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(57) ABSTRACT

A ferroelectric liquid crystal display and a fabricating
method thereof that is capable of maintaining a stable
alignment state against external temperature variation and
external impact. In the method and apparatus, a ferroelectric
liquid crystal containing a small amount of light-hardening
polymer is injected between upper and lower substrates
provided with alignment film. An ultraviolet ray is irradiated

(21) Appl. No.: 10/005,094 .
thereon to form a polymer network. The ultraviolet ray has
a light intensity range of about 1 to about 5 mW/cm?, and
(22) Filed: Dec. 7, 2001 has a light energy range of about 240 to about 1200 mJ/ecm?.
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FERROELECTRIC LIQUID CRYSTAL DISPLAY
AND FABRICATING METHOD THEREOF

[0001] This application claims the benefit of Korean
Patent Application No. P2000-80735, filed on Dec. 22,
2000, the entirety of which is hereby incorporated by
reference for all purposes as if fully set forth herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] This invention relates to a liquid crystal display,
and more particularly to a ferroelectric liquid crystal display
that is capable of keeping a stable alignment state against
external temperature variation and external impact. The
invention also is directed to a method of fabricating the
above-mentioned liquid crystal display.

[0004] 2. Description of the Related Art

[0005] Generally, a liquid crystal display (LCD) controls
light in accordance with a liquid crystal alignment state to
thereby display a desired picture on the screen. A liquid
crystal used for such an LCD is in a neutral phase between
a liquid state and a solid state, which has both a fluidity and
an elasticity. In a thermodynamic phase transition process of
the liquid crystal, a liquid crystal having a smectic C phase
is rotated along a smectic layer taking a layer structure
having the same electrical and magnetic property. In other
words, the smectic C phase liquid crystal is rotated along an
outer line of a virtual cone.

[0006] Such a smectic C phase liquid crystal has a char-
acteristic of having a spontaneous polarization regardless of
an external electric field. This liquid crystal is usually
referred to as a “ferroelectric liquid crystal” (FLC). The FLC
has been actively studied in light of its fast response speed
according to its spontaneous polarization characteristic and
an ability to realize a wide viewing angle without a special
electrode structure and a compensating film. The FLC
includes a deformed helix FLC mode, a surface stabilized
FLC mode, an anti-FLC mode, a V-type FL.C mode and a
half V-type FLC mode, etc. Hereinafter, the V-type FLC
mode and the half V-type FLC mode will be described.

[0007] FIG. 1 shows an alignment state of a liquid crystal
cell in the V-type FLC mode.

[0008] Referring to FIG. 1, the liquid crystal cell in the
V-type FLC mode includes an upper substrate 1 on which a
common electrode 3 and an alignment film 5 are disposed;
a lower substrate 11 on which a TFT array 9 including a
pixel electrode and an alignment film 7 are disposed; and a
liquid crystal 13 injected between the upper and lower
substrates 1 and 11. The alignment films 5§ and 7 are aligned
into a desired state by rubbing. The injected liquid crystal 13
forms a smectic layer having a layer structure and is
arranged into a phase having a desired slope with respect to
a plane perpendicular to the smectic layer. In other words,
the liquid crystal 13 has a desired inclination angle with
respect to an aligned direction of the alignment film and is
aligned such that the adjacent smectic layers have opposite
polarities with respect to each other.

[0009] FIG. 2 shows the relationship between transmis-
sivity (T) and voltage (V) of the V-type FLC mode liquid
crystal cell. The liquid crystal 13 within the V-type FLC
mode liquid crystal cell responds to positive and negative
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voltages applied thereto. Since the transmittance is suddenly
changed according to an application of positive and negative
voltages, a T-V curve has a V-shape. In other words, a
transmittance is increased as a positive voltage increases,
whereas a transmittance is decreased as a negative voltage
increases.

[0010] FIG. 3 shows an alignment state of a liquid crystal
cell in the half V-type FLC mode.

[0011] In FIG. 3, a liquid crystal 15 within the half V-type
FLC mode liquid crystal cell injected between the upper
substrate 1 and the lower substrate 11 forms a smectic layer
having a layer structure. The liquid crystal 15 is aligned at
a desired inclination angle with respect to an alignment
treatment direction of the alignment films 5 and 7 such that
the adjacent smectic layers have a different polarity unlike
the liquid crystal 13 in the V-type FLC mode. Such a half
V-type mode liquid crystal can be implemented by applying
a positive or negative electric field in advance and, at the
same time, lowering its temperature into a temperature
having a smectic phase. The half V-type FLC mode liquid
crystal 15 formed in this manner responds to only one of the
applied positive and negative voltages. Thus, as seen from
FIG. 4, the T-V curve has a half V-shape in the half V-type
FLC mode. The T-V characteristic in FIG. 4 represents
when a negative voltage is used to make an initial uniform
alignment. In this case, a transmittance appears not to
increase upon application of a negative voltage, whereas it
is increased in accordance with an increase in a positive
voltage. Otherwise, when a positive voltage is used to make
an initial uniform alignment, a transmittance is increased in
accordance with an increase in a negative voltage.

[0012] A thermodynamic phase transition process of the
half V-type FLC mode liquid crystal 15 is as follows:
Isotropic—nematic (N*) phase—smectic C*(Sm C*)
phase—=crystal

[0013] Such a phase transition process expresses a liquid
crystal phase resulting from a gradual decrease in tempera-
ture going from left to right. The liquid crystal 15 is aligned
in parallel to a rubbing direction when its temperature is
slowly lowered to reach a temperature having a nematic
phase after the liquid crystal 15 was injected into the liquid
crystal cell at a temperature having an isotropic phase. If an
electric field is applied to the interior of the cell with a
temperature being slowly lowered in this state, then the
liquid crystal 15 is phase-changed into a smectic phase. A
direction of a spontaneous polarization of the liquid crystal
15 generated at this time is arranged in such a manner to be
consistent with that of an electric field formed at the interior
of the cell. As a result, when the liquid crystal 15 within the
liquid crystal cell is subjected to a parallel alignment treat-
ment, it makes one of two possible molecule arrangements.
The molecule arrangement in the spontaneous polarization
direction is consistent with the direction of an electric field
applied in the phase transition process, and thereby has a
uniform alignment state.

[0014] This uniform alignment state will be described in
detail with reference to FIG. 5 and FIG. 6 below. First, as
seen from FIG. §, if a negative electric field E (-) is applied
upon alignment of the liquid crystal 15, then a spontancous
polarization direction of the liquid crystal 15 identical to the
electric field direction is made to provide a uniform align-
ment. In such a liquid crystal cell, as shown in FIG. 6, a
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liquid crystal arrangement is changed upon application of a
positive electric field E (+) while a liquid crystal arrange-
ment is not changed upon application of a negative electric
field E (-).

[0015] In order to utilize a response characteristic to an
electric field of the liquid crystal 15, polarizers perpendicu-
lar to each other are arranged at the upper and lower portions
of the liquid crystal cell. At this time, a transmission axis of
one polarizer is arranged to be consistent with an initial
liquid crystal alignment direction. In the liquid crystal cell
having the above-mentioned arrangement, the T-V curve has
a half V-shape as shown in FIG. 7, experimentally. With
respect to a negative electric field E (=), a liquid crystal
arrangement is not changed to block the light. In contrast,
with respect to a positive electric field E (+), a liquid crystal
arrangement is changed to transmit the light. In this case, as
a positive electric field E (+) increases, a transmittance also
increases.

[0016] As described above, the half V-type FLC mode
liquid crystal uses both a temperature and an electric field so
as to obtain a uniform alignment. However, the liquid crystal
cell made in this manner causes a phenomenon of breaking
an initial uniform alignment when external impact is applied
thereto during a grinding process of a shorting bar.

[0017] Also, when a heat stress is applied to the conven-
tional half V-type FL.C mode liquid crystal cell, a phenom-
enon of breaking a uniform alignment occurs. The T-V curve
of the liquid crystal cell to which a heat stress above a phase
transition temperature is applied during a certain time when
the liquid crystal has an isotropic phase or a nematic phase
is illustrated in FIG. 8. In other words, a transmission
characteristic according to a voltage prior to a heat stress has
a typical half V-shape, whereas a transmission characteristic
according to a voltage after a heat stress is changed into an
asymmetrical V-shape. This means that an initial uniform
alignment fails to be sustained due to external heat stress.

[0018] When an initial uniform alignment has been broken
as mentioned above, it is necessary to make a treatment
utilizing a temperature and an electric field so as to obtain an
alignment as uniform as the initial alignment. However,
since it is not easy to apply a uniform DC voltage to the
electrodes of the upper and lower substrates in comparison
with when the shorting bars have been connected, it
becomes difficult to obtain a uniform alignment.

SUMMARY OF THE INVENTION

[0019] Accordingly, the present invention is directed to a
ferroelectric liquid crystal display and a fabricating method
thereof that substantially obviates one or more of the prob-
lems due to limitations and disadvantages of the related art.

[0020] An advantage of the present invention is to provide
a ferroelectric liquid crystal display and a fabricating
method thereof that is capable of keeping a stable alignment
state against external temperature variation and external
impact. The invention also is directed to a method of
fabricating the above-mentioned liquid crystal display.

[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
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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 of the inven-
tion, a ferroelectric liquid crystal display according to one
aspect of the present invention includes an upper substrate
provided with a transparent electrode and an alignment film
undergoing an alignment treatment; a lower substrate
opposed to the upper substrate and provided with a pixel
electrode and an alignment film undergoing an alignment
treatment; and a ferroelectric liquid crystal injected between
the upper and lower substrates and containing a small
amount of light-hardening polymer to form a polymer
network.

[0023] In the ferroelectric liquid crystal display, a tem-
perature upon injection of the ferroelectric liquid crystal is
above a temperature causing a phase transition from a
smectic phase into a nematic phase.

[0024] A direct current voltage is applied to the electrodes
of the upper and lower substrates when the ferroelectric
liquid crystal is uniformly aligned.

[0025] A temperature is varied such that the ferroelectric
liquid crystal is changed from a nematic phase into a smectic
phase at least once when the ferroelectric liquid crystal is
uniformly aligned.

[0026] A light intensity range of an ultraviolet ray exposed
when the polymer network is formed is about 1 to about 5
mW/cm?,

[0027] A range of total exposure energy of an ultraviolet
ray exposed when the polymer is formed is about 240 to
about 1200 mJ/cm>.

[0028] An ultraviolet lamp for generating the ultraviolet
ray is selected from any one of an Hg lamp and a Xe lamp.

[0029] A wavelength range of the ultraviolet ray is about
365100 nm.

[0030] A method of fabricating a ferroelectric liquid crys-
tal display according to another aspect of the present inven-
tion includes joining an upper substrate provided with a
transparent electrode and an alignment film undergoing an
alignment treatment to a lower substrate opposed to the
upper substrate and provided with a pixel electrode and an
alignment film undergoing an alignment treatment; injecting
a ferroelectric liquid crystal adding a light-hardening poly-
mer between the joined upper and lower substrates; uni-
formly aligning the ferroelectric liquid crystal; and exposing
an ultraviolet ray to the uniformly aligned liquid crystal cell.

[0031] In the method, a temperature upon injection of the
ferroelectric liquid crystal is above a temperature causing a
phase transition from a smectic phase into a nematic phase.

[0032] A direct current voltage is applied to the electrodes
of the upper and lower substrates when the ferroelectric
liquid crystal is uniformly aligned.

[0033] A temperature is varied such that the ferroelectric
liquid crystal is changed from a nematic phase into a smectic
phase at least once when the ferroelectric liquid crystal is
uniformly aligned.

[0034] Alight intensity range of an ultraviolet ray exposed
when the polymer network is formed is about 1 to about 5
mW/cem?®,
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[0035] A range of total exposure energy of an ultraviolet
ray exposed when the polymer is formed is about 240 to
about 1200 mJ/cm®.

[0036] An ultraviolet lamp for generating the ultraviolet
ray is selected from any one of an Hg lamp and a Xe lamp.

[0037] A wavelength range of the ultraviolet ray is about
365+100 nm.
[0038] Tt 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

[0039] 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.

[0040]

[0041] FIG. 1 illustrates an alignment state of a liquid
crystal cell in a conventional V-type FLC mode;

[0042] FIG. 2 is a graph representing a transmittance
according to a voltage of the V-type FL.C mode liquid crystal
cell;

[0043] FIG. 3 illustrates an alignment state of a liquid
crystal cell in a conventional half V-type FL.C mode;

[0044] FIG. 4 is a graph representing a transmittance
according to a voltage of the half V-type FLC mode liquid
crystal cell;

[0045] FIG. 5 illustrates a method of applying an electric
field to implement the half V-type FLC mode liquid crystal
cell;

[0046] FIG. 6 depicts a motion of a liquid crystal upon
application of a voltage to the half V-type FLC mode liquid
crystal cell;

[0047] FIG. 7 is a graph representing a transmission
characteristic according to a voltage of the half V-type FLC
mode liquid crystal cell;

[0048] FIG. 8 is a graph representing a transmission
characteristic according to a voltage prior to and after a heat
treatment of the conventional half V-type FL.C mode liquid
crystal cell;

[0049] FIG. 9A to FIG. 9D show a method of fabricating
a FLC mode liquid crystal cell according to an embodiment
of the present invention; and

[0050] FIG. 10 is a graph representing a transmission
characteristic according to a voltage prior to and after a heat
treatment of a FL.C mode liquid crystal cell according to an
embodiment of the present invention.

In the drawings:

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENT

[0051] Reference will now be made in detail to an embodi-
ment of the present invention, examples of which are
illustrated in the accompanying drawings.
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[0052] FIGS. 9A to 9D show a process of fabricating a
FLC mode liquid crystal cell according to an embodiment of
the present invention.

[0053] Referring to FIG. 9A, the FLC mode liquid crystal
cell includes an upper substrate 21 on which a common
electrode 23 and an alignment film 25 which undergoes an
alignment treatment, disposed sequentially; a lower sub-
strate 31 on which a TFT array layer 29 including a pixel
electrode and an alignment film 27 which undergoes an
alignment treatment, disposed sequentially; spacers (not
shown) permitting a constant distance between the upper
and lower substrates 21 and 31; and a ferroelectric liquid
crystal 33 containing a small amount of photo crosslinkable
or light-hardening polymer 35 injected into the space
between the upper and lower substrates 21 and 31 defined by
the spacers. The amount of the photo crosslinkable or
light-hardening polymer 35 in the ferroelectric liquid crystal
may be small.

[0054] The ferroelectric liquid crystal 33 injected between
the upper and lower substrates 21 and 31 has an isotropic
phase or a nematic phase. The reason why the ferroelectric
liquid crystal 33 is injected at a temperature having an
isotropic phase or a nematic phase is as follows. Viscosity of
a smectic phase liquid crystal is larger than that of a nematic
phase liquid crystal, which results in a lower liquid crystal
injection speed, and a sheer stress is applied to the alignment
films 25 and 27, which causes damage of the alignment films
25 and 27.

[0055] After injection of the ferroelectric liquid crystal, a
direct current voltage is applied to the upper and lower
substrates 21 and 31 while slowly lowering a temperature of
the liquid crystal cell. Thus, as shown in FIG. 9B, while the
ferroelectric liquid crystal 37 is being phase-changed into a
smectic phase, it is aligned in any one direction of such two
states in which a spontaneous polarization direction of the
smectic liquid crystal can be aligned with respect to an
alignment treatment direction, that is, in a direction identical
to a magnetic direction under an attraction of the magnetic
field direction formed within the liquid crystal cell. Accord-
ingly, a uniform mono-domain alignment is obtained.

[0056] Subsequently, an ultraviolet ray is exposed to the
ferroelectric liquid crystal cell aligned uniformly to make a
polymer network as shown in FIG. 9C and FIG. 9D. A
uniform alignment of the liquid crystal cell made initially
can be maintained by the formation of the polymer network.

[0057] FIG. 9C is a side view of the liquid crystal cell in
which the polymer network has been formed, and FIG. 9D
is a plan view representing an alignment treatment direction
and a real alignment direction of the liquid crystal. When a
liquid crystal is exposed to ultraviolet light, a light intensity
and total exposure energy should be appropriately selected.
Speaking qualitatively, if total exposure energy to the liquid
crystal cell is too small to form the polymer network, then
the amount of radicals of the polymer in the liquid crystal
layer is increased to cause an ionic contamination source. On
the other hand, if total exposure energy to the liquid crystal
cell is too large, then molecular binding of the liquid crystal
is broken. Accordingly, when a quantity of total exposure
energy to the liquid crystal cell is not appropriate, a strong
residual image appears in an electro-optical measurement. In
addition, a liquid crystal cell having small total exposure
energy fails to be sufficient in alignment stability caused by
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external impact because the polymerization level of a photo
crosslinkable or light-hardening polymer is low.

[0058] Since the polymer network is sufficiently formed
from the above-mentioned relationship, a range of total
exposure energy that allows the liquid crystal cell to have a
stable alignment state is experimentally provided. Specifi-
cally, a total exposure energy range of an appropriate
ultraviolet ray is about 240 to about 1200 ml/cm®. An
ultraviolet lamp used in an experiment for determining such
a total exposure energy range includes an Hg lamp or a Xe
lamp. Ultraviolet light from the ultraviolet lamp is measured
by means of a light receiver and a wavelength detecting
circuit that are capable of measuring a wavelength range of
about 365+100 nm.

[0059] A significant parameter other than the above-men-
tioned total exposure energy for forming the polymer net-
work at the liquid crystal cell is light intensity of an
ultraviolet ray. If the light intensity of an ultraviolet ray is
too large, then polymerization of a photo crosslinkable or
light-hardening polymer is generated too suddenly, thereby
scattering an alignment state of the liquid crystal and thus
causing a disclination. On the other hand, if the light
intensity is too small, then light polymerization time is too
long thereby causing difficulty in applying the present
technology to a real product. Therefore, the light intensity
range of an ultraviolet ray suitable for forming the polymer
network is about 1 to about 5 mW/cm®.

[0060] Referring to FIG. 10, in the present liquid crystal
cell having formed the polymer network, the transmission
characteristics according to voltages prior to and after an
application of a heat stress above a phase transition tem-
perature becomes almost similar to each other. This means
that, even though an alignment state of the liquid crystal is
broken above a temperature causing a phase transition from
a smectic phase into a nematic phase, it is returned to an
initial uniform alignment state with the aid of the polymer
network when the temperature of the liquid crystal cell is
again lowered to a temperature causing a phase change of
the liquid crystal into a smectic phase. In other words, it
becomes possible to easily obtain a uniform alignment state
of the liquid crystal even when a uniform alignment state of
the liquid crystal is broken in accordance with external
temperature variation. Accordingly, external temperature
variation barely affects a transmission characteristic accord-
ing to a voltage of the liquid crystal cell.

[0061] As described above, the ferroelectric liquid crystal
display according to the present invention forms the polymer
network, thereby maintaining a more stable alignment state
against external heat stress or other physical impact in
comparison to the prior art ferroelectric liquid crystal dis-

play.

[0062] Tt will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the spirit and
scope of the invention. Thus, it is intended that the present
invention cover the modification and variations of this
invention provided they are within the scope of the
appended claims and their equivalents.

Jun. 27,2002

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

an upper substrate provided with a transparent electrode
and an alignment film;

a lower substrate opposed to the upper substrate and
provided with a pixel electrode and an alignment film;
and

a ferroelectric liquid crystal injected between the upper
and lower substrates and containing a small amount of
photo crosslinkable or light-hardening polymer to form
a polymer network.

2. The ferroelectric liquid crystal display according to
claim 1, wherein a temperature during injection of the
ferroelectric liquid crystal is above a temperature causing a
phase transition from a smectic phase into a nematic phase.

3. The ferroelectric liquid crystal display according to
claim 1, wherein a direct current voltage is applied to the
electrodes of the upper and lower substrates when the
ferroelectric liquid crystal is uniformly aligned.

4. The ferroelectric liquid crystal display according to
claim 1, wherein a temperature is varied after injection of the
ferroelectric liquid crystal such that the ferroelectric liquid
crystal is changed from a nematic phase into a smectic phase
at least once when the ferroelectric liquid crystal is uni-
formly aligned.

5. The ferroelectric liquid crystal display according to
claim 1, wherein the photo crosslinkable or light-hardening
polymer forms a polymer network when exposed to a light
intensity range of an ultraviolet light of about 1 to about 5
mW/cm?,

6. The ferroelectric liquid crystal display according to
claim 1, wherein the photo crosslinkable or light-hardening
polymer forms a polymer network when exposed to ultra-
violet light such that a range of total exposure energy of the
ultraviolet light exposed when the polymer is formed is
about 240 to about 1200 mJ/cm*.

7. The ferroelectric liquid crystal display according to
claim 5, wherein an ultraviolet lamp for generating the
ultraviolet light is selected from any one of a Hg lamp and
a Xe lamp.

8. The ferroelectric liquid crystal display according to
claim 6, wherein an ultraviolet lamp for generating the
ultraviolet light is selected from any one of a Hg lamp and
a Xe lamp.

9. The ferroelectric liquid crystal display according to
claim 7, wherein a wavelength range of the ultraviolet light
is about 365+100 nm.

10. The ferroelectric liquid crystal display according to
claim 8, wherein a wavelength range of the ultraviolet light
is about 365£100 nm.

11. A method of fabricating a ferroelectric liquid crystal
display, comprising the steps of:

joining an upper substrate provided with a transparent
electrode and an alignment film to a lower substrate
opposed to the upper substrate and provided with a
pixel electrode and an alignment film;

injecting a ferroelectric liquid crystal having a photo
crosslinkable or light-hardening polymer between the
joined upper and lower substrates;

uniformly aligning the ferroelectric liquid crystal; and

exposing an ultraviolet light to the uniformly aligned
ferroelectric liquid crystal.
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12. The method according to claim 11, wherein a tem-
perature upon injection of the ferroelectric liquid crystal is
above a temperature which causes a phase transition from a
smectic phase into a nematic phase.

13. The method according to claim 11, wherein a direct
current voltage is applied to the electrodes of the upper and
lower substrates when the ferroelectric liquid crystal is
uniformly aligned.

14. The method according to claim 11, wherein a tem-
perature is varied such that the ferroelectric liquid crystal is
changed from a nematic phase into a smectic phase at least
once when the ferroelectric liquid crystal is uniformly
aligned.

15. The method according to claim 11, wherein a light
intensity range of an ultraviolet light exposed when the
polymer network is formed is about 1 to about 5 mW/cm?.

16. The method according to claim 11, wherein a range of
total exposure energy of the ultraviolet light exposed when
the polymer is formed is about 240 to about 1200 ml/cm®.

17. The method according to claim 11, wherein an ultra-
violet lamp for generating the ultraviolet light is selected
from any one of a Hg lamp and a Xe lamp.

18. The method according to claim 17, wherein a wave-
length range of the ultraviolet light is about 365+100 nm.

19. A ferroelectric liquid crystal cell, comprising:

an upper substrate provided with a common electrode and
an alignment film;

a lower substrate provided with a TFT array layer and an
alignment film; and

a ferroelectric liquid crystal provided in a space between
the upper and lower substrates and containing photo
crosslinkable or light-hardening polymer.
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20. The ferroelectric liquid crystal cell according to claim
19, wherein the ferroelectric liquid crystal has a phase
selected from one of an isotropic phase and a nematic phase.

21. The ferroelectric liquid crystal cell according to claim
20, wherein the ferroelectric liquid crystal is phase-changed
from a nematic phase into a smectic phase and simulta-
neously aligned in the direction of one of the two states.

22. The ferroelectric liquid crystal cell according to claim
19, wherein a direct current voltage is applied to the upper
and lower substrates while slowly lowering a temperature of
the ferroelectric liquid crystal.

23. The ferroelectric liquid crystal cell according to claim
19, wherein an ultraviolet light is exposed to the ferroelectric
liquid crystal to make a polymer network.

24. The ferroelectric liquid crystal cell according to claim
23, wherein a light intensity range of the ultraviolet light
exposed when the polymer network is formed is about 1 to
about 5 mW/cm®.

25. The ferroelectric liquid crystal cell according to claim
23, wherein a total exposure energy ranged of the ultraviolet
light is about 240 to about 1200 mJ/cm?,

26. The ferroelectric liquid crystal cell according to claim
23, wherein an ultraviolet lamp for generating the ultraviolet
light is selected from any one of a Hg lamp and a Xe lamp.

27. The ferroelectric liquid crystal cell according to claim
23, wherein a wavelength range of the ultraviolet light is
about 365£100 nm.

28. The ferroelectric liquid crystal cell according to claim
19, wherein when a temperature of the ferroelectric liquid
crystal is lowered to a temperature which causes a phase
change into a smectic phase, the ferroelectric liquid crystal
is uniformly aligned.
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