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LIQUID CRYSTAL DISPLAY AND
MANUFACTURING METHOD THEREOF

CROSS-REFERENCE TO RELATED PATENT
APPLICATION

[0001] This application claims priority to Korean Patent
Application Nos. 10-2005-0102363 filed on Oct. 28, 2005
and 10-2005-0133584 filed on Dec. 29, 2005, in the Korean
Intellectual Propery Office, the disclosures of which are
incorporated by reference herein in their entirety.

BACKGROUND OF THE INVENTION

[0002] (a) Technical Field

[0003] The present disclosure relates to a liquid crystal
display and a manufacturing method thereof.

[0004] (b) Discussion of the Related Art

[0005] A liquid crystal display (LCD) is one of the most
widely used flat panel displays. An LCD includes two
display panels provided with field-generating electrodes
such as pixel electrodes and a common electrode, and a
liquid crystal (LC) layer interposed therebetween. The LCD
displays images by applying voltages to the field-generating
electrodes to generate an electric field in the LC layer, which
determines orientations of LC molecules in the LC layer to
adjust polarization of incident light.

[0006] The two display panels of the LCD are combined
together by a sealant which is formed on each circumfer-
ential edge of the display panels to seal a liquid crystal
material therein, and the two display panels are supported by
spacers provided therebetween to sustain a cell gap therebe-
tween.

[0007] The spacers can be categorized as spherical bead
spacers formed in an irregular pattern and column spacers
formed in a uniform pattern.

[0008] The column spacers are formed in a desired pattern
corresponding to portions inside pixels where light is not
transmitted, namely, for example, at a channel portion, a gate
line, a storage electrode line, or a light blocking member,
after coating a photosensitive film on a color filter array
panel and then exposing and developing it.

[0009] The bead spacers are formed by spreading them
irregularly before the two display panels are coupled
together. However, when the bead spacers are formed in this
way, the bead spacers may act as foreign particles causing
light leakage which deteriorates the contrast ratio, or some
bead spacers may move slightly, damaging an alignment
layer.

[0010] Thetwo display panels of an LCD are combined by
fixing them to face each other using an unhardened sealant
and hardening the unhardened sealant using light or heat.
The liquid crystal material may be contaminated by con-
tacting the unhardened sealant during an assembly process
for combining the two display panels, causing defective
alignment of the liquid crystal. Accordingly, a dam may be
formed at the circumference of one display panel and the
liquid crystal material may be enclosed by the dam to
prevent the liquid crystal material from contacting the
unhardened sealant.
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[0011] However, the dam may have a non-uniform height,
allowing the liquid crystal material to move to the unhard-
ened sealant through low portions of the dam. Also, addi-
tional processes for manufacturing the dam cause manufac-
turing time and cost of an LCD to increase.

SUMMARY OF THE INVENTION

[0012] Aliquid crystal display according to an exemplary
embodiment of the present invention includes a first sub-
strate having a display area and a peripheral area and
including a plurality of pixels formed in the display area, a
second substrate facing the first substrate, and a plurality of
first groups of bead spacers and a plurality of second groups
of bead spacers disposed between the first substrate and the
second substrate. The first groups of bead spacers and the
second groups of bead spacers have a different size or
different elasticity coeflicient from each other, and include a
plurality of beads, respectively.

[0013] The liquid crystal display may further include a
plurality of light blocking members formed on the second
substrate and overlapping the second groups of bead spac-
ers.

[0014] The first bead spacers and the second bead spacers
may not overlap each other.

[0015] The first groups of bead spacers may be disposed
near the center of the display area, and the second groups of
bead spacers may be disposed about edges of the display
area.

[0016] The first groups of bead spacers and the second
groups of bead spacers may be disposed in the display area
and may be arranged by one per six pixels, respectively.

[0017] The first groups of bead spacers and the second
groups of bead spacers disposed in the display area may be
arranged alternately by one per three pixels.

[0018] The first groups of bead spacers and the second
groups of bead spacers may be disposed on the first substrate
and the second substrate, respectively.

[0019] The first groups of bead spacers and the second
groups of bead spacers may be attached to one of the first
and second substrates.

[0020] The liquid crystal display may further include a
gate line and a data line formed on the first substrate, a thin
film transistor connected to the gate line and the data line,
and a pixel electrode connected to the thin film transistor.

[0021] The liquid crystal display may further include a
color filter formed on the second substrate and a common
electrode formed on the color filter.

[0022] The beads of the first groups of bead spacers may
be smaller than the beads of the second groups of bead
spacers.

[0023] The beads of the first groups of bead spacers may
have a lower elasticity coeflicient than that of the beads of
the second groups of bead spacers.

[0024] The liquid crystal display may further include a
sealing member disposed at an edge of the peripheral area,
wherein the first and second substrates are combined.
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[0025] The second groups of bead spacers may be dis-
posed near the center of the display area and in the periph-
eral area between the display area and the sealing member,
and the first groups of bead spacers may be disposed at an
edge of the display area and in the peripheral area between
the display area and the sealing member.

[0026] The first groups of bead spacers and the second
groups of bead spacers may be disposed in the peripheral
area between the display area and the sealing member may
be alternately arranged at regular intervals.

[0027] The first groups of bead spacers and the second
groups of bead spacers disposed in the display area may be
arranged by one per three pixels, and the first groups of bead
spacers and the second groups of bead spacers disposed in
the peripheral area between the display area and the sealing
member may be closely and alternately arranged.

[0028] A manufacturing method of a liquid crystal display
in an exemplary embodiment of the present invention
includes attaching first groups of bead spacers on a first bead
supply substrate, transcribing the first groups of bead spac-
ers of the first bead supply substrate onto the surface of a first
transcribing roller, transcribing the first groups of bead
spacers of the first transcribing roller onto a first substrate,
attaching second groups of bead spacers on a second bead
supply substrate, transcribing the second groups of bead
spacers of the second bead supply substrate onto the surface
of a second transcribing roller, transcribing the second
groups of bead spacers of the second transcribing roller onto
the second substrate, depositing a liquid crystal material
onto at least one of the first and second substrates, and
combining the first substrate and the second substrate.

[0029] The first and the second bead supply substrates
may have a plurality of holes, and the attaching the first
groups of bead spacers or the second groups of bead spacers
may include injecting beads of the first or second bead
spacers into the holes.

[0030] The first groups of bead spacers and the second
groups of bead spacers may be spacers that maintain a
constant cell gap between the first substrate and the second
substrate.

[0031] The first groups of bead spacers and the second
groups of bead spacers may be dams that control a speed of
the liquid crystal material.

[0032] The first groups of bead spacers and the second
groups of bead spacers may be attached to the first and
second spacer supply substrates with an adhesive.

[0033] The adhesive may include a thermosetting material
or an ultraviolet hardener.

[0034] The method may further include exposing the first
substrate to heat or light after transcribing the first groups of
bead spacers of the first transcribing roller onto the first
substrate.

[0035] The method may further include exposing the
second substrate to heat or light after transcribing the second
groups of bead spacers of the second transcribing roller onto
the second substrate.

[0036] The holes of the first bead supply substrate may
have a different size from the holes of the second bead
supply substrate.
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[0037] The holes of the first bead supply substrate and the
holes of the second bead supply substrate may be filled with
a plurality of beads.

[0038] The first groups of bead spacers may have a
different size or a different elasticity coeflicient from the
second groups of bead spacers.

[0039] The first groups of bead spacers and the second
groups of bead spacers may not overlap with each other.

BRIEF DESCRIPTION OF THE DRAWINGS

[0040] FIG. 1is a schematic diagram of an LCD according
to an exemplary embodiment of the present invention;

[0041] FIG. 2 is a sectional view of an LCD including a
thin film transistor array panel and a common electrode
panel, and spacers disposed thereon, respectively;

[0042] FIG. 3 is a sectional view of the LCD shown in
FIG. 1 taken along the line III-1II;

[0043] FIG. 4is a schematic diagram of an LCD according
to an exemplary embodiment of the present invention;

[0044] FIG. 5 is a layout view of an LCD according to an
exemplary embodiment of the present invention;

[0045] FIG. 6 is a sectional view of the LCD shown in
FIG. 5 taken along the line VI-VI;

[0046] FIG. 7 is a sectional view of the LCD shown in
FIG. 5 taken along the line VII-VII,;

[0047] FIG. 8 is a schematic diagram of an apparatus for
manufacturing a spacer for an LCD according to an exem-
plary embodiment of the present invention;

[0048] FIG. 9 is a layout view of a first spacer supply
substrate according to an exemplary embodiment of the
present invention;

[0049] FIG. 10 is a view showing a step of dripping bead
spacers onto the first spacer supply substrate according to an
exemplary embodiment of the present invention;

[0050] FIG. 11 is a view showing a step of injecting the
dripped bead spacers into a plurality of holes of the first
spacer supply substrate equally;

[0051] FIG. 12 is a layout view of the first spacer supply
substrate in which the bead spacers have been injected into
the holes according to an exemplary embodiment of the
present invention;

[0052] FIG. 13 is a layout view of a first spacer supply
substrate according to an exemplary embodiment of the
present invention;

[0053] FIG. 14 is a layout view of the first spacer supply
substrate in which the bead spacers have been injected into
the holes according to an exemplary embodiment of the
present invention;

[0054] FIG. 15 is a diagram showing a step of transferring
the bead spacers from the first spacer supply substrate to a
surface of a transfer roller according to an exemplary
embodiment of the present invention;

[0055] FIG. 16 is a diagram showing a step of transferring
the bead spacers that are transferred to the transfer roller,
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from the transfer roller surface onto a thin film transistor
array panel according to an exemplary embodiment of the
present invention;

[0056] FIG. 17 is a diagram showing a step of hardening
the bead spacers disposed on the thin film transistor array
panel according to an exemplary embodiment of the present
invention;

[0057] FIG. 18 is a layout view of a second spacer supply
substrate according to an exemplary embodiment of the
present invention;

[0058] FIG. 19 is a view showing a step of dripping bead
spacers to the second spacer supply substrate according to an
exemplary embodiment of the present invention;

[0059] FIG. 20 is a view showing a step of injecting the
dripped bead spacers into a plurality of holes of the second
spacer supply substrate equally;

[0060] FIG. 21 is a layout view of the second spacer
supply substrate in which the bead spacers have been
injected into the holes according to an exemplary embodi-
ment of the present invention;

[0061] FIG. 22 is a layout view of a second spacer supply
substrate according to an exemplary embodiment of the
present invention;

[0062] FIG. 23 is a layout view of the second spacer
supply substrate in which the bead spacers have been
injected into the holes according to an exemplary embodi-
ment of the present invention;

[0063] FIG. 24 is a diagram showing a step of transferring
the bead spacers from the second spacer supply substrate to
a surface of a transfer roller according to an exemplary
embodiment of the present invention;

[0064] FIG. 25 a diagram showing a step of transferring
the bead spacers that are transferred to the transfer roller,
from the transfer roller surface onto a common electrode
panel according to an exemplary embodiment of the present
invention;

[0065] FIG. 26 is a diagram showing a step of hardening
the bead spacers disposed on the common electrode panel
according to an exemplary embodiment of the present
invention; and

[0066] FIG. 27 is a diagram showing a step of combining
the thin film transistor array panel and the common electrode
panel having the hardened bead spacers, respectively,
according to an exemplary embodiment of the present
invention.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0067] Hereinafter, exemplary embodiments of the present
invention will be described in detail with reference to the
accompanying drawings. This invention may, however, be
embodied in different forms and should not be construed as
limited to the embodiments set forth herein.

[0068] In the drawings, the thickness of layers, films,
panels, regions, etc., are exaggerated for clarity. Like refer-
ence numerals designate like elements throughout the speci-
fication. It will be understood that when an element such as
a layer, film, region, or substrate is referred to as being “on”
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another element, it can be directly on the other element or
intervening elements may also be present.

[0069] Aliquid crystal display according to an exemplary
embodiment of the present invention will now be described
in detail with reference to FIG. 1 to FIG. 3.

[0070] FIG. 1is a schematic diagram of an LCD according
to an exemplary embodiment of the present invention, FIG.
2 is a sectional view of an LCD including a thin film
transistor array panel and a common electrode panel, and
spacers disposed thereon, respectively, and FIG. 3 is a
sectional view of the LCD shown in FIG. 1 taken along the
line II-1II. An arrow in FIG. 3 represents a movement
direction of a liquid crystal material after the liquid crystal
material is deposited.

[0071] Referring to FIG. 1, the LCD 300 includes a
sealing member 310 disposed in the outermost portion of the
LCD 300, and a plurality of pixels P disposed thereinside. A
region of the LCD 300 provided with a plurality of pixels P
is referred to as a display area, and the remaining region is
referred to as a peripheral area, hereinafter.

[0072] A plurality of groups of small bead spacers 320a
are disposed around the display area edge, while a plurality
of groups of large bead spacers 3205 are disposed in the
display area. However, dispositions of the groups of bead
spacers 320a and 3205 may be changed.

[0073] A plurality of groups of small bead spacers 320a
and a plurality of groups of large bead spacers 3205 are
alternately disposed in the peripheral area between the
display area and the sealing member 310 at regular intervals.

[0074] Referring to FIG. 2, the groups of small bead
spacers 320a are disposed on a thin film transistor array
panel 100, while groups of large bead spacers 3205 are
disposed on a common electrode panel 200. However, the
groups of bead spacers 320a and 3205 may be disposed
together on one panel of the TFT array panel 100 and the
common electrode panel 200.

[0075] Each group of bead spacers 320a and 3205 may be
disposed on a region corresponding to a light blocking
member (not shown). A plurality of beads, for example six
to eight beads of the same size, may be in each group of the
bead spacers 320a and 3205. The number of beads in the
group of spacers 320a and 3205 may be less than six or more
than eight, and a shape of the group of spacers 320a and
3205 may be variable such as a quadrangle, etc.

[0076] A plurality of groups of small bead spacers 320a
and a plurality of groups of large bead spacers 3205 may be
alternately disposed in the peripheral area between the
display area and the sealing member 310 at regular intervals.

[0077] As shown by the arrow in FIG. 3, when the liquid
crystal material moves from the display area to the outside
of the display area, the liquid crystal material repeatedly
passes by the large bead spacers 3205 through a gap in the
large bead spacers 3205 and passes over or around the small
bead spacers 320a to reach the sealing member 310. Accord-
ingly, the velocity of the liquid crystal material in the
peripheral area between the display area and the sealing
member 310 may be reduced substantially to prevent the
liquid crystal material from contacting the sealing member
310 before the sealing member 310 is hardened. A plurality
of bead spacers 320a and 3204 are disposed in the peripheral
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area between the display area and the sealing member 310
at regular intervals and in a regular sequence to maintain
substantially the same velocity of the liquid crystal material
in several directions while moving the liquid crystal material
toward the sealing member 310.

[0078] In addition, the velocity of the liquid crystal mate-
rial in the several directions may be maintained such that the
liquid crystal material may reach the sealing member 310
substantially simultaneously in the several directions to
prevent uneven distribution of the liquid crystal material in
the LCD 300 and to maintain a constant cell gap.

[0079] As shown in FIG. 1, an LCD according to an
exemplary embodiment of the present invention includes a
plurality of groups of bead spacers 320a and 3205 arranged
by one per three pixels. However, the groups of bead spacers
320a and 3205 may be arranged at a variable interval of
pixels.

[0080] Inan LCD, a pressure applied to a central portion
of a display area may be much more than that applied to the
outer portion of the display area. and thereby the cell gap in
the central portion may be shorter than that in the outer
portion. Accordingly, the cell gap may not be constantly
maintained. The LCD 300 according to an exemplary
embodiment of the present invention includes groups of
large bead spacers 3205 disposed in the central portion of the
display area and groups of small bead spacers 320qa disposed
in the outer portion to maintain a constant cell gap in the
entire display area.

[0081] In addition, the liquid crystal material may be
unevenly distributed toward the outer portion of the display
area during deposition of the liquid crystal material, and
thereby a cell gap in the outer portion may be longer than
that in the central portion. Accordingly, the disposition and
size of the bead spacers 320a and 3205 may be variable such
that groups of large bead spacers 3206 may be disposed in
the outer portion and groups of small bead spacers 320a may
be disposed in the central portion. In addition, groups of
bead spacers having the same size and different elasticity
from each other may be used.

[0082] AnLCD according to an exemplary embodiment of
the present invention will now be described in detail with
reference to FIG. 4. FIG. 4 is a schematic diagram of an
LCD according to an exemplary embodiment of the present
invention.

[0083] As shown in FIG. 4, the planar structure of the
LCD 300 is the same as that shown in FIG. 1. The LCD 300
includes a sealing member 310 disposed in the outermost
portion of the LCD 300, a plurality of pixels P disposed
inside of the LCD 300, and a plurality of groups of bead
spacers 320¢ and 3205 disposed in the peripheral area
between the display area and the sealing member 310 at a
constant interval.

[0084] However, unlike the LCD shown in FIG. 1, a
plurality of groups of small bead spacers 320¢ and a
plurality of groups of large bead spacers 3205 are alternately
disposed in the display area.

[0085] TheLCD 300 includes a plurality of groups of bead
spacers 320a and 3205 having different sizes and being
alternately disposed to maintain a constant cell gap that is
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changeable locally and a uniform distribution of the liquid
crystal material in the display area.

[0086] The groups of large bead spacers 3205 maintain the
constant cell gap when the two display panels are assembled
after depositing the liquid crystal material, and the groups of
small bead spacers 320a prevent the elasticity of the large
bead spacers 3205 from allowing the bead spacers 3205 to
compress beyond a certain point by supporting the two
display panels when local pressure is applied to the display
panels.

[0087] AnLCD according to an exemplary embodiment of
the present invention will be described in detail with refer-
ence to FIG. 5 to FIG. 7. FIG. 5 is a layout view of an LCD
according to an exemplary embodiment of the present
invention, FIG. 6 is a sectional view of the LCD shown in
FIG. 5 taken along the line VI-VI, and FIG. 7 is a sectional
view of the LCD shown in FIG. 5 taken along the line
VII-VIL

[0088] TheLCD includes a thin film transistor (TFT) array
panel 100 and a common electrode panel 200 facing each
other, and an LC layer 3 interposed therebetween.

[0089] A plurality of gate lines 121 and a plurality of
storage electrode lines 131 are formed on an insulating
substrate 110 made of a material such as transparent glass or
plastic.

[0090] The gate lines 121 transmit gate signals and extend
substantially in a transverse direction. Bach of the gate lines
121 includes a plurality of gate electrodes 124 projecting
downward and an end portion 129 having an area for contact
with another layer or an external driving circuit. A gate
driving circuit (not shown) for generating the gate signals
may be mounted on a flexible printed circuit (FPC) film (not
shown), which may be attached to the substrate 110, directly
mounted on the substrate 110, or integrated on the substrate
110. The gate lines 121 may extend to connect to a driving
circuit that may be integrated on the substrate 110.

[0091] The storage electrode lines 131 are supplied with a
predetermined voltage, and extend substantially parallel to
the gate lines 121. Each of the storage electrode lines 131 are
disposed between two pair of adjacent gate lines 121, and
are closer to one of the pair of two adjacent gate lines 121.
Each of the storage electrode lines 131 include a storage
electrode 137 extending upward and downward. However,
the storage electrode lines 131 may have various shapes and
arrangements.

[0092] The gate lines 121 and storage electrode lines 131
may be made of a material containing Ag, Cu, Mo, Cr, Ta,
Ti or alloys thereof. However, they may have a multi-layered
structure including two conductive films (not shown) having
different physical characteristics. One of the two films may
be made of a low resistivity metal including an Al, Ag, Cu,
or alloys thereof for reducing signal delay or voltage drop.
The other film may be made of a material such as a Mo, Cr,
Ta, Ti, or alloys thereof having good physical, chemical, and
electrical contact characteristics with other materials such as
indium tin oxide (ITO) or indium zinc oxide (IZO).
Examples of the combination of the two films are a lower Cr
film and an upper Al (alloy) film, and a lower Al (alloy) film
and an upper Mo (alloy) film. However, the gate lines 121
and the storage electrode lines 131 may be made of various
metals or conductors.
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[0093] The lateral sides of the gate lines 121 and the
storage electrode lines 131 are inclined relative to a surface
of the substrate 110, and the inclination angle thereof may
range from about 30 to about 80 degrees.

[0094] A gate insulating layer 140 may be made of silicon
nitride (SiNx) or silicon oxide (SiOx) and is formed on the
gate lines 121 and the storage electrode lines 131.

[0095] A plurality of semiconductor stripes 151 may be
made of hydrogenated amorphous silicon (abbreviated to
“a-Si”) or polysilicon and are formed on the gate insulating
layer 140. Each of the semiconductor stripes 151 extends
substantially in a longitudinal direction and includes a
plurality of projections 154 branching out toward the gate
electrodes 124.

[0096] A plurality of ohmic contact stripes and islands 161
and 165 are formed on the semiconductor stripes 151. The
ohmic contacts 161 and 165 may be made of n+ hydroge-
nated a-Si heavily doped with an n-type impurity such as
phosphorous, or they may be made of silicide. Each of the
ohmic contact stripes 161 includes a plurality of projections
163, and the projections 163 and the ohmic contact islands
165 are located in pairs on the projections 154 of the
semiconductor stripes 151.

[0097] The lateral sides of the semiconductor stripes 151
and the ohmic contacts 161 and 165 are inclined relative to
the surface of the substrate 110, and the inclination angles
thereof may range from about 30 to about 80 degrees.

[0098] A plurality of data lines 171 and a plurality of drain
electrodes 175 are formed on the ohmic contacts 161 and
165 and the gate insulating layer 140.

[0099] The data lines 171 transmit data signals and extend
substantially in the longitudinal direction to intersect the
gate lines 121. Each data line 171 includes a plurality of
source electrodes 173 projecting toward the gate electrodes
124 and curved like a character C, and an end portion 179
having an area for contact with another layer or an external
driving circuit. A data driving circuit (not shown) for gen-
erating the data signals may be mounted on an FPC film (not
shown), which may be attached to the substrate 110, directly
mounted on the substrate 110, or integrated on the substrate
110. The data lines 171 may extend to connect to a driving
circuit that may be integrated on the substrate 110.

[0100] The drain electrodes 175 are separated from the
data lines 171, and are disposed opposite the source elec-
trodes 173 with respect to the gate electrodes 124. Each of
the drain electrodes 175 includes a wide end portion 177 and
a narrow end portion. The wide end portion 177 overlaps a
storage electrode 137 and the narrow end portion is partly
enclosed by a source electrode 173.

[0101] A gate electrode 124, a source electrode 173, and a
drain electrode 175 along with a projection 154 of a semi-
conductor stripe 151 form a TFT having a channel formed
in the projection 154 and are disposed between the source
electrode 173 and the drain electrode 175.

[0102] The data lines 171 and the drain electrodes 175
may be made of a refractory metal such as Cr, Mo, Ta, Ti,
or alloys thereof. However, they may have a multilayered
structure including a refractory metal film (not shown) and
a low resistivity film (not shown). Examples of the multi-
layered structure are a double-layered structure including a
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lower Cr/Mo (alloy) film and an upper Al (alloy) film, and
a triple-layered structure of a lower Mo (alloy) film, an
intermediate Al (alloy) film, and an upper Mo (alloy) film.
However, the data lines 171 and the drain electrodes 175
may be made of various metals or conductors.

[0103] The data lines 171 and the drain electrodes 175
have inclined edge profiles, and the inclination angles
thereof may range from about 30 to about 80 degrees.

[0104] The ohmic contacts 161 and 165 are interposed
between the underlying semiconductor stripes 151 and the
overlying conductors 171 and 175 thereon, and reduce the
contact resistance therebetween. Although the semiconduc-
tor stripes 151 are narrower than the data lines 171 at most
places, the width of the semiconductor stripes 151 becomes
large near the gate lines 121 and the storage electrode lines
131, to smooth the profile of the surface, thereby preventing
disconnection of the data lines 171. The semiconductor
stripes 151 include some exposed portions, which are not
covered with the data lines 171 and the drain electrodes 175,
such as portions located between the source electrodes 173
and the drain electrodes 175.

[0105] A passivation layer 180 is formed on the data lines
171, the drain electrodes 175, and the exposed portions of
the semiconductor stripes 151. The passivation layer 180
may be made of an inorganic or organic insulator, and it may
have a flat top surface. Examples of the inorganic insulator
include silicon nitride and silicon oxide. The organic insu-
lator may have photosensitivity and a dielectric constant of
less than about 4.0. The passivation layer 180 may include
a lower film of an inorganic insulator and an upper film of
an organic insulator such that it takes the insulating char-
acteristics of the organic insulator while preventing the
exposed portions of the semiconductor stripes 151 from
being damaged by the organic insulator.

[0106] The passivation layer 180 has a plurality of contact
holes 182 and 185 exposing the end portions 179 of the data
lines 171 and the drain electrodes 175, respectively. The
passivation layer 180 and gate insulating layer 140 have a
plurality of contact holes 181 exposing the end portions 129
of the gate lines 121.

[0107] A plurality of pixel electrodes 190 and a plurality
of contact assistants 81 and 82 are formed on the passivation
layer 180. They may be made of transparent conductor such
as ITO or 170 or a reflective conductor such as Ag, Al, Cr,
or alloys thereof.

[0108] The pixel electrodes 190 are electrically connected
to the drain electrodes 175 through the contact holes 185
such that the pixel electrodes 190 receive data voltages from
the drain electrodes 175. The pixel electrodes 190 supplied
with the data voltages generate electric fields in cooperation
with a common electrode 270 of an opposing display panel
200 supplied with a common voltage, which determine the
orientations of liquid crystal molecules (not shown) of a
liquid crystal layer 3 disposed between the two electrodes.
Polarization of light traveling through the LC layer is
adjusted depending on the determined orientations of the LC
molecules in the LC layer. A pixel electrode 190 and the
common electrode 270 form a capacitor referred to as a
“liquid crystal capacitor,” which stores applied voltages
after the TFT is turned off.

[0109] The pixel electrode 190 and the drain electrode 175
connected thereto overlap a storage electrode line 131 an a
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storage electrode 137. The pixel electrode 190, a drain
electrode 175 connected thereto, and the storage electrode
line 131 form an additional capacitor referred to as a
“storage capacitor,” which enhances the voltage storing
capacity of the liquid crystal capacitor.

[0110] The contact assistants 81 and 82 are connected to
the end portions 129 of the gate lines 121 and the end
portions 179 of the data lines 171 through the contact holes
181 and 182, respectively. The contact assistants 81 and 82
protect the end portions 129 and 179 and enhance the
adhesion between the end portions 129 and 179 and external
devices.

[0111] A lower alignment layer 11 is formed on the pixel
electrodes 190 and passivation layer 180.

[0112] A plurality of groups of bead spacers 320a are
formed on the lower alignment layer 11. The groups of bead
spacers 320a may be formed in a region corresponding to a
light blocking member 220 disposed on the common elec-
trode panel 200. Six to eight beads are gathered to form the
group of the bead spacers 320a having a round shape. The
beads may be the same size. In addition, the number of beads
in the group of the bead spacers 320a may be less than six
or more than eight, and a shape of the group of the bead
spacers 320a may be changed such as to a quadrangle, etc

[0113] The groups of bead spacers 320a are arranged by
one per six pixels, but the groups of bead spacers 320a may
also be arranged at variable intervals of pixels.

[0114] The groups of bead spacers 320a may be formed
under the lower alignment layer 11.

[0115] A light blocking member 220 is formed on an
insulating substrate 210 and is made of a material such as
transparent glass. The light blocking member 220 is called
a black matrix, and prevents light leakage. The light block-
ing member 220 may include a plurality of openings (not
shown) that face the pixel electrodes 190, and it may have
substantially the same planar shape as the pixel electrodes
190. Alternately, the light blocking member 220 may include
linear portions corresponding to the data lines 171 and the
gate lines 121, and other portions corresponding to the TFTs.

[0116] A plurality of red, green, and blue color filters
230R, 230G, and 230B are formed on the substrate. The
color filters 230R, 230G, and 230B are disposed substan-
tially in the areas enclosed by the light blocking member
220, and they may extend substantially in the longitudinal
direction along the pixel electrodes 190. The color filters 230
may represent other primary colors.

[0117] An overcoat 250 is formed on the light blocking
member 220 and the color filters 230R, 230G, and 230B.
The overcoat 250 may be made of an organic or inorganic
insulating material, which may prevent the color filters 230
from being exposed, and also may provide a flat surface. The
overcoat 250 is optional.

[0118] A common electrode 270 is formed on the overcoat
250. The common electrode 270 may be made of a trans-
parent conductive material such as ITO and 1Z0.

[0119] An upper alignment layer 21 is coated on the
common electrode 270.

[0120] A plurality of groups of bead spacers 3205 are
formed on the upper alignment layer 21. The bead spacers
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320h may be formed in a region corresponding to a light
blocking member 220, and the bead spacers 3205 may be
formed in a region corresponding to the TFT.

[0121] Six to eight beads form a group of the bead spacers
3204 having a round shape. The beads may be the same size.
The bead spacers 3205 are arranged by one per six pixels.
However, the groups of bead spacers 3205 may be arranged
at variable intervals of pixels. In addition, the number of
beads in the group of the bead spacers 320a may be less than
six or more than eight, and a shape of the group of the bead
spacers 320a may be changed, such as to a quadrangle, etc.

[0122] The bead spacers 3205 disposed on the common
electrode panel 200 have a larger diameter than that of the
bead spacers 3204 disposed on the TFT array panel 100. The
large bead spacers 32056 contact both of the two display
panels 100 and 200, while the small bead spacers 32056 are
separated from the common electrode panel 200.

[0123] The groups of bead spacers 320a and 3205 are
disposed by one per three pixels, and the groups of bead
spacers 320¢ and the groups of bead spacers 3205 are
alternately arranged.

[0124] However, the groups of bead spacers 3204 having
a small size may be disposed around the display area edge,
while the groups of bead spacers 3205 having a large size
may be disposed in the display area.

[0125] Although not shown in these Figs., the LCD
includes a sealing member 310 disposed at the outermost
portion of the LCD, and includes a plurality of groups of
small bead spacers 320a and a plurality of groups of large
bead spacers 3205 alternately disposed in the peripheral area
between the display area and the sealing member 310 at
regular intervals.

[0126] The groups of small bead spacers 320a are dis-
posed on a thin film transistor array panel 100 while groups
of large bead spacers 3205 are disposed on a common
electrode panel 200, but the groups of bead spacers 3204 and
3205 may be disposed together on one panel of the TFT
array panel 100 and the common electrode panel 200.

[0127] The lower alignment layer 11 and the upper align-
ment layer 21 may be a horizontal alignment layer or a
vertical alignment layer.

[0128] Polarizers (not shown) may be disposed on outer
surfaces of the panels 100 and 200 such that their polariza-
tion axes may be crossed or parallel. One of the polarizers
is optional when the LCD is a reflective LCD.

[0129] The LCD may further include at least one retarda-
tion film (not shown) for compensating the retardation of the
LC layer 3. The LCD may further include a backlight umt
(not shown) for supplying light to the LC layer 3 through the
polarizers (not shown), the retardation film, and the panels
100 and 200.

[0130] FIG. 8 is a schematic diagram of an apparatus for
manufacturing a spacer for an LCD according to an exem-
plary embodiment of the present invention.

[0131] Referring to FIG. 8, the apparatus includes a spacer
supply substrate 9, a support plate 12, a transcribing roller
14, a spacer supply device 15, a printing plate 4, and doctor
blades 1 and 2.
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[0132] The spacer supply substrate 9 and support plate 12
are installed at a lower frame 10, and the transfer roller 14
and the spacer supply device 15 are installed at an upper
frame 13.

[0133] The spacer supply substrate 9 is disposed on the
printing plate 4 of the lower frame 10, and the spacer supply
substrate 9 has a plurality of holes 19 formed on a surface
thereof. The spacer supply substrate 9 may be made of a
glass, plastic, or metal material, and the holes 19 may be
formed by a metal molding method or a laser processing
method.

[0134] The holes 19 may have a sufficient size to be filled
with six to ten bead spacers (not shown). The size of the
holes 19 may be reduced to support less than six bead
spacers or increased to support more than ten bead spacers
as required by the embodiment of the invention. The holes
19 are arranged at the same intervals as those between
groups of bead spacers 320a and 3205. A substrate 210, on
which the groups of bead spacers 320a and 3204 are to be
disposed, is mounted on the support plate 12.

[0135] A transcribing sheet 33 made of hydrophilic silicon
is attached on the surface of the transcribing roller 14.

[0136] The doctor blades 1 and 2 are installed at a rear side
of the spacer supply device 15 with respect to its travel
direction, and the doctor blades 1 and 2 inject the beads
deposited on the spacer supply substrate 9 from the spacer
supply device 15 into the holes 19 of the spacer supply
substrate 9 equally.

[0137] A method of manufacturing bead spacers on a thin
film transistor array panel using an apparatus for manufac-
turing a spacer for an LCD according to an exemplary
embodiment of the present invention will be described in
detail with reference to FIG. 9 to FIG. 17.

[0138] FIG. 9 is a layout view of a first spacer supply
substrate according to an exemplary embodiment of the
present invention, FIG. 10 is a view showing a step of
depositing bead spacers to the first spacer supply substrate
according to an exemplary embodiment of the present
invention, and FIG. 11 is a view showing a step of injecting
the dripped bead spacers into a plurality of holes of the first
spacer supply substrate equally. FIG. 12 is a layout view of
the first spacer supply substrate in which the bead spacers
have been injected into the holes according to an exemplary
embodiment of the present invention. FIG. 13 is a layout
view of a first spacer supply substrate according to an
exemplary embodiment of the present invention, FIG. 14 is
alayout view of the first spacer supply substrate in which the
bead spacers have been injected into the holes according to
an exemplary embodiment of the present invention, and
FIG. 15 is a diagram showing a step of transferring the bead
spacers from the first spacer supply substrate to a surface of
a transfer roller according to an exemplary embodiment of
the present invention. FIG. 16 is a diagram showing a step
of transferring the bead spacers that are transferred to the
transfer roller, from the transfer roller surface onto a thin
film transistor array panel according to an exemplary
embodiment of the present invention, and FIG. 17 is a
diagram showing a step of hardening the bead spacers
disposed on the thin film transistor array panel according to
an exemplary embodiment of the present invention.

[0139] Referring to FIG. 9 and FIG. 13, first spacer supply
substrates 9a have a plurality of holes 19a arranged at the
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same disposition as that of groups of bead spacers 320a to
be disposed on a thin film transistor array panel 100 accord-
ing to an exemplary embodiment of the present invention.

[0140] As shown in FIG. 10, a mixture 322a, which
includes a plurality of beads 321a and a thermosetting
material or an ultraviolet hardener 321, is deposited on the
first spacer supply substrate 9a having a plurality of holes
19a using the spacer supply device 15a.

[0141] The beads 321a may include an organic material
having a low dielectric constant such as an acryl-based
(acrylic) organic compound that can be polymerized, Teflon,
benzocyclobutene (BCB), or perfluorocyclobutene (PFCB).

[0142] The thermosetting material or the ultraviolet hard-
ener 321 causes the groups of bead spacers 320q to attach to
the panel.

[0143] Referring to FIG. 11, the mixture 322a is injected
into the plurality of holes 194 formed on the first spacer
supply substrate 9a using the doctor blades 1 and 2. Each of
the holes 19¢ is filled with a plurality of beads 321a, for
example six to ten beads 321a.

[0144] Referring to FIG. 12, the groups of bead spacers
320¢ are injected in a region corresponding to the peripheral
area between the display area and the sealing member 310
at regular intervals, and are injected along the edge of the
display area in the spacer supply substrate 9a.

[0145] Referring to FIG. 14, the groups of bead spacers
320q are injected in the region corresponding to the periph-
eral area between the display area and the sealing member
310, similar to the spacer supply substrate 9a shown in FIG.
12, while the groups of bead spacers 320a are injected in a
region corresponding to the display area at regular intervals,
differently from the spacer supply substrate 9a shown in
FIG. 12.

[0146] However, the number and disposition of the holes
194 may be variously changed depending on disposition of
the groups of the bead spacers 320q arranged on the LCD.

[0147] As shown in FIG. 15, the groups of bead spacers
320¢ injected in the holes 19a of the first spacer supply
substrate 9a are transcribed onto the transcribing sheet 33 of
the transcribing roller 14 by rotating the transcribing roller
14 in one direction. The groups of bead spacers 320a are
attached on the transcribing sheet 33 of the transcribing
roller 14 at the same interval to that of the holes 19a.

[0148] Referring to FIG. 16, the transcribing roller 14
having the groups of bead spacers 320a attached on the
surface thereof rotates in a direction on the substrate 110 to
transcribe the groups of bead spacers 320a onto the substrate
110. In this way, the groups of bead spacers 320a are
attached on the substrate 110 at predetermined locations.

[0149] A thin film transistor Q, which includes a gate
electrode 124, a gate insulating layer 140, a semiconductor
layer 150, an ohmic contact layer 160, a source electrode
173, and a drain electrode 175, respectively, a passivation
layer 180, and pixel electrodes 190 may be formed on the
substrate 110. The groups of bead spacers 320a may be
disposed in an area corresponding to the thin film transistor
Q or the groups of bead spacers 320a may be disposed in an
area corresponding to a light blocking member 220 to
prevent light leakage.
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[0150] The groups of bead spacers 320a may be disposed
in the peripheral area between the display area and the
sealing member 310 of an LCD. The groups of bead spacers
320a maintain a constant cell gap and control the velocity of
the liquid crystal material in several directions to prevent the
liquid crystal material from contacting the sealing member
310 before the sealing member 310 is hardened.

[0151] As shown in FIG. 17, the groups of bead spacers
320q attached on the thin film transistor substrate 110 are
hardened by heat or light such as ultraviolet rays to be firmly
attached on the thin film transistor substrate 110.

[0152] After the groups of bead spacers 320a are attached
on the thin film transistor substrate 110, an alignment layer
(not shown) may be formed thereon. Alternately, an align-
ment layer (not shown) may be formed on the thin film
transistor substrate 110, and then the groups of bead spacers
320a may be attached.

[0153] Methods of manufacturing spacers on a common
electrode panel of an LCD according to exemplary embodi-
ments of the present invention will be described in detail
with reference to FIG. 18 to FIG. 27.

[0154] FIG. 18 is a layout view of a second spacer supply
substrate according to an exemplary embodiment of the
present invention, FIG. 19 is a view showing a step of
depositing bead spacers to the second spacer supply sub-
strate according to an exemplary embodiment of the present
invention, and FIG. 20 is a view showing a step of injecting
the dripped bead spacers into a plurality of holes of the
second spacer supply substrate equally. FIG. 21 is a layout
view of the second spacer supply substrate in which the bead
spacers have been injected into the holes according to an
exemplary embodiment of the present invention. FIG. 22 is
a layout view of a second spacer supply substrate according
to an exemplary embodiment of the present invention, FIG.
23 is a layout view of the second spacer supply substrate in
which the bead spacers have been injected into the holes
according to an exemplary embodiment of the present
invention, and FIG. 24 is a diagram showing a step of
transferring the bead spacers from the second spacer supply
substrate to a surface of a transfer roller according to an
exemplary embodiment of the present invention. FIG. 25 a
diagram showing a step of transferring the bead spacers that
are transferred to the transfer roller, from the transfer roller
surface onto a common electrode panel according to an
exemplary embodiment of the present invention, FIG. 26 is
a diagram showing a step of hardening the bead spacers
disposed on the common electrode panel according to an
exemplary embodiment of the present invention, and FIG.
27 is a diagram showing a step of combining the thin film
transistor array panel and the common electrode panel
having the hardened bead spacers, respectively, according to
an exemplary embodiment of the present invention.

[0155] The methods of manufacturing spacers on the
common electrode panel is similar to the methods of manu-
facturing spacers on the thin film transistor panel shown in
FIG. 9 to FIG. 17. However, if the size of the beads disposed
on the common electrode panel are different from those
disposed on the thin film transistor substrate, holes formed
in a second spacer supply substrate may have a different size
from those formed in the first spacer supply substrate, and
the disposition of the holes may be different from those in
the thin film transistor substrate.
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[0156] Referring to FIG. 18 and FIG. 22, second spacer
supply substrates 95 have a plurality of holes 196 arranged
at substantially the same disposition as that of groups of
bead spacers 3205 to be disposed on a common electrode
panel 200 according to an exemplary embodiment of the
present invention.

[0157] As shown in FIG. 19, a mixture 3225 of a plurality
of beads 3215 and a thermosetting material or an ultraviolet
hardener 321 is deposited on the second spacer supply
substrate 95 using the spacer supply device 155.

[0158] The beads 3215 may include an organic material
having a low dielectric constant such as an acryl-based
(acrylic) organic compound that can be polymerized, such as
Teflon, benzocyclobutene (BCB), or perfluorocyclobutene
(PECB).

[0159] The beads 3216 may have a different size or
elasticity from those of the beads 321a described in FIG. 9
to FIG. 17. For example, the beads 3215 may be bigger than
the beads 321a. The beads 321a and the beads 3215 may
have the same size but different elasticity, i.e., the beads
3215 may have a lower elasticity coefficient than the beads
321a.

[0160] As shown in FIG. 20, the mixture 3225 is injected
into the plurality of holes 194 formed on the second spacer
supply substrate 95 using the doctor blades 1 and 2. Each
hole 194 is filled with a plurality of beads 3215, for example
six to ten beads 321b.

[0161] If the groups of bead spacers 3205 are bigger than
the groups of bead spacers 320a, the size of the holes 195
formed in the second spacer supply substrate 95 are bigger
than that of the holes 19a.

[0162] Referring to FIG. 21, the groups of bead spacers
3205 are injected in a region corresponding to the peripheral
area between the display area and the sealing member 310
at regular intervals, and the groups of bead spacers 3205 are
injected in a region corresponding to the display area at
regular intervals. As shown in FIG. 22, the groups of bead
spacers 3205 are injected in the region corresponding to the
peripheral area between the display area and the sealing
member 310, similar to the spacer supply substrate 95 shown
in FIG. 21, and the groups of bead spacers 3205 are injected
in the entire display area at regular intervals.

[0163] However, the number and disposition of the holes
195 may be variously changed depending on the disposition
of the groups of the bead spacers 3205 arranged on the LCD.

[0164] As shown in FIG. 24, the groups of bead spacers
3204 injected in the holes 194 of the second spacer supply
substrate 95 are transcribed onto the transcribing sheet 33 of
the transcribing roller 14 by rotating the transcribing roller
14 in one direction. The groups of bead spacers 3205 are
attached on the transcribing sheet 33 of the transcribing
roller 14 at the same intervals as those of the holes 194.

[0165] Referring to FIG. 25, the transcribing roller 14
having the groups of bead spacers 3205 attached on the
surface thereof rotates in a direction on the substrate 210 to
transcribe the groups of bead spacers 3205 onto the substrate
210.

[0166] In this way, the groups of bead spacers 3205 are
attached on the substrate 210 at predetermined locations.
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[0167] Color filters 230, light blocking members 220, an
overcoat 250, and a common electrode 270 may be formed
on the substrate 210. The groups of bead spacers 3205 may
be disposed on the blocking member 220.

[0168] The groups of bead spacers 3205 may be disposed
in the peripheral area between the display area and the
sealing member 310 of an LCD. The groups of bead spacers
320a disposed in the peripheral area between the display
area and the sealing member 310 of an LCD may maintain
a constant cell gap and may control the velocity of the liquid
crystal material in several directions to prevent the liquid
crystal material from contacting the sealing member 310
before the sealing member 310 is hardened.

[0169] The groups of bead spacers 3205 may be disposed
such that the groups of bead spacers 3205 do not overlap the
groups of bead spacers 320a.

[0170] An alignment layer (not shown) may be formed
after the groups of bead spacers 3205 are attached on
substrate 210, or the groups of bead spacers 3205 may be
attached after the alignment layer is formed.

[0171] As shown in FIG. 26, the groups of bead spacers
3205 attached on the common electrode substrate 210 are
hardened by heat or light such as ultraviolet rays.

[0172] Referring to FIG. 27, two display panels 100 and
200 are combined with the groups of bead spacers 320a and
3205.

[0173] The sealing member 310 is formed at the outermost
portion of one of the display panels 100 and 200, a liquid
crystal material (not shown) is deposited in the display area
enclosed by the groups of the bead spacers 320a and 3205,
and then the display panels 100 and 200 are aligned and
pressed to be combined.

[0174] As shown in FIG. 27, a plurality of groups of bead
spacers 320a and a plurality of groups of bead spacers 32056
are closely and alternately disposed in the peripheral area
between the display area and the sealing member 310 at
regular intervals, and the groups of bead spacers 320a and
3205 are disposed in the display area at regular intervals
such as one per a plurality of pixels.

[0175] The groups of bead spacers 320a and 3205 may be
attached to one of the display panels 100 and 200.

[0176] In a manufacturing method of an LCD, according
to an exemplary embodiment of the present invention, the
groups of bead spacers 320a and 3205 may be simulta-
neously formed on a desired position. In addition, the groups
of bead spacers 320a and 3205 may be closely disposed in
the peripheral area between the display area and the sealing
member 310 to act as a dam for preventing the liquid crystal
material from contacting the unhardened sealant.

[0177] Having described exemplary embodiments of the
present invention, it is to be understood that the invention is
not limited to the disclosed embodiments, but, on the
contrary, is intended to cover various modifications and
equivalent arrangements included within the spirit and scope
of the appended claims.

What is claimed is:
1. A liquid crystal display (LCD) comprising:
a first substrate having a display area and a peripheral area

and including a plurality of pixels formed in the display
area;
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a second substrate facing the first substrate; and

a plurality of first groups of bead spacers and a plurality
of second groups of bead spacers disposed between the
first substrate and the second substrate,

wherein the first groups of bead spacers and the second
groups of bead spacers have a different size or different
elasticity coefficient from each other, and include a
plurality of beads, respectively.

2. The LCD of claim 1, further comprising a plurality of
light blocking members formed on the second substrate and
overlapping the second groups of bead spacers.

3. The LCD of claim 1, wherein the first groups of bead
spacers and the second groups of bead spacers do not
overlap each other.

4. The LCD of claim 1, wherein the first groups of bead
spacers are disposed near the center of the display area, and
the second groups of bead spacers are disposed about an
edge of the display area.

5. The LCD of claim 1, wherein the first groups of bead
spacers and the second groups of bead spacers are disposed
in the display area and are arranged by one per six pixels,
respectively.

6. The LCD of claim 5, wherein the first groups of bead
spacers and the second groups of bead spacers disposed in
the display area are alternately arranged by one per three
pixels.

7. The LCD of claim 1, wherein the first groups of bead
spacers and the second groups of bead spacers are disposed
on the first substrate and the second substrate, respectively.

8. The LCD of claim 1, wherein the first groups of bead
spacers and the second groups of bead spacers are attached
to one of the first and second substrates.

9. The LCD of claim 1, further comprising;

a gate line and a data line formed on the first substrate;

a thin film transistor connected to the gate line and the
data line; and

a pixel electrode connected to the thin film transistor.
10. The LCD of claim 1, further comprising:

a color filter formed on the second substrate; and

a common electrode formed on the color filter.

11. The LCD of claim 1, wherein the beads of the first
groups of bead spacers is smaller than the beads of the
second groups of bead spacers.

12. The LCD of claim 1, wherein the beads of the first
groups of bead spacers has a lower elasticity coeflicient than
that of the beads of the second groups of bead spacers.

13. The LCD of claim 1, further comprising:

a sealing member disposed at an edge of the peripheral
area, and wherein the first substrate and the second
substrate are combined.

14. The LCD of claim 13, wherein the second groups of
bead spacers are disposed near the center of the display area
and in the peripheral area between the display area and the
sealing member, and the first groups of bead spacers are
disposed at an edge of the display area and in the peripheral
area between the display area and the sealing member.

15. The LCD of claim 14, wherein the first groups of bead
spacers and the second groups of bead spacers disposed in
the peripheral area between the display area and the sealing
member are alternately arranged at regular intervals.
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16. The LCD of claim 14, wherein the first groups of bead
spacers and the second groups of bead spacers disposed in
the display area are arranged by one per three pixels, and the
first groups of bead spacers and the second groups of bead
spacers disposed at the peripheral area between the display
area and the sealing member are closely and alternately
arranged.

17. A manufacturing method of a liquid crystal display,
comprising:

attaching first groups of bead spacers on a first bead
supply substrate;

transcribing the first groups of bead spacers of the first
bead supply substrate onto the surface of a first tran-
scribing roller;

transcribing the first groups of bead spacers of the first
transcribing roller onto a first substrate;

attaching second groups of bead spacers on a second bead
supply substrate;

transcribing the second groups of bead spacers of the
second bead supply substrate onto the surface of a
second transcribing roller;

transcribing the second groups of bead spacers of the
second transcribing roller onto a second substrate;

depositing a liquid crystal material onto at least one of the
first and second substrates; and

combining the first substrate and the second substrate.
18. The method of claim 17, wherein the first and second
bead supply substrates have a plurality of holes, and

the attaching the first groups of bead spacers or the second
groups of bead spacers comprises injecting beads of the
first or second groups of bead spacers into the holes.
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19. The method of claim 17, wherein the first groups of
bead spacers and the second groups of bead spacers are
spacers that maintain a constant cell gap between the first
substrate and the second substrate.

20. The method of claim 17, wherein the first groups of
bead spacers and the second groups of bead spacers are dams
that control a speed of the liquid crystal material.

21. The method of claim 17, wherein the first groups of
bead spacers and the second groups of bead spacers are
attached to the first and second spacer supply substrates with
an adhesive.

22. The method of claim 21, whetein the adhesive com-
prises a thermosetting material or an ultraviolet hardener.

23. The method of claim 22, further comprising

exposing the first substrate to heat or light after transcrib-
ing the first groups of bead spacers of the first tran-
scribing roller onto the first substrate.

24. The method of claim 23, further comprising

exposing the second substrate to heat or light after tran-
scribing the second groups of bead spacers of the
second transcribing roller onto the second substrate.

25. The method of claim 18, wherein the size of the holes
of the first bead supply substrate is different from the size of
the holes of the second bead supply substrate.

26. The method of claim 18, wherein the holes of the first
bead supply substrate and the holes of the second bead
supply substrate are filled with a plurality of beads.

27. The method of claim 17, wherein the first groups of
bead spacers have a different size or different elasticity
coeflicient than the second groups of bead spacers.

28. The method of claim 17, wherein the first groups of
bead spacers and the second groups of bead spacers do not
overlap with each other.

I S I
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