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ACTIVE LIQUID CRYSTAL ARRAY DEVICE
AND THE FABRICATION MEHTOD
THEREOF

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] Thepresent invention relates to aliquid crystal array
device, particularly to an active liquid crystal array device
with the function of local switchable liquid crystal lens and
the function for controlling focus of liquid crystal lens.
[0003] 2. Description of the Prior Art

[0004] The conventional switchable liquid crystal lens
array can use the electric control way to switch the liquid
crystal on the whole array to obtain the transparent lens effect,
and can be used in two-dimensional (2D)/three-dimensional
(3D) switchable display for switching the pictures between
2D and 3D.

[0005] Theelectrode with lens shape is used in the structure
of switchable liquid crystal lens array. The lens effect of
liquid crystal is formed by the gradual change of the electric
field. Another way is to use the double refractive material with
lens shape, the liquid crystal is sealed in the double refractive
material to obtain lens shape for liquid crystal layer, so that
the liquid crystal layer can achieve the lens effect.

[0006] However, the above-mentioned liquid crystal lens
array can only be switched in the whole panel, which is unable
to be controlled by the local way, and the focus of liquid
crystal lens is also unable to be controlled by the electric way.
Therefore, when the liquid crystal lens array is used to the
2D/3D switchable display, it is switched by the whole screen,
it is unable to see the characters of 2D and the image content
of 3D on the same picture at the same time.

[0007] Therefore, itis necessary to develop the active liquid
crystal array device with local switchable liquid crystal lens
and the function for controlling focus of liquid crystal lens, in
order to increase the application of active liquid crystal array
device and reduce the manufacturing cost.

SUMMARY OF THE INVENTION

[0008] According to the drawbacks of the prior art, the
main purpose of the present invention is to disclose an active
liquid crystal array device and the fabrication method thereof.
This active liquid crystal array device has the function of local
switchable liquid crystal lens and the function for controlling
focus of liquid crystal lens.

[0009]  Another purpose of the present invention is to pro-
vide an active liquid crystal array device, in which the electric
potential of the central electrode can be controlled by driving
the gate electrode and the fringe electrode of active array, in
order to control the lens effect and adjust the focus of liquid
crystal lens.

[0010] Another purpose of the present invention is to con-
trol the resistance for the material of semiconductor layer by
the gate electrode, in order to adjust the focus of liquid crystal
lens

[0011] According to the above-mentioned purpose, the
present invention discloses an active liquid crystal array
device. The active liquid crystal array device comprises a first
transparent conductive substrate. A gate control electrodes is
disposed on the first transparent conductive substrate, a first
transparent insulation layer is disposed on the gate control
electrode, a liquid crystal control electrode is disposed on the
first transparent insulation layer, in which the liquid crystal
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control electrode includes a fringe electrode and a central
electrode, a transparent semiconductor layer is disposed on
the liquid crystal control electrode, a second transparent insu-
lation layer is disposed on the transparent semiconductor
layer, a first liquid crystal oriented layer is disposed on the
first transparent conductive substrate, a second transparent
conductive substrate which includes a transparent electrode
and a second liquid crystal oriented layer, wherein the trans-
parent electrode liquid crystal is disposed on the second trans-
parent conductive substrate and a second oriented layer on the
second transparent conductive substrate, and a liquid crystal
layer is disposed between the first liquid crystal oriented layer
and a second liquid crystal oriented layer.

[0012] In an embodiment of the present invention, the
above-mentioned gate control electrode includes at least a
gate electrode and a gate wire, and the gate wire is connected
with the gate electrode electrically.

[0013] In an embodiment of the present invention, the
above-mentioned fringe electrode and the central electrode of
liquid crystal control electrode are isolated with the transpar-
ent electrode on the second transparent conductive substrate
electrically.

[0014] In an embodiment of the present invention, the
fringe electrode and the central electrode of the above-men-
tioned liquid crystal control electrode are periodically
arranged alternately, and the gate electrode on the first trans-
parent conductive substrate is disposed between the fringe
electrode and the central electrode.

[0015] In an embodiment of the present invention, the
above-mentioned gate control electrode and the fringe elec-
trode extend to an edge of the first transparent conductive
substrate, so that the gate control electrode and the fringe
electrode connect with a driving circuit electrically.

[0016] Inanembodiment of the present invention, the cen-
tral electrode of the above-mentioned liquid crystal control
electrode is the floating electrode.

[0017] According to the above-mentioned active liquid
crystal array device, the present invention also discloses a
fabrication method of the active liquid crystal array device.
The method includes:

[0018] Providing a first transparent conductive substrate
and a second transparent conductive substrate; forming a gate
control electrode on the first transparent conductive substrate;
forming a first transparent insulation layer on the gate control
electrode; forming a liquid crystal control electrode on the
first transparent insulation layer; forming a transparent semi-
conductor layer on the liquid crystal control electrode; form-
ing a second transparent insulation layer on the transparent
semiconductor layer; forming a first liquid crystal oriented
layer on the second transparent insulation layer; forming a
second liquid crystal oriented layer on the second transparent
conductive substrate of the transparent electrode; combining
the first transparent conductive substrate and the second
transparent conductive substrate; injecting the liquid crystal
material between the first transparent conductive substrate
and the second transparent conductive substrate; and sealing
the first transparent conductive substrate and the second
transparent conductive substrate to form the active liquid
crystal array device.

[0019] In an embodiment of the present invention, the
method for forming the above-mentioned gate control elec-
trode includes:

[0020] Forming a first transparent electrode on the first
transparent conductive substrate; forming the pattern of the
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gate control electrode on the first transparent electrode; and
etching the pattern of the gate control electrode on the first
transparent electrode, in order to form the gate control elec-
trode on the first transparent conductive substrate.

[0021] In an embodiment of the present invention, the
method for forming the above-mentioned liquid crystal con-
trol electrode includes the followings:

[0022] Form a second transparent electrode on the first
transparent insulation layer; form the pattern of the liquid
crystal control electrode on the second transparent electrode;
and etch the pattern of the liquid crystal control electrode on
the second transparent electrode, in order to form the liquid
crystal control electrode on the first transparent insulation
layer.

[0023] Therefore, the advantage and spirit of the present
invention can be understood further by the following detail
description of invention and attached Figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The foregoing aspects and many of the attendant
advantages of this invention will become more readily appre-
ciated as the same becomes better understood by reference to
the following detailed description, when taken in conjunction
with the accompanying drawings, wherein:

[0025] FIG. 1 shows the cross-sectional view of the cylin-
drical active liquid crystal array device according to the
present invention;

[0026] FIG.2 shows the cross-sectional view of the circular
active liquid crystal array device according to the present
invention;

[0027] FIG. 3isthe top view for the cylindrical active liquid
crystal array device of FIG. 1;

[0028] FIG. 4isthe top view for the cylindrical active liquid
crystal array device of FIG. 2;

[0029] FIG. 5a¢ and FIG. 5b show that the active liquid
crystal array device uses the gate electrode to change the
resistance of the transparent semiconductor layer for forming
the lens effect;

[0030] FIG.6a,FIG.6b,FIG. 6c and FIG. 64 show the local
switchable liquid crystal lens of the cylindrical active liquid
crystal array device according to the present invention;
[0031] FIG.7a,FIG.7b,FIG. Tc and F1G. 7d show the local
switchable liquid crystal lens of the circular active liquid
crystal array device according to the present invention;
[0032] FIG. 8a and FIG. 85 show that the active liquid
crystal array device controls the resistance of transparent
semiconductor layer to adjust the focus of liquid crystal lens
according to the present invention;

[0033] FIG. 94 and FIG. 95, which show the function of
cylindrical active liquid crystal array device for controlling
the focus of liquid crystal lens according to the present inven-
tion;

[0034] FIG. 104 and FIG. 106 show the function of circular
active liquid crystal array device for controlling the focus of
liquid crystal lens according to the present invention;

[0035] FIG. 11a, FIG. 115, FIG. 11c¢ and FIG. 114 show
that the active liquid crystal array device controls the electric
potential of central electrode to adjust the focus of liquid
crystal lens according to the present invention;

[0036] FIG.124,F1G.12b,FIG. 12¢ and FIG. 12d show the
function of cylindrical active liquid crystal array device for
locally controlling the focus of liquid crystal lens according
1o the present invention; and
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[0037] FIG.13q,FIG.135,FIG. 13¢ and FIG. 134 show the
function of circular active liquid crystal array device for
locally controlling the focus of liquid crystal lens according
to the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0038] The active liquid crystal array device disclosed in
the present invention includes two transparent conductive
substrates coated with the transparent electrode. The trans-
parent electrode on one of the transparent conductive sub-
strate is etched to the required gate control electrode. The
active liquid crystal array device may be cylindrical shape or
circular shape.

[0039] Firstly, please refer to FIG. 1. FIG. 1 shows the
cross-sectional view of the cylindrical active liquid crystal
array device. In FIG. 1, the active liquid crystal array device
1 includes a first transparent conductive substrate 10, a gate
control electrode 12, a first transparent insulation layer 14, a
liquid crystal control electrode 16, a transparent semiconduc-
tor layer 18, a second transparent insulation layer 20, a first
liquid crystal oriented layer 22, a liquid crystal layer 24, a
second liquid crystal oriented layer 26, a transparent elec-
trode 28 and a second transparent conductive substrate 30.
The liquid crystal control electrode 16 further includes a
central electrode 162 and a fringe electrode 164.

[0040] FIG. 2 showsthe cross-sectional view of the circular
active liquid crystal array device. The structure of FIG. 1 and
FIG. 2 is same. The only difference is that the gate control
electrode 12 of the active liquid crystal array device 1 in FIG.
1is cylindrical shape, and the gate control electrode 42 of the
active liquid crystal array device 2 in F1G. 2 is circular shape.
[0041] Then, the fabrication method of the active liquid
crystal array device 1 is described as follows. It has to
describe that the fabrication method of the active liquid crys-
tal array device 1 in FIG. 1 and the active liquid crystal array
device 2 in FIG. 2 is the same. Only the fabrication method of
the active liquid crystal array device 1is described as follows.
[0042] Firstly, as shown in FIG. 1, providing a first trans-
parent conductive substrate 10 and a second transparent con-
ductive substrate 30 are carried out, wherein the first trans-
parent conductive substrate 10 and the second transparent
conductive substrate 30 may be the transparent ITO glass
substrate. And then, forming a gate control electrode 12 on the
first transparent conductive substrate 10 is achieved. In the
present invention, the steps for forming the gate control elec-
trode 12 include the followings:

[0043] forming a transparent electrode (not shown in Fig-
ure) on the first transparent conductive substrate 10; and then,
forming the pattern of gate control electrode on the transpar-
ent electrode; then, using the etching step to remove part of
the transparent electrode in order to form a gate control elec-
trode 12 on the first transparent conductive substrate 10, in
which the gate control electrode 12 includes a gate electrode
and a gate wire (not shown in Figure).

[0044] Then, please refer to FIG. 1 continuously. After the
gate control electrode 12 is disposed on the first transparent
conductive substrate 10, a first transparent insulation layer 14
is disposed on the gate control electrode 12. Then, a liquid
crystal control electrode 16 is disposed on the first transparent
insulation layer 14. In this embodiment, the steps for forming
the liquid crystal control electrode 16 include the followings:
[0045] Form another transparent electrode (not shown in
Figure) on the first transparent insulation layer 14; then, form
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the pattern of liquid crystal control electrode on the transpar-
ent electrode. And then, use the etching step to remove part of
the transparent electrode, in order to form a liquid crystal
control electrode 16 on the first transparent insulation layer
14. In the present invention, the liquid crystal control elec-
trode 16 includes a central electrode 162 and a fringe elec-
trode 164.

[0046] Then, as shown in FIG. 1, a transparent semicon-
ductor layer 18 is disposed on the liquid crystal control elec-
trode 16. Then, a second transparent insulation layer 20 is
disposed on the transparent semiconductor layer 18, in order
to protect the transparent semiconductor layer 18. Finally, a
first liquid crystal oriented layer 22 is disposed on the second
transparent insulation layer 20.

[0047] Then, as shown in FIG. 1, a transparent electrode 28
is disposed on another second transparent conductive sub-
strate 30, and a second liquid crystal oriented layer 26 is
disposed on this transparent electrode 28. After the first trans-
parent conductive substrate 10 and the second transparent
conductive substrate 30 are assembled, a liquid crystal layer
24 is injected and sealed between the first liquid crystal ori-
ented layer 22 of the first transparent conductive substrate 10
and the second liquid crystal oriented layer 26 of the second
transparent conductive substrate 30, in order to finish the
active liquid crystal array device 1 or the active liquid crystal
array device 2 shown in FIG. 2.

[0048] Please refer to FIG. 3 and FIG. 4. FIG. 3 is the top
view for the cylindrical active liquid crystal array device of
FIG. 1, and FIG. 4 is the top view for the circular active liquid
crystal array device of FIG. 2. The difference between FIG. 3
and FIG. 4 is only that the gate control electrode 122 of the
active liquid crystal array device 1 in FIG. 3 is cylindrical
shape, and the gate control electrode 422 of the active liquid
crystal array device 2 in FIG. 4 is circular shape. Therefore,
only FIG. 3 is used for the description. In addition, the liquid
crystal can be divided into the positive type and the negative
type in accordance with the orientation of electric field and
long axis of liquid crystal molecule. The long axis of positive-
type liquid crystal molecule will be parallel to the orientation
of electric field, and the long axis of negative-type liquid
crystal molecule will be perpendicular to the orientation of
electric field. The negative-type liquid crystal is used for the
description in the embodiment of the present invention.
[0049] 1In FIG. 3, the gate control electrode 12 includes a
plurality of gate electrode 122 and a plurality of gate wire 124.
In the gate electrode 122, every gate wire 124 is connected
with a plurality of gate electrode 122 electrically, and
extended to the outside of the active liquid crystal array
device 1 or the edge of the first transparent conductive sub-
strate 10, so that the gate electrode 122 can be connected with
the driving electrode (not shown in Figure) electrically. The
driving circuit can apply the voltage to every gate electrode
122, so that the gate electrode 122 can control the resistance
of the transparent semiconductor layer 18 underneath (see
FIG. 1). Therefore, the current passing through the transpar-
ent semiconductor layer 18 and the electric potential differ-
ence between the fringe electrode 164 and the central elec-
trode 162 of the liquid crystal control electrode 16 can be
controlled. In addition, the fringe electrode 164 of the liquid
crystal control electrode 16 is extended to the outside of the
active liquid crystal array device 1 or the edge of the first
transparent conductive substrate 10 (not shown in Figure), in
order to be connected with the driving circuit (not shown in
Figure) electrically. In addition, the central electrode 162 of
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the liquid crystal control electrode 16 is floating, which is not
connected with any driving circuit electrically. The transpar-
ent semiconductor layer 18 is disposed between the fringe
electrode 164 and the central electrode 162.

[0050] Inanembodiment ofthe present invention, as shown
in FIG. 3, the gate electrode 12 can be used to adjust the
transparent semiconductor layer 18 between the fringe elec-
trode 164 and the central electrode 162.

[0051] Pleasereferto FIG. 5a and FIG. 55, which show that
the active liquid crystal array device uses the gate electrode to
change the resistance of the transparent semiconductor layer
for forming the lens effect. In FIG. 5a, the cylindrical active
liquid crystal array device 1 is used as the example. An elec-
tric potential V_ is applied to the gate electrode 122, so that the
resistance R, of the transparent semiconductor layer 18
between the fringe electrode 164 and the central electrode
162 approaches the conductor, and the fringe electrode 164
and the central electrode 162 are considered to be conducted.
Thus, the fringe electrode 164 can be used to control the
electric potential of central electrode 162. If the electric
potential of fringe electrode 164 is V_, the electric potential of
central electrode 162 is also V. After the gate electrode 122 s
grounded, the electric potential of central electrode 162 will
be kept at V, as shown in FIG. 55.

[0052] In FIG. 55, the resistance of transparent semicon-
ductor layer 18 between the fringe electrode 164 and the
central electrode 162 is R,,. The fringe electrode 164 is
grounded and the transparent electrode 28 (see FIG. 1) of the
second transparent conductive substrate 30 is grounded. The
electric potential difference between the central electrode 162
and the fringe electrode 164 will influence the orientation
distribution of liquid crystal molecule of the liquid crystal
layer 24, in which the liquid crystal layer 24 will form the lens
effect. In addition, the electric potential of the transparent
semiconductor layer 18 in the active liquid crystal array
device 1 can be smoothly and gradually changed between the
central electrode 162 and the fringe electrode 164, and the
shape of liquid crystal lens can also be changed smoothly and
gradually.

[0053] Please refer to FIG. 6a, FIG. 65, FIG. 6¢ and FIG.
6d, which show the local switchable liquid crystal lens of the
cylindrical active liquid crystal array device. FIG. 6a, FIG.
65, F1G. 6¢ and FIG. 64 show the 3x3 cylindrical active liquid
crystal array device, and FIG. 7a, FIG. 7b, F1G. 7¢ and FIG.
7d show the 3x3 circular active liquid crystal array device.
The gate electrode 122 and the fringe electrode 164 are driven
to control if the liquid crystal layer 24 in the active liquid
crystal array device 1 has the lens effect to reach the localized
effect.

[0054] As shown in FIG. 6a, when the first gate wire 124 is
driven, the electric potential V is applied, the channel of the
transparent semiconductor layer 18 between the fringe elec-
trode 164 and the central electrode 162 on the gate electrode
122 is opened. It means that the fringe electrode 164 can
control the electric potential of the central electrode 162 to
input the electric potential to every fringe electrode 164, in
order to control the electric potential of every central elec-
trode 162 on this gate wire 124. Every gate wire 124 is driven
to determine the electric potential of every central electrode
162 on the gate wire 124.

[0055] As shown in FIG. 6b and FIG. 6c, after every gate
wire 124 is driven, every central electrode 162 in the array
will have different electric potential. As shown in FIG. 6d,
every fringe electrode 164 is grounded (GND). As for the
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central electrode 162 with the electric potential V, because
there is electric potential difference for the fringe electrode
164 at both sides, the liquid crystal in this region will have the
lens effect. As forthe grounded central electrode 162, because
there is no electric potential difference for the fringe electrode
164 at both sides, the liquid crystal in this region will not have
the lens effect.

[0056]  As for the circular active liquid crystal array device
2 shown in FIG. 7a, FIG. 75, FIG. 7c and FIG. 74, the same
driving way of the cylindrical active liquid crystal array
device 1is usedto drive every gate wire 124 shown in FIG. 74,
FIG. 76 and FIG. 7¢ to obtain localized control effect shown
in FIG. 7d.

[0057] Inaddition, the cylindrical active liquid crystal array
device 1 or the circular active liquid crystal array device 2
disclosed by the present invention also has the function for
controlling the focus of liquid crystal lens. The gate electrode
122 is used to change the resistance of transparent semicon-
ductor layer 18 to change the focus of liquid crystal lens.
[0058] Pleasereferto FIG. 84 and FIG. 85, which show that
the active liquid crystal array device controls the resistance of
transparent semiconductor layer to adjust the focus of liquid
crystal lens.

[0059] InFIG. 84, the electric potential of central electrode
162 is V,, and the fringe electrode 164 is grounded. The
electric potential V, is applied by the gate electrode 122, so
that the resistance of transparent semiconductor layer 18 is
R,;. Due to this resistance and the electric potential differ-
ence between the fringe electrode 164 and the central elec-
trode 162, the electric potential is changed gradually to form
a liquid crystal layer 24 with focus f;.

[0060] As shownin FIG. 85, if the electric potential of gate
electrode 122 is V,, the resistance of transparent semicon-
ductor layer 18 will be R _,. Because the electric potential of
gateelectrode 122V is greater than V,,, and the resistance of
transparent semiconductor layer 18 R, is less than R, a
smaller gradually change of electric potential between the
fringe electrode 164 and the central electrode 162 is formed,
so that the liquid crystal layer 24 forms a lens with larger
focus 5, in which f, is greater than f|.

[0061] Please refer to FIG. 9a and FI1G. 95, which show the
function of cylindrical active liquid crystal array device for
controlling the focus of liquid crystal lens, and FIG. 10a and
FIG. 105 show the function of circular active liquid crystal
array device for controlling the focus of liquid crystal lens.
According to the above-mentioned description, the resistance
of transparent semiconductor layer 18 can be controlled
through driving the gate electrode 122. Because the resistance
of transparent semiconductor layer 18 is changed, the electric
potential change between the fringe electrode 164 and the
central electrode 162 can be controlled. As shown in FIG. 9«
and FIG. 104, due to the resistance of transparent semicon-
ductor layer 18 is different, the lens with different focus can
be formed. When the electric potential of gate electrode 122
is V,, the fringe electrode 164 is grounded, and the electric
potential of central electrode 162 is V, the fringe electrode
164 and the central electrode 162 are connected by the trans-
parent semiconductor layer 18, the electric potential change
between the fringe electrode 164 and the central electrode
162 will be determined by the resistance of transparent semi-
conductor layer 18. Due to this gradually electric potential
change, the liquid crystal layer 24 will have the lens effect.
[0062] Please refer to FIG. 95 and FIG. 105. If the electric
potential V, is applied to the gate electrode 122, when V , is
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greater than V,,, the resistance of transparent semiconductor
layer 18 under V, will be less than that of V. Thus, the
electric potential change between the fringe electrode 164
and the central electrode 162 will be slower, and the focus
formed will be longer, as shown in FIG. 8¢ and FIG. 85. When
the circular active liquid crystal array device 2 is used as the
example, the focus of lens can also be controlled under the
above-mentioned driving way. In addition, in the circular
active liquid crystal array device 2, apply different electric
potential to every gate wire 124, so that the liquid crystal lens
on every gate wire 124 can have different focus.

[0063] In addition, the active liquid crystal array device 1
(or 2) disclosed in the present invention can use the gate
electrode 122 to change the resistance of transparent semi-
conductor layer 18, in order to reach the function of local
control for the focus of liquid crystal lens.

[0064] Please refer to FIG. 11a, FIG. 115, FIG. 11¢ and
FIG. 11d, which show that the active liquid crystal array
device controls the electric potential of central electrode to
adjust the focus of liquid crystal lens.

[0065] As shown in FIG. 11a, the cylindrical active liquid
crystal array device is used as the example. An electric poten-
tial V, is applied to the gate electrode 122, so that the resis-
tance of transparent semiconductor layer 18 between the
fringe electrode 164 and the central electrode 162 approaches
the conductor, and the fringe electrode 164 and the central
electrode 162 are considered to be conducted. Thus, the fringe
electrode 164 can be used to control the electric potential of
central electrode 162. If the electric potential of fringe elec-
trode 164 is V,, the electric potential of central electrode 162
is also V. After the gate electrode 122 is grounded, the
electric potential of central electrode 162 will be keptat V.
[0066] As shown in FIG. 115, the resistance of transparent
semiconductor layer 18 between the central electrode 162 and
the fringe electrode 164 is R,,. The fringe electrode 164 is
grounded and the transparent electrode 28 of the second
transparent conductive substrate 30 is grounded. The electric
potential difference between the central electrode 162V, and
the fringe electrode 164 will influence the orientation distri-
bution of liquid crystal molecule of the liquid crystal layer 24,
in which the lens with focus f; will be formed.

[0067] As shown in FIG. 11c¢, when the electric potential
V., is applied to the fringe electrode 164, the electric potential
of central electrode 162 is also V,, and V,>V , so that the
liquid crystal layer 24 will form the lens with shorter focus 15,
as shown in FIG. 114.

[0068] In the embodiment of the present invention, the
electric potential of central electrode can be controlled to
adjust the focus ofliquid crystal lens. Please refer to FIG. 124,
FIG.12b,FIG. 12¢, and FIG. 12d, which show the function of
cylindrical active liquid crystal array device for locally con-
trolling the focus of liquid crystal lens. FIG. 13a, FIG. 135,
FIG. 13c, and FIG. 13d show the function of circular active
liquid crystal array device for locally controlling the focus of
liquid crystal lens.

[0069] As shown in FIG. 124, when the first gate wire 124
is driven, the electric potential V is applied, the channel of
the transparent semiconductor layer 18 between the fringe
electrode 164 and the central electrode 162 on the gate elec-
trode 122 is opened. It means that the fringe electrode 164 can
control the electric potential of the central electrode 162 to
input the electric potential to every fringe electrode 164, in
order to control the electric potential of every central elec-
trode 162 on this gate wire 124. Every gate wire 124 is driven
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to determine the electric potential of every central electrode
162 on the gate wire 124, as shown in FIG. 1254 and FIG. 12¢.
After every gate wire 124 is driven, every central electrode
162 can have different electric potential, and the fringe elec-
trode 164 is grounded, As shown in FIG. 12d, every central
electrode 162 can have different electric potential, and
V>V ,>V, >GND. There is different electric potential dif-
ference for the fringe electrode 164 at both sides. The liquid
crystal layer 24 in this region will form the lens with different
focus.
[0070] When the circular active liquid crystal array device
2 is used as the example, and referring to FIG. 134, FIG. 135,
FIG. 13¢, and FIG. 134, the same driving as the above-men-
tioned cylindrical active liquid crystal array device 1 is used
to drive every gate wire 124 to obtain local control effect.
[0071] Thus, in summary, the cylindrical or circular active
liquid crystal array device provided by this invention can be
controlled by driving the gate electrode and the fringe elec-
trode of active array, in order to control the lens effect and
adjust the focus of liquid crystal lens. In addition, the gate
electrode can be used to control the resistance of transparent
semiconductor layer to adjust the focus of liquid crystal lens.
This active liquid crystal array device can be used as the
optical array device of three-dimensional (3D) display. This
array device can be manipulated to obtain whole array lens-
less effect or whole array lens effect, to reach 2D/3D display
switch of whole screen. The liquid crystal lens can also be
switched locally to reach 2D/3D display switch of partial
screen. In addition, the active liquid crystal array device can
beused to acquire the stereo image, control the focus of every
lens on array independently, to focus to different depth and
record the depth in camera. In addition, the active liquid
crystal array device can also be applied for relevant display in
3D active or 3D endoscopic surgery, and active micro-laser
array modulation apparatus.
[0072] Itisunderstood that various other modifications will
be apparent to and can be readily made by those skilled in the
art without departing from the scope and spirit of this inven-
tion. Accordingly, it is not intended that the scope of the
claims appended hereto be limited to the description as set
forth herein, but rather that the claims be construed as encom-
passing all the features of patentable novelty that reside in the
present invention, including all features that would be treated
as equivalents thereof by those skilled in the art to which this
invention pertains.
What is claimed is:
1. An active liquid crystal array device, comprising:
a first transparent conductive substrate;
a gate control electrode being disposed on the first trans-
parent conductive substrate;
a first transparent insulation layer being disposed on the
gate control electrode;
aliquid crystal control electrode being disposed on the first
transparent insulation layer, wherein the liquid crystal
control electrode having a fringe electrode and a central
electrode;
a transparent semiconductor layer being disposed on the
liquid crystal control electrode;
asecond transparent insulation layer being disposed on the
transparent semiconductor layer;
a first liquid crystal oriented layer being disposed on the
first transparent conductive substrate;
a second transparent electrode having a transparent elec-
trode and a second liquid crystal oriented layer and a
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second liquid crystal oriented layer, wherein the trans-
parent electrode being disposed on the second transpar-
ent conductive substrate and said second oriented layer
on the second transparent conductive substrate; and

a liquid crystal layer is disposed between the first liquid

crystal oriented layer and a second liquid crystal ori-
ented layer.

2. The active liquid crystal array device according to claim
1, wherein the gate control electrode comprises a gate elec-
trode and a gate wire, and the gate wire is connected with the
gate electrode electrically.

3. The active liquid crystal array device according to claim
1, wherein the fringe electrode and the central electrode are
isolated with the transparent electrode on the second trans-
parent conductive substrate electrically.

4. The active liquid crystal array device according to claim
1, wherein the fringe electrode and the central electrode are
periodically arranged alternately, and the gate electrode on
the first transparent conductive substrate is disposed between
the fringe electrode and the central electrode.

5. The active liquid crystal array device according to claim
1, wherein the gate control electrode and the fringe electrode
extend to an edge of the first transparent conductive substrate,
so that the gate control electrode and the fringe electrode
connect with a driving circuit electrically.

6. The active liquid crystal array device according to claim
1, wherein the central electrode is the floating electrode.

7. A fabrication method of the active liquid crystal array
device, comprising:

providing a first transparent conductive substrate and a

second transparent conductive substrate;

forming a gate control electrode on the first transparent

conductive substrate;

forming a first transparent insulation layer on the gate

control electrode;

forming a liquid crystal control electrode on the first trans-

parent insulation layer;

forming a transparent semiconductor layer on the liquid

crystal control electrode;

forming a second transparent insulation layer on the trans-

parent semiconductor layer;

forming a first liquid crystal oriented layer on the second

transparent insulation layer;

forming a second liquid crystal oriented layer on the sec-

ond transparent conductive substrate having a transpar-
ent electrode;

combining the first transparent conductive substrate and

the second transparent conductive substrate;

injecting the liquid crystal material between the first trans-

parent conductive substrate and the second transparent
conductive substrate; and

sealing the first transparent conductive substrate and the

second transparent conductive substrate to form the
active liquid crystal array device.

8. The fabrication method of the active liquid crystal array
device according to claim 7, wherein the method for forming
the gate control electrode comprises:

forming a first transparent electrode on a first transparent

conductive substrate;

forming a pattern of a gate control electrode on the first

transparent electrode; and

etching the pattern of the gate control electrode on the first

transparent electrode in order to form the gate control
electrode on the first transparent conductive substrate.
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9. The fabrication method of the active liquid crystal array
device according to claim 1, wherein the method for forming
the liquid crystal control electrode comprises:

forming a second transparent electrode on a first transpar-

ent insulation layer;

forming a pattern ofa liquid crystal control electrode on the

second transparent electrode; and

etching the pattern of the liquid crystal control electrode on

the second transparent electrode in order to form the
liquid crystal control electrode on the first transparent
insulation layer.
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