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DISPLAY APPARATUS WITH DISPLAY
SWITCHING MODES

FIELD OF THE INVENTION

[0001] The present invention relates to a three-dimension
(3D) display apparatus, and more particularly, to a display
apparatus for switching the display modes among two-di-
mension (2D), three-dimension (3D), Integral Photography
(IP) images by altering the electrical field distribution to
change the optical property of the liquid crystal lens to switch
the display mode.

BACKGROUND OF THE INVENTION

[0002] The image display technology is continuously
developed from the gray scale, true color into the stage of high
definition to achieve the purpose of vivid and nature display.
Therefore, the next generation display towards the develop-
ment of three-dimension display.

[0003] Typically, the three dimension images are created
through the user’s eye by the stereo image theory which is
based on that the images caught by each eye are different.
Namely, when the eyes are separated with 5-7 cm, the images
caught by the two eyes are slightly distinguishable, it leads to
the result of visual difference. Thus, the traditional three-
dimension image is obtained by the visual difference effect so
as to allow the left eye only receives the left-eye image while
the right eye only receives the right-eye image.

[0004] Typically, the visual difference based three-dimen-
sion image needs special design equipment to achieve the
goal, the typical methods is introduced as follows:

[0005] The first type introduces the polarized glasses which
includes a horizontal polarized glass and a vertical polarized
glass for each eye to allow the left eye receive the horizontal
polarized image and the right eye receive the vertical polar-
ized image. The display apparatus may radiate the horizontal
polarized left-eye image and the vertical polarized right-eye
image, respectively. By the method, the left eye of the user
may receive the horizontal polarized left-eye image while the
right eye of the user may receive the vertical polarized right-
eyeimage, thereby creating the three-dimension image. How-
ever, the polarized glasses will be failure when the head of the
user inclines so as not allow the polarizer completely polar-
izes the light which passes through the glasses. It will case the
user uncomfortable.

[0006] Another type involves the usage of red-blue (green)
glasses. The technical introduces the displaying of the left,
and right images by using the red-blue (green) glasses to
allow the user receive the left and right images by each eye,
respectively, thereby creating the three-dimension image
after receiving the left and right images through the red-blue
(green) glasses. However, the shortcoming of the type of the
three-dimension image displaying is that the true color of the
original image cannot be re-built by using the red-blue
(green) glasses. The third type of the prior art involves the
usage of the shuttle glasses. The image displaying apparatus
will transmit odd images and even images to the shuttle
glasses, respectively. If the odd images are set to act the
right-eye images while the odd images are defined as the
left-eye images, when the odd images are transmitted, the left
eye will be covered by the shuttle glasses. Similarly, when the
even images are transmitted, the right eye will be covered by
the shuttle glasses so as to allow the uses may watch the
three-dimension image. Another type is called helmet type
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image display which has two liquid crystal displays on the
glasses directly, the uses receives the left and right eye images
through the two displays by the left and right eyes, respec-
tively. The method omits the red-blue (green) glasses to avoid
the shortcoming. However, not only the cost of the equipment
is high, but also the number of the user to watch the images is
limited.

[0007] No matterthe cost of those priorart is, all of the prior
arts mentioned above require the glasses for the user to wear
on. It is not friendly to the user at all. Thus, the recent devel-
opment is mainly focus on the glasses free three-dimension
image display apparatus.

[0008] One of the types which involve the glasses free
three-dimension image display apparatus is called visual-
difference bare-eye three-dimension image display apparatus
which is designed based on the visual difference phenomena.
Under the scheme of the visual-difference bare-eye design, a
parallax or optical grating is set before the liquid crystal
display. The display transmitted the left-eye image and right-
eye image in sequence. The parallax functions to allow the
right-eye and left-eye receive the right-eye and left-eye
images, respectively. The signals of the right-eye and left-eye
images will be re-constructed by the brain of the user, thereby
achieving the three-dimension image.

[0009] In addition to the above glasses free three-dimen-
sion image display apparatus, a further equipment free three-
dimension image technical involves Integral Photography
(IP) technology which is developed since 1908. The major
principle of the IP uses the fly’s eye lens to catch the stereo
images from different angle. The fly’s eye lens simulates the
arrangement of the eye of the fly to arrange pluralities of tiny
lens in an array configuration. Namely, pluralities of semi-
sphere lens are arranged within a planar in an array from for
catching image. The Integral Photography (IP) technology
involves two major steps, the first one may refer to FIG. 1A,
an image capture device 105 catches the stereo image 107
from different angle of the object 101 by the fly’s eye lens
103. Thereafter, referring to FIG. 1B, the next step is to
process the caught images through the display apparatus 109
and the fly eye lens to re-built the three-dimension stereo
image 110 of the object.

[0010] From above, the parallax or optical grating is
required within the display by using the visual difference
three-dimension image technical. A fly’s eye lens is demand
within the display to show the three-dimension image by
using the IP three-dimension image technical. The specify
display may display the specity three-dimension image gen-
erated by specify solution, thus, the three-dimension image
will be limited to the display the user employed. If the method
to catch the images is not compatible to the hardware, the
three-dimension image cannot be displayed at all.

SUMMARY OF THE INVENTION

[0011] To solve the aforementioned problems of the con-
ventional techniques, the present invention provides a display
apparatus with display switching mode for displaying 2D,
different type of 3D image information by employing one
apparatus.

[0012] One advantage of the present invention is to offer a
display apparatus for switching among the 2D, 3D, and IP
stereo image.

[0013] In one aspect of the present invention, a display
apparatus with display switching mode is disclosed, it com-
prises a display device; an image mode switch device formed
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corresponding to the display device, wherein the image mode
switch device includes: a liquid crystal layer; a first electrode
set on a side of the liquid crystal layer; a second electrode set
between the first electrode and the liquid crystal layer; a third
electrode set on another side of the liquid crystal layer; and a
voltage providing device electrically coupled to the image
mode switch device to supply different voltage to the first
electrode, the second electrode and the third electrode for
switching displaying mode; the display apparatus may dis-
play the 2D, 3D and IP stereo image by using the electrodes
with different pattern and voltage with different voltage on
the first electrode, the second electrode and the third elec-
trode.

[0014] In another aspect of the present invention, a display
apparatus with display switching mode is disclosed, it com-
prises a display device; an image mode switch device formed
corresponding to the display device, wherein the image mode
switch device includes: a liquid crystal layer; a first electrode
set on a side of the liquid crystal layer; a second electrode set
between the first electrode and the liquid crystal layer; a third
electrode set on another side of the liquid crystal layer; and a
voltage providing device electrically coupled to the image
mode switch device to supply different voltage to the first
electrode, the second electrode and the third electrode for
switching displaying mode; wherein the first electrode
includes a first pattern, the second electrode including a sec-
ond pattern having a first portion and a second portion,
wherein the first portion and the second portion have different
pattern spacing and are constructed by an interdigitated con-
figuration.

[0015] The first electrode is constructed by a square frame
with pluralities of horizontal lines formed therein; the second
electrode includes a first portion and a second portion. The
first portion and the second portion are formed by pluralities
of vertical lines which are connected by a horizontal line.
Additionally, the vertical lines of the first portion and the
second portion are formed in parallel; both horizontal lines
are set on sides which are in opposition with each other. The
second electrode and the third electrode are ground when the
display apparatus displays two-dimension image. The first
electrode is ground, the second electrode and the third elec-
trode is supplied with a first voltage when the display appa-
ratus displays three-dimension image. The first electrode and
the third electrode are supplied with a second voltage, and the
second portion of the second electrode and the third electrode
are supplied with a third voltage, the first potion of the second
electrode being ground when the display apparatus displays a
stereo image.

[0016] A display apparatus with display switching mode
comprises a display device; an image mode switch device
formed corresponding to the display device, wherein the
image mode switch device includes: a liquid crystal layer; a
first electrode set on a side of the liquid crystal layer; a second
electrode set between the first electrode and the liquid crystal
layer; a third electrode set on another side of the liquid crystal
layer; and a voltage providing device electrically coupled to
the image mode switch device to supply different voltage to
the first electrode, the second electrode and the third electrode
for switching displaying mode; wherein the first electrode
includes a first pattern, the first pattern being constructed by a
grid pattern with pluralities of square frames; the second
electrode includes a second pattern constructing by pluralities
of titled lines. The square frame is formed with 1x1 to 500x
500 pixels.
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[0017] The first electrode, the second electrode and the
third electrode are ground when the display apparatus dis-
plays two-dimension image. The first electrode is ground, the
second electrode and the third electrode is supplied with a first
voltage when the display apparatus displays three-dimension
image. The first electrode and the third electrode are supplied
with a second voltage, and the third electrode is ground when
the display apparatus displays a stereo image.

[0018] These and other advantages will become apparent
from the following description of preferred embodiments
taken together with the accompanying drawings and the
appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The present invention may be understood by some
preferred embodiments and detailed descriptions in the speci-
fication and the attached drawings below. The identical ref-
erence numbers in the drawings refer to the same components
in the present invention. However, it should be appreciated
that all the preferred embodiments of the invention are only
for illustrating but not for limiting the scope of the Claims and
wherein:

[0020] FIG. 1A-1B illustrate a method of fetching and dis-
playing IP stereo image technology of the prior art;

[0021] FIG. 2A-2C illustrate a display apparatus with the
ability of switching among 2D, 3, and IP stereo image with
one embodiment of the present invention;

[0022] FIG. 3A-3B illustrate the first and the second elec-
trode with one embodiment of the present invention;

[0023] FIG. 4illustrates the arrangement of the liquid crys-
tal molecular for displaying 3D and IP image by applying
different voltage on the liquid crystal layer with one embodi-
ment of the present invention;

[0024] FIG. 5A-5B illustrates further embodiments of first
and the second electrode of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0025] The invention will now be described with the pre-
ferred embodiments and aspects and these descriptions inter-
pret structure and procedures of the invention only for illus-
trating but not for limiting the Claims of the invention.
Therefore, except the preferred embodiments in the specifi-
cation, the present invention may also be widely used in other
embodiments.

[0026] The present invention discloses a display apparatus
which may be switched among the two-dimension, three-
dimension and IP stereo image so as to allow the user may
fetch the image information according to the image type by
switching the electrode pattern with specified voltage to alter
the display mode, thereby displaying the image of two-di-
mension, three-dimension or IP stereo image. The stereo
image mentioned within the present invention refers to the
image created by visual difference bare-eye three-dimension
technology and the method thereof.

[0027] TItis because that the arrangement and distribution of
the liquid crystal molecular will be altered based on the elec-
trical field distribution, therefore, the twisted angle of the
liquid crystal is not the same under different electrical field
distribution caused by the electrode pattern with different
applied voltage. Consequently, the optical property such as
the focal length of the liquid crystal lens will be change in
order to achieve the optical effect of convex lens, concave
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lens, fly-eye lens or parallax. Thus, the present invention
employs the different electrode pattern to cause the electrical
filed distribution change, thereby driving the liquid crystal
lens to allow the display apparatus displays the image of
two-dimension, three-dimension or IP stereo image accord-
ing to the type of the display image.

[0028] Referring to FIGS. 2A-2C, it shows the display
apparatus having the mode to switch among two-dimension,
three-dimension or IP stereo image. The apparatus includes
image mode switching device 200, a display device 300 and a
voltage providing device 400. The image mode switching
device 200 is responsive to the display device 300 to display
the different image and switch the mode by the voltage pro-
viding device 400 to show the effect of two-dimension, three-
dimension or IP stereo image.

[0029] Next, referring to FIG. 2B, it illustrates the structure
of the image mode switch device 200 which includes a first
glass substrate 201, a first electrode 202, an isolation layer
203, a second electrode 204, a first alignment layer 205, a first
liquid crystal layer 206, a second alignment layer 207, a third
electrode 208 and a second glass substrate 209. The first
electrode 202 is disposed adjacent to one side of the first
liquid crystal layer 206, a second electrode 204 is formed
between the first electrode 202 and the first liquid crystal layer
206. The third electrode 208 is set on another side of the first
liquid crystal layer 206.

[0030] The present invention offers different electrode pat-
tern and provides different voltage to the first electrode 202,
the second electrode 204 and the third electrode 208 so as to
cause the liquid crystal molecular in the liquid crystal layer
206 suffers different electrode field distribution, thereby
changing the arrangement of the liquid crystal molecular,
which leads to the change of optical property. The illustration
of the switch among the two-dimension, three-dimension or
IP stereo image is seen as follows.

[0031] In one embodiment, the display apparatus may
employs the liquid crystal display to carry out the present
invention. Turn to FIG. 2C, it illustrates the panel structure of
the liquid crystal display 300 which includes a first polarizer
301, a third glass substrate 302, a color layer 303, a second
liquid crystal layer 304, a fourth glass substrate 305, and a
second polarizer 306. In one embodiment, the image display
switch mode is set based on the liquid crystal display 300 to
switch among two-dimension, three-dimension or IP stereo
image according to the image information type. Although the
liquid crystal panel is illustrated, the detailed structure is
omitted, which is well-known by the person having ordinary
skill in the art. It should be noted that the present invention
uses the liquid crystal panel as an example, the other type of
display can also be implemented in the present invention, the
display includes but not limited to organic light emitting
display (OLED), plasma display panel (PDP), field emission
display (FED).

[0032] In some embodiments of the present invention, the
first electrode 202, the second electrode 204 and the third
electrode 208 are formed by the material with high transmit-
tance and high conductivity, for instance, it includes but not
limited to Indium Tin Oxide (ITO), Indium Zinc Oxide (IZO).
In a preferred embodiment, the first electrode 202, the second
electrode 204 and the third electrode 208 are formed by ITO.
In some embodiments of the present invention, the first align-
ment layer 205 and the second alignment layer 207 are Poly-
imide (PI).
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[0033] Referring to FIG. 2A again, the image mode switch
device 200 is electrically coupled the voltage providing
device 400. Preferably, the image mode switch device 200 is
electrically coupled to the first electrode 202, the second
electrode 204 and the third electrode 208, to offers the differ-
ent voltage to the first electrode 202, the second electrode 204
and the third electrode 208. In some embodiments, the volt-
age providing device 400 is also electrically coupled to the
display device 300 so as to offer voltage on the image mode
switch device 200 and the display device 300. In another
embodiment, the voltage providing device 400 can be set in
the display device 300 to allow the display device 300 control
the action and operation of the image mode switch device
200.

[0034] FIG. 3A illustrates the structure of the first electrode
202. The ITO is formed on one side of the first glass substrate
201 with rectangular frame having pluralities horizontal lines
pattern within the rectangular frame. The manufacture pro-
cess includes steps of forming a first electrode 202 on the first
glass substrate 201. The isolation layer 203 is subsequently
formed on the other side, which is opposite to the surface of
the glass substrate 201, of the first electrode 202, followed by
forming the second electrode 204 thereon. The steps may be
altered to achieve the same result. Please refer to FIG. 3B, it
shows the second electrode 204 structure. The second elec-
trode 204 is formed on the other side of the isolation layer
203, which is opposite to the surface of the first electrode 202.
In addition, the second electrode 204 is divided into a first
portion 2041 and a second portion 2042. The first portion
2041 and the second portion 2042 are formed by ITO thin film
with vertical lines pattern, and are connected by a horizontal
line. The vertical lines of the first portion 2041 and the second
portion 2042 are formed in parallel, and the two horizontal
lines of the first portion 2041 and the second portion 2042 are
formed at the opposition sides with each other. The spacing
between the vertical lines of the second portion 2042 is wider
than the one of the first portion 2041 so as to allow the spacing
wide of the second portion 2042 may arrange two vertical
lines of the first portion 2041 with equal spacing. The con-
figuration of the first portion 2041 and the second portion
2042 constructs as shape by an interdigitated configuration.
Namely, the spacing of the second portion 2042 is wider than
the one of the first portion 2041. The number of the fingers
and the spacing may be design under demand. In addition, the
voltage applied on the electrode is provided according to the
spacing to construct multiple different electrical field distri-
bution. The third electrode 208 is formed between the second
glass substrate 209 and the second alignment 207, the third
electrode 208 is formed of ITO and is coated on the entire
surface of the second glass substrate 209.

[0035] Please refer to FIG. 2B, the different voltage is
applied on the first electrode 202, the second electrode 204
and third electrode 208 to switch among the two-dimension,
three-dimension or IP stereo image. The embodiment shows
the two-dimension display voltage mode. The voltage pro-
viding device 400 does not offers, namely zero voltage
(ground), to the first electrode 202, the second electrode 204
and third electrode 208. The arrangement of the liquid crystal
molecular of the first liquid layer 206 is alignment with order
to allow the two-dimension image may directly pass through
the image mode switch device 200 to display the two-dimen-
sion image. If the three-dimension is displayed, the first elec-
trode 202 is grounded by the voltage providing device 400,
and supplies the second electrode 204 and third electrode 208
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with a first voltage. In one embodiment, first voltage is around
+1 volt ~+100 volts. If the user would like to show the IP
stereo image, the voltage providing devices 400 supplies a
second voltage to the first electrode 202 and the third elec-
trode 208, and applies a third voltage on the second portion
2042 of the second electrode 204 and, and the first portion
2041 of the second electrode 204 is grounded. It should be
noted that the spacing of the first portion 2041 and the second
portion 2042 is different. In one embodiment, the second
voltage is around =1 volt ~+100 volts; the third voltage is
around *1 volt ~+100 volts. The second voltage is different
from the third voltage. It should be noted that the second
voltage and the third voltage is higher than the first voltage.

[0036] Turning to FIG. 4 and FIG. 2B, the aforementioned
different voltage is offered to the first electrode 202, the
second electrode 204 and third electrode 208 of the image
mode switch device 200 to arrange the liquid crystal molecu-
lar of the first liquid crystal layer 206 with order having a
spacing d to achieve the effect of optical grating. When the IP
stereo image is displayed, the spacing of the arranged liquid
crystal molecular is D to achieve the fly-eye effect. The volt-
age providing device 400 may offer different voltage on the
first electrode 202, the second electrode 204 and third elec-
trode 208 of the image mode switch device 200 based on the
different display mode to achieve the purpose of displaying
two-dimension, three-dimension and IP stereo image. Fur-
ther, the real image and virtual image of the apparatus can be
controlled based on the different voltage.

[0037] Another embodiment of the present invention is
referred to FIG. 5A, it shows the first electrode 202 structure.
The first electrode 202 is formed on one of the surfaces of the
first glass substrate with grid pattern having pluralities of
square frames. The dimension of each square frame is about
1x1 pixel to 500x500 pixels. Similarly, the first electrode 202
is formed on the first glass substrate 201, followed by forming
the isolation layer 203 on the other surface, which is opposite
to the first glass substrate 201, of the first electrode 202.
Thereafter, the second electrode 204 is formed as shown in
FIG. 5B. The sequence of the formation can be switched.
Please refer to FIG. 5B, it shows the second electrode 204
structure. The second electrode 204 is formed on the surface,
which is opposite to the first electrode, of the isolation layer
203. The second electrode 204 is formed by ITO thin film
with square frame. Pluralities of titled lines are constructed
within the square frame. Namely, the pattern is formed with
pluralities of titled lines. The third electrode 208 is formed
between the second glass substrate 209 and the second align-
ment 207. The third electrode 208 is formed with ITO thin
film which is coated on the entire surface of the second glass
substrate 209.

[0038] The different electrode pattern in accompany with
the different voltage is illustrated for the first electrode 202,
the second electrode 204 and the third electrode 208 to
achieve the purpose of switching among the two-dimension,
the three-dimension and the IP stereo image. In one embodi-
ment, the first voltage is around +1 volt ~+100 volts; When
the IP stereo image is displayed, the voltage providing device
400 may let the potential of the second electrode 204 is
ground; and offers a second voltage on the first electrode 201
and the third electrode 208, the second voltage is around +1
volt ~£100 volts. Therefore, the present invention may allow
the liquid crystal layer 206 creates visual different grating or
optical grating when the three-dimension image is display;
while the liquid crystal layer 206 creates fly eye lens when the
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IP stereo image is display. It should be noted that the second
voltage is higher than the first voltage.

[0039] Therefore, the present invention may perform the
display of 2D, 3D or IP stereo image by using the image mode
switch device 200 to allow the user display any type of image,
and display the clear 2D, 3D or IP stereo image through the
image mode switch device 200 and the display device 300.
[0040] The foregoing description is a preferred embodi-
ment of the present invention. It should be appreciated that
this embodiment is described for purposes of illustration only,
not for limiting, and that numerous alterations and modifica-
tions may be practiced by those skilled in the art without
departing from the spirit and scope of the invention. It is
intended that all such modifications and alterations are
included insofar as they come within the scope of the inven-
tion as claimed or the equivalents thereof.

What is claimed is:

1. A display apparatus with display switching mode com-
prising:

a display device;

animage mode switch device formed corresponding to said

display device, wherein said image mode switch device
includes: a liquid crystal layer; a first electrode set on a
side of said liquid crystal layer; a second electrode set
between said first electrode and said liquid crystal layer;
athird electrode set on another side of said liquid crystal
layer; and

a voltage providing device electrically coupled to said

image mode switch device to supply different voltage to
said first electrode, said second electrode and said third
electrode for switching displaying mode;

wherein said first electrode includes a first pattern, said

second electrode including a second pattern having a
first portion and a second portion, wherein said first
portion and said second portion have different pattern
spacing and are constructed by an interdigitated con-
figuration.

2. The apparatus of claim 1, wherein a spacing of said
second portion is wider than the one of said first portion.

3. The apparatus of claim 1, wherein a spacing wide of said
second portion arranges two vertical lines of said first portion
with equal spacing.

4. The apparatus of claim 1, wherein said first electrode,
said second electrode and said third electrode are ground
when said display apparatus displays two-dimension image.

5. The apparatus of claim 1, wherein said first electrode is
ground, said second electrode and said third electrode being
supplied with a first voltage when said display apparatus
displays three-dimension image.

6. The apparatus of claim 1, wherein said first electrode and
said third electrode are supplied with a second voltage, and
said second portion of said second electrode and said third
electrode being supplied with a third voltage, said first potion
of said second electrode being ground when said display
apparatus displays a stereo image.

7. The apparatus of claim 1, wherein said first electrode,
said second electrode and said third electrode are formed with
ITO.

8. The apparatus of claim 1, wherein said first electrode,
said second electrode and said third electrode are formed with
1Z0O.

9. A display apparatus with display switching mode com-
prising:
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a display device;

animage mode switch device formed corresponding to said
display device, wherein said image mode switch device
includes: a liquid crystal layer; a first electrode set on a
side of said liquid crystal layer; a second electrode set
between said first electrode and said liquid crystal layer;
athird electrode set on another side of said liquid crystal
layer; and

a voltage providing device electrically coupled to said
image mode switch device to supply different voltage to
said first electrode, said second electrode and said third
electrode for switching displaying mode;

wherein said first electrode includes a first pattern, said first
pattern being constructed by a grid pattern with plurali-
ties of square frames; said second electrode includes a
second pattern constructing by pluralities of titled lines.

10. The apparatus of claim 9, wherein said square frame is
formed with 1x1 to 500x500 pixels.
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11. The apparatus of claim 9, wherein said first electrode,
said second electrode and said third electrode are ground
when said display apparatus displays two-dimension image.

12. The apparatus of claim 9, wherein said first electrode is
ground, said second electrode and said third electrode being
supplied with a first voltage when said display apparatus
displays a stereo image.

13. The apparatus of claim 9, wherein said first electrode
and said third electrode are supplied with a second voltage,
and said third electrode being ground when said display appa-
ratus displays a stereo image.

14. The apparatus of claim 9, wherein said first electrode,
said second electrode and said third electrode are formed with
ITO.

15. The apparatus of claim 9, wherein said first electrode,
said second electrode and said third electrode are formed with
1Z0.
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