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7) ABSTRACT

Aliquid crystal display panel device includes a liquid crystal
display panel, a sealing material disposed along a first outer
perimeter of the liquid crystal display panel, a barrier wall
disposed along a second outer perimeter of the liquid crystal
display panel, and a liquid crystal material disposed within
the second outer perimeter of the liquid crystal display
panel, wherein the first outer perimeter is greater than the
second outer perimeter and at least one cavity space is
formed between the first and second outer perimeters.

101

ﬁ////////////////

T N N R T T T S L S R T . SR R

L T T T

+

+

ST S ST S YU ST T T PN S SEN WU WY S S W N )

1 7 —~—— 109
AT T— 132
T 130
/if—

107

-
+
-
+
.

T

T Y S R R + # + + ¥ 4 + 4 s
++‘-Q++!¢tf|!*ti+§l+||IQI'i

OSIOUOSONNNNNNN

S S PSS S

[ L

LS

AN




Patent Application Publication Sep. 25,2003 Sheet 1 of 4 US 2003/0179338 A1

FIG. 1

RELATED ART

v

|+ 1 - On
I i S|

7

e

FIG. 2

RELATED ART

VACUWM _ | \)}(’ —f— 12
PUMP —— L ‘




Patent Application Publication Sep. 25,2003 Sheet 2 of 4 US 2003/0179338 A1

FIG. 3

RELATED ART

l l PR‘ESSURT l /

FIG. 4

RELATED ART




Patent Application Publication Sep. 25,2003 Sheet 3 of 4 US 2003/0179338 A1

FIG. 5A

101
77777l T //

O g é”‘\w 109

i j;‘\~—'132

T 130

S 107
////////////////

109130 107 103 /101
( \

\ ] o—132




Patent Application Publication Sep. 25,2003 Sheet 4 of 4 US 2003/0179338 A1

FIG. ©

101

e T
j j:?\u 109
: | 2\— 132
A 130

107

.........................
4‘4A.Alhb|t‘~14_lo

///// L //I///

FIG. 7

| ULTRASONIC WAVE
109 OR LASER 103

/N

7 N
)/f(m/—“u: / A




US 2003/0179338 Al

LIQUID CRYSTAL DISPLAY PANEL DEVICE
HAVING COMPENSATION CELL GAP, METHOD
OF FABRICATING THE SAME AND METHOD OF

USING THE SAME

[0001] The present invention claims the benefit of Korean
Patent Application No. 15869/2002 filed in Korea on Mar.
23, 2002, which is hereby incorporated by reference.

BACKGROUND OF THE INVENTION

[0002]

[0003] The present invention relates to a liquid crystal
panel, and particularly, to a liquid crystal panel device that
prevents over-filling of liquid crystal material.

[0004]

[0005] Currently, development of various portable electric
devices, such as mobile phones, personal digital assistants
(PDA), and notebook computers, has increased. Accord-
ingly, different flat panel display devices such as liquid
crystal display (LCD), plasma display panel (PDP), ficld
emission display (FED), and vacuum fluorescent display
(VED) devices are being developed. The LCD devices
display information on a screen using refractive anisotropy
of liquid crystal material.

[0006] FIG. 11is a cross sectional view of a liquid crystal
display device according to the related art. In FIG. 1, a
liquid crystal panel 1 comprises a lower substrate 5, an upper
substrate 3, and a liquid crystal material layer 7 formed
between the lower substrate 5 and the upper substrate 3. The
lower substrate § is a driving device array substrate, and
includes a plurality of pixels (not shown), wherein a driving
device, such as a thin film transistor (TFT), is formed on
each pixel. The upper substrate 3 is a color filter substrate,
and includes a color filter layer (not shown) for reproducing
real color. In addition, a pixel electrode (not shown) and a
common electrode (not shown) are formed on the lower
substrate 5 and the upper substrate 3, respectively. An
alignment layer (not shown) is formed on the lower substrate
5 and the upper substrate 3 to uniformly align liquid crystal
molecules of the liquid crystal material layer 7.

[0007] The lower substrate 5 and the upper substrate 3 are
attached by a secaling material 9, and the liquid crystal
material layer 7 is formed therebetween. In addition, the
liquid crystal molecules are reoriented by the driving device
formed on the lower substrate 5 to control the amount of
light transmitting through the liquid crystal material layer 7,
thereby displaying an image.

[0008] Fabrication processes for an LCD device may be
divided into a TFT array substrate process for forming the
driving device (TFT) on the lower substrate 5, a color filter
substrate process for forming the color filter on the upper
substrate 3, and a cell formation process. The cell formation
process includes attaching the TFT substrate § and the color
filter substrate 3, forming the liquid crystal material layer 7
therebetween, and treating to this form the liquid crystal
display panel 1. Generally, the liquid crystal material layer
7 is formed by a liquid crystal dipping method or by a liquid
crystal vacuum injection method. Either one of the liquid
crystal dipping method or the liquid crystal vacuum inject-
ing method is performed after the TFT substrate 5 and the
color filter substrate 3 are attached and treated.

1. Field of the Invention

2. Description of the Background Art
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[0009] FIG. 2 is a cross sectional view of a liquid crystal
injection process according to the related art. In FIG. 2, a
container 12 is filled with the liquid crystal material 14 and
is disposed in a vacuum chamber 10, and a portion of a
liquid crystal display panel 1 is positioned within the con-
tainer 12. The vacuum chamber 10 maintains a vacuum
pressure by connection to a vacuum pump (oot shown).
Although it is not shown, a device for moving the liquid
crystal display panel 1 is installed within the vacuum
chamber 10 to move the liquid crystal display panel 1 from
an upper part of the vacuum chamber 10 to the container 12.
In addition, an injection hole 16 is formed on the liquid
crystal display panel 1 to contact the liquid crystal material
14.

[0010] When the vacuum pressure within the chamber 10
is reduced, the injection hole 16 of the liquid crystal display
panel 1 is placed into the container 12. Accordingly, the
liquid crystal material 14 is injected into the liquid crystal
display panel 1 through the injection hole 16 due to a
difference between pressure within the liquid crystal display
panel 1 and the vacuum pressure of the vacuum chamber 10.
The injection hole 16 is sealed using a sealing material after
the liquid crystal material 14 is completely filled into the
liquid crystal display panel 1, thereby forming the liquid
crystal material layer 7 (in FIG. 1).

[0011] However, the method of forming a liquid crystal
material layer by injecting the liquid crystal material 14
through the injection hole 16 of the liquid crystal display
panel 1 in the vacuum chamber 10 may be problematic.
First, injection of the liquid crystal material 14 into the
liquid crystal display panel 1 may be time consuming. In
general, a narrow gap of a few um is commonly provided
between the driving device array substrate and the color
filter substrate of the liquid crystal display panel 1 such that
a very small amount of liquid crystal material 14 may be
injected into the liquid erystal display panel 1 per unit of
time. For example, in order to fabricate a 15 inch liquid
crystal display panel 1, it takes about 8 hours to completely
inject the liquid crystal material 14. Accordingly, the overall
fabrication process for making the liquid crystal display
panel 1 is increased due to the time for completing the liquid
crystal injection process, thereby lowering fabrication effi-
ciency.

[0012] Second, consumption of the liquid crystal material
is increased as a result of the liquid crystal injection method.
For example, a very small amount of the liquid crystal
material 14 in the container 12 is actually injected into the
liquid crystal display panel 1. In addition, when the liquid
crystal material 14 is exposed to an ambient atmosphere or
to certain gases, the liquid crystal material 14 deteriorates
due to the reaction with the gases. Accordingly, the liquid
crystal display panel 1 deteriorates by exposure to impurities
within the liquid crystal material 14. Thus, any liquid crystal
material 14 remaining in the chamber 12 after the injection
process is completed must be discarded, thereby increasing
fabrication costs.

[0013] One proposed solution to the above problems
includes a liquid crystal dropping method for forming the
liquid crystal material layer. The liquid crystal dropping
method includes procedures for dropping and dispensing the
liquid crystal material directly onto a display panel area of
a first substrate, thereby uniformly distributing the dropped
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liquid crystal material across an entire panel area during
attachment of a second substrate to the first substrate.
Accordingly, the liquid crystal material is directly dropped
onto the first substrate during a relatively short amount of
time, and thus, the liquid crystal material layer in a large-
sized LCD may be rapidly formed.

[0014] FIG. 3 is a cross sectional view of a liquid crystal
dropping method according to the related art, and FIG. 4 is
a plan view of a method for fabricating a liquid crystal
material layer using a liquid crystal dropping method
according to the related art. In FIG. 3, a drop shaped liquid
crystal material 14 is dropped onto a surface of a TFT
substrate 5 prior to a bonding process with a color filter
substrate 3. The liquid crystal material 14 is dropped by a
liquid crystal dispensing apparatus 20, as shown in FIG. 4.
Although it is not shown in the figures, a system for
controlling a dropping amount of the liquid crystal material
14 is disposed in the liquid crystal dispensing apparatus 20.
Accordingly, since the TFT substrate 5 is able to move along
x- and y-directions, the liquid crystal material 14 is dis-
pensed at uniform intervals across the surface of the TFT
substrate 5.

[0015] In FIG. 3, a sealing material 9 is applied along an
outer perimeter portion of the color filter substrate 3. Then,
the color filter substrate 3 and the TFT substrate 5 are
bonded together by pressing the color filter substrate 3 and
the TFT substrate 5 together, thereby uniformly distributing
the liquid crystal material 14 between the color filter sub-
strate 3 and the TFT substrate 5. Accordingly, one distin-
guishing characteristic of the liquid crystal dropping method
is that the liquid crystal material 14 is dropped onto the
surface of the TFT substrate 5 before the liquid crystal
display panel 1 is fabricated.

[0016] However, the liquid crystal dropping method may
be problematic. For example, although a set amount of the
liquid crystal material 14 is determined by the liquid crystal
dispensing apparatus 20, deviations between the set amount
and the amount actually dropped onto the surface of the TET
substrate 5 may occur, thereby causing significant problems.
For example, when the actual amount of liquid crystal
material 14 is less than the set amount, black brightness
during a normally black mode and white brightness during
a normally white mode are compromised. Conversely, when
the actual amount of the liquid crystal material 14 is greater
than the set amount, a gravity failure is generated within the
liquid crystal display panel 1. The gravity failure is gener-
ated when a volume of the liquid crystal material 14 formed
within the liquid crystal display panel 1 increases due to an
increase in temperature. Accordingly, a cell gap of the liquid
crystal display panel 1 increases by an amount greater than
a spacer formed between the color filter substrate 3 and the
TFT substrate 5.

SUMMARY OF THE INVENTION

[0017] Accordingly, the present invention is directed to a
liquid crystal display panel device having a compensation
cell gap, a method of fabricating the same, and a method of
using the same that substantially obviates one or more of the
problems due to limitations and disadvantages of the related
art.
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[0018] An object of the present invention is to provide a
liquid crystal display panel device that includes a compen-
sation cell gap for inducing liquid crystal material along an
outer portion of the liquid crystal display panel.

[0019] Another object of the present invention is to pro-
vide a method of fabricating a liquid crystal display panel
device that includes a compensation cell gap for inducing
liquid crystal material along an outer portion of the liquid
crystal display panel.

[0020] Another object of the present invention is to pro-
vide a method of using a compensation cell gap for inducing
liquid crystal material along an outer portion of a liquid
crystal display panel.

[0021] Additional features and advantages of the inven-
tion will be set forth in the description which follows, and
in part will be apparent from the description, or may be
learned by practice of the invention. The objectives and
other advantages of the invention will be realized and
attained by the structure particularly pointed out in the
written description and claims hereof as well as the
appended drawings.

[0022] To achieve these and other advantages and in
accordance with the purpose of the present invention, as
embodied and broadly described herein, a liquid crystal
display panel device includes a liquid crystal display panel,
a sealing material disposed along a first outer perimeter of
the liquid crystal display panel, a barrier wall disposed along
a second outer perimeter of the liquid crystal display panel,
and a liquid crystal material disposed within the second
outer perimeter of the liquid crystal display panel, wherein
the first outer perimeter is greater than the second outer
perimeter and at least one cavity space is formed between
the first and second outer perimeters.

[0023] In another aspect, a method of fabricating a liquid
crystal display panel device, includes forming a sealing
material disposed along a first outer perimeter of a liquid
crystal display panel, forming a barrier wall along a second
outer perimeter of the liquid crystal display panel, and
forming a liquid crystal material within the liquid crystal
display panel, wherein the first outer perimeter is greater
than the second outer perimeter.

[0024] In another aspect, a method for compensating for
excess amounts of liquid crystal material within a liquid
crystal display panel includes determining an actual filling
amount of a liquid crystal material to fill the liquid crystal
display panel, determining a set amount of the liquid crystal
material designed to fill the liquid crystal display panel,
comparing the actual filling amount and the set amount, and
melting a barrier wall of the liquid crystal display panel
based upon the step of comparing.

[0025] 1t is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to provide
further explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The accompanying drawings, which are included
to provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with
the description serve to explain the principles of the inven-
tion. In the drawings:
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[0027] FIG. 11is a cross sectional view of a liquid crystal
display device according to the related art;

[0028] FIG. 2 is a cross sectional view of a liquid crystal
injection process according to the related art;

[0029] FIG. 3 is a cross sectional view of a liquid crystal
dropping method according to the related art;

[0030] FIG. 4 is a plan view of a method for fabricating
a liquid crystal material layer using a liquid crystal dropping
method according to the related art;

[0031] FIG. 5A is a plan view of an exemplary liquid
crystal display panel device according to the present inven-
tion;

[0032] FIG. 5B is a cross sectional view of the exemplary
liquid crystal display panel device along I-I of FIG. 5A
according to the present invention;

[0033] FIG. 6 is a plan view of another exemplary liquid
crystal display panel device according to the present inven-
tion; and

[0034] FIG. 7 is a cross scctional view of an exemplary
compensation method for excess amounts of liquid crystal
material according to the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0035] Reference will now be made in detail to the pre-
ferred embodiments of the present invention, examples of
which are illustrated in the accompanying drawings.

[0036] FIG. 5A is a plan view of an exemplary liquid
crystal display panel device according to the present inven-
tion, and FIG. 5B is a cross sectional view of the exemplary
liquid crystal display panel device along I-I of FIG. 5A
according to the present invention. In FIGS. 5A and 5B, a
liquid crystal display panel device may include a liquid
crystal display panel 101 having an upper substrate 103 (i.c.,
a color filter substrate) and a lower substrate 105 (i.e.,a TET
substrate) bonded together by a sealing material 109 applied
along a first outer perimeter of the liquid crystal display
panel 101. In addition, a barrier wall 130 may be formed
along a second outer perimeter portion of the liquid crystal
display panel 101 at a position interior to the sealing material
109, wherein the first outer perimeter is greater than the
second outer perimeter. Accordingly, the barrier wall 130
and the sealing material 109 may form a continuous cavity
space 132 therebetween, and along the perimeter of the
liquid crystal display panel 101. Although not shown, the
barrier wall 130 may include a plurality of individual walls
interior to the sealing material 109. For example, the barrier
wall 130 may include an additional barrier wall formed
along a third outer perimeter, wherein the third outer perim-
eter is less than the second outer perimeter. Accordingly, the
additional barrier wall 130 and the sealing material 109 may
form a second continuous cavity space 132 therebetween,
and along the perimeter of the liquid crystal display panel
101. The barrier wall 130 may include a material that may
be melted by application of an ultrasonic wave and/or light,
such as laser light. An image display area of the liquid
crystal display panel 101 may be formed along an inner part
of the barrier wall 130 with a liquid crystal material layer
107 formed therein.
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[0037] If an amount of the liquid crystal material 107 filled
within the display area is greater than a set amount, the
ultrasonic wave and/or light may be applied from the liquid
crystal display panel 101 to the barrier wall 130, as shown
in FIG. 7. Accordingly, the barrier wall 130 may be melted
by the ultrasonic wave or light to form a passageway for the
excess liquid crystal material 107 to flow from the display to
the cavity space 132 formed between the barrier wall 130
and the sealing material 109. Thus, the excess liquid crystal
material 107 flowing into the cavity space 132 may com-
pensate for any difference between a set amount of liquid
crystal material 107 and an amount of liquid crystal material
107 actually deposited onto a surface of the lower substrate
105. Consequently, a cell gap between the upper and lower
substrates 103 and 105 may be maintained even when an
excess amount of the liquid crystal material 107 is deposited
onto a surface of the lower substrate 105.

[0038] The cavity space 132 formed between the barrier
wall 130 and the sealing material 109 may be relatively
small when compared to the display area of the liquid crystal
display panel 101. Accordingly, the barrier wall 130 may be
formed to have a relatively narrow width when compared to
a width of the sealing material 109. Thus, an overall size of
the liquid crystal display panel 101 may not be significantly
decreased. Conversely, the overall size of the liquid crystal
display panel 101 may not need to be increased to accom-
modate the barrier wall 130.

[0039] FIG. 6 is a plan view of another exemplary liquid
crystal display panel device according to the present inven-
tion. In FIG. 6, a liquid crystal display panel device may
include a liquid crystal display panel 101 having an upper
substrate 103 (i.e., a color filter substrate) and a lower
substrate 105 (i.e., a TFT substrate) bonded together by a
sealing material 109 applied along an outer perimeter por-
tion of the liquid crystal display panel 101. In addition, a
barrier wall 130 may be formed along the outer perimeter
portion of the liquid crystal display panel 101 at a position
interior to the sealing material 109. Although not shown, the
barrier wall 130 may include a plurality of individual walls
interior to the sealing material 109. Accordingly, the barrier
wall 130 and the sealing material 109 may form a plurality
of cavity spaces 132 therebetween, and along the perimeter
of the liquid crystal display panel 101. The barrier wall 130
may include a material that may be melted by application of
an ultrasonic wave and/or light, such as laser light. An image
display area of the liquid crystal display panel 101 may be
formed along an inner part of the barrier wall 130 with a
liquid crystal material layer 107 formed therein. The barrier
wall 130 may be formed on the upper substrate 103 or on the
lower substrate 105. Alternatively, the barrier wall 130 may
be partially formed on both the upper and lower substrates
103 and 105, respectively.

[0040] If an amount of the liquid crystal material 107 filled
within the display area is greater than a set amount, the
ultrasonic wave and/or light may be applied from the liquid
crystal display panel 101 to the barrier wall 130, as shown
in FIG. 7. Accordingly, the barrier wall 130 may be melted
by the ultrasonic wave or light to form a passageway for the
excess liquid crystal material 107 to flow from the display to
some of the cavity spaces 132 formed between the barrier
wall 130 and the sealing material 109. Thus, the excess
liquid crystal material 107 flowing into some of the cavity
spaces 132 may compensate for any difference between a set
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amount of liquid crystal material 107 and an amount of
liquid crystal material 107 actually deposited onto a surface
of the lower substrate 105. The plurality of cavity spaces 132
may provide for a fine compensation of the excess amount
of the liquid crystal material 107. Consequently, a cell gap
between the upper and lower substrates 103 and 105 may be
maintained even when an excess amount of the liquid crystal
material 107 is deposited onto a surface of the lower
substrate 105.

[0041] FIG. 7 is a cross sectional view of an exemplary
compensation method for excess amounts of liquid crystal
material according to the present invention. In FIG. 7, the
exemplary compensation method may include a step of
calculating a compensation amount by comparing an amount
of liquid crystal material 107 actually filled within a liquid
crystal display panel 101 to a set amount of liquid crystal
material 107 designed to fill the liquid crystal display panel
101. The amount of liquid crystal material 107 actually filled
within the liquid crystal display panel 101 may be deter-
mined by either observing the liquid crystal display panel
101 during inspection or by measuring a cell gap between an
upper substrate 103 and a lower substrate 105. Likewise, the
set amount of liquid crystal material 107 may be calculated
based upon a dispensing device used to dispense the liquid
crystal material onto the lower substrate 105. Then, if the
comparison results in the actual amount of liquid crystal
material 107 exceeding the set amount of liquid crystal
material by a predetermined amount, a cavity space 132 (in
FIGS. 5A, 5B, and 6) may be opened by exposing a barrier
wall 130 to an energy source, such as an ultrasonic wave
and/or light. Accordingly, an amount of liquid crystal mate-
rial 107 may flow from an image display area, which may be
formed along an inner part of the barrier wall 130, into the
cavity space 132 (in FIGS. 5A, 5B, and 6).

[0042] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
liquid crystal display panel device of the present invention
without departing from the spirit or scope of the invention.
Thus, it is intended that the present invention cover the
modifications and variations of this invention provided they
come within the scope of the appended claims and their
equivalents.

What is claimed is:
1. A liquid crystal display panel device, comprising:

a liquid crystal display panel;

a sealing material disposed along a first outer perimeter of
the liquid crystal display panel;

a barrier wall disposed along a second outer perimeter of
the liquid crystal display panel; and

a liquid crystal material disposed within the second outer
perimeter of the liquid crystal display panel,

wherein the first outer perimeter is greater than the second
outer perimeter and at least one cavity space is formed
between the first and second outer perimeters.
2. The device according to claim 1, wherein the at least
cavity space includes a plurality of cavity spaces.
3. The device according to claim 2, wherein the barrier
wall includes a plurality lateral portions contacting the
sealing material to form the plurality of cavity spaces.

Sep. 25, 2003

4. The device according to claim 1, wherein the liquid
crystal panel includes a first substrate upon which a thin film
transistor is formed, and a second substrate upon which a
color filter is formed.

5. The device according to claim 4, wherein the sealing
material bonds the first substrate to the second substrate.

6. The device according to claim 1, wherein the barrier
wall includes a material that can be melted by application of
an ultrasonic wave to form a passageway into the at least one
cavity space.

7. The device according to claim 1, wherein the barrier
wall includes a material that can be melted by application of
light to form a passageway into the at least one cavity space.

8. A method of fabricating a liquid crystal display panel
device, comprising steps of:

forming a sealing material disposed along a first outer
perimeter of a liquid crystal display panel;

forming a barrier wall along a second outer perimeter of
the liquid crystal display panel; and

forming a liquid crystal material within the liquid crystal
display panel,

wherein the first outer perimeter is greater than the second

outer perimeter.

9. The method according to claim 8, further comprising
the step of forming at least one cavity space between the first
and second outer perimeters.

10. The method according to claim 9, wherein the step of
forming at least cavity space includes a step of forming a
plurality of cavity spaces.

11. The method according to claim 10, wherein the step of
forming a plurality of spaces includes a step of forming a
plurality lateral barrier wall portions contacting the sealing
material.

12. The method according to claim 8, wherein the liquid
crystal panel includes a first substrate upon which a thin film
transistor is formed, and a second substrate upon which a
color filter is formed.

13. The method according to claim 12, wherein the
sealing material bonds the first substrate to the second
substrate.

14. The method according to claim 8, wherein the barrier
wall includes a material that can be melted by application of
an ultrasonic wave to form a passageway into the at least one
cavity space.

15. The method according to claim 8, wherein the barrier
wall includes a material that can be melted by application of
light to form a passageway into the at least one cavity space.

16. A method for compensating for excess amounts of
liquid crystal material within a liquid crystal display panel,
comprising steps of:

determining an actual filling amount of a liquid crystal
material to fill the liquid crystal display panel;

determining a set amount of the liquid crystal material
designed to fill the liquid crystal display panel;

comparing the actual filling amount and the set amount,
and

melting a barrier wall of the liquid crystal display panel
based upon the step of comparing.
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17. The method according to claim 16, wherein the step
of melting a barrier wall includes application of ultrasonic
waves to the liquid crystal display panel.

18. The method according to claim 16, wherein the step
of melting a barrier wall includes application of light to the
liquid crystal display panel.

19. The method according to claim 16, wherein a sealing
material is formed along a first outer perimeter of the liquid
crystal display panel and the barrier wall is formed along a
second outer perimeter of the liquid crystal display panel.

20. The method according to claim 19, wherein the first
outer perimeter is greater than the second outer perimeter.

21 The method according to claim 20, wherein at least one
cavity space is formed between the first and second
outer perimeters.
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22. The method according to claim 21, wherein the step
of melting a barrier wall allows a portion of the actual filling
amount of the liquid crystal material to flow into the at least
one cavity space.

23 The method according to claim 20, wherein the barrier
wall includes a plurality of lateral wall portions form-
ing a plurality of cavity spaces between the first and
second outer perimeters.

24. The method according to claim 23, wherein the step
of melting a barrier wall allows a portion of the actual
filling amount of the liquid crystal material to flow into
at least one of the plurality of cavity spaces.
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