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(57) The present invention relates to a display panel
and a method for electrical-isolation of a light-emitting
diode in the display panel. In one embodiment, a display
panel includes an element region contained in each
sub-pixel, wherein two or more light-emitting diodes are
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arranged in the element region; and two or more e-fuses
respectively connected to the two or more light-emitting
diodes, wherein at least one of the two or more e-fuses
has blown; and two or more e-fuse transistors respec-
tively connected to the two or more e-fuses.
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Description

TECHNICAL FIELD

[0001] The presentdisclosure relates to a display pan-
el and a method for electrical-isolation of a light-emitting
diode in a display panel, preferably in the display panel.

BACKGROUND

[0002] A display device refers to a device that visually
displays data and provides other additional functions by
using display panels. Various types of display panels may
be combined with devices such as mobile phones, tab-
lets, TVs, and the like.

[0003] Various types of display panels may include a
liquid crystal display, LCD, panel, an electrophoretic dis-
play panel, an organic light emitting display panel, an
electro luminescent display panel, a field emission dis-
play panel, a surface-conduction electron-emitter display
panel, a plasma display panel, a micro led panel, etc.
[0004] Among these display panels, the organic light
emitting display panel is a self-emitting display panel in
an organic compound is excited to emit light. The organic
light emitting display panel does not require a backlight
as for instance used in an LCD panel. This is advanta-
geous in that the OLED panel may be made lighter and
thinner compared to other panel technologies and a pro-
duction process thereof may be simplified. However,
since the organic light emitting display panel uses an
organic light emitting diode, short OLED, that comprises
an organic material, the OLED panel is vulnerable to in-
vasion of moisture and oxygen. In order to solve this prob-
lem, encapsulation technologies are applied. However,
sealing tightness may not meet a required level such that
a reliability of a product may not be secured.

[0005] In recent years, research has been conducted
on a light emitting diode display device using a light emit-
ting diode, LED, element made of an inorganic material
or the like. The LED element has high light conversion
efficiency, and thus has very low energy consumption.
Further, the LED element is semi-permanent and envi-
ronmentally friendly and has a long service life.

[0006] A light emitting diode display device referred to
herein is a display device implemented by placing atleast
one LED element, for instance a micro LED element, per
pixel on a thin film transistor substrate. Such a LED dis-
play device is advantageous in that it may utilize the
above advantage of the LED element without degrading
a luminous efficiency. Currently, efforts are being made
to commercialize micro LED element based display de-
vices.

[0007] In order to suppress defective pixels in manu-
facturing of such light emitting diode display devices, a
redundancy structure may be employed in which two or
more micro LED elements are arranged per pixel. How-
ever, there is a problem that the number of driving circuits
increases in such a redundancy structure. Further, this
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redundancy structure complicates a structure of wirings
and causes transmittance of an entire panel to be low-
ered.

SUMMARY

[0008] A purpose of the presentdisclosure is to provide
a display panel in which light-emitting diodes are dupli-
cated with each other to eliminate defective pixels in the
display panel to improve performance and/or quality of
the display panel.

[0009] Another purpose of the present disclosure is to
provide a redundant micro LED display panel in which
an aperture ratio increases in the redundant micro LED
display panel.

[0010] Still another purpose of the present disclosure
is to provide a redundant LED display panel in which the
number of wirings and transistors on the panel is mini-
mized to minimize a manufacturing cost and a circuit
complexity of the display panel.

[0011] The purpose of the presentdisclosure is not lim-
ited to the above-mentioned purposes. Other purposes
and advantages of the present disclosure that are not
mentioned may be understood by following descriptions,
and will be more clearly understood by embodiments of
the present disclosure. It is to be further understood that
the purposes and advantages of the present disclosure
may be realized and attained by means of means and
combinations thereof recited in the appended claims.
[0012] The above identified problems are solved by
the features of the independent claims. Advantageous
embodiments may be derived from the respective de-
pendent claims. In one embodiment of the present dis-
closure, a display panel includes an element region con-
tained in each sub-pixel, wherein two or more light-emit-
ting diodes are arranged in the element region; and two
or more e-fuses respectively connected to the two or
more light-emitting diodes, wherein at least one of the
two or more e-fuses has blown; and two or more e-fuse
transistors respectively connected to the two or more e-
fuses.

[0013] According to one embodiment of the present
disclosure, a gate node of each e-fuse transistor is con-
nected to one of a scan signal line or a light-emission
control signal line, optionally or an e-fuse scan signal line
extending in a first direction, wherein source nodes of
the two or more e-fuse transistors are all connected to a
signal line extending in a second direction.

[0014] According to one embodiment of the present
disclosure, a fusing transistor is placed in each sub-pixel,
and an e-fuse control signal line extending in the first
direction is connected to a gate node of the fusing tran-
sistor, and a source node of the fusing transistor is con-
nected to the data line, and a drain node of the fusing
transistor is connected to source nodes of the first and
second e-fuse transistors.

[0015] According to one embodiment of the present
disclosure, a display panel includes an element region
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contained in each sub-pixel, wherein two or more light-
emitting diodes are arranged in the element region; and
two or more e-fuses respectively connected to the two
or more light-emitting diodes, wherein at least one of the
two or more e-fuses has blown; two or more e-fuse tran-
sistors respectively connected to the two ormore e-fuses;
and a spare region in which one light-emitting diode is
currently absent but subsequently present.

[0016] According to one embodiment of the present
disclosure, a method for electrically-isolating a light-emit-
ting diode in a display panelincludes: reading, by a timing
controller, information about a light-emitting diode to be
electrical-isolated among two light-emitting diodes within
each sub-pixel; applying, by the timing controller, a signal
for fusing a first e-fuse to a data line to each sub-pixel in
which a first light-emitting diode to be electrically-isolated
is connected to the first e-fuse, and a first scan signal
line is connected to the first e-fuse; applying, by the timing
controller, a signal for turning on a first e-fuse transistor
connected to the first e-fuse to the first scan signal line
and applying a signal for activating a first fusing transistor
to a first e-fuse control signal line; applying, by the timing
controller, a signal for fusing a second e-fuse to a data
line to each sub-pixel in which a second light-emitting
diode to be electrically-isolated is connected to the sec-
ond e-fuse, and a first light emission control signal line
is connected to the second e-fuse; and applying, by the
timing controller, a signal for turning on a second e-fuse
transistor connected to the second e-fuse to the first light
emission control signal line, and applying a signal for
activating a second fusing transistor to a second e-fuse
control signal line.

[0017] According to one embodiment of the present
disclosure, a method for electrically-isolating a light-emit-
ting diode in a display panelincludes: reading, by a timing
controller, information about a light-emitting diode to be
electrically-isolated among a plurality of light-emitting di-
odes in each sub-pixel; applying, by the timing controller,
a signal to either a first scan signal line, a first light-emis-
sion control signal line, or an e-fuse scan signal line
based on the readout information to turn on an e-fuse
transistor corresponding to the light-emission diode to be
electrically-isolated; and applying, by the timing control-
ler, a signal for blowing an e-fuse connected to the e-
fuse transistor to a signal line connected to a source node
of the e-fuse transistor, thereby to blow the e-fuse.
[0018] Preferably, the this method further comprises:
when a first group of light-emitting diodes to be electri-
cally-isolated in sub-pixels connected to the first scan
signal line, and a second group of light-emitting diodes
to be electrically-isolated in sub-pixels connected to a
second scan signal line are disposed in sub-pixels con-
nected to the same data, simultaneously electrically-iso-
lating, by the timing controller, the firstand second groups
of light-emitting diodes.

[0019] According to an embodiment of the present dis-
closure, a display panel comprises sub-pixels including
driving transistors for driving light-emitting diodes; scan
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signal lines and light-emission control signal lines con-
nected to the sub-pixels respectively and extending in a
first direction of the display panel; and data lines con-
nected to the sub-pixels respectively and extending in a
second direction of the display panel. The display panel
comprises element regions, wherein each sub-pixel has
each element region, wherein at least two light-emitting
diodes are arranged in each element region. The display
panel may further comprise a plurality of e-fuses, wherein
at least two e-fuses are arranged in each element region
and are connected to the atleast two light-emitting diodes
respectively, wherein at least one of the at least two e-
fuses has blown. The display panel may further comprise
a plurality of e-fuse transistors, wherein at least two e-
fuse transistors are connected to the at least two e-fuses
respectively. Preferably, a gate node of each e-fuse tran-
sistor is connected to one of the scan signal line or the
light-emission control signal line or optionally an e-fuse
scan signal line extending in the first direction and all of
source nodes of the two or more e-fuse transistors are
connected to the signal line extending in the second di-
rection.

[0020] Preferably, two light-emitting diodes are placed
in each element region. A first light-emitting diode of the
two light-emitting diodes may be electrically connected
to a first e-fuse transistor and a first e-fuse. A gate node
of the first e-fuse transistor may be electrically connected
to the scan signal line. A second light-emitting diode of
the two light-emitting diodes may be electrically connect-
ed to a second e-fuse transistor and a second e-fuse. A
gate node of the second e-fuse transistor may be elec-
trically connected to the light-emission control signal line.
[0021] Preferably, a fusing transistor is placed in each
sub-pixel. An e-fuse control signal line extending in the
first direction may be connected to a gate node of the
fusing transistor. A source node of the fusing transistor
may be connected to the data line. A drain node of the
fusing transistor may be connected to source nodes of
the first and second e-fuse transistors.

[0022] Preferably, either the first e-fuse or the second
e-fuse has blown.

[0023] Preferably, a non-blowing e-fuse contains a
portion narrower than a portion adjacent thereto.
[0024] Preferably, each element region has a spare
region in which one light-emitting diode is to be disposed.
[0025] Preferably, the spare region is currently free of
a light-emitting diode. Here, either the first e-fuse or the
second e-fuse may be blown.

[0026] Preferably, the light-emitting diodes are placed
in each element region. The two light-emitting diodes
may include first and second light-emitting diodes. Both
of a first e-fuse connected to the first light-emitting diode
and a second e-fuse connected to the second light-emit-
ting diode may be blown. A light-emitting diode may be
disposed in the spare region.

[0027] Preferably, a fusing transistor is placed in each
sub-pixel. An e-fuse control signal line extending in the
first direction may be connected to a gate node of the
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fusing transistor. A source node of the fusing transistor
may be connected to the data line. A drain node of the
fusing transistor may be connected to source nodes of
the first and second e-fuse transistors.

[0028] Preferably, a non-blowing e-fuse may contain
a portion narrower than a portion adjacent thereto.
[0029] In a further embodiment, a display panel may
comprise sub-pixels including driving transistors for driv-
ing light-emitting diodes; scan signal lines and light-emis-
sion control signal lines connected to the sub-pixels re-
spectively and extending in a first direction of the display
panel; data lines connected to the sub-pixels respectively
and extending in a second direction of the display panel;
element regions, wherein each sub-pixel has each ele-
ment region, wherein N light-emitting diodes are ar-
ranged in each element region; a plurality of e-fuses,
wherein N e-fuses are arranged in each element region
and are connected to the N light-emitting diodes respec-
tively, wherein N-1 of the at N e-fuses have blown; and
a plurality of e-fuse transistor, wherein N e-fuse transis-
tors are connected to the N e-fuses respectively, wherein
a gate node of each e-fuse transistor is connected to one
of the scan signal line or the light-emission control signal
line or optionally an e-fuse scan signal line extending in
the first direction; and wherein all of source nodes of the
two or more e-fuse transistors are connected to the signal
line extending in the second direction.

[0030] Preferably, the number N is three. The three
light-emitting diodes may include first, second, and third
light-emitting diodes. The first light-emitting diode may
be electrically connected to a first e-fuse transistor and
a first e-fuse. The second light-emitting diode may be
electrically connected to a second e-fuse transistor and
a second e-fuse. The third light-emitting diode may be
electrically connected to a third e-fuse transistor and a
third e-fuse. A gate node of the first e-fuse transistor may
be electrically connected to the scan signal line. A gate
node of the second e-fuse transistor may be electrically
connected to the light-emission control signal line. A gate
node of the third e-fuse transistor may be electrically con-
nected to the e-fuse scan signal line.

[0031] Preferably, a non-blowing e-fuse may contain
a portion narrower than a portion adjacent thereto.
[0032] Herein, ane-fuse may refer to an electrical fuse.
In electronics and electrical engineering, an e-fuse may
be an electrical safety device that operates to provide
overcurrent protection of an electrical circuit. However,
in this disclosure, an electrical fuse (e-fuse) may be used
to maintain or to interrupt an electrical connection, so it
may have the function of a permanent switch.

[0033] Preferably, each e-fuse has two terminals, con-
nected to elements of one sub-pixel of the display panel.
A first terminal of an e-fuse may be connected to a light-
emitting diode, preferably a cathode thereof. A second
terminal of an e-fuse may be connected to a voltage line,
preferably a voltage line supplying a low voltage supply
signal. Alternatively, first terminal of an e-fuse may be
connected to a light-emitting diode, preferably an anode
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thereof. A second terminal of an e-fuse may be connected
to a voltage line, preferably a voltage line supplying a
high voltage supply signal.

[0034] An e-fuse has a first state (blown-state, discon-
nected-state) and a second state (non-blown-state, con-
nected-state). In the non-blown-state, the e-fuse pro-
vides an electrical connection between its two terminals
in the display panel. In the non-blown state, an electrical
signal can directly be transferred between its two termi-
nals of the e-fuse due to the established electrical con-
nection. However, in the blown-state (herein also referred
to as "e-fuse has blown"), an electrical connection is in-
terrupted permanently. Thus, in the blown state, an elec-
trical signal cannot be transferred between the two ter-
minals of the e-fuse due to the interruption of the electrical
connection.

[0035] So, the e-fuse may be in a non-blown state and
after providing a blowing-signal to the e-fuse, the e-fuse
may permanently switch to the blown-state (on purpose).
So, the switching of the e-fuse into the blown-state may
occur only once per e-fuse and is preferably irreversible.
[0036] An element region may be a region or an area
in the display panel that refers to one subpixel.

[0037] In accordance with the present disclosure, the
light-emitting diodes may be placed redundantly to elim-
inate defective pixels in the display panel and to maximize
the performance of the display panel.

[0038] Further, in accordance with the present disclo-
sure, the aperture ratio of the display panel may be im-
proved by disposing the driving circuit independently of
the number of the light-emitting diodes arranged in each
sub-pixel.

[0039] Furthermore, in accordance with the present
disclosure, the number of the wirings and transistors may
be minimized on the display panel having the redundant
LED structure to reduce the manufacturing cost and cir-
cuit complexity thereof.

[0040] Further specific effects ofthe presentdisclosure
as well as the effects as described above will be de-
scribed in conduction with illustrations of specific details
for carrying out the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0041]

FIG. 1 shows a process of transferring a micro LED
element to a substrate.

FIG. 2 shows comparison between a case where a
driving circuit is placed in each redundancy structure
and a case where a single driving circuit is arranged
in a single pixel according to an embodiment of the
present disclosure.

FIG. 3 is a diagram showing a connection structure
between a single driving circuit and two or more light-
emitting diodes disposed in one sub-pixel according
to one embodiment of the present disclosure.

FIG. 4 shows an arrangement of two light-emitting
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diodes in an element region.

FIG. 5 shows electrical-isolation of a first light-emit-
ting diode among two light-emitting diodes according
to one embodiment of the present disclosure.

FIG. 6 shows electrical-isolation of a second light-
emitting diode among two light-emitting diodes ac-
cording to one embodiment of the present disclo-
sure.

FIG. 7 shows a configuration of an e-fuse (electrical
fuse) according to one embodiment of the present
disclosure.

FIG. 8 and FIG. 9 show configurations of a sub-pixel
composed of two e-fuses and a spare region accord-
ing to another embodiment of the present disclosure.
FIG. 10 shows a configuration of a sub-pixel com-
posed of three e-fuses and three light emitting diodes
according to still another embodiment of the present
disclosure.

FIG. 11 shows a memory information according to
one embodiment of the present disclosure.

FIG. 12 and 13 show configurations of a display pan-
el for e-fuse blowing according to one embodiment
of the present disclosure.

FIG. 14 shows a process of blowing of an e-fuse
according to one embodiment of the present disclo-
sure.

DETAILED DESCRIPTION

[0042] Hereinafter, a display panel and a method for
electrical-isolation of a light-emitting diode therein in ac-
cordance with the present disclosure will be described
with reference to the accompanying drawings.

[0043] Forsimplicity and clarity of illustration, elements
in the figures are not necessarily drawn to scale. The
same reference numbers in different figures denote the
same or similar elements, and as such perform similar
functionality. Further, descriptions and details of well-
known steps and elements are omitted for simplicity of
the description. Furthermore, in the following detailed de-
scription of the presentdisclosure, numerous specific de-
tails are set forth in order to provide a thorough under-
standing of the present disclosure. However, it will be
understood that the present disclosure may be practiced
without these specific details. In other instances, well-
known methods, procedures, components, and circuits
have not been described in detail so as not to unneces-
sarily obscure aspects of the present disclosure.

[0044] Embodiments are described in sufficient detail
to enable those skilled in the artin the art to easily practice
the technical idea of the present disclosure. Itis intended
to cover alternatives, modifications, and equivalents as
may be included within the scope of the present disclo-
sure as defined by the appended claims.

[0045] Unless defined otherwise, all terms used herein
have the same meaning as commonly understood by one
of ordinary skill in the art. When the terms used herein
are in conflict with a general meaning of the term, the
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meaning of the term is in accordance with a definition
used herein.

[0046] The terminology used herein is for the purpose
of describing particular embodiments only and is not in-
tended to be limiting of the present disclosure. As used
herein, the singular forms "a" and "an" are intended to
include the plural forms as well, unless the context clearly
indicates otherwise. It will be further understood that the
terms "comprises", "comprising”, "includes", and "includ-
ing" when used in this specification, specify the presence
of the stated features, integers, operations, elements,
and/or components, but do not preclude the presence or
addition of one or more other features, integers, opera-
tions, elements, components, and/or portions thereof. As
used herein, the term "and/or" includes any and all com-
binations of one or more of the associated listed items.
Expression such as "at least one of when preceding a
list of elements may modify the entire list of elements and
may not modify the individual elements of the list.
[0047] It will be understood that, although the terms
"first", "second", "third", and so on may be used herein
to describe various elements, components, regions, lay-
ers and/or sections, these elements, components, re-
gions, layers and/or sections should not be limited by
these terms. These terms are used to distinguish one
element, component, region, layer or section from anoth-
er element, component, region, layer or section. Thus, a
first element, component, region, layer or section de-
scribed below could be termed a second element, com-
ponent, region, layer or section, without departing from
the scope of the present disclosure.

[0048] In addition, it will also be understood that when
a first element or layer is referred to as being present
"on" a second element or layer, the first element may be
disposed directly on the second element or may be dis-
posed indirectly on the second element with a third ele-
ment or layer being disposed between the first and sec-
ond elements or layers. It will be understood that when
an element or layer is referred to as being "connected
to", or "coupled to" another element or layer, it can be
directly on, connected to, or coupled to the other element
or layer, or one or more intervening elements or layers
may be present. In addition, it will also be understood
that when an element or layer is referred to as being
"between" two elements or layers, it can be the only el-
ement or layer between the two elements or layers, or
one or more intervening elements or layers may also be
present.

[0049] Hereinafter, a light-emitting diode, LED, ar-
ranged in a display device may be referred to as a micro
LED chip or LED chip for short. Those terms may be
exchangeable with each other and refer to the same con-
figuration. Further, embodiments presented herein may
be applied to display panels implemented in various
ways. Therefore, e-fuse configuration may be applied to
various display panels having a LED redundancy struc-
ture to select and turn on only a specific light emitting
region.
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[0050] FIG. 1 shows a process of transferring a light-
emitting diode of a light-emitting diode display device to
a substrate.

[0051] A numeral 1 in FIG. 1 shows a configuration in
which light-emitting diodes for emitting R/G/B lightbeams
respectively are disposed on a wafer. Not only a wafer
made of sapphire but also a wafer made of each of var-
ious materials may be employed. Each of the light-emit-
ting diodes for emitting R/G/B light beams may be dis-
posed on a corresponding area on the wafer. The light-
emitting diodes are transferred onto the substrate shown
in a numeral 3 using a transfer device such as a stamp
as shown in a numeral 2. The numeral 3 shows a con-
figuration in which light-emitting diodes for emitting R/G/B
light beams respectively are disposed on a substrate 10
as a glass substrate by way of example.

[0052] Thedisplay device in which a pixel is configured
using a light-emitting diode as shown in FIG. 1 may be
referred to as a micro LED display device. In a manufac-
turing process of the display panel, a light-emitting diode
with a micro size is transferred to the substrate (back-
plane) to configure the pixel. In this connection, a chip or
element defect may occur in the process of transferring
the LED element to the substrate. This defect may lead
to a defective pixel. Therefore, a repair structure or a
redundancy structure is adopted to cope with such de-
fective pixels.

[0053] Toaddress this defect, a purpose of the present
disclosure is to place only one driver circuit on each sub-
pixel in a redundancy structure where two or more light-
emitting diodes are transferred to each sub-pixel. This
may reduce a production cost and increase light trans-
mission, which may not be otherwise the case in double
driving elements on each sub-pixel.

[0054] To this end, the light-emitting diodes are trans-
ferred onto the substrate. Then, a malfunctioning or non-
operating LED element may be detected via a test. Then,
disconnection between the malfunctioning or non-oper-
ating or unnecessary LED element and the driving circuit
may be executed. An e-fuse is connected to each light-
emitting diode to implement the disconnection. An exam-
ple of an e-fuse is shown in Fig. 7.

[0055] FIG. 2 shows comparison between a case
where adriving circuitis placed in each redundancy struc-
ture and a case where a single driving circuit is arranged
in a single pixel according to an embodiment of the
present disclosure.

[0056] Reference numerals21and 22 show respective
circuit configurations on the substrate (for example, a
glass substrate) to which the light-emitting diodes are
transferred. R, G and B refer to regions in which light-
emitting diodes for rendering respective colors are ar-
ranged respectively. Each of the light-emitting diodes is
transferred to an area labeled "chip”. In those configura-
tion, two emitting diodes rendering the same color are
arranged in regions S1 and S2, respectively in one sub-
pixel.

[0057] Reference numeral 21 denotes a structure in
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which a driving circuit is disposed in a region where each
light-emitting diode is disposed. Reference numeral 22
denotes a structure in which only one driving circuit is
disposed in a region where two light-emitting diodes are
arranged. In the configuration of reference numeral 21,
only a light emitting diode among two light emitting didoes
disposed in the areas S1 and S2 respectively for each
of R, G, and B may actually operate. Thus, only one driv-
ing circuit disposed in one of the areas S1 and S2 may
actually operate.

[0058] Thatis, in the configuration of reference numer-
al 21, six light emitting diodes are arranged in a pixel by
transferring two light emitting diodes to each sub-pixel
region corresponding to each of R, G, and B. Thus, six
driving circuits are arranged per pixel. However, because
thisis the redundancy structure, only three driving circuits
may actually operate.

[0059] This causes the increase of the cost due to the
inclusion of the actually non-operating driving circuits. In
addition, this may a factor of increasing a cost of data IC
(D-IC) connected to each driving circuit. In addition, there
is a problemthat transmittance is lowered due to the pres-
ence of the six driving circuits corresponding to the six
LEDs.

[0060] In the structure of reference numeral 22 in ac-
cordance with an embodiment of the present disclosure,
two light-emitting diodes are transferred to each of R, G,
and B, that is, each sub-pixel of each R, G, and B in the
same manner as the configuration 21. However, in ac-
cordance with the present disclosure, only a single driv-
ing circuit is disposed in each of R, G, and B, that is, each
sub-pixel of each R, G, and B. Thus, total of three driving
circuits are arranged in a RGB pixel. In this embodiment,
each light-emitting diode and each driving circuit or a
power supply may be connected via each e-fuse to each
other.

[0061] When a non-emission or non-operating light
emitting diode is detected, blowing a corresponding e-
fuse may disable a connection between a corresponding
driving circuit or power source and the non-emission or
non-operating LED. Thus, the non-emission or non-op-
erating LED does not work during actual operation. As a
result, only one driver circuit is disposed in a single sub-
pixel, thereby reducing a cost of the D-IC, and ensuring
a light transmittance. That is, the transmittance may be
ensured by disposing only three driver circuits corre-
spondingto R, G, and B respectively onto one RGB pixel.
[0062] Therefore, the present approach may realize a
low cost display device via reducing the production proc-
ess, and may realize a high-transparent micro LED dis-
play panel via securing the improved aperture ratio.
[0063] FIG. 3is adiagram showing a connection struc-
ture between a driving circuit and two or more light-emit-
ting diodes disposed in one sub-pixel according to one
embodiment of the present disclosure.

[0064] One sub-pixel region includes a region where
a driving circuit DR is disposed, a region L where two or
more light-emitting diodes are disposed, a region (des-
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ignated as EF) in which an e-fuse (Electrical Fuse) is
disposed so that only one of two light-emitting diodes is
turned on, and a region (indicated by SF)in which a signal
to blow the e-fuse is applied. The driving circuit (indicated
as DR) may be configured in various ways. The config-
uration of DR is not limited to the structure of FIG. 3. The
e-fuse is placed in a circuit and acts like a physical fuse.
[0065] FIG. 3 shows a configuration of one sub-pixel,
in which one sub-pixel includes a driving transistor for
driving a light-emitting diode. Sub-pixels, each being
shown in FIG. 3, may be arranged vertically and horizon-
tally in the micro LED display panel. Further, each of a
scan signal line SCAN and a light-emission control signal
line EM extends in a first direction (a left-right direction
in FIG. 3) of the display panel and is connected to each
of the sub-pixels.

[0066] Further, each of a data line Vdata extends in a
second direction of the display panel (in a vertical direc-
tionin FIG. 3) and is connected to each of the sub-pixels.
Further, a VDD line extends in the second direction and
is connected to each of the sub-pixels.

[0067] The region L is contained in a sub-pixel, and
two or more light-emitting diodes are arranged in the re-
gion L. In an example, in the structure of FIG. 3, three
light-emitting diodes may correspond to one driving cir-
cuit.

[0068] A region as indicated by a dotted line may be a
spare space to which a light-emitting diode is transferred.
Alternatively, three light-emitting diodes may be placed
at the same time and then only one of the three light-
emitting diodes may actually work. In one example, a
configuration in which two light-emitting diodes are
placed instead of the three diodes in FIG. 3 may be con-
sidered, which will be described later.

[0069] However, since only one of the plurality of light-
emitting diodes actually works, selection of the light-emit-
ting diode that actually work may be achieved via the e-
fuse. For example, each e-fuse may be connected to
each light-emitting diode in an element region. In FIG. 3,
three e-fuses corresponding to three light-emitting di-
odes are placed in the EF region.

[0070] Further, other e-fuses blow exceptforthe e-fuse
connected to the light-emitting diode selected to actually
operate in the display panel. FIG. 3 shows a non-blown
state. First, light-emitting diodes and driving circuits are
placed on the substrate, and then an unnecessary light-
emitting diode(s) is selected during the test. Then, the
present approach may blow the e-fuse connected to the
selected light-emitting diode. As a result, at least one e-
fuse blows in one sub-pixel.

[0071] Each e-fuse may be connected to an e-fuse
transistor to apply a signal for blowing of the e-fuse. FIG.
3 shows a structure in which each of drain nodes of three
e-fuse transistors ET is connected to one end of a cor-
responding e-fuse (or the other end of a corresponding
light-emitting diode NE1, NE2 or NE3).

[0072] A source node of the e-fuse transistor ET is con-
nected to a signal line Vf1 in which a signal for blowing
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the e-fuse flows. A gate node of each e-fuse transistor
ET is connected to a corresponding e-fuse scan signal
line Scanf1, Scanf2 or Scanf3. In this connection, the e-
fuse scan signal line may extend in the first direction.
[0073] Inthis connection, the signal line Vf1 connected
to the source node of the e-fuse transistor ET may extend
in the second direction. Alternatively, the source node of
the e-fuse transistor ET is connected to a data line Vdata
in which also the signal for blowing the e-fuse may flow.
So, the data line Vdata may be used to provide data to
the subpixel and also the signal for blowing the e-fuse.
In this alternative structure, the number of lines in a dis-
play panel are reduced. This will be illustrated in FIG. 4.
[0074] Further, to reduce the number of the signal
lines, gate nodes of some e-fuse transistors ET may be
connected to scan signal lines SCAN or light-emission
control signal lines EM respectively. That is, each gate
node of the e-fuse transistor ET may be selectively con-
nected to one of a scan signalline SCAN, a light-emission
control signal line EM, and an e-fuse scan signal line.
This will be discussed in more detail in FIG. 4.

[0075] Inorderforonly one of these three light-emitting
diodes NE1, NE2, NE3 to operate normally in the display
panel, the other light-emitting diodes may be disconnect-
ed to the VSS. For example, a control signal may be
applied to two of Scanf1, Scanf2, and Scanf3 to allow
two e-fuses connected to the VSS to blow. This blowing
results in an electrical isolation of the two other light-emit-
ting diodes respectively that are determined not to work
and thus to be selected as unnecessary.

[0076] In an embodiment, the control signal may be
applied to both of Scanf2 and Scanf3. In this case, a low
signal may be applied to e-fuse scan signal lines Scanf2
and Scanf3. Thus, the signal is applied to gate nodes of
two of the three e-fuse transistors in FIG. 3. As a result,
a high current or high voltage applied to Vf1 is applied to
one end NE2 and NE3 of the two e-fuses.

[0077] That is, when the high current or high voltage
is applied to Vf1 so that the e-fuse blows and the low
signal is applied to the Scanf2 and Scanf3, the high cur-
rent or high voltage is applied to NE2 and NE3, and, as
a result, the two e-fuses (the e-fuse connected to NE2
and the e-fuse connected to NE3) blow in the EF region.
As a result, only one light-emitting diode (the light-emit-
ting diode connected to NE1) operates normally.
[0078] When the structure of FIG. 3 is applied, the re-
dundancy of the light-emitting diodes may be available
using only one driving circuit. Since only one light-emit-
ting diode is connected to the VSS, the driving circuit may
drive one light-emitting diode regardless of which light-
emitting diode among the three diodes is the one light-
emitting diode

[0079] Further, since only one driving circuit is dis-
posed in a single sub-pixel, an aperture area is increased
and thus the transmittance is increased. In particular,
since only one driving circuit is disposed per sub-pixel,
only one D-IC is disposed per sub-pixel. In this manner,
a structure of the D-IC may be same as that in a display
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panel which does not adopt he redundancy structure.
This may simplify a configuration and implementation of
the D-IC.

[0080] FIG. 4 shows a configuration for selectively re-
moving an e-fuse by adding one signal line in a scan
direction according to one embodiment of the present
disclosure. In the above-described structure of FIG. 3,
the signals in the SF region and Vf1 are connected to
wires of an existing driving circuit to reduce the complex-
ity of the circuit configuration.

[0081] FIG. 4 shows an arrangement of two light-emit-
ting diodes in an element region. R/G/B sub-pixels have
the same structure. Thus, a description of the R sub-pixel
will be made by way of example.

[0082] An e-fuse control signal line ScanVf (also re-
ferred to as Scanf) extends in a scan direction on each
ofthe sub-pixels (R, G, B) constituting a single pixel. Each
sub-pixel has two light-emitting diodes defining a redun-
dancy structure. Each light-emitting diode is connected
to an e-fuse.

[0083] Ineachsub-pixelof FIG. 4, alight-emitting diode
located on a left side is called a first light-emitting diode
L1 and a right-positioned light-emitting diode is referred
to as a second light-emitting diode L2.

[0084] The first light-emitting diode L1 is electrically
connected to a first e-fuse transistor ET1 and a first e-
fuse EF1. The second light-emitting diode L2 is electri-
cally connected to a second e-fuse transistor ET2 and a
second e-fuse EF2.

[0085] Further, a gate node of the first e-fuse transistor
ET1 is electrically connected to a scan signal line SCAN.
The gate node of the second e-fuse transistor ET2 is
electrically connected to a light-emission control signal
line EM.

[0086] Inthis embodiment, a fusing transistor FT is dis-
posed in each sub-pixel. The e-fuse control signal line
ScanVf extending in the first direction is connected to a
gate node of the fusing transistor FT. Further, a source
node of the fusing transistor FT is connected to the data
line Vdata. A drain node of the fusing transistor FT is
connected to a source node of each of the first and sec-
ond e-fuse transistors ET1 and ET2 so that the e-fuse
may be removed using the data line.

[0087] Further, the data line Vdata disposed in each
sub-pixel receives a voltage or current enough to remove
the e-fuse ET1 or ET2 in a fusing duration (fusing time
or fusing period) in which the e-fuse ET1 or ET2 blows.
So, the dataline VData is also configured to carry a signal
for blowing the e-fuse ET1 or ET2 in order to permanently
switch the e-fuse ET1 or ET2 into a blown-state. Further,
the light-emission control signal line EM and the scan
signal line SCAN may apply a selection signal to each of
the first and second transistors so as to electrically-iso-
late one of the two light-emitting diodes in the fusing du-
ration.

[0088] The configuration of FIG. 4 minimizes the
number of the signal lines needed to remove the e-fuse
ET1 or ET2 to electrically-isolate one of the two light-
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emitting diodes L1 or L2 in each sub-pixel, thereby im-
proving the transparency of the panel.

[0089] The number of unused signal lines except for
the fusing duration may be minimized. Further, the signal
used in the fusing duration may be applied through a
signal line of the driving circuit. Thus, the wiring complex-
ity of the panel may be reduced.

[0090] After testing the sub-pixels as shown in FIG. 4,
the present approach may detect light-emitting diodes
thatare faulty or light-emitting diodes thatare not needed.
When all light-emitting diodes within one sub-pixel work
normally, an e-fuse of any one light-emitting diode may
blow and thus the corresponding diode may be electri-
cally-isolated. This process will be discussed in more de-
tail.

[0091] FIG. 5 shows electrical-isolation of a first light-
emitting diode among two light-emitting diodes according
to one embodiment of the present disclosure. Reference
numeral 51 denotes a wiring line to which a signal is
applied to electrically-isolate a first light-emitting diode
L1. Reference numeral 52 refers to a timing diagram in
which a signalis applied to each signal wiring in the fusing
duration.

[0092] The Vdata line for applying the data signal to
the sub-pixel receives Vf required to fuse the first e-fuse
EF1 connected to the first light-emitting diode L1. Vf re-
fers to a signal with current or voltage enough to fuse or
remove the first e-fuse EF1.

[0093] Further, a signal (low signal) is applied to the e-
fuse control signal (ScanVf) and the scan signal line
SCAN so that Vf may be applied to the first e-fuse EF1
connected to the first light emission diode L1. As a result,
Vfis applied to the first e-fuse EF1 connected to the first
light-emission diode element L1, so that the first e-fuse
EF1 fuses. Thus, the first light-emitting diode L1 is dis-
connected from a low-potential driving voltage VSS and
thus is electrically-isolated.

[0094] FIG. 6 shows electrical-isolation of a second
light-emitting diode among two light-emitting diodes ac-
cording to one embodiment of the present disclosure.
Reference numeral 61 refers to a wiring to which a signal
is applied to electrically-isolate the second light-emitting
diode L2. Reference numeral 62 refers to a timing dia-
gram in which a signal is applied to each signal wiring in
the fusing duration.

[0095] The Vdata line for applying the data signal to
the sub-pixel may receive Vf necessary for removing the
second e-fuse EF2 connected to the second light-emit-
ting diode L2. Vf refers to a signal having a current or
voltage enough to remove the second e-fuse EF2.
[0096] Further, a signal (low signal) is applied to the e-
fuse control signal ScanVf and the light-emission control
signal line EM so that Vf may be applied to the second
e-fuse EF2 connected to the second light-emission diode
L2. As a result, Vf is applied to the second e-fuse EF2
connected to the second light-emission diode L2, such
that the second light-emitting diode L2 is disconnected
from the low-potential driving voltage VSS and thus is
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electrically-isolated.

[0097] In the process of FIG. 5 or FIG. 6, one of the
two e-fuses EF1 and EF2 placed in a sub-pixel with two
light-emitting diodes defining a redundancy configuration
blows. Then, inthe sub-pixel, the light-emitting diode con-
nected to the non-blowing e-fuse performs a normal light-
emission operation.

[0098] FIG. 7 shows a configuration of an e-fuse ac-
cording to one embodiment of the present disclosure. An
e-fuse that does not blow in the above-described fusing
duration acts as a wiring to allow a light-emitting diode
to operate. For this purpose, an e-fuse 90 may be con-
structed to have a smaller width W1 in some portions
thereof as shown in FIG. 7.

[0099] In FIG. 7, an e-fuse 90 has three portions 91,
92 and 95 but is not limited thereto. The e-fuse 90 that
blows contains a region with a narrow width W1. In a
blown e-fuse, the narrow width portion blows. That is, the
e-fuse 90 blows at the narrow width portion. Thereby, the
portions 91 and 92 are electro-isolated. Narrow here
means that the width W1 is smaller than the width W2
and/or the width W3. According to an embodiment of the
invention, only a portion 95 may define an e-fuse 90. In
another embodiment, an entire portion 90, e.g. all por-
tions 91, 95 and 92, may define an e-fuse.

[0100] When the e-fuse 90 is divided into three por-
tions, the e-fuse 90 may be composed of a portion 91
connected to a light-emitting diode, a portion 92 connect-
ed to VSS, and a fused portion 95 between the two por-
tions 91 and 92. Further, a width W1 of the fused portion
95, being a narrow width portion, and widths W2 and W3
of the portions 91 and 92 may satisfy a following relation-
ship:

[Equation 1]
W1 <W2
W1 <W3

[0101] The fused portion, e.g. the narrow width portion
with width W1, may blow away in the fusing duration.
Accordingly, when a general driving signal, for example,
a data signal is applied to the fused portion, the fused
portion does not blow and acts as a wire. However, the
fused portion may blow away in the fusing duration. To
this end, the width W1 of the fused portion 95 may be
smaller than the width W2 of the portion 91 connected
to the light-emitting diode.

[0102] Similarly, the width W1 of the fused portion 95
may be smaller than the width W3 of the portion 92 con-
nected to VSS. In order that when a general driving sig-
nal, for example, a data signal is applied to the fused
portion, the fused portion does not blow and acts as a
wire, whereas the fused portion blows away in the fusing
duration, the e-fuse including the fused portion may be
made of at least one selected from a group consisting of
Cu, Al, W, PtSi, TiSiy, WSi,, CoSi,, NiSi, TizgW+q, and
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Polysilicon (heavily doped). The e-fuse with the config-
uration shown in FIG. 7 may be applicable to FIG. 8, FIG.
9, and FIG. 10.

[0103] FIG. 8 and FIG. 9 show configurations of a sub-
pixel composed of two e-fuses and a spare region ac-
cording to another embodiment of the present disclosure.
A configuration in FIG. 8 except that the sub-pixel is com-
posed of two e-fuses and a spare region is the same as
in FIG. 4. Thus, in FIG. 8 and FIG. 9, the sub-pixel in-
cludes a driving transistor for driving a light-emitting di-
ode. Scan signal lines SCAN and light-emission control
signal lines EM extend in the first direction of the display
panel, and are connected to each of the sub-pixels.
[0104] Further, each sub-pixel includes an element re-
gion in which more than two light-emitting diodes may be
arranged. In FIG. 8, two light-emitting diodes L1 and L2
are placed in the element region. One additional light-
emitting diode may be placed in the configuration of FIG.
8. Thus, a total of three light-emitting diodes may be
placed in the element region. This additional light-emit-
ting diode may be disposed in a spare region 71. In this
connection, the additional light-emitting diode is not yet
disposed in the spare region 71. In FIG. 9, the additional
single light-emitting diode as labeled L3 is placed in the
spare region 71.

[0105] Further, the two light-emitting diodes L1 and L2
are connected to the e-fuses EF1 and EF2 respectively.
The configuration of the e-fuse may be same as the con-
figuration in FIG. 7 above. When one of the two light-
emitting diodes L1 and L2 is in a normal operation, the
e-fuse EF1 or EF2 connected to the other light-emitting
diode blows. This has been illustrated with reference to
FIG. 4 to FIG. 6.

[0106] The first light-emitting diode L1 is electrically
connected to the first e-fuse transistor ET1 and the first
e-fuse EF1. The second light-emitting diode L2 is elec-
trically connected to the second e-fuse transistor ET2
and the second e-fuse EF2.

[0107] Further, a gate node of the first e-fuse transistor
ET1 is electrically connected to the scan signal line
SCAN. A gate node of the second e-fuse transistor ET2
is electrically connected to the light-emission control sig-
nal line EM.

[0108] The e-fuse transistors ET1 and ET2 are con-
nected to the e-fuses EF1 and EF2, respectively. The
structure of the wires for connecting the e-fuse transistors
ET1 and ET2 and e-fuses EF1 and EF2, the distribution
of the e-fuse control signal ScanVf, and the process for
the blowing of the e-fuse are the same as those shown
in FIG. 4, FIG. 5 and FIG. 6. In an alternative, when four
light-emitting diodes are arranged in a single sub pixel
and one light-emitting diode is placed in the spare region,
the e-fuse scan signal line may extend in the first direc-
tion.

[0109] Further, a source node of the e-fuse transistor
is connected to the signal line extending in the second
direction. In FIG. 8 and FIG. 9, the source node of the e-
fuse transistor is connected to the data line Vdata.
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[0110] In one example, when both of the light-emitting
diodes L1 and L2 fail to operate normally, all the e-fuses
EF1 and EF2 connected to them blow. Then, a new light-
emitting diode L3 may be disposed in the spare region 71.
[0111] When the two light-emitting diodes L1 and L2
arranged in FIG. 8 are defective and thus both e-fuses
EF1 and EF2 blow, a new light-emitting diode may be
disposed in the spare region 71. In other words, the spare
region 71 may be reserved to cope with the situation
where the two light-emitting diodes L1 and L2 arranged
in FIG. 8 are defective and thus both e-fuses EF1 and
EF2 blow. Therefore, when any one of the two light-emit-
ting diodes shown in FIG. 8 is driven normally, no spare
light-emitting diode is disposed in the spare region 71.
[0112] Otherwise, when neither of the two light-emit-
ting diodes in FIG. 8 work, the separate light-emitting
diode is placed in the spare region 71, as shown in FIG.
9. Referring to FIG. 9, all e-fuses blow. Further, the new
light-emitting diode is disposed in the spare region 71.
[0113] No light-emitting diode is transferred to the
spare region 71 in a first transfer process. Then, light-
emitting diodes are selectively arranged in only some
areas of the sub-pixel in a second transfer process. Thus,
a configuration in which a separate e-fuse is not disposed
may be adopted.

[0114] In summary, when one of the two light-emitting
diodes is operating normally in the configuration of FIG.
8, one of the e-fuses EF1 and EF2 blows via the process
of FIG. 5 or FIG. 6.

[0115] FIG. 9 shows a configuration in which that when
the two light-emitting diodes L1 and L2 do not work, an
additional light-emitting diode is placed in the spare re-
gion 71.

[0116] The first e-fuse EF1 that was connected to the
first light-emitting diode L1 is in a blown state. Likewise,
the second e-fuse EF2 which was connected to the sec-
ond light-emitting diode L2 also blows.

[0117] Then, the spare region 71 receives a third light-
emitting diode L3. The third light-emitting diode L3 is se-
lectively placed. Thus, the third diode L3 may be con-
nected directly to the VSS without needing to be con-
nected to a separate e-fuse.

[0118] FIG. 10 shows a configuration of a sub-pixel
composed of three e-fuses and three light-emission di-
odes according to another embodiment of the present
disclosure. In a variant of the embodiment of FIG. 3, two
e-fuses among three e-fuses are connected to the light-
emission control signal line EM and the scan signal line
SCAN, respectively, while one e-fuse among the three
e-fuses is connected to a separate e-fuse scan signal
line Scanf. The overlapping configurations between FIG.
10 and FIG. 3 to FIG. 6 will be omitted.

[0119] N light-emitting diodes are arranged in a single
sub-pixel. Inthis connection, N e-fuses and N e-fuse tran-
sistors are connected to these N light-emitting diodes
respectively. Some wires connected to the e-fuse tran-
sistors are electrically connected to the scan signal line
SCAN and the light-emission control signal line EM. Fur-
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ther, the remaining e-fuse transistors are connected to
the e-fuse scan signal line Scanf extending in the first
direction.

[0120] As shownin FIG. 10, the three light-emitting di-
odes L1, L2, and L3 are connected to three e-fuses EF1,
EF2, and EF3, respectively. Further, one end of each of
these e-fuses is electrically connected to each of three
e-fuse transistors ET1, ET2, and ET3. In summary, the
first light-emitting diode L1 is electrically connected to
the first e-fuse transistor ET1 and the first e-fuse EF1.
The second light-emitting diode L2 is electrically connect-
ed to the second e-fuse transistor ET2 and the second
e-fuse EF2. The third light-emitting diode L3 is electrically
connected to the third e-fuse transistor ET3 and the third
e-fuse EF3.

[0121] Further, a gate node of the first e-fuse transistor
ET1 is electrically connected to the scan signal line
SCAN. A gate node of the second e-fuse transistor ET2
is electrically connected to the light-emission control sig-
nal line EM. Further, a gate node of the third e-fuse tran-
sistor ET3 is electrically connected to the e-fuse scan
signal line Scanf.

[0122] When applying the e-fuse with the structure
shown in FIG. 7 to FIG. 3 to FIG. 6 and FIG. 8 to FIG.
10, a current supply to a specific LED element may be
blocked via an e-fuse blowing in a display panel in which
light-emitting diodes defining a redundancy structure are
arranged in a single sub-pixel. Thus, including only one
driving circuit into a single sub-pixel may improve the
transmittance of the panel.

[0123] Therefore, after manufacturing a display panel,
monitoring is performed before shipment of the panel to
select a light-emitting diode not to receive a current in
each sub-pixel. Then, a signal indicating the selected
LED and a control signal for blowing the selected LED
are programmed into the display panel. Then, the blowing
of the e-fuse based on the signals may allow only one of
the light-emitting diodes defining the redundancy struc-
ture to effectively operate.

[0124] FIG. 11 to FIG. 14 show memory information,
and configuration of a display panel for e-fuse blowing,
and a process of blowing of the e-fuse according to one
embodiment of the present disclosure.

[0125] FIG. 11 shows a memory structure indicating
the light-emitting diode to be electrically-isolated accord-
ing to one embodiment of the present disclosure.
[0126] Information about the light-emitting diode to be
electrically-isolated in each of sub-pixels composed of n
rows and m columns may be stored in memory. Refer-
ence numeral 141 refers to an embodiment in which two
light-emission diodes are arranged in one sub-pixel, and
one light-emitting diode is to be electrically-isolated per
sub-pixel. In another example, when all of the light-emis-
sion diodes do not work, the electrical-isolation may not
be required. Further, when only one of the two diodes
works, the electrical-isolation may not be required.
[0127] Reference numeral 142 denotes an embodi-
ment in which three light-emission diodes are arranged
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in one sub-pixel, and two light-emitting diodes is to be
electrically-isolated per sub-pixel. Similarly, in another
example, when all of the light-emission diodes do not
work, the electrical-isolation may not be required. Fur-
ther, when only one of the three diodes works, the elec-
trical-isolation may not be required.

[0128] FIG. 12 and FIG. 13 show a display panel with
an arrangement of sub-pixels and a structure of wires
disposed therein according to one embodiment of the
present disclosure. The sub-pixels that are arranged at
n rows and m columns, as shown in FIG. 11, are placed
in the display panel.

[0129] In FIG. 12 and FIG. 13, the display panel in-
cludes a timing controller 150, a gate driver 151, and a
data driver 155. The timing controller 150 controls the
gate driver 151 and the data driver 155 to control the
operation of the light-emission diodes in the sub-pixel.
Further, the timing controller 150 applies a signal to the
gate driver 151 and the data driver 155 to blow an e-fuse
connected to a target light-emitting diode to be electri-
cally-isolated. This will be described in details.

[0130] FIG. 12 shows a structure in which two light-
emission diodes are arranged in one sub-pixel. This
structure contains the structure as shown in FIG. 4. Sub-
pixels including driving transistors for driving light-emit-
ting diodes are disposed inthe display panel 100. Further,
scan signal lines Scan(0) to Scan(n) and light-emission
control signal lines EM(0) to EM(n) are connected to
these sub-pixels respectively and extend in the first di-
rection of the display panel. Further, the data lines Vda-
ta(0) to Vdata(m) extend in the second direction of the
display panel, and are connected to the sub-pixels re-
spectively.

[0131] Further, a configuration in which two light-emit-
ting diodes are arranged per sub-pixel, and e-fuses are
connected to these light-emitting diodes respectively,
and e-fuse transistors are connected to the e-fuses re-
spectively is as described above with reference to FIG. 4.
[0132] More specifically, the first light-emitting diode in
the sub-pixelis electrically coupled to the first e-fuse tran-
sistor and the first e-fuse. The second light-emitting diode
in the sub-pixel is electrically connected to the second e-
fuse transistor and the second e-fuse.

[0133] The gate node of the first e-fuse transistor is
electrically connected to the scan signal line. The gate
node of the second e-fuse transistor is electrically con-
nected to the light-emission control signal line. Further,
each sub-pixel has a fusing transistor. The e-fuse control
signal lines ScanVf(0) to ScanVf(n) extend in the first
direction and are connected to gate node of the fusing
transistor.

[0134] Further, a source node of the fusing transistor
is connected to the data line described above. A drain
node of the fusing transistor is connected to the source
nodes of the first and second e-fuse transistors.

[0135] FIG. 13 showsastructureinwhichthree ormore
light-emission diodes are arranged in one sub-pixel. This
structure includes the structure shown in FIG. 3 or FIG.
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[0136] As shown in FIG. 3 or FIG. 10, the panel in-
cludes sub-pixels, each including a driving transistor for
driving a light-emitting diode, and scan signal lines
Scan(0) to Scan(n) and light-emission control signal lines
EM(0) to EM(n) extending in the first direction of the dis-
play panel and connected to the sub-pixels respectively.
[0137] Further, the data lines Vdata(0) to Vdata(m) ex-
tend in the second direction of the display panel, and are
connected to the sub-pixels respectively.

[0138] Further, N light-emitting diodes are arranged in
a single sub pixel, and N e-fuses are connected to the N
light-emitting diodes respectively. N e-fuse transistors
are connected to the N e-fuses respectively. These N e-
fuse transistors may be controlled to blow the N e-fuses
respectively.

[0139] For example, a gate node of each e-fuse tran-
sistor is connected to one of the scan signal line, the light
emission control signal line, and each of the e-fuse scan
signal lines extending in the first direction.

[0140] Further, all of source nodes of two or more e-
fuse transistors are connected to signal lines VF(0) to
VF(m) extending in the second direction.

[0141] FIG. 14 shows a process of electrical-isolation
of a light-emitting diode in a configuration as in FIG. 12
or FIG. 13 according to one embodiment of the present
disclosure.

[0142] First, the timing controller reads out information
from the memory about the light-emitting diodes to be
electrically-isolated among the N light-emitting diodes in
each of sub-pixels S161. In the example of FIG. 12 and
FIG. 4, one or zero of two light-emitting diodes may be
electrically-isolated per sub-pixel.

[0143] Inthe example of FIG. 13 and FIG. 10, and FIG.
3, the number of light-emitting diodes to be electrically-
isolated per sub-pixel may be between N-1 and 0.
[0144] Then, the timing controller 150 applies a signal
to the e-fuse transistors connected to the e-fuses corre-
sponding to the light-emitting diodes to be electrically-
isolated, thereby to fuse the e-fuses S162.

[0145] The timing controller 150 then updates, in the
memory, information about the blowing e-fuses, i.e. the
light-emitting diodes as electrically-isolated. The light-
emitting diodes as electrically-isolated may be removed
from the memory information of FIG. 11 S163.

[0146] Further, it is determined in S164 whether infor-
mation about the light-emitting diode to be subjected to
electrical-isolation remains in the memory, the process
proceeds to S161, S162, and S163 when the determina-
tion result is positive. When the information about the
light-emitting diode to be subjected to electrical-isolation
is not present in the memory, that is, when the determi-
nation result is negative, the method terminates.

[0147] The operation S162 will be described in more
detail. Referring to the embodiment of FIG. 11 and FIG.
12, a value of 1 stored in the memory information indi-
cated by the reference numeral 141 indicates electrical-
isolation of the firstlight-emitting diode in the correspond-
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ing sub-pixel. A value of 2 indicates electrically-isolating
the second light-emitting diode in the corresponding sub-
pixel. In this connection, for a sub-pixel having the value
of 1 stored in the memory information, a following proce-
dure may be performed.

[0148] The timing controller 150 applies a signal for
fusing a first e-fuse to a data line to each sub-pixel where
a first light-emitting diode to be electrically-isolated is
connected to the first e-fuse, and a first scan signal line
is connected to the first e-fuse. At the same time, orin a
predetermined time interval, the controller 150 applies a
signal for turning on a first e-fuse transistor connected to
the first e-fuse to the first scan signal line and applies a
signal to activate a first fusing transistor to a first e-fuse
control signal line. A detailed operation thereof is as de-
scribed above with reference to FIG. 5.

[0149] For a sub-pixel having the value of 2 stored in
the memory information, a following procedure may be
performed.

[0150] The timing controller 150 applies a signal for
fusing a second e-fuse to a data line to a sub-pixel where
a second light-emitting diode to be electrically-isolated
is connected to the second e-fuse, and a first light emis-
sion control signal line is connected to the second e-fuse.
At the same time, or in a predetermined time interval, the
controller 150 applies a signal for turning on a second e-
fuse transistor connected to the second e-fuse to the first
light emission control signal line and applies a signal to
activate a second fusing transistor to a second e-fuse
control signal line. A detailed operation thereof is as de-
scribed above with reference to FIG. 6.

[0151] In this connection, the memory information val-
ues for the i-th row and the (i + 1)-th row may be the
same. For example, the first and second rows of the table
141 in FIG. 11 have the same memory values, as indi-
cated byanarrow 143. Inthis case, applying a scan signal
or a light-emission control signal to the sub-pixels corre-
sponding to the first and the second rows simultaneously
may allow the light-emitting diodes in the two rows to be
electrically-isolated simultaneously.

[0152] The operation S162 will be described in more
detail referring to the embodiment of Figures 11 and 13.
Referring to the example of FIG. 11 and FIG. 13, the
value of 1 stored in the memory information as indicated
by the numeral 142 indicates electrically-isolating the first
light-emitting diode in the sub-pixel. A value of 2 indicates
electrically-isolating the second light-emitting diode in the
corresponding sub-pixel. A value of 3 indicates electrical-
isolation of the third light-emitting diode in the sub-pixel.
This may be applied to a value of N when the number of
total light-emitting diodes per sub-pixel is N.

[0153] Inthis case, the timing controller 150 of FIG. 13
may apply a signal to either a first scan signal line (one
of Scan(0) to Scan(n)), afirst light-emission control signal
line (one of EM(0) to EM(n)), or an e-fuse scan signal
line (one of Scanf(0) to Scanf(n)) to turn on the e-fuse
transistor connected to the light-emission diode corre-
sponding to the read information.
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[0154] Then, the controller 150 may apply a signal for
fusing an e-fuse connected to the turned-on e-fuse tran-
sistor to a signal line (some or all of VF(0) to VF(m))
connected to the source node of the turned-on e-fuse
transistor, thereby to fuse the e-fuse.

[0155] AsshowninFIG. 11 to FIG. 14, when the light-
emitting diodes to be electrically-isolated as located in
the sub-pixels connected to each scan signal line have
the same information value as indicated via the numeral
143, the light-emitting diodes may be simultaneously
electrically-isolated.

[0156] In one example, the light-emitting diodes to be
electrically-isolated in the sub-pixels connected to a first
scan signal line may have the same information value as
the light-emitting diodes to be electrically-isolated in the
sub-pixels connected to a second scan signal line. In this
connection, the first and second scan signal lines may
not be immediately adjacent to each other. Further, this
may be applied between two or more scan signal lines.
[0157] Inotherwords, light-emission diodes to be elec-
trically-isolated between the sub-pixels connected to the
same data line may have the same information value as
indicated by the numeral 143.

[0158] In this case, the timing controller 150 may si-
multaneously electrically-isolate the light-emitting diodes
to be electrically-isolated having the same information
value between the sub-pixels connected to the first scan
signal line and the second scan signal line.

[0159] In one example, when most light-emitting di-
odes are correctly mounted and work, the second or third
light-emitting diode may be electrically-isolated. In this
case, the timing controller 150 compares the values
stored in the memory. When the light-emitting diodes to
be electrically-isolated have the same information value
between the sub-pixels connected to each scan signal
line, the controller may apply a signal to any two or more
of the scan signal lines (Scan(0) to Scan(n)) such that
the same signal is applied to the sub-pixels connected
to the corresponding scan signal line. Similarly, when the
light-emitting diodes to be electrically-isolated have the
same information value between the sub-pixels connect-
ed to each light emission control signal line, the controller
may apply a signal to any two or more of the light emission
control signal lines (EM(0) to EM(n)) such that the same
signal is applied to the sub-pixels connected to the cor-
responding light emission control signal line. Similarly,
when the light-emitting diodes to be electrically-isolated
have the same information value between the sub-pixels
connected to each e-fuse scan signal line, the controller
may apply a signal to any two or more of the e-fuse scan
signal lines (Scanf(0) to Scanf(n)) such that the same
signal is applied to the sub-pixels connected to the cor-
responding e-fuse scan signal line.

[0160] A material that constitutes the e-fuse may have
a characteristic such that when the light-emitting diode
is driven, the fuse may not blow, whereas when a high
current or voltage is applied thereto, the fuse may blow.
The scan signal line, the light-emission control signal line,
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and the data line may be employed as a line necessary
for blowing of the e-fuse. Thus, the data driver IC (D-IC)
and the gate driver IC (G-IC) may be used to blow a
specific e-fuse in a specific sub-pixel.

[0161] Further, the e-fuse may employ the same ma-
terial as other wires. Thus, the display panel may be man-
ufactured in a simple manner without separately select-
ing and depositing the e-fuse material. Further, a specific
wire modification (e-fuse blowing) may be achieved in a
circuit manner in the repair process.

[0162] This may remove the redundantly disposed
light-emitting diodes via the repair process, to increase
the quality of the display panel. Further, a redundancy
structure is composed of only a plurality of light-emitting
diodes, resulting in improvement of a productivity and a
reduction of the production cost.

[0163] In particular, in the redundancy structure, the
number of transistors or capacitors required for driving
circuits per sub-pixel may notincrease. This can improve
the panel transmission via lowering the complexity of the
circuit component such as D-IC and G-IC.

[0164] While the foregoing is directed to the embodi-
ments of the present disclosure, various modifications
and variations may be made to the skilled person to the
art. Accordingly, these changes and modifications may
be included in the scope of the present disclosure.

Claims
1. A display panel comprising:

sub-pixels (R, G, B) respectively including at
least one driving transistor (DT) for driving light-
emitting diodes (NE, L);

scan signal lines (SCAN) respectively connect-
ed to the sub-pixels, the scan signal lines
(SCAN) extending in a first direction of the dis-
play panel;

light-emission control signal lines (EM) respec-
tively connected to the sub-pixels, the light-
emission control signal lines (EM) extending in
the first direction of the display panel;

data lines (Vdata) respectively connected to the
sub-pixels and extending in a second direction
of the display panel, the second direction inter-
secting the first direction; and

wherein each of the subpixels includes:

an element region having at least two light-
emitting diodes (LI, L2);

at least two e-fuses (EF) arranged in the
element region and respectively connected
to one of the at least two light-emitting di-
odes (LI, L2), wherein at least one of the at
least two e-fuses (EF) is in a blown-state;
and

at least two e-fuse transistors (ET), wherein
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drain nodes of the at least two e-fuse tran-
sistors (ET) are respectively connected to
one of the at least two e-fuses (EF),
wherein gate nodes of the at least two e-
fuse transistors are connected to different
lines for receiving respectively an e-fuse
control signal (ScanVf); and

wherein source nodes of the at least two e-
fuse transistors (ET) are connected to each
other and the source nodes are commonly
connected to one line to receive a signal for
blowing an e-fuse (ET).

The display panel of claim 1, wherein only two light-
emitting diodes (LI, L2) are placed in each element
region,

wherein a first light-emitting diode (L1) of the two
light-emitting diodes (LI, L2) is electrically connected
to a first e-fuse transistor (ET1) and a first e-fuse
(EF1),

wherein a second light-emitting diode (L2) of the two
light-emitting diodes (LI, L2) is electrically connected
to a second e-fuse transistor (ET2) and a second e-
fuse (EF2),

wherein a gate node of the first e-fuse transistor
(ET1)is electrically connected to the scan signal line
(SCAN),

wherein a gate node of the second e-fuse transistor
(ET2) is electrically connected to the light-emission
control signal line (EM).

The display panel of claim 1 or 2, wherein a fusing
transistor (FT) is placed in each sub-pixel,

wherein an e-fuse control signal line (Scanf) extend-
ing in the first direction is connected to a gate node
of the fusing transistor (FT),

wherein a source node of the fusing transistor (FT)
is connected to the data line (Vdata), wherein a drain
node of the fusing transistor (FT) is connected to
source nodes of the first and second e-fuse transis-
tors (ET1, ET2).

The display panel of one of the preceding claims,
wherein the drain nodes of the at least two e-fuse
transistors (ET) are respectively connected between
one of the at least two light emitting diodes (LI, L2)
and one of the at least two e-fuses (EF).

The display panel of one of the preceding claims,
wherein an e-fuse in a non-blown state contains a
portion narrower than a portion adjacent thereto.

The display panel of claim one of the preceding
claims, wherein each element region has a spare
region (71) for accommodating an additional light-
emitting diode.

The display panel of claim 6, wherein when in the
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element region of one subpixel, one of the e-fuses
(EF) is in a non-blown state, the spare region (71) is
free of the additional light-emitting diode.

The display panel of claim 6, wherein when in the
element region of one subpixel, all e-fuses (EF) are
in a blown state, the additional light-emitting diode
(L3) is disposed in the spare region.

The display panel of one of the preceding claims,
wherein for receiving the respective e-fuse control
signal, a gate node of a first one of the at least two
e-fuse transistors is connected to one of the scan
signal lines (Scan) and a gate node of a second one
of the at least two e-fuse transistors is connected to
one of the light-emission control signal lines (EM), or
wherein for receiving the respective e-fuse control
signal, a gate node of a first one of the at least two
e-fuse transistors is connected to one of the light-
emission control signal lines (EM) and a gate node
of a second one of the at least two e-fuse transistors
is connected to one of the scan signal lines (Scan), or
further comprising e-fuse scan signal lines (Scanf),
respectively connected to the sub-pixels and extend-
ing in the first direction of the display panel, and
wherein for receiving the respective e-fuse control
signal, the gate nodes of the at least two e-fuse tran-
sistors (ET) are connected to different e-fuse scan
signal lines (Scanf).

The display panel of one of the preceding claims,
further comprising signal lines (Vf) for transmitting
the signal for blowing an e-fuse, the signal lines (Vf)
respectively connected to the sub-pixels and extend-
ing in the second direction of the display panel,
wherein the source nodes of the at least two e-fuse
transistors (ET) are commonly connected to one of
the signal lines (Vf).

The display panel of one of the preceding claims 1
to 9, wherein the source nodes of the at least two e-
fuse transistors (ET) are connected to one of the
data lines (\VVdata) for receiving the signal for blowing
an e-fuse.

The display panel according to one of the preceding
claims, wherein a number of light emitting diodes
and a number of e-fuse transistors is equal to N,
wherein N-1 of the N e-fuses are in the blown-state.

The display panel of claim 12, wherein N is three,
wherein the three light-emitting diodes (LI, L2, L3)
include a first, a second, and a third light-emitting
diode,

wherein the first light-emitting diode (L1) is electri-
cally connected to a first e-fuse transistor (ET1) and
a first e-fuse (EF1),

wherein the second light-emitting diode (L2) is elec-
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trically connected to a second e-fuse transistor (ET2)
and a second e-fuse (EF2),

wherein the third light-emitting diode (L3) is electri-
cally connected to a third e-fuse transistor (ET3) and
a third e-fuse (EF3),

wherein a gate node of the first e-fuse transistor
(ET1)is electrically connected to the scan signal line
(SCAN),

wherein a gate node of the second e-fuse transistor
(ET2) is electrically connected to the light-emission
control signal line (EM),

wherein a gate node of the third e-fuse transistor
(ET3)is electrically connected to the e-fuse scan sig-
nal line (Scanf).

A method for electrically-isolating a light-emitting di-
ode (NE, L)in a display panel of one of the preceding
claims, wherein the method comprises:

reading (S161), by a timing controller (150), in-
formation about a light-emitting diode (NE, L) to
be electrically-isolated among a plurality of light-
emitting diodes (NE, L) in each sub-pixel of the
display panel;

applying, by the timing controller (150), a signal
to either a first scan signal line, a first light-emis-
sion control signal line, or an e-fuse scan signal
line (Scanf) based on the readout information to
turn on one of the at least two e-fuse transistors
(ET) corresponding to the light-emission diode
(NE, L) to be electrically-isolated; and

applying (S162), by the timing controller (150),
a signal for blowing an e-fuse connected to the
one of the at least two e-fuse transistors to a
source node of the one of the at least two e-fuse
transistors, thereby to blow the e-fuse.

The method of claim 14, wherein the method further
comprises: when a first group of light-emitting diodes
(NE, L) to be electrically-isolated in sub-pixels con-
nected to the first scan signal line, and a second
group of light-emitting diodes to be electrically-iso-
lated in sub-pixels connected to a second scan signal
line are disposed in sub-pixels connected to the
same data, simultaneously electrically-isolating, by
the timing controller (150), the first and second
groups of light-emitting diodes.
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FIG. 9

Vdata(Vf) VDD

*— |—O—| EDT
T T2

Scan o g
EM ® ® |

[ T3

[ T4

hd 5 1
Vief Anode

Scan Vi —d |: ET £T1 Q _S..ZU 5

Y
—ET2

L3

EF1 EF2

VSS

20



EP 3 644 301 A1

FIG. 10
Vdata VDD
NodeT Node?2
¢— 1 —o—| d| o
j T2
Scan 1%
Node3(DT-D)
EM »—q[}e
[ 2 |T5 L J
Vref
® © cj[%4
Anode
L1 fiz L2 siz L3
r—jET1§g
&
s —ET2 .
Scanf
&
¢ [ 1ETS
EF1 EFS? EF3
Vil T

21



FIG. 11

EP 3 644 301 A1

0 1 2 m
0 P 2 1 1 143
2 1 1 2
2 2 1 1 2
n 1 2 1 1
141
142
0 1 2 m
0 2,3 1, 1, 2,3
1,2 1, 1, 1,2
n 1,3 2,3 2,3 1,2
15(0 15{5
i J
Vdata(o) Vdata(1) Vdatalm)
Scan 19}
.| ol ol
EM (0) T 1 T 1 T 1
161~
& — see —|
Scanvi(o) : I +
Scan(i) - - T
P P - |
EM(1) T_1 T 1 ]
*—| b— os e —|
Scanvi(l) L ) )
.
.
.
Scan(n) - o *
-— - -
EM{r) T 1 b T 1
*— p— (¥R} —|
ScanVf{n} J_. l. é

22



FIG. 13

155

EP 3 644 301 A1

151 —

Vdata(0)

VF {0}

Vdata(1}

VE()

Vdatai{m

)

VF(m}

Scan (0)

et

_—

EM (0)

Jcanf(0)

= 4

L

Scan(1)

EMH

Seanfll)

4

Scanin)

o0

EM(nm)

Scantln)

23



EP 3 644 301 A1

FIG. 14
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