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1
PANEL STRUCTURE

RELATED APPLICATIONS

This application claims priority to Taiwan Application
Serial Number 101118542, filed May 24, 2012, which is
herein incorporated by reference.

BACKGROUND

1. Field of the Invention

The present invention relates generally to a panel structure
and, more particularly, to a panel structure with acombination
of barrier and touch sensing technology.

2. Description of Related Art

With technological improvements, display technologies
have advanced from 2D (two-dimensional) mode to 3D
(three-dimensional) mode. Many consumer electronics firms
have invested a great deal into research and development of
3D display technology.

According to related reports, the European Union has
invested 70 billion Euros into research and development of
3D display technology. Moreover, the governments of China
and Korea have established measures to develop the 3D dis-
play industry. Furthermore, many firms in Japan are cooper-
ating and establishing 3D alliances for developing 3D display
technology. It is apparent that 3D display technology is quite
important.

In addition, touch-sensing technology has been developed
since the 1970s. Starting from when Apple Inc. introduced the
iPhone® and iPod touch® in 2007, much attention has been
given to touch-sensing technology.

Future trends for smart mobile devices are met such that 3D
display technology and touch-sensing technology must be
combined to promote the capability of such products. How-
ever, if touch-sensing technology and 3D display technology
are combined, the touch-sensing structure, the barrier struc-
ture and the liquid crystal panel must be integrated. Such
integration involves a two-step lamination process, and as a
result, combining 3D display technology and touch-sensing
technology is complicated, and also an additional number of
glass substrates are needed, resulting in increased costs and
thickness for the resulting device.

Nonetheless, there 1s still a need to improve existing appa-
ratuses and techniques in the art. In particular, it is necessary
to overcome the problems that increased costs and thickness
of the resulting device resulted from complicated processes
involved in combining 3D display technology and touch-
sensing technology, and requiring many glass substrates
when combining 3D display technology and touch-sensing
technology.

SUMMARY

One aspect of the embodiment of the present invention is to
provide a panel structure. The panel structure comprises a
glass layer, a plurality of first indium tin oxide (ITO) strips, a
plurality of third indium tin oxide strips, a liquid crystal layer,
aplurality of second indium tin oxide strips, and a plurality of
fourth indium tin oxide strips. With respect to the configura-
tion of the panel structure, the first indium tin oxide strips and
the third indium tin oxide strips are disposed on the glass
layer, each of the first indium tin oxide strips and each of the
third indium tin oxide strips interlaced in a first direction. The
liquid crystal layer is disposed on the first indium tin oxide
strips and the third indium tin oxide strips. The second indium
tin oxide strips and the fourth indium tin oxide strips are
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disposed on the liquid crystal layer, each of the second indium
tin oxide strips and each of the fourth indium tin oxide strips
interlaced in a second direction. The first direction is substan-
tially vertical to the second direction.

With respect to the operation of the panel structure, the
panel structure operates in a first grating mode during a first
predetermined time. The first indium tin oxide strips receive
a voltage, and the second indium tin oxide strips and the
fourth indium tin oxide strips are grounded when the panel
structure operates in the first grating mode. The panel struc-
ture operates in a touch-sensing mode during a second pre-
determined time. The first indium tin oxide strips sequentially
receive a driving voltage, and the fourth indium tin oxide
strips are operable to detect a touch event when the panel
structure operates in the touch-sensing mode. The grating
mode and the touch-sensing mode of the panel structure are
implemented alternately.

In one embodiment of the present invention, the third
indium tin oxide strips are floating when the panel structure
operates in the first grating mode, and the second indium tin
oxide strips and the third indium tin oxide strips are floating
when the panel structure operates in the touch-sensing mode.

In another embodiment of the present invention, an insu-
lation material is disposed between each of the first indium tin
oxide strips and the third indium tin oxide strips adjacent
thereto, and the insulation material is also disposed between
each of the second indium tin oxide strips and the fourth
indium tin oxide strips adjacent thereto.

In yet another embodiment of the present invention, the
panel structure further comprises a controller. The controller
is operable to control the first indium tin oxide strips to
receive the voltage and control the second indium tin oxide
strips and the fourth indium tin oxide strips to be grounded
when the panel structure operates in the first grating mode,
and the controller is operable to control the first indium tin
oxide strips to sequentially receive the driving voltage and
control the fourth indium tin oxide strips to detect a touch
event when the panel structure operates in the touch-sensing
mode. Thecontroller is operable to control the panel structure
to operate in the first grating mode and the touch-sensing
mode alternately.

In still another embodiment of the present invention, the
panel structure operates in the first grating mode or in a
second grating mode during the first predetermined time, and
the third indium tin oxide strips receive the voltage, and the
second indium tin oxide strips and the fourth indium tin oxide
strips are grounded when the panel structure operates in the
second grating mode.

In yet another embodiment of the present invention, the
first indium tin oxide strips are floating when the panel struc-
ture operates in the second grating mode.

In still another embodiment of the present invention, the
panel structure operates in the first grating mode or a third
grating mode during the first predetermined time, and the
second indium tin oxide strips receive the voltage, and the
first indium tin oxide strips and the third indium tin oxide
strips are grounded when the panel structure operates in the
third grating mode.

In yet another embodiment of the present invention, the
fourth indium tin oxide strips are floating when the panel
structure operates in the third grating mode.

In still another embodiment of the present invention, the
panel structure operates in the first grating mode or a fourth
grating mode during the first predetermined time, and the
fourth indium tin oxide strips receive the voltage, and the first
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indium tin oxide strips and the third indium tin oxide strips are
grounded when the panel structure operates in the fourth
grating mode.

In yet another embodiment of the present invention, the
second indium tin oxide strips are floating when the panel
structure operates in the fourth grating mode.

As a result, the embodiments of the present invention pro-
vide a panel structure which needs only one step to combine
a touch-sensing structure, a barrier structure, and a liquid
crystal panel so as to simplify the manufacturing process, and
which reduces the use of glass substrates such that costs can
be decreased and the thickness of a resulting device with
touch-sensing technology and 3D display technology can be
reduced.

In addition, the operating time of the touch-sensing mode
of the panel structure is merely a few microseconds, and the
turn-off time of the grating mode (3D) is extremely short. For
a user, the panel structure appears to operate in the grating
mode all the time, and the user experience will not be nega-
tively affected such that the grating mode and the touch-
sensing mode of the panel structure can be operated nearly at
the same time; in other words, a user can see the 3D image and
the panel structure can detect a touch event simultaneously.

Furthermore, regardless of whether the panel structure of
the embodiment of the present invention is placed in a lateral
orientation or a longitudinal orientation, with the use of the
above-mentioned operation, the panel structure of the
embodiment of the present invention can operate in a grating
mode accurately and operate in both the grating mode and the
touch-sensing mode without negatively affecting the user
experience.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention can be more fully understood by reading the
following detailed description of the embodiments, with ref-
erence made to the accompanying drawings as follows:

FIG. 1A schematically shows a diagram of a panel struc-
ture according to embodiments of the present invention.

FIG. 1B schematically shows a control timing diagram ofa
panel structure according to FIG. 1A of the present invention.

FIG. 2A schematically shows a diagram of a panel struc-
ture according to embodiments of the present invention.

FIG. 2B schematically shows a control timing diagram of a
panel structure according to FIG. 2A of the present invention.

FIG. 3 schematically shows a diagram of a combination of
a panel structure and a liquid crystal display according to
embodiments of the present invention.

DETAILED DESCRIPTION

The present invention is more particularly described in the
following examples that are intended as illustrative only since
numerous modifications and variations therein will be appar-
ent to those skilled in the art. Various embodiments of the
invention are now described in detail. Referring to the draw-
ings, like numbers indicate like components throughout the
Views.

FIG. 1A schematically shows a diagram of a panel struc-
ture 100 according to embodiments of the present invention.
FIG. 1B schematically shows a control timing diagram of a
panel structure 100 according to FIG. 1A ofthe present inven-
tion.

As shown in FIG. 1A, the panel structure 100 comprises a
glass layer 110, a plurality of first indium tin oxide strips 120,
aplurality of third indium tin oxide strips 130, a liquid crystal
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layer 140, a plurality of second indium tin oxide strips 150
and a plurality of fourth indium tin oxide strips 160.

With respect to the configuration of the panel structure 100,
the first indium tin oxide strips 120 (TX1~TXn) and the third
indium tin oxide strips 130 are all disposed on the glass layer
110, and each of the first indium tin oxide strips 120 and each
of the third indium tin oxide strips 130 interlaced in a first
direction (for example, X direction). The liquid crystal layer
140 is disposed on the first indium tin oxide strips 120 and the
third indium tin oxide strips 130. The second indium tin oxide
strips 150 and the fourth indium tin oxide strips 160 are all
disposed on the liquid crystal layer 140, and each of the
second indium tin oxide strips 150 and each of the fourth
indium tin oxide strips 160 interlaced in a second direction
(for example, Y direction). The first direction is substantially
vertical to the second direction.

It is noted that the description of the first direction being
substantially vertical to the second direction encompasses a
configuration in which the first direction is almost vertical to
the second direction. For instance, the angle between the first
direction and the second direction may be about 80 degrees to
about 100 degrees. As a result, the description of the first
direction being substantially vertical to the second direction
of the embodiment of the present invention is not intended to
be limited to a configuration in which the first direction is
exactly vertical to the second direction, and those skilled in
the art can choose the first direction and the second direction
according to actual requirements.

Reference is now made to FIG. 1B. With respect to the
operation of the panel structure 100, the panel structure 100
operates in a first grating mode during a first predetermined
time (the mode during 3D ON period as shown in FIG. 1B).
The first indium tin oxide strips 120 (TX1~TXn) receive a
voltage and the voltage level thereof is at a high voltage level,
and the second indium tin oxide strips 150 and the fourth
indium tin oxide strips 160 are grounded when the panel
structure 100 operates in the first grating mode. Simulta-
neously, the first indium tin oxide strips 120 provide a voltage
to the liquid crystal layer 140, and the liquid crystals of the
liquid crystal layer 140 will be twisted in accordance with the
voltage provided by the first indium tin oxide strips 120 such
that light cannot pass through the liquid crystal layer 140 so as
to form a barrier. The liquid crystal layer 140 operates ina 3D
mode if the panel structure 100 of the embodiment of the
present invention is integrated on the liquid crystal layer 140.

In addition, the panel structure 100 operates in a touch-
sensing mode during a second predetermined time (the mode
during TSP ON period as shown in FIG. 1B). The first indium
tin oxide strips 120 (TX1~TXn) sequentially receive a driv-
ing voltage when the panel structure 100 operates in the
touch-sensing mode. As can be seen in F1G. 1B, TX1 receives
the driving voltage first, secondly TX2 receives the driving
voltage, and so on. The fourth indium tin oxide strips 160 are
operable to detect a touch event.

It is noted that the driving mode of the barrier of the first
grating mode (3D mode) is that in which the first indium tin
oxide strips 120 continuously receive a voltage and the volt-
age level thereof is at a high voltage level. The fourth indium
tin oxide strips 160 of the touch-sensing mode are operable to
detect a touch event during an unoccupied time of each line of
the liquid crystal layer panel. Therefore, the driving mode of
the first grating mode and that of the touch-sensing mode are
different, and accordingly, the first grating mode and the
touch-sensing mode of the panel structure 100 cannot be
performed at the same time, and they should be performed
alternately.
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The first grating mode is correspondingly turned off when
the panel structure 100 operates in the touch-sensing mode. In
fact, the operating time of the touch-sensing mode is merely
a few microseconds, and the turned-off time of the first grat-
ing mode is extremely short. For a user, the panel structure
100 appears to operate in the first grating mode all the time,
and the user experience will not be negatively affected such
that the first grating mode and the touch-sensing mode of the
panel structure 100 can be operated nearly at the same time; in
other words, a user can see the 3D image and the panel
structure 100 can detect a touch event simultaneously.

In one embodiment of the present invention, the third
indium tin oxide strips 130 are floating to prevent coupling
capacitance when the panel structure 100 operates in the first
grating mode. The second indium tin oxide strips 150 and the
third indium tin oxide strips 130 are floating to prevent cou-
pling capacitance when the panel structure 100 operates in the
touch-sensing mode.

Referring to FIG. 1A, an insulation material is disposed
between each of the first indium tin oxide strips 120 and the
third indium tin oxide strips 130 adjacent thereto such that the
first indium tin oxide strips 120 and the third indium tin oxide
strips 130 will not be electrically connected together. More-
over, the insulation material is also disposed between each of
the second indium tin oxide strips 150 and the fourth indium
tin oxide strips 160 adjacent thereto such that the second
indium tin oxide strips 150 and the fourth indium tin oxide
strips 160 will not be electrically connected together.
Through such use of the insulation material, the first indium
tin oxide strips 120 and the fourth indium tin oxide strips 160
are prevented from making sensing mistakes when the panel
structure 100 operates in the touch-sensing mode.

FIG. 2A schematically shows a diagram of a panel struc-
ture 100 according to embodiments of the present invention.
FIG. 2B schematically shows a control timing diagram of a
panel structure 100 according to FIG. 2A ofthe present inven-
tion.

The configuration of the panel structure 100 in FIG. 2A is
the same as the configuration thereof in FIG. 1A, but the
operating mode of the two is different. Referring to both
FIGS. 2A and 2B, the panel structure 100 operates in the
second grating mode during the first predetermined time (the
mode during 3D ON period as shown in FIG. 2B). The third
indium tin oxide strips 130 receive a voltage and the voltage
level thereof'is at a high voltage level, and the second indium
tin oxide strips 150 and the fourth indium tin oxide strips 160
are grounded when the panel structure 100 operates in the
second grating mode. Simultaneously, the third indium tin
oxide strips 130 provide a voltage to the liquid crystal layer
140, and the liquid crystals of the liquid crystal layer 140 will
be twisted in accordance with the voltage provided by the
third indium tin oxide strips 130 such that light cannot pass
through the liquid crystal layer 140 so as to form a barrier. As
shown in FIG. 2A, the barrier of the second grating mode is
generated corresponding to the third indium tin oxide strips
130, and said barrier is different from the barrier as shown in
FIG. 1A. The liquid crystal layer 140 operates in a 3D mode
if the panel structure 100 of the embodiment of the present
invention is integrated on the liquid crystal layer 140.

In addition, the panel structure 100 operates in a touch-
sensing mode during a second predetermined time (the mode
during TSP ON period as shown in FIG. 2B). The touch-
sensing mode of the panel structure 100 herein is the same as
the touch-sensing mode illustrated in FIG. 1B, and accord-
ingly, a detailed description regarding the touch-sensing
mode of the panel structure 100 is omitted. Furthermore, the
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first indium tin oxide strips 120 are floating to prevent cou-
pling capacitance when the panel structure 100 operates in the
second grating mode.

In one embodiment of the present invention, the panel
structure 100 operates in a third grating mode in the first
predetermined time. The second indium tin oxide strips 150
receive a voltage, and the first indium tin oxide strips 120 and
the third indium tin oxide strips 130 are grounded when the
panel structure 100 operates in the third grating mode. Simul-
taneously, the second indium tin oxide strips 150 provide a
voltage to the liquid crystal layer 140, and the liquid crystals
of the liquid crystal layer 140 will be twisted in accordance
with the voltage provided by the second indium tin oxide
strips 150 such that light cannot pass through the liquid crys-
tal layer 140 so as to form a barrier. The fourth indium tin
oxide strips 160 are floating when the panel structure 100
operates in a third grating mode to prevent coupling capaci-
tance.

In another embodiment of the present invention, the panel
structure 100 operates in a fourth grating mode during the first
predetermined time. The fourth indium tin oxide strips 160
receive a voltage, and the first indium tin oxide strips 120 and
the third indium tin oxide strips 130 are grounded when the
panel structure 100 operates in the fourth grating mode.
Simultaneously, the fourth indium tin oxide strips 160 pro-
vide a voltage to the liquid crystal layer 140, and the liquid
crystals of the liquid crystal layer 140 will be twisted in
accordance with the voltage provided by the fourth indium tin
oxide strips 160 such that light cannot pass through the liquid
crystal layer 140 so as to form a barrier. Moreover, the second
indium tin oxide strips 150 are floating when the panel struc-
ture operates in the fourth grating mode to prevent coupling
capacitance.

As a result, the panel structure 100 of the embodiment of
the present invention can selectively choose to operate in the
first, second, third, and fourth grating modes. The first grating
mode and the second grating mode can be generalized into a
group. If a user places the panel structure 100 in a lateral
orientation, the panel structure 100 of the embodiment of the
present invention can selectively operate in the first grating
mode or the second grating mode according to actual require-
ments. Furthermore, the third grating mode and the fourth
grating mode can be generalized into another group. If a user
places the panel structure 100 in a longitudinal orientation,
the panel structure 100 of the embodiment of the present
invention can selectively operate in the third grating mode or
the fourth grating mode according to actual requirements.

As aresult, regardless of whether the panel structure 100 of
the embodiment of the present invention is placed in lateral or
longitudinal orientation, with the use of the above-mentioned
operation, the panel structure 100 of the embodiment of the
present invention can operate in a grating mode accurately
and operate in both the grating mode and the touch-sensing
mode without negatively affecting the user experience.

FIG. 3 schematically shows a diagram of a combination of
a panel structure 100 and a liquid crystal display 200 accord-
ing to embodiments of the present invention. As shown in
FIG. 3, the panel structure 100 can further comprise a cover
layer 170, and the liquid crystal panel 200 can comprise a
glass layer 110, a liquid crystal layer 140, and the cover layer
170. The embodiment of the present invention combines
touch-sensing technology and 3D displaying technology in
the panel structure 100 as illustrated in FIG. 3. Specifically,
the panel structures 100 as shown FIG. 1A and FIG. 2A are
used to represent an implementation of the panel structure
100 as shown in FIG. 3. The embodiment of the present
invention employs the configurations of FIGS. 1A and 2A to
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integrate lines that the touch-sensing signal needs in the bar-
rier structure. For example, the first indium tin oxide strips
120 can be used as both signal lines of the touch-sensing
technology and driving lines of the barrier structure, and the
fourth indium tin oxide strips 160 can be used as both sensing
lines of the touch-sensing technology and driving lines of the
barrier structure. The panel structure 100 of the embodiment
of the present invention employs the above-mentioned con-
figuration to integrate touch-sensing technology and 3D dis-
playing technology.

In the prior art, touch-sensing technology needs a touch-
sensing structure and 3D display technology needs a barrier
structure; therefore, if touch-sensing technology and 3D dis-
play technology need to be combined, a touch-sensing struc-
ture, a barrier structure and a liquid crystal panel must be
integrated. Such integration involves a two-step lamination
process. The first step involves adhering the touch-sensing
structure on the barrier structure, and the second step involves
adhering the structure formed in the first step on the liquid
crystal panel. Compared with the prior art, the panel structure
100 of the embodiment of the present invention needs only
one step to combine a touch-sensing structure, a barrier struc-
ture, and a liquid crystal panel so as to simplify the manufac-
ture procedure, and reduce the use of glass substrates such
that costs can be decreased and the thickness of the resulting
device with touch-sensing technology and 3D displaying
technology can be reduced.

In an optional embodiment of the present invention, the
panel structure 100 further comprises a controller (not
shown). The controller is operable to control the first indium
tin oxide strips 120 to receive a voltage and control the second
indium tin oxide strips 150 and the fourth indium tin oxide
strips 160 to be grounded when the panel structure 100 oper-
ates in the first grating mode. The controller is operable to
control the first indium tin oxide strips 120 to sequentially
receive a driving voltage and control the fourth indium tin
oxide strips 160 to detect a touch event when the panel struc-
ture 100 operates in the touch-sensing mode. The controller is
operable to control the panel structure 100 to operate in the
first grating mode and the touch-sensing mode alternately.

In view of the foregoing embodiments of the present inven-
tion, many advantages of the present invention are now appat-
ent. The embodiment of the present invention provides a
panel structure which needs only one step to combinea touch-
sensing structure, a barrier structure, and a liquid crystal
panel so as to simplify the manufacturing process, and reduce
the use of glass substrates such that costs can be decreased
and the thickness of the resulting device with touch-sensing
technology and 3D displaying technology can be reduced.

In addition, the operating time of the touch-sensing mode
of the panel structure is merely a few microseconds, and the
turn-off time of the grating mode (3D) is extremely short. For
a user, the panel structure appears to operate in the grating
mode all the time, and the user experience will not be nega-
tively affected such that the grating mode and the touch-
sensing mode of the panel structure can be operated nearly at
the same time; in other words, a user can see a 31 image and
the panel structure can detect a touch event simultaneously.

Furthermore, regardless of whether the panel structure of
the embodiment of the present invention is placed in a lateral
or longitudinal orientation, with the use of the above-men-
tioned operation, the panel structure of the embodiment of the
present invention can operate in a grating mode accurately
and operate in both the grating mode and the touch-sensing
mode without negatively affecting the user experience.
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What is claimed is:

1. A panel structure, comprising:

a glass layer;

a plurality of first indium tin oxide (ITO) strips;

a plurality of third indium tin oxide strips, wherein the first
indium tin oxide strips and the third indium tin oxide
strips disposed on the glass layer, each of the first indium
tin oxide strips and each of the third indium tin oxide
strips interlaced in a first direction;

a liquid crystal layer disposed on the first indium tin oxide
strips and the third indium tin oxide strips;

a plurality of second indium tin oxide strips; and

a plurality of fourth indium tin oxide strips, wherein the
second indium tin oxide strips and the fourth indium tin
oxide strips disposed on the liquid crystal layer, each of
the second indium tin oxide strips and each of the fourth
indium tin oxide strips interlaced in a second direction,
wherein the first direction is substantially vertical to the
second direction,

wherein the panel structure operates in a first grating mode
during a first predetermined time, and the first indium tin
oxide strips receive a voltage, and the second indium tin
oxide strips and the fourth indium tin oxide strips
grounded when the panel structure operates in the first
grating mode,

wherein the panel structure operates in a touch-sensing
mode during a second predetermined time, and the first
indium tin oxide strips sequentially receive a driving
voltage, and the fourth indium tin oxide strips are oper-
able to detect a touch event when the panel structure
operates in the touch-sensing mode, wherein the first
grating mode and the touch-sensing mode of the panel
structure are implemented alternately,

wherein the panel structure further comprises a controller,
wherein the controller is operable to control the first
indium tin oxide strips to receive the voltage and control
the second indium tin oxide strips and the fourth indium
tin oxide strips to be grounded when the panel structure
operates in the first grating mode, and the controller is
operable to control the first indium tin oxide strips to
sequentially receive the driving voltage and control the
fourth indium tin oxide strips to detect a touch event
when the panel structure operates in the touch-sensing
mode, and the controller is operable to control the panel
structure to operate in the first grating mode and the
touch-sensing mode alternately.

2. The panel structure according to claim 1, wherein the
third indium tin oxide strips are floating when the panel
structure operates in the first grating mode, and the second
indium tin oxide strips and the third indium tin oxide strips are
floating when the panel structure operates in the touch-sens-
ing mode.

3. The panel structure according to claim 1, wherein an
insulation material is disposed between each of the first
indium tin oxide strips and the third indium tin oxide strips
adjacent thereto, and the insulation material is also disposed
between each of the second indium tin oxide strips and the
fourth indium tin oxide strips adjacent thereto.

4. The panel structure according to claim 1, wherein the
panel structure operates in the first grating mode or in a
second grating mode during the first predetermined time, and
the third indium tin oxide strips receive the voltage, and the
second indium tin oxide strips and the fourth indium tin oxide
strips are grounded when the panel structure operates in the
second grating mode.
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5. The panel structure according to claim 4, wherein the
first indium tin oxide strips are floating when the panel struc-
ture operates in the second grating mode.

6. The panel structure according to claim 1, wherein the
panel structure operates in the first grating mode or a third
grating mode during the first predetermined time, and the
second indium tin oxide strips receive the voltage, and the
first indium tin oxide strips and the third indium tin oxide
strips are grounded when the panel structure operates in the
third grating mode.

7. The panel structure according to claim 6, wherein the
fourth indium tin oxide strips are floating when the panel
structure operates in the third grating mode.

8. The panel structure according to claim 1, wherein the
panel structure operates in the first grating mode or a fourth
grating mode during the first predetermined time, and the
fourth indium tin oxide strips receive the voltage, and the first
indium tin oxide strips and the third indium tin oxide strips are
grounded when the panel structure operates in the fourth
grating mode.

9. The panel structure according to claim 8, wherein the
second indium tin oxide strips are floating when the panel
structure operates in the fourth grating mode.
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