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(57) A driving circuit for a liquid crystal display, the
driving circuit being an integrated circuit (41) having elec-
trode pads (43) disposed on a surface of the integrated
circuit, bumps (53) formed on the electrode pads, a con-
ductive adhesive layer (60) formed on the bumps and
conductive particles (30) having an outer conductive lay-
er (31) and an elastic polymer inner portion (34a) depos-
ited on the conductive adhesive layer. The driving circuit
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erwise arise due to height differences between bumps in
a plurality of bumps, and prevents electrical open defects
and an electrical short defects.
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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The presentinvention relates to a driving circuit
foraliquid crystal display (LCD) device. More particularly,
the present invention relates to a driving circuit for an
LCD device, a method of manufacturing the driving circuit
and a display device having the driving circuit.

2. Description of the Related Art

[0002] Aliquid crystal display (LCD) device has advan-
tageous characteristics such as reduced thickness, light
weight, low power consumption, and has good resolution,
color reproducibility, and display quality. Thus, the LCD
device, which is a type of flat panel display device, is
being widely used and intensively researched.

[0003] TheLCD devicetypicallyincludesanLCD panel
having a thin-film transistor (TFT) array substrate, a color
filter substrate, a liquid crystal layer located between the
TFT array substrate and the color filter substrate, a back-
light assembly disposed under the LCD panel to serve
as a light source, and a driving circuit part disposed at a
peripheral portion of the LCD panel to drive the LCD pan-
el. The LCD panelincludes two glass substrates (the TFT
array substrate and the color filter substrate mentioned
above), a plurality of pixels disposed between the two
glass substrates and arranged in a matrix shape on the
thin-film transistor (TFT) array substrate and for each pix-
el a switching element such as a TFT for controlling sig-
nals provided to the pixel.

[0004] The driving circuit part includes a printed circuit
board (PCB) on which parts for generating various sig-
nals such as a control signal, a clock signal, and a data
signal, are mounted. A driving circuit thatis an LCD driver
integrated circuit (IC) (LDI) is connected to the LCD panel
and the PCB to apply a signal to wirings formed on the
LCD panel. The LCD driver integrated circuit includes a
set of bonding pads with each bonding pad including a
metal bump. The surface to which the driver integrated
circuit is to be mounted is provided with a matching set
of pads. The driver integrated circuit is mounted on the
surface by bonding the set of bonding pads to the match-
ing set of pads.

[0005] Examples of LDI mounting methods include
chip-on-glass (COG), tape carrier package (TCP), and
chip-on-film (COF). The LDI mounting methods require
fine pad pitch bonding, an easy bonding process and
high reliability, especially with the increasing complexity
of an LDI chip arising from, for example increases in the
number of pixels and high resolution. Thus, a method of
forming a bump and a method of fine pad pitch bonding
are key technologies.

[0006] When a conventional driving circuit is mounted
on an LCD panel by using an anisotropic conductive film
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(ACF), the driving circuit and the LCD panel are electri-
cally connected to each other through the conventional
ACF. The AFC comprises electrically conductive parti-
cles dispersed in a non-conductive film. In the connection
through the conventional ACF, the ACF is adhered to the
glass TFT array substrate and the driver IC is bonded to
the ACF. Thereafter, in afinal bonding process, a plurality
of conductive particles flows in the ACF and some of the
conductive particles are captured between the bumps
and the pads on the TFT array substrate, thereby elec-
trically connecting the driving circuit to the pads and to
wiring on the TFT array substrate. However, only about
10 to 30 percent of an original amount of the conductive
particles are captured in the manner described, and thus
much of the conductive particles are wasted. In addition,
as the area of the bumps is made smaller, the number
of conductive particles trapped between the bumps and
the pads becomes smaller and thereby increases the re-
sistance of the electrical connections between the bumps
and the pads..

[0007] The pitch of a COG chip becomes finer as an
LCD device becomes smaller, lighter and thinner, and
the pitch of an outer lead bonding (OLB) or a film-on-
glass (FOG) bonding also becomes finer.

[0008] Whenaninterval betweenbumpsofa COG chip
is less than or equal to about 15 um, an agglomeration
of the conductive particles may extend from one bump
to an adjacent bump, thus forming an electrical connec-
tion between the bumps to cause an electrical short de-
fect. As noted above, as the area of the bumps decreases
the number of conductive particles trapped between a
pad and a bump decreases. Indeed, the number of cap-
tured conductive particles may be zero, the lack of the
conductive particles causing an electrical open defect
after the COG bonding.

[0009] The above-mentioned defects may be found
during manufacture of an LCD or they may be found by
end users of a LCD device after some time has elapsed.
Thus, yield and reliability may be degraded.

SUMMARY OF THE INVENTION

[0010] The presentinvention provides a driving circuit
for a liquid crystal display (LCD) device capable of easily
being electrically connected to the LCD device through
bonding pads in which conductive particles are disposed
on a bump.

[0011] The present invention further provides a meth-
od of manufacturing the driving circuit.

[0012] The present invention still further provides an
LCD device having the driving circuit.

[0013] Inone aspect of the present invention, a driving
circuit includes a resin layer formed on a bump on an
integrated circuit (IC) pad electrode, and a conductive
particle deposited on and coupled to the resin layer. The
resin layer is electrically conductive and the conductive
particle adheres to the resin layer.

[0014] The conductive particle may have, forexample,
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a spherical shape, a hexahedron shape, a tetrahedron
shape or any suitable shape. The conductive particle in-
cludes an outer portion comprising an electrically con-
ductive material and an inner portion comprising an elas-
tic material such as an elastic polymer. The elastic ma-
terial may be compressed during bonding so as to pre-
vent an electrical connection defect due to height differ-
ences between individual bumps in a plurality of bumps.
[0015] In a first exemplary embodiment, a driving cir-
cuit for an LCD device includes an integrated circuit IC,
an electrode pad, a bump and a conductive particle. The
IC generates a signal. The electrode pad is formed on
the IC to externally transmit the signal. The bump is
formed on the electrode pad to receive the signal. The
conductive particle is disposed on the bump to electrically
connect the bump to an external electronic device.
[0016] The driving circuit may further include a resin
layer between the bump and the conductive particle. The
resin layer is electrically conductive.

[0017] The conductive particle may include an outer
layer including an electrically conductive material and an
inner portion including an elastic polymer material.
[0018] The electrically conductive material may in-
clude at least one of the metals gold (Au) and nickel (Ni).
[0019] Inanotherembodimentof the invention, a meth-
od of manufacturing a driving circuit for an LCD device
is provided as follows. An electrode pad is formed on an
integrated circuit chip portion of a wafer. A first passiva-
tion layer is formed on the chip. An opening is provided
in the passivation layer to expose a portion of the pad. A
second passivation layer is formed on the first passiva-
tion layer. An opening in the second passivation layer is
provided to again expose the portion of the pad. A metal
layer is formed on the second passivation layer and on
the exposed portion of the pad. A photoresist pattern hav-
ing an opening corresponding to the pad is formed. The
opening is filled with metal to form a bump. A resin layer
having electrical conductivity is formed on the bump and
the photoresist pattern. Conductive particles are sprayed
onto the resin layer. The photoresist pattern is removed
such that the conductive particles remain only on the
bump.

[0020] The conductive particles may be sprayed onto
the resin layer by using an ink jet or a fine nozzle.
[0021] Each of the conductive particles may include
an outer layer including an electrical conductive material
and an inner portion including an elastic polymer mate-
rial.

[0022] In another exemplary embodiment, an LCD de-
vice includes a driving circuit, a thin-film transistor (TFT)
array substrate, a color filter substrate and a liquid crystal
layer. The driving circuitincludes an IC, an electrode pad,
a bump and a conductive particle. The IC generates a
signal. The electrode pad is formed on the IC to externally
transmit the signal. The bump is formed on the electrode
pad to receive the signal. The conductive particle is dis-
posed on the bump. The TFT array substrate includes a
pad electrically connected to the bump of the driving cir-
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cuit through the conductive particle of the driving circuit.
The color filter substrate faces the TFT array substrate.
Theliquid crystal layeris disposed between the TFT array
substrate and the color filter substrate.

[0023] The driving circuit may include a plurality of
bumps electrically insulated from each other.

[0024] The LCD device may further include a non-con-
ductive adhesive configured to adhere the bump of the
driving circuit to the TFT array substrate.

[0025] The non-conductive adhesive may include one
of a non-conductive film, a non-conductive paste, an ul-
traviolet adhesive and an epoxy group adhesive.
[0026] The conductive particle may include an outer
layer including an electrically conductive material and an
inner portion including an elastic polymer material.
[0027] The electrically conductive material may in-
clude at least one metal selected from the group consist-
ing of gold and nickel.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] The above and other features and advantages
of the present invention will become more apparent
based on the following detailed description of exemplary
embodiments thereof, taken with reference to the accom-
panying drawings, in which:

FIG. 1 is an exploded perspective view illustrating a
liquid crystal display (LCD) panel according to an
exemplary embodiment of the present invention;
FIG. 2is a cross-sectional view illustrating a conven-
tional driving circuit for an LCD device;

FIG. 3 is a photomicrograph illustrating an electrical
open defect that is generated at a bump when the
conventional driving circuit is mounted on an LCD
panel;

FIG. 4 is a photomicrograph illustrating an electrical
short defect that is generated at a bump when the
conventional driving circuit is mounted on the LCD
panel;

FIGS. 5 to 10 are cross-sectional views illustrating
amethod of manufacturing a driving circuit according
to an exemplary embodiment of the present inven-
tion. FIG. 10 also shows in cross-section a driving
circuitin accordance with an exemplary embodiment
of the present invention;

FIGS. 11A and 11 B are cross-sectional views illus-
trating conductive particles used in a driving circuit
according to an exemplary embodiment of the
present invention;

FIG. 12is a cross-sectional view illustratinga method
of mounting a conventional driving circuit on an LCD
device by using an anisotropic conductive film (ACF);
FIG. 13 is a cross-sectional view illustrating a struc-
ture of the conventional driving circuit on an LCD
device by using the ACF;

FIG. 14is a cross-sectional view illustratinga method
of mounting a driving circuit according to an exem-
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plary embodiment of the present invention on an
LCD device by using a non-conductive film (NCF);
FIG. 15is a cross-sectional view illustrating a method
of mounting a driving circuit according to an exem-
plary embodiment of the present invention on an
LCD device by using a non-conductive paste (NCP);
and

FIG. 16 is a cross-sectional view illustrating a struc-
ture in which a driving circuit is attached to an LCD
device according to an embodiment of the present
invention.

DESCRIPTION OF THE EMBODIMENTS

[0029] The invention is described more fully hereinaf-
ter with reference to the accompanying drawings, in
which embodiments of the invention are shown. This in-
vention may, however, be embodied in many different
forms and should not be construed as limited to the em-
bodiments set forth herein. Rather, these embodiments
are provided so that this disclosure will be thorough and
complete, and will fully convey the scope of the invention
to those skilled in the art. In the drawings, the size and
relative sizes of layers and regions may be exaggerated
for clarity.

[0030] It will be understood that when an element or
layer is referred to as being "on," "connected to" or "cou-
pled to" another element or layer, it can be directly on,
connected or coupled to the other element or layer or
intervening elements or layers may be present. In con-
trast, when an element is referred to as being "directly
on," "directly connected to" or "directly coupled to" an-
other element or layer, there are no intervening elements
or layers present. Like numbers refer to like elements
throughout. As used herein, the term "and/or" includes
any and all combinations of one or more of the associated
listed items.

[0031] It will be understood that, although the terms
first, second, third etc. may be used herein to describe
various elements, components, regions, layers and/or
sections, these elements, components, regions, layers
and/or sections should not be limited by these terms.
These terms are only used to distinguish one element,
component, region, layer or section from another region,
layeror section. Thus, afirstelement, component, region,
layer or section discussed below could be termed a sec-
ond element, component, region, layer or section without
departing from the teachings of the present invention.
[0032] Spatially relative terms, such as "beneath," "be-
low," "lower," "above," "upper" and the like, may be used
herein for ease of description to describe one element or
feature’s relationship to another element(s) or feature(s)
as illustrated in the figures. It will be understood that the
spatially relative terms are intended to encompass dif-
ferent orientations of the device in use or operation in
addition to the orientation depicted in the figures. For
example, if the device in the figures is turned over, ele-
ments described as "below" or "beneath" other elements
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or features would then be oriented "above" the other el-
ements or features. Thus, the exemplary term "below"
can encompass both an orientation of above and below.
The device may be otherwise oriented (rotated 90 de-
grees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

[0033] The terminology used herein is for the purpose
of describing particular embodiments only and is not in-
tended to be limiting of the invention. As used herein, the
singular forms "a," "an" and "the" are intended to include
the plural forms as well, unless the context clearly indi-
cates otherwise. It will be further understood that the
terms "comprises" and/or "comprising," when used in this
specification, specify the presence of stated features, in-
tegers, steps, operations, elements, and/or components,
but do not preclude the presence or addition of one or
more other features, integers, steps, operations, ele-
ments, components, and/or groups thereof.

[0034] Embodiments of the invention are described
herein with reference to cross-section illustrations that
are schematic illustrations of idealized embodiments
(and intermediate structures) of the invention. As such,
variations from the shapes of the illustrations as a result,
for example, of manufacturing techniques and/or toler-
ances, are to be expected. Thus, embodiments of the
invention should not be construed as limited to the par-
ticular shapes of regions illustrated herein but are to in-
clude deviations in shapes that result, for example, from
manufacturing. For example, an implanted region illus-
trated as a rectangle will, typically, have rounded or
curved features and/or a gradient of implant concentra-
tion at its edges rather than a binary change from im-
planted to non-implanted region. Likewise, a buried re-
gion formed by implantation may result in some implan-
tation in the region between the buried region and the
surface through which the implantation takes place.
Thus, the regions illustrated in the figures are schematic
in nature and their shapes are not intended to illustrate
the actual shape of a region of a device and are not in-
tended to limit the scope of the invention.

[0035] Unless otherwise defined, all terms (including
technical and scientific terms) used herein have the same
meaning as commonly understood by one of ordinary
skill in the art to which this invention belongs. It will be
further understood that terms, such as those defined in
commonly used dictionaries, should be interpreted as
having a meaning that is consistent with their meaning
in the context of the relevant art and will not be interpreted
in an idealized or overly formal sense unless expressly
so defined herein.

[0036] Hereinafter, the present invention will be de-
scribed in detail with reference to the accompanying
drawings.

[0037] FIG. 1is an exploded perspective view illustrat-
ing a liquid crystal display (LCD) panel according to an
exemplary embodiment of the present invention.

[0038] As shown in FIG. 1, an LCD device includes a
color filter substrate 7, a thin-film transistor (TFT) array
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substrate 1 and a liquid crystal layer 5 interposed be-
tween the color filter substrate 7 and the TFT array sub-
strate 1.

[0039] The color filter substrate 7 includes a color filter
layer having red, green and blue color filters 9, a black
matrix 8 dividing the color filters and blocking light pass-
ing through the liquid crystal layer 5, and a transparent
common electrode 6 for applying a voltage to the liquid
crystal layer 5.

[0040] Gate lines and data lines are horizontally and
vertically formed on the TFT array substrate 1. Pixel ar-
eas are defined between the intersections of gate and
data lines on the TFT array substrate 1. A TFT switching
element is formed in each pixel area. The TFT switching
elements are located adjacent to intersections between
the gate lines 2 and the data lines 3. A pixel electrode is
also formed in each pixel area. Each TFT switching ele-
ment controls the application of a data voltage to its as-
sociated pixel electrode.

[0041] Each pixel area corresponds to one of the color
filters 9 of the color filter substrate 7. A full color image
may be obtained by combining red, green and blue
colors. On the color filter substrate, the color filters 9 are
arranged in groups of three including red, green and blue
to produce full color images.

[0042] FIG. 2 is a cross-sectional view illustrating a
conventional driving circuit thatis used in an LCD device.
[0043] Electrodes 23 are formed on the driving circuit
21. A bump 25 is formed on each of the electrodes 23.
The bumps are to be directly electrically connected to
pads provided ona TFT array substrate inan LCD device.
[0044] FIG. 3 is a photomicrograph showing an elec-
trical open circuit defect that occurred at a bump when a
conventional driving circuit was mounted on an LCD de-
vice.

[0045] FIG. 4 is a photomicrograph showing a cross-
sectional view of an electrical short circuit defect that oc-
curred between two bumps when a conventional driving
circuit was mounted on an LCD device.

[0046] Referringto FIGS. 3 and 4, two types of defects
are apparent. When an interval between bumps 25 on a
COG chip is less than or equal to about 15 um, an ag-
glomeration of the conductive particles 35 may form an
electrical connection between adjacent bumps 25 to
cause an electrical short circuit defect (refer to FIG. 4).
As shown in FIG.3, conductive particles 35 are present
on all the bumps 25 but are absent from bump 25a. The
reduction of the areas of the bumps 25 leads to a lack of
the conductive particles 35 and an electrical open circuit
defect after the COG bonding.

[0047] Hereinafter, a method of manufacturing a driv-
ing circuit for an LCD having a conductive particles dis-
posed on bumps will be described with reference to FIGS.
5 through 10.

[0048] FIGS. 5 to 10 are cross-sectional views illus-
trating a method of manufacturing a driving circuit ac-
cording to an exemplary embodiment of the present in-
vention. For convenience, FIGS. 5 -10 show cross sec-
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tions of the driving circuit that is part of a wafer (not
shown) containing many such driving circuits, the wafer
being later divided into individual driving circuits like the
one shown in FIGS. 5-10.

[0049] Referring to FIG. 5, a chip 41 contains circuits
(not shown) that are required to provide the functions of
a driving circuit. Hereinafter the chip 41 may be referred
to as an integrated circuit 41. Electrode pads 43 are
formed on the chip 41. These electrode pads 43 provide
electrical connections to chip 41, with some of electrode
pads dedicated to receiving signals, other electrode pads
dedicated to outputting signals and others providing pow-
er and ground connections. A passivation layer 45 is
formed on chip 41 and on the electrode pads 43. Open-
ings are provided in the passivation layer 45 to expose
a portion of each electrode pad 43. A layer of electrically
insulating material such as a polyimide layer 47 is formed
on the passivation layer 45. Openings are provided in
the polyimide layer 47 so that the open portion of each
electrode pad 43 is again exposed. The layer 47 may
hereinafter be referred to as a second insulating layer 47.
[0050] Referring to FIG. 6, an under bump metallurgy
(UBM) layer 49 is formed on the chip 41 having the pas-
sivation layer 45 and the polyimide layer 47. The under
bump metallurgy layer 49 is optional. Thereafter, a pho-
toresist pattern 51 is formed on the UBM layer 49. The
photoresist pattern 51 has openings A corresponding to
the electrode pads 43. The photoresist pattern 51 may
be obtained by using a positive type photoresist material.
Alternatively, the photoresist pattern 51 may be obtained
by using a negative type photoresist material.

[0051] Referring to FIG. 7, an electroplating operation
is performed so that the openings in the photoresist pat-
tern 51 are filled with metal, to thereby form bumps 53.
Examples of metals suitable for forming the bumps 53
include gold (Au) and nickel (Ni) and may include other
suitable metals. These metals may be used alone or in
a combination thereof.

[0052] Referring to FIG. 8, after the bumps 53 are
formed, instead of immediately stripping the photoresist
pattern 51, an adhesive material is coated on the pho-
toresist pattern 51 and on the bumps 53 to form an ad-
hesive layer 60. The adhesive material may comprise a
resin material and the adhesive layer 60 may hereinafter
be referred to as a resin layer 60. The adhesive material
includes an electrically conductive material so that con-
ductive particles 30 deposited on the bumps 53 are in
good electrical contact with the electrode pads 43. Ex-
amples of the electrically conductive material used in the
adhesive layer 60 may include silver paste.

[0053] Referring to FIG. 9, electrically conductive par-
ticles 30 are uniformly sprayed onto the adhesive layer
60. Each of the conductive particles 30 includes an outer
portion including at least one layer of metal, and an inner
portion comprising an elastic material such as an elastic
polymer. The outer portion may include a single metal
layer, or may include a first metal layer and a second
metal layer that are different in composition from each
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other. Examples of the metal forming the outer portion
may include gold (Au), nickel (Ni), or copper (Cu). These
metals may be used alone or in a combination thereof.
[0054] Anink jet or fine nozzle or other suitable device
may be used to uniformly apply the conductive particles
30 to the adhesive layer 60, thereby increasing uniformity
of the distribution of the conductive particles 30.

[0055] After the conductive particles 30, are adhered
to the adhesive layer 60, the photoresist pattern 51 is
removed, and the UBM layer 49 (if present) is etched so
that the UBM layer 49 remains only under the bump 53.
[0056] Referring to FIG. 10, through the above-de-
scribed processes, a driving circuit for an LCD device
having conductive particles 30 that are attached to the
bumps 53 is finally completed. The driving circuit 40 com-
prises an integrated circuit 41, electrode pads 43 formed
ontheintegrated circuit41, bumps 53 formed on the elec-
trode pads 43, a conductive adhesive layer 60 formed
on the bumps 53 and conductive particles 30 deposited
on the adhesive layer 60.

[0057] FIGS. 11A and 11 B are cross-sectional views
illustrating a conductive particle as used in adriving circuit
according to an exemplary embodiment of the present
invention. FIGS. 11A and 11 B illustrate shapes and
structures of the conductive particles 30.

[0058] ReferringtoFIGS.11Aand 11 B, the conductive
particles 30 uniformly electrically connect the bump 53
and an LCD panel to each other to reduce electrical con-
nection resistance. In FIG. 11A, a conductive particle 30a
includes an outer portion comprising a layer 31 including
an electrically conductive material such as a metal. The
conductive particle 30a also includes an inner portion
34a including an elastic material such as an elastic pol-
ymer. In FIG. 11 B, a conductive particle 30b includes an
outer portion including a first metal layer 31 and a second
metal layer 32 that are different from each other in their
composition, and an inner portion 34b comprising an
elastic material such as an elastic polymer. Examples of
the metal forming the outer portion may include gold (Au),
nickel (Ni), and copper (Cu). These may be used alone
orin acombination thereof. Alternatively, other metal ma-
terials having excellent electrical conductivity may be em-
ployed in the metal layers.

[0059] FIG. 12 is a cross-sectional view illustrating a
method of mounting a conventional driving circuit on an
LCD device by using an anisotropic conductive film
(ACF). FIG. 13 is a cross-sectional view illustrating a
structure of the conventional driving circuit on the LCD
device by using the ACF.

[0060] Referring to FIGS. 12 and 13, a driving circuit
70 and an LCD panel are electrically connected to each
other through an ACF 90. In the connection through the
ACF 90, the ACF 90 is adhered tothe TFT array substrate
81, which may be a glass substrate, and the driving circuit
70 is bonded to the ACF 90. Thereafter, in a final bonding
process, a plurality of conductive particles 35 flows in the
ACF 90 and some of the particles are captured between
a bump 75 and a pad 83 on the TFT array substrate 81,
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thereby electrically connecting the driving circuit 70 to
the pad 83 on the TFT array substrate 81. However, only
about 10 to 30 percent of the conductive particles 35 are
involved in making the electrical connections, and thus
much of the conductive particles 35 are wasted. In addi-
tion, as the area of the bump 75 is decreased, the number
of the conductive particles that can be captured on the
bump 75 becomes smaller and this causes an increase
the resistance of the electrical connection. Further, as
discussed with regard to FIGS. 3 and 4, open circuit and
short circuit failures may occur in this conventional ar-
rangement.

[0061] FIG. 14 is a cross-sectional view illustrating a
method of mounting a driving circuit according to an ex-
emplary embodiment of the present invention on an LCD
device by using a non-conductive film (NCF). FIG. 15 is
a cross-sectional view illustrating a method of mounting
a driving circuit according to an exemplary embodiment
of the present invention on an LCD device by using a
non-conductive paste (NCP). FIG. 16 is a cross-sectional
view illustrating a structure of the driving circuit according
to an exemplary embodiment of the present invention on
an LCD device.

[0062] Referring to FIGS. 14 and 15, the driving circuit
40 having the conductive particles 30 formed onthe bump
53 is mounted on a TFT array substrate 81 of an LCD
panel.

[0063] The TFT array substrate 81 is cleaned so that
foreign substances may not be present on the TFT array
substrate 81. Then, an NCF 70 or an NCP 75 is bonded
on a pad 83 formed on the TFT array substrate 81. The
NCF 70 and the NCP 75 are adhesive and non-conduc-
tive. The non-conductive adhesive may include a non-
conductive film, a non-conductive paste, an ultra-violet
curable adhesive or an epoxy group adhesive. Thereaf-
ter, the bump 53 on the driving circuit is bonded on the
pad 83 on which the NCF 70 or the NCP 75 is bonded.
When final bonding is performed, the conductive particles
30 electrically connect the bump 53 and the pad 83 to
each other in response to the application of pressure dur-
ing the final bonding as shown in FIG. 16.

[0064] Although the distance between bumps 53 is ir-
regular, the inner elastic portions 34a and 34b may com-
pensate for the irregularity, thereby maintaining a stable
electrical connection.

[0065] According to the present invention, a conduc-
tive particle is disposed on a bump of a driving circuit for
an LCD device to improve electrical contact between an
LCD panel and the driving circuit. The conductive particle
includes an inner portion comprising an elastic material,
the conductive particle including the elastic polymer inner
portion may compensate the irregularity between bumps,
although the distance between the bumps is irregular.
Thus, after the driving circuit is mounted on the LCD pan-
el, a stable electrical connection may be obtained to re-
duce electrical connection resistance and prevent relia-
bility defects. In addition, the conductive particles are not
disposed between the bumps and thus electrical short
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circuits between bumps are precluded. Also, even when
intervals between the bumps and the pads of the LCD
panel are various, the bump may be electrically connect-
ed to the pad of the LCD panel through the conductive
particle by the compression of the conductive particles
to prevent an electrical open defect. Further, the bumps
may have a fine pitch, so that chip size may be reduced
to increase the number of net dies per wafer, thereby
reducing manufacturing cost. Thus, the driving circuit
may be applied to an LCD display IC (LDI) having a fine
pitch.

[0066] Although exemplary embodiments of the
present invention have been described, it is understood
that the present invention should not be limited to these
exemplary embodiments but various changes and mod-
ifications can be made by one ordinary skilled in the art
within the spirit and scope of the present invention as
hereinafter claimed.

Claims

1. Adriving circuit for a liquid crystal display (LCD) de-
vice comprising:

an integrated circuit (IC) that generates a signal;
an electrode pad formed on the IC to externally
transmit the signal;

a bump formed on the electrode pad to receive
the signal; and

a conductive particle formed on the bump to
electrically connect the bump to an external
electronic device.

2. The driving circuit of claim 1, further comprising a
resin layer disposed between the bump and the con-
ductive particle, the resin layer being electrically con-
ductive.

3. Thedriving circuit of claim 2, wherein the conductive
particle comprises an outer layer including an elec-
trically conductive material and an inner portion in-
cluding an elastic polymer material.

4. The driving circuit of claim 3, wherein the electrically
conductive material comprises at least one metal se-
lected from the group consisting of gold (Au) and
nickel (Ni).

5. A method of manufacturing a driving circuit for an
LCD device comprising:

forming a first passivation layer on a chip of a
wafer having an electrode pad;

providing an opening in the first passivation layer
to expose a portion of the electrode pad;
forming a second passivation layer on the chip
having the first passivation layer;
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providing an opening in the second passivation
layer to again expose the portion of the pad elec-
trode;

forming a metal layer on the second passivation
layer;

forming a photoresist pattern having an opening
corresponding to the pad;

filling the opening in the photoresist pattern with
metal to form a bump;

forming a resin layer having electrical conduc-
tivity on the bump and the photoresist pattern;
spraying conductive particles onto the resin lay-
er; and

removing the photoresist pattern such that the
conductive particles remain only on the bump.

The method of claim 5, wherein the conductive par-
ticles are sprayed onto the resin layer by using an
ink jet or a fine nozzle.

The method of claim 6, wherein each of the conduc-
tive particles comprises an outer layer including an
electrical conductive material and an inner portion
including an elastic polymer material.

An LCD device comprising:
a driving circuit comprising:

an integrated circuit (IC) that generates a
signal;

an electrode pad formed on the IC to exter-
nally transmit the signal;

a bump formed on the electrode pad to re-
ceive the signal; and

a conductive particle formed on the bump;

a thin-film transistor (TFT) array substrate com-
prising a pad electrically connected to the bump
of the driving circuit through the conductive par-
ticle of the driving circuit;

a color filter substrate facing the TFT array sub-
strate; and

a liquid crystal layer disposed between the TFT
array substrate and the color filter substrate.

The LCD device of claim 8, wherein the driving circuit
comprises a plurality of bumps electrically insulated
from each other.

The LCD device of claim 8, further comprising a non-
conductive adhesive configured to adhere the bump
of the driving circuit to the TFT array substrate.

The LCD device of claim 10, wherein the non-con-
ductive adhesive comprises at least one selected
from the group consisting of a non-conductive film,
a non-conductive paste, an ultraviolet adhesive and



12.

13.

13 EP 1 942 365 A2

an epoxy group adhesive.

The LCD device of claim 8, wherein the conductive
particle comprises an outer layer including an elec-
trically conductive material and an inner portion in-
cluding an elastic polymer material.

The LCD device of claim 12, wherein the electrically
conductive material comprises at least one metal se-
lected from the group consisting of gold (Au) and
nickel (Ni).
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