point to a corresponding one of the
connection pads in the one of the pixel regions.

[0022] Each of the connection pads in the one of the pixel
regions may have a uniform size suflicient to accommodate
its corresponding micro-sized LED, regardless of any dif-
ferences in the first pitch of the adjacent pixel regions and
the second pitch of the adjacent micro-sized LEDs.

[0023] A first set of micro-sized LEDs in a first pixel
region near a central area of the matrix of pixel regions may
have a first set of contact points, and a second set of
micro-sized LEDs in a second pixel region near an edge of
the matrix of pixel regions may have a second set of contact
points that are arranged differently from the first set of
contact points.

[0024] The uniform layout and the uniform size of the
connection pads may depend upon an overall size of the
display screen or of the matrix of micro-sized LEDs.
[0025] The connection pads in the one of the pixel regions
may include six pads, and the micro-sized LEDs in the one
of the pixel regions may include a pair of red LEDs, a pair
of green LEDs and a pair of blue LEDs.

[0026] The connection pads in the one of the pixel regions
may further include a seventh pad configured to provide
contact with a supply voltage (Vss) for the one of the pixel
regions.

[0027] The present disclosure provides a display panel
which allows for easy arrangement of subminiature LEDs in
pixel regions of a TFT switching substrate, thereby reducing
design and production costs and improving automated
design efficiency, and a display apparatus using the same.

[0028] In addition, the present disclosure provides a nar-
row-bezel or zero-bezel display panel which allows submin-
iature LEDs to be arranged in pixel regions without any
additional design change in manufacture thereof, thereby
reducing design and production costs, and a display appa-
ratus using the same.

[0029] Further, the present disclosure provides a display
panel which allows a plurality of subminiature LEDs to be
arranged in each pixel region in a particular pattern in a
direction away from the center of the base substrate, thereby
improving ease of automated design and panel inspection.
[0030] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to provide
further explanation of the inventive concepts as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] The accompanying drawings, which are included
to provide a further understanding of the disclosure and are
incorporated and constitute a part of this application, illus-
trate embodiments of the disclosure and together with the
description serve to explain various principles. In the draw-
ings:

[0032] FIG. 1 is a schematic diagram of a display panel
according to an example embodiment of the present disclo-
sure;
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[0033] FIG. 2 is a rear view of the display panel of FIG.
1, which shows an example back side of the display panel
and an example panel driver;

[0034] FIG. 3 is a block diagram of an example pixel
structure at the center of the display panel of FIG. 1;

[0035] FIG. 4 is a cross sectional view taken along line
A-A' of FIG. 3;
[0036] FIG. 5 is a block diagram of an example a pixel

structure at the outermost portion of the display panel of
FIG. 1;

[0037] FIG. 6 is a cross sectional view taken along line I-I'
of FIG. 5; and
[0038] FIG. 7 is a diagram illustrating data voltage contact

positions of an example narrow- or zero-bezel type TFT
switching substrate with subminiature LEDs arranged in a
particular pattern thereon.

DETAILED DESCRIPTION

[0039] Example embodiments of the present disclosure
will now be described in detail with reference to the attached
drawings. It should be understood that descriptions of details
apparent to those skilled in the art may be omitted.

[0040] FIG. 1 is a schematic diagram of a display panel
according to an example embodiment of the present disclo-
sure. FIG. 2 is a rear view of the display panel of FIG. 1,
which shows an example back side of the display panel and
an example panel driver.

[0041] Asillustrated in FIG. 1, the display panel according
to this example embodiment of the present disclosure may
include a base substrate ZPL having a plurality of pixel
regions Pix defined by a plurality of gate lines GL and a
plurality of data lines DL, and a plurality of pads PD
arranged at an outer periphery or side of the base substrate
ZPL. The display panel may also include a group of sub-
miniature (or micro-sized) LEDs arranged in each of the
pixel regions Pix in a particular pattern corresponding to a
direction away from the center of the base substrate ZPL and
a distance of each pixel region from the center of the base
substrate ZPL to display an image. Namely, the LED
arrangement in a pixel region near the center of the base
substrate ZPL may be different from the LED arrangement
in a pixel region further away from the center.

[0042] The plurality of gate lines GL and the plurality of
data lines DL may respectively be horizontally and vertically
disposed (i.e., along a row direction and a column direction)
on the base substrate ZPL to cross one another, thereby
defining the plurality of pixel regions Pix. In addition, the
base substrate ZPL. may include a high voltage supply line
VDD and a low voltage supply line VSS disposed at right
and left sides thereof, respectively, wherein the high voltage
supply line VDD and the low voltage supply line VSS may
each have a plurality of branches extending in the direction
of the gate lines GL to supply high voltage and low voltage
to the pixel regions. The plurality of pads PD may be formed
at the outer periphery or side of the base substrate ZPL to
extend the gate lines GL, the data lines DL, the high voltage
supply line VDD, and the low voltage supply line VSS.
Specifically, the plurality of pads PD may be formed along
an outer periphery of a front of the base substrate ZPL, or
may be formed on a back or side of the base substrate ZPL.
[0043] If the plurality of pads PD is formed around the
outer periphery of the front of the base substrate ZPL, as
shown in FIG. 1, a layout on the base substrate may be
designed or manufactured such that the area of an image
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display region AP varies depending on the size of the pads
PD or the area occupied by the pads PD. For example,
depending on the area of the image display region AP, the
distance between adjacent gate lines GL or between adjacent
data lines DI may be reduced in order to reduce the size of
the pixel regions Pix. Alternatively, at least one of the pixel
regions Pix adjacent to the plurality of pads PD may have a
smaller size than the other pixel regions Pix.

[0044] With the related art, if the layout on the base
substrate were designed such that all or some of the pixel
regions are reduced in size depending on the size of the pads
PD or the area occupied by the pads PD, as described above,
the layout of the subminiature LEDs would need to be
adjusted such that the distance between adjacent subminia-
ture LEDs is reduced in order to mount or integrate each
subminiature LEDs properly in each pixel region.

[0045] According to an example embodiment of the pres-
ent disclosure, each data contact pad used for transferring
data voltage to an anode of each of the subminiature LEDs
disposed in each pixel region Pix of the base substrate ZPL
may be formed in a planar shape having a specific area. In
other words, each data contact pad may have a planar
polygonal shape having a particular area instead of a con-
ventional contact hole or contact line-shape. Accordingly,
even if the layout on the base substrate ZPL is designed such
that the area of the image display region AP of the base
substrate ZPL or the size of the pixel regions Pix is varied,
the subminiature LEDs can be arranged in each pixel region
without changing the layout of the subminiature LEDs, and
the subminiature LEDs have a particular pattern.

[0046] Since each data contact pad has a planar shape
having a specific area to be widened in a contact area, the
subminiature LEDs can be electrically connected to the data
contact pads, respectively, even if the subminiature LEDs
are arranged in the particular pattern in each pixel region Pix
without changing the layout. Particularly, since the base
substrate ZPL is configured such that the area of the image
display region AP or the size of the pixel regions Pix is
reduced without changing the layout of the subminiature
LEDs, the subminiature LEDs in each pixel region Pix may
be arranged at constant intervals (in a direction away from
the center of the base substrate ZPL).

[0047] According to an example embodiment of the pres-
ent disclosure, if the base substrate ZPL is configured such
that the overall size or area of the pixel regions Pix is
reduced due to the plurality of pads PD in the outer periph-
ery of the base substrate ZPL, as shown in FIG. 1, the
subminiature LEDs in each pixel region Pix may be
arranged in a particular pattern with respect to the center of
the base substrate ZPL without changing the layout of the
subminiature LEDs, such that a pixel region Pix father away
from the center of the image display region AP has the
subminiature LEDs arranged in the same direction as a
direction away from the center of the image display region
AP.

[0048] Here, the particular pattern may be an arrangement
pattern in which the subminiature LEDs are arranged at
particular constant intervals. Accordingly, in a pixel region
Pix farther away from the center of the image display region
AP, each subminiature LED may be disposed closer to an
outer periphery of the pixel region Pix.

[0049] Here, the distance between each pixel region Pix
from the center of the image display region AP may vary
depending on the area of the image display region AP or the
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size of the corresponding pixel region Pix. Accordingly, the
location of each subminiature LED in a pixel region Pix may
be different from the location each subminiature LED in
another pixel region Pix. However, the distance between
groups of subminiature LEDs in adjacent pixel regions Pix
may be constant according to the particular pattern.

[0050] Now, a pixel structure and data contact pad struc-
ture of the base substrate ZPL according to an example
embodiment of the present disclosure will be described in
detail with reference to the accompanying drawings. As
illustrated in FIG. 2, a driving circuit 100 or accessory
circuit elements may be disposed on a back of the display
panel, that is, on a back of the base substrate ZPL.

[0051] The driving circuit 100 may be disposed on the
back of the base substrate ZPL to apply high voltage and low
voltage to the plurality of pixel regions Pix via the high
voltage supply line VDD and the low voltage supply line
VSS, respectively. In addition, the driving circuit 100 may
drive the plurality of gate lines GL and the plurality of data
lines DL on a horizontal line and frame basis such that an
image can be displayed by the subminiature LEDs in the
pixel regions Pix.

[0052] The driving circuit 100 may generate gate signals
for sequentially driving the plurality of gate lines GL, and
may sequentially generate and output gate-on voltage (for
example, low- or high-level gate voltages) using the gate
signals. In addition, the driving circuit 100 may convert
digital image data received from an external source or stored
in the driving circuit 100 into analog voltages, e.g., analog
data voltages, and output the analog voltages to the data
lines DL at the timing of outputting the gate-on voltage.

[0053] FIG. 3 is a block diagram of an example pixel
structure at the center of the LED display panel of FIG. 1,
and FIG. 4 is a cross sectional view taken along line A-A' of
FIG. 3.

[0054] As shown in FIGS. 3 and 4, one or more of pixel
regions Pix according to an example embodiment of the
present disclosure may each include: a plurality of TFTs
configured to switch a data voltage in response to a gate-on
voltage; a low voltage contact pad SE to which a low voltage
is applied; a plurality of data contact pads RCE1, GCE1,
BCE1, RCE2, GCE2, BCE2 being in one-to-one correspon-
dence with the plurality of TFTs to transmit the data voltage
from the TFTs on a front surface thereof; and red LEDs R1,
R2, green LEDs G1, G2, and blue LEDs B1, B2, each LED
emitting light upon receiving the low voltage from the low
voltage contact pad SE at its cathode and upon receiving the
data voltage from a corresponding one of the plurality of
data contact pads RCE1, GCE1, BCE1l, RCE2, GCE2,
BCE2 at its anode.

[0055] A pixel structure according to the present disclo-
sure is not limited to that illustrated in FIGS. 3 and 4. For
example, one or more pixel regions Pix may each include
one red subminiature LED R1, one green subminiature LED
G1, and one blue subminiature LED B1. Here, each pixel
region Pix may include three TFTs corresponding to the red,
green, blue subminiature LEDs R1, G1, B1, three data
contact pads RCE1, GCE1, BCE1 transmitting the data
voltage from the TFTs to the subminiature LEDs, respec-
tively, and one low voltage contact pad SE.

[0056] The TFTs in the pixel region Pix may be turned on
upon receiving the gate-on voltage from one gate line GL.
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Then, the TFTs may transmit the data voltages from different
data lines DL to the data contact pads RCE1, GCE1, BCE1,
respectively.

[0057] Each of the red, green, and blue subminiature
LEDs R1, G1, B1 may receive the low voltage from the low
voltage contact pad SE at its cathode and may receive the
data voltage from a corresponding one of the data contact
pads RCE1, GCE1, BCE1 at its anode to emit light at a
brightness corresponding to the respective data voltage.
Here, the cathode of each of the subminiature LEDs R1, G1,
B1 may be electrically connected to the low voltage contact
pad SE via a common cathode link line. In addition, the
anode of each of the subminiature LEDs R1, G1, B1 may be
electrically connected to the corresponding one of the data
contact pads RCE1, GCE1, BCE1 via a respective anode
link line.

[0058] In FIG. 3, an example pixel region Pix is shown as
including six TFTs, one low voltage contact pad SE, six data
contact pads RCE1, GCE1, BCE1, RCE2, GCE2, BCE2,
and two red subminiature LEDs R1, R2, two green submin-
iature LEDs G1, G2, and two blue subminiature LEDs B1,
B2. However, it should be understood that the present
disclosure is not limited to the example shown in FIG. 3, and
the number, configuration, and layout of the aforementioned
components may be varied. For example, one or more pixel
regions Pix may each include one red LED R1, one green
LED G1, and one blue LED B1. In this case, the pixel region
Pix may include three data contact pads RCE1, GCE1,
BCE1 applying the data voltages to the red, green, blue
subminiature LEDs R1, G1, B1, respectively. Alternatively,
one or more pixel regions Pix may further include a white
LED in addition to the red, green, and blue subminiature
LEDs R1, G1, Bl. In this case, the pixel region Pix may
further include a data contact pad applying a data voltage to
the white LED in addition to the data contact pads RCE1,
GCE1, BCE1 applying the data voltages to the red, green,
and blue subminiature LEDs R1, G1, Bl, respectively. As a
further alternative, one or more pixel regions Pix may
include only one or more white LEDs without the red, green,
and blue subminiature LEDs R1, G1, B1. In this case, the
pixel region Pix may further include red, green, and blue
color filters corresponding in number to the number of white
subminiature LEDs or the number of white subminiature
LEDs less one.

[0059] As described above, according to the present dis-
closure, if the base substrate ZPL is configured such that the
area of the image display region AP or the size of the pixel
regions Pix is increased or reduced, it is not necessary to
change the layout of a plurality of subminiature LEDs, e.g,.,
R1,R2, G1, G2, B1, B2, to be mounted or deposited on each
pixel region Pix. Here, a pixel region Pix at the center of the
image display region AP may have the subminiature LEDs
R1,R2, G1, G2, B1, B2 at the center of the pixel region AP,
as shown in FIG. 3.

[0060] As shown in FIG. 3, the low voltage contact pad SE
may be disposed at the center of the pixel region Pix and the
subminiature LEDs R1, R2, G1, G2, B1, B2 may be dis-
posed on a front side of the low voltage contact pad SE.
Here, each of the subminiature LEDs R1, R2, G1, G2, B1,
B2 may emit light upon receiving, at its cathode, the low
voltage from the low voltage contact pad SE and upon
receiving, at its anode, the data voltage from the correspond-
ing one of the data contact pads RCE1, GCE1, BCE1, RCE2,
GCE2, BCE2 via the respective anode link line.



US 2019/0005870 A1

[0061] If the subminiature LEDs R1, R2, G1, G2, B1, B2
are disposed at the center of the pixel region Pix, the anode
of each of the Subminiature LEDs R1, R2, G1, G2, B1, B2
may be connected to a contact point (hole) C at one corner
of the corresponding one of the data contact pads RCE1,
GCELl, BCE1, RCE2, GCE2, BCE2 via the respective anode
link line to receive the data voltage.

[0062] Specifically, in a pixel region Pix adjacent to the
center of the image display region AP, the contact point
(hole) C of each of the data contact pads RCE1, GCE1,
BCE1, RCE2, GCE2, BCE2 may be disposed closer to one
corner of each data contact pad toward the center of the
image display region AP. On the other hand, in a pixel region
Pix adjacent to the periphery of the image display region AP,
the contact point (hole) C of each of the data contact pads
RCE1, GCE1, BCE1, RCE2, GCE2, BCE2 may be disposed
closer to the other corner of the data contact pad diagonally
away from the center of the image display region AP.
[0063] Accordingly, each of the subminiature LEDs R1,
R2, G1, G2, B1, B2 disposed in a pixel region Pix adjacent
to the center of the image display region may be connected
to the contact hole C of the corresponding one of the data
contact pads RCE1, GCE1, BCE1, RCE2, GCE2, BCE2
adjacent to the one corner of the data contact pad via the
respective anode link line to receive the corresponding data
voltage. On the other hand, each of the subminiature LEDs
R1, R2, G1, G2, B1, B2 disposed in a pixel region Pix
farther away from the center of the image display region AP
may be connected to the contact hole C of the corresponding
one of the data contact pads RCE1, GCE1, BCE1, RCE2,
GCE2, BCE2 diagonally away from the one corner of the
data contact pad via the respective anode link line to receive
the corresponding data voltage.

[0064] In each pixel region Pix, the data contact pads, e.g.,
RCE1, GCE1, BCE1, RCE2, GCE2, BCE2, may correspond
in number to the TFTs and the subminiature LEDs, e.g.,
including the red, green, and blue subminiature LEDs R1,
R2, G1, G2, B1, B2. Here, the data contact pads, e.g., RCE1,
GCEl, BCE1, RCE2, GCE2, BCE2, may be located in
sections of the pixel region Pix excluding the area occupied
by the low voltage contact pad SE, respectively.

[0065] Although each of the data contact pads RCEL,
GCEL1, BCE1, RCE2, GCE2, BCE2 is shown as having a
square shape in FIG. 3, it should be understood that the
present disclosure is not limited thereto, and one or more
data contact pads may have a circular or polygonal shape in
plan view. Here, the data contact pads RCE1, GCE1, BCE1,
RCE2, GCE2, BCE2 may be located in sections of the pixel
region Pix excluding the area occupied by the low voltage
contact pad SE, respectively, wherein the sections are equal
in area and size.

[0066] As illustrated in FIG. 4, in the pixel region Pix
adjacent to the center of the image display region, the
contact hole C of each of the data contact pads RCE1,
GCEl, BCE1, RCE2, GCE2, BCE2 may be located adjacent
to one corner of the data contact pad close to the center of
the image display region PA. Thus, the contact hole C may
be disposed close to the one corner of the data contact pad,
e.g., RCE1. Here, each of the data contact pads RCE1,
GCEl, BCE1, RCE2, GCE2, BCE2 may receive the data
voltage from a corresponding one of the plurality of TFTs
through a drain electrode and the contact hole C, and
transmit the data voltage to a corresponding one of the red,
green, and blue subminiature LEDs.
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[0067] Particularly, each of the subminiature LEDs R1,
G1, B1 may receive, at its cathode, the low voltage from the
low voltage contact pad SE and receive, at its anode, the data
voltage from a corresponding one of the data contact pads
RCE1, GCE1, BCEL1, thereby emitting light at a brightness
corresponding to the data voltage. Here, the cathode of each
of the subminiature LEDs R1, G1, B1 may be electrically
connected to the low voltage contact pad SE via the common
cathode link line. In addition, the anode of each of the
subminiature LEDs R1, G1, B1 may be electrically con-
nected to a corresponding one of the data contact pads
RCE1, GCELl, BCE1 via the respective anode link line.
[0068] FIG. 5 is a block diagram of an example pixel
structure adjacent to the outer periphery of the LED display
panel of FIG. 1. FIG. 6 is a cross sectional view taken along
line I-I' of FIG. 5.

[0069] As illustrated in FIGS. § and 6, if the base substrate
ZPL is configured such that the area of the image display
region AP or the size of the pixel regions Pix is reduced or
increased, it is not necessary to change the layout of the
subminiature LEDs, e.g., R1, R2, G1, G2, B1, B2, to be
mounted or deposited in the pixel regions Pix. Accordingly,
a pixel region Pix adjacent to the outer periphery of the
image display region AP may have the subminiature LEDs,
e.g., R1,R2, G1, G2, B1, B2, disposed at an outer periphery
of the pixel region Pix, as shown in FIG. 5.

[0070] Specifically, depending on the degree of change in
the area of the image display area AP or the size of the pixel
regions Pix, the location of a group of subminiature LEDs,
e.g., R1, R2, G1, G2, B1, B2, in a pixel region Pix may
change at a particular rate corresponding to the distance of
the pixel Pix region from the center of the image display
region AP. For example, depending on the degree of increase
or decrease in the area of the image display area AP or the
size of the pixel regions Pix, the location of the group of
subminiature LEDs, e.g., R1, R2, G1, G2, Bl, B2, in the
pixel region Pix may change in a diagonal direction.
[0071] Accordingly, the pixel region Pix adjacent to the
outer periphery of the image display region PA may have a
group of subminiature LEDs R1, R2, G1, G2, B1, B2
disposed adjacent to an outer periphery of the pixel region
Pix, as shown in FIG. 5. Here, the group of subminiature
LEDs R1, R2, G1, G2, B1, B2 may be disposed on a front
side of one or more data contact pads, e.g., RCE1, GCE1,
BCFE1, RCE2, GCE2, BCE2. Each of the subminiature
LEDs R1, R2, G1, G2, B1, B2 may emit light by receiving,
at its cathode, the low voltage from the low voltage contact
pad SE and receiving, at its anode thereof, the data voltage
from a corresponding one of the data contact pads RCE1,
GCE1, BCE1, RCE2, GCE2, BCE2.

[0072] TIfthe group of subminiature LEDs R1, R2, G1, G2,
B1, B2 is disposed at a corner or edge of the pixel region Pix,
the anode of each of the subminiature LEDs R1, R2, G1, G2,
B1 B2 may be connected to the contact hole C at a corner
of the corresponding one of the data contact pads RCE1,
GCEl, BCE1, RCE2, GCE2, BCE2 away from the center of
the image display region AP via the respective anode link
line to receive the data voltage.

[0073] In FIG. 4, since the pixel region Pix is adjacent to
the center of the image display region PA, the contact hole
C of each of the data contact pads RCE1, GCE1, BCE1,
RCE2, GCE2, BCE2 may be located adjacent to one corner
of the data contact pad closer to the center of the image
display region PA. Accordingly, the contact hole C may be
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disposed close to the one corner of each data contact pad. In
FIG. 6, since the pixel region Pix is located far from the
center of the image display region PA, the contact hole C of
each of the data contact pads RCE1, GCE1, BCE1, RCE2,
GCE2, BCE2 may be located adjacent to the other corner of
the data contact pad diagonally away from the center of the
image display region PA. Accordingly, each of the submin-
iature LEDs R1, R2, G1, G2, B1, B2 disposed in the pixel
region Pix far from the center of the image display region
may be connected to the contact hole C diagonally away
from one corner of the corresponding one of the data contact
pads RCE1, GCE1, BCE1, RCE2, GCE2, BCE2 close to the
center of the image display region PA via the respective
anode link line to receive the data voltage.

[0074] FIG. 7 is a diagram illustrating data voltage contact
positions of a narrow- or zero-bezel type TFT switching
substrate with subminiature LEDs arranged in a particular
pattern thereon according to an example embodiment.
[0075] As illustrated in FIG. 7, if the base substrate ZPL
is configured such that the overall size or area of the pixel
regions Pix is reduced due to the plurality of pads PD at the
outer periphery of the substrate ZPL, the group of submin-
iature LEDs may be arranged with respect to the center of
the base substrate ZPL without changing the layout of the
subminiature LEDs, such that a pixel region Pix farther
away from the center of the image display region PA has the
subminiature LEDs, e.g., R1, R2, G1, G2, B1, B2, arranged
in the same direction as the direction away from the center
of the image display region PA. In other words, subminiature
LEDs R1, R2, G1, G2, B1, B2 in a pixel region Pix at the
center of the image display region PA and subminiature
LEDs R1, R2, G1, G2, B1, B2 in other pixel regions Pix
farther away from the center of the image display region PA
may be arranged in the particular pattern in the direction
away from the center of the image display region PA
depending on the area of the image display region PA or the
size of the pixel regions Pix.

[0076] Here, a pixel region Pix farther away from the
center of the image display region PA has a group of the
subminiature LEDs located closer to the outer periphery of
the pixel region Pix. Particularly, the groups of subminiature
LEDs disposed in the respective pixel regions Pix of the base
substrate ZPL, may be equally spaced apart from one another
in a direction away from the center of the image display
region PA. Similarly, the contact hole C of each of the data
contact pads RCE1, GCE1, BCE1, RCE2, GCE2, BCE2
may be located closer to the other corner of the correspond-
ing data contact pad diagonally away from the center of the
image display region PA.

[0077] In addition, the distance between adjacent submin-
iature LEDs in the direction away from the center of the
image display region PA may vary depending on the area of
the image display region PA or the size of the pixel regions
Pix. Here, depending on the degree of change in the area of
the image display area PA or the size of the pixel regions Pix,
the location of a group of subminiature LEDs, e.g., R1, R2,
G1, G2, B1, B2, in a pixel region Pix may change by an
amount corresponding to the distance of the pixel region PA
from the center of the image display region PA. Specifically,
depending upon the amount of increase or decrease in the
area of the image display region PA or the size of the pixel
regions Pix, the location of the group of subminiature LEDs,
e.g., R1, R2, G1, G2, B1, B2, in each pixel region Pix may
change in a diagonal direction.
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[0078] As described above, the present disclosure pro-
vides a display panel which allows for easy arrangement of
subminiature LEDs in pixel regions of a TFT switching
substrate for display devices, such as LCDs or OLED
displays, thereby reducing design and production costs and
improving automated design efficiency, and a display appa-
ratus using the same.

[0079] In addition, the present disclosure provides a nar-
row-bezel or zero-bezel display panel which allows submin-
iature LEDs to be arranged in pixel regions without any
additional design change in manufacture thereof, thereby
reducing design and production costs, and a display appa-
ratus using the same.

[0080] Further, the present disclosure provides a display
panel which allows groups of subminiature LEDs to be
respectively arranged in pixel regions in a particular pattern
in a direction away from the center of the base substrate,
thereby improving ease of automated design and panel
inspection.

[0081] It will be apparent to those skilled in the art that
various modifications and variations can be made in a
display panel, and a display apparatus using the same, of the
present disclosure without departing from the technical idea
or scope of the disclosure. Thus, it is intended that the
present disclosure cover the modifications and variations of
this disclosure provided they come within the scope of the
appended claims and their equivalents.

What is claimed is:

1. A display panel, comprising:

a base substrate comprising:

a plurality of pixel regions having corresponding gate
lines and data lines; and

a plurality of pads arranged at an outer periphery of the
base substrate; and

a group of subminiature light emitting diodes (LEDs) in

each of the pixel regions to display an image,
wherein the subminiature LEDs in one of the pixel
regions are arranged at locations within the one of the
pixel regions based on a location of the one of the pixel
regions with respect to a center of the base substrate.
2. The display panel of claim 1, wherein the subminiature
LEDs in the one of the pixel regions are arranged at
locations within the one of the pixel regions based on a
direction in which the one of the pixel regions is disposed
away from the center of the base substrate and on a distance
between the one of the pixel regions and the center of the
base substrate.
3. The display panel of claim 1, wherein the pixel regions
include a first pixel region and a second pixel region farther
away from the center of the base substrate than the first pixel
region in a plan view,
wherein the subminiature LEDs of the first pixel region
are arranged in a substantially same pattern as the
subminiature LEDs of the second pixel region, and

wherein, on average, the subminiature LEDs of the sec-
ond pixel region are arranged farther away from a
center of the second pixel region than the subminiature
LEDs of the first pixel region are from a center of the
first pixel region in the plan view.

4. The display panel of claim 1, wherein the one of the
pixel regions comprises:

a plurality of thin film transistors (TFTs) configured to

switch on data voltages in response to a gate-on volt-
age;
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a low voltage contact pad configured to receive a low

supply voltage; and

a plurality of data contact pads, each configured to trans-

mit a corresponding one of the data voltages from a
corresponding one of the TFTs to a corresponding one
of the subminiature LEDs, and

wherein the subminiature LEDs in the one of the pixel

regions comprise:

at least one red LED, at least one green LED, and at least

one blue LED, each of which has a cathode and an
anode, and is configured to emit light by receiving, at
the cathode, the low supply voltage from the low
voltage contact pad and by receiving, at the anode, a
corresponding one of the data voltages from a corre-
sponding one of the data contact pads.

5. The display panel of claim 4, wherein each of the data
contact pads is configured to receive the corresponding one
of the data voltages from the corresponding one of the TFTs
and to supply the corresponding one of the data voltage to
a corresponding one of the at least one red, at least one
green, and at least one blue subminiature LEDs.

6. The display panel of claim 4, wherein the data contact
pads correspond in number to the TFTs or to the subminia-
ture LEDs, and are respectively located in sections of the
one of the pixel regions excluding an area occupied by the
low voltage contact pad.

7. The display panel of claim 4, wherein the data contact
pads each have a planar shape with substantially equal area
and size with one another, and are each connected to the
corresponding one of the subminiature LEDs via a contact
point, and

wherein the contact point is positioned at a location with

respect to the corresponding one of the data pads based
on the location of the one of the pixel regions with
respect to the center of the base substrate.

8. A display apparatus, comprising:

a display panel comprising:

a base substrate having a plurality of pixel regions; and

a group of subminiature light emitting diodes (LEDs) in
each of the pixel regions to display an image, the
subminiature LEDs in one of the pixel regions being
disposed at locations within the one of the pixel
regions based on a direction in which the one of the
pixel regions is disposed away from a center of the
base substrate and on a distance between the one of
the pixel regions and the center of the base substrate;
and

a driving circuit configured to apply a high voltage and a

low voltage to the pixel regions and to drive gate lines
and data lines of the pixel regions such that an image
is displayed by the subminiature LEDs in the pixel
regions.

9. The display apparatus of claim 8, wherein:

the driving circuit is disposed on a back side of the base

substrate, and is configured to apply the high voltage
and the low voltage to the pixel regions via a high
voltage supply line and a low voltage supply line,
respectively,

the high voltage supply line and low voltage supply line

each extend from the back side to a front side of the
base substrate,

the gate lines and the data lines extend from the back side

of the base substrate to the respective pixel regions in
the front side of the base substrate, and
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the driving circuit is further configured to drive the gate
lines and the data lines to cause the subminiature LEDs
in the respective pixel regions to display an image.

10. The display apparatus of claim 8, wherein the pixel
regions include a first pixel region and a second pixel region
farther away from the center of the base substrate than the
first pixel region in a plan view,

wherein the subminiature LEDs of the first pixel region
are arranged in a substantially same pattern as the
subminiature LEDs of the second pixel region, and

wherein, on average, the subminiature LEDs of the sec-
ond pixel region are arranged farther away from a
center of the second pixel region than the subminiature
LEDs of the first pixel region are from a center of the
first pixel region in the plan view.

11. The display apparatus of claim 8, wherein the one of

the pixel regions comprises:

a plurality of thin film transistors (TFTs) configured to
switch on data voltages in response to a gate-on volt-
age;

a low voltage contact pad configured to receive a low
supply voltage; and

a plurality of data contact pads, each configured to trans-
mit a corresponding one of the data voltages from a
corresponding one of the TFTs to a corresponding one
of the subminiature LEDs, and

wherein the subminiature LEDs in the one of the pixel
regions comprise:

at least one red LED, at least one green LED, and at least
one blue LED, each of which has a cathode and an
anode, and is configured to emit light by receiving, at
the cathode, the low supply voltage from the low
voltage contact pad and by receiving, at the anode, a
corresponding one of the data voltages from a corre-
sponding one of the data contact pads.

12. The display apparatus of claim 11, wherein each of the
data contact pads is configured to receive the corresponding
one of the data voltages from the corresponding one of the
TFTs and to supply the corresponding one of the data
voltage to a corresponding one of the at least one red, at least
one green, and at least one blue subminiature LEDs.

13. The display apparatus of claim 11, wherein the data
contact pads correspond in number to the TFTs or to the
subminiature LEDs, and are respectively located in sections
of the one of the pixel regions excluding an area occupied by
the low voltage contact pad.

14. The display apparatus of claim 11, wherein the data
contact pads each have a planar shape with substantially
equal area and size with one another, and are each connected
to the corresponding one of the subminiature LEDs via a
contact point, and

wherein the contact point is positioned at a location with
respect to the corresponding one of the data pads based
on a location of the one of the pixel regions with respect
to the center of the base substrate.

15. An apparatus, comprising:

a matrix of pixel regions on a substrate and having a first
arrangement with a first pitch between adjacent pixel
regions;

a set of connection pads in each of the pixel regions and
having a uniform layout; and

a matrix of micro-sized light emitting diodes (LEDs) in
each of the pixel regions to output images on a display
screen, the matrix of micro-sized LEDs having a sec-
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ond arrangement different from the first arrangement
and a second pitch between adjacent micro-sized LEDs
different from the first pitch,

wherein each of the micro-sized LEDs in one of the pixel

regions is electrically connected via a contact point to
a corresponding one of the connection pads in the one
of the pixel regions.

16. The apparatus of claim 15, wherein each of the
connection pads in the one of the pixel regions has a uniform
size sufficient to accommodate its corresponding micro-
sized LED.

17. The apparatus of claim 16, wherein a first set of
micro-sized LEDs in a first pixel region near a central area
of the matrix of pixel regions has a first set of contact points,
and a second set of micro-sized LEDs in a second pixel
region near an edge of the matrix of pixel regions has a
second set of contact points that are arranged differently
from the first set of contact points.

18. The apparatus of claim 17, wherein the uniform layout
and the uniform size of the connection pads depend upon an
overall size of the display screen or of the matrix of
micro-sized LEDs.

19. The apparatus of claim 15, wherein the connection
pads in the one of the pixel regions include six pads, and the
micro-sized LEDs in the one of the pixel regions include a
pair of red LEDs, a pair of green LEDs and a pair of blue
LED:s.

20. The apparatus of claim 19, wherein the connection
pads in the one of the pixel regions further include a seventh
pad configured to provide contact with a supply voltage
(Vss) for the one of the pixel regions.

® % % % %

Jan. 3, 2019



patsnap

TRAFROE) S RERANERZETERNE REE
NIF(2E)E US20190005870A1 K (2E)R 2019-01-03
RS US16/023092 iR 2018-06-29

FRIEFB(ERPA(R) FTEERERLTF
i (E R AGR) LG DISPLAY CO., LTD.
LFERE(ERD)AGE) LG DISPLAY CO., LTD.

[FRIRBAA SON JUNGEUN
SON HYEONHO
KIM JINYEONG
PARK HANCHUL
JU SEONGHWAN

REBAA SON, JUNGEUN
SON, HYEONHO
KIM, JINYEONG
PARK, HANCHUL
JU, SEONGHWAN

IPCH S G09G3/32 HO1L27/12 HO1L25/16 HO1L33/62 HO1L25/075

CPCH¥%S G09G3/32 HO1L27/124 HO1L25/167 HO1L33/62 HO1L25/0753 G09G2300/0814 G09G2310/0278
HO1L27/15 HO1L27/326

LR 1020170082710 2017-06-29 KR
H AT SRR US10650730

SNERaE Espacenet USPTO

WE(R)

— N — — — Pix DL D PL
AFT-HETERAEAZE TERNERER. —HETER, & o L

& EREAR , 8F  2MRERE , 25X MRS MRS R L0 J o
SNMNEE | HBEFMEERERNAR. ERERESEEESMEER o |
e — BB &K S (LED ) LERE G, ETFGEXEHH o J
—MEEXFAN FERERWPONLE | GEREZ —hHBE/NE o7 [
LED7 B — MR E XM A9 BAL -



https://share-analytics.zhihuiya.com/view/3c092f74-c090-4779-945e-6ae1d644f218
https://worldwide.espacenet.com/patent/search/family/062841842/publication/US2019005870A1?q=US2019005870A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220190005870%22.PGNR.&OS=DN/20190005870&RS=DN/20190005870

