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2D/3D SWITCHABLE PARALLAX BARRIER

DISPLAY
BACKGROUND
[0001] 1. Technical Field
[0002] Thedisclosed embodiments relate in general to a 2D

(two-dimensional /3D (three-dimensional) switchable dis-
play, and more particularly to a 2D/3D switchable parallax
barrier display with a low noise driving scheme.

[0003] 2. Description of the Related Art

[0004] Autostereoscopic displays, also known as “Naked
eye 3D display”, are able to provide binocular depth percep-
tion without the hindrance of specialized headgear or filter/
shutter glasses. The naked eye 3D display technology has
been developed for many years to provide stereoscopic vision
by fooling the human brain, so that a 2D medium can display
a 3D image by providing a stereo parallax view for the user.

[0005] Naked eye 3D displays have been demonstrated
using a range of optical elements in combination withan LCD
including parallax barrier technology and lenticular optic
technology to provide stereoscopic vision. Generally, the par-
allax barrier has optical apertures aligned with columns of
LCD pixels, and the lenticular optics has cylindrical lenses
aligned with columns of LCD pixels. A parallax barrier is an
electro optic panel with fine and vertical strips that are placed
at aregular spacing, in front or rear of a colored LCD. FI1G. 1
is a conventional 2D/3D switchable display with parallax
barrier in front of display module. The 2D/3D switchable
display 1 includes a backlight system 11, a display module 13
on the backlight system 11, a parallax barrier 15 above the
display module 13, the polarizers 16a and 165 respectively on
two sides of the display module 13, and polarizer 16¢ on the
parallax barrier 15. The parallax barrier 15 having fine opaque
strips separates the light pathway of spatial images into
images for left eye and right eye to perceive 3D images. Users
can see the left eye image/right eye image while the opaque
stripes would block the right eye/left eye in the three-dimen-
sional display mode. A touch sensor could be further inte-
grated into the 2D/3D switchable display 1 by coupling a
sensing electrode (not shown) on the parallax barrier 15, to
making a 2D/3D display with touch screen.

[0006] FIG. 2 illustrates a 3D-mode driving scheme of the
parallax barrier of a conventional normally-white LCD The
parallax barrier (15 of FIG. 1) is a LCD panel comprising a
LC layer 156 sandwiched between the bottom substrate and
the top substrate, respectively having a bottom electrode 152
and a top electrode 154 coupled to different voltage sources.
Typically, one of the bottom electrode 152 and the top elec-
trode 154 is applied with a common voltage (i.e. 0V) while
the other is applied with alternating voltages such as -5V and
+5V. However, alternating voltage of the bottom electrode
152 induces voltage fluctuations (dotted-circled) on the top
electrode 154. The voltage fluctuations would be a noise for
the touch screen, which influences a performance of capaci-
tive touch screen combined or integrated with the 3D display.
To eliminate the influences with suppressing the voltage fluc-
tuation, reducing a wiring resistance Rw of the top electrode
154 to coupling to ground (0V), shown in FIG. 2, is one of the
solutions. However, a conductivity of transparent material of
LC driving (i.e. ITO) complicates this countermeasure
because it has relatively higher conductivity than metals like
copper, aluminum and so on.
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SUMMARY

[0007] The disclosure is directed to a 2D/3D switchable
parallax barrier display with low noise driving scheme. The
display with a parallax barrier having particular electrode
design and voltage alternation scheme is capable of suppress-
ing the voltage fluctuation, thereby reducing the noise of the
sensing electrode of touch screen integrated into the display.
[0008] According to one embodiment, a 3D display is pro-
vided, at least comprising a display module, a backlight mod-
ule disposed beneath the display module, and a barrier mod-
ule disposed above the display module. The barrier module
comprises a bottom substrate having abottom electrode layer,
an upper substrate having an upper electrode layer, and a
liquid crystal layer disposed between the bottom substrate
and the upper substrate. At least one of the bottom electrode
layer and the upper electrode layer comprises at least two
finger electrodes interlaced to each other, and voltages with
opposite direction are applied on the two finger electrodes at
the same time interval in a 3D driving mode.

[0009] The disclosure will become apparent from the fol-
lowing detailed description of the preferred but non-limiting
embodiments. The following description is made with refer-
ence to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1is a conventional 2D/3D switchable display
with parallax barrier in front of display module.

[0011] FIG. 2 illustrates a 3D-mode driving scheme of the
parallax barrier of a conventional normally-white LCD.
[0012] FIG. 3A shows a parallax barrier of a 2D/3D swit-
chable display according to the first embodiment of the
present disclosure.

[0013] FIG. 3B shows another parallax barrier of a 2D/3D
switchable display according to the first embodiment of the
present disclosure.

[0014] FIG. 4A is a cross-sectional view of the parallax
barrier of FIG. 3A, which depicts one of the 2D-mode driving
voltage applications.

[0015] FIG. 4B is a cross-sectional view of the parallax
barrier of FIG. 3A, which depicts one of the 3D-mode driving
voltage applications.

[0016] FIG. 5 illustrates a 3D-mode driving scheme of the
parallax barrier and a sensor electrode of the display of FIG.
3A according to the first embodiment of the present disclo-
sure.

[0017] FIG. 6 is a 3D-mode driving circuit diagram of the
bottom electrode layer of the display of FIG. 4B.

[0018] FIG. 7 shows a parallax barrier of a 2D/3D switch-
able display according to the second embodiment of the
present disclosure.

[0019] FIG. 8 is a 2D/3D switchable display with parallax
barrier in front of display module according to the second
embodiment of the disclosure.

[0020] FIG. 9A is a cross-sectional view of the parallax
barrier of FIG. 7, which depicts one of the 2D-mode driving
voltage applications.

[0021] FIG. 9B is a cross-sectional view of the parallax
barrier of FIG. 7, which depicts one of the 3D-mode driving
voltage applications.

[0022] FIG. 10 illustrates a 3D-mode driving scheme of the
parallax barrier and a sensor electrode of the display accord-
ing to the second embodiment of the present disclosure.
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[0023] FIG. 11 is a 3D-mode driving circuit diagram of the
bottom electrode layer of the display of F1G. 9B.

[0024] FIG.12illustrates a top electrode layer and a bottom
electrode layer of a parallax barrier of a 2D/3D switchable
display according to the third embodiment of the present
disclosure.

[0025] FIG. 13 is a cross-sectional view of the parallax
barrier of FIG. 12 according to the third embodiment, which
depicts one of the 2D-mode driving voltage applications.
[0026] FIG. 14A is a cross-sectional view of the parallax
barrier of FIG. 12 according to the third embodiment, which
depicts one of the 3D-landscape mode driving voltage appli-
cations.

[0027] FIG. 14B is a cross-sectional view of the parallax
barrier of FIG. 12 according to the third embodiment, which
depicts one of the 3D-portrait mode driving voltage applica-
tions.

[0028] FIG. 15 illustrates a 3D-landscape mode driving
scheme of the parallax barrier of FIG. 12 according to the
third embodiment of the present disclosure.

[0029] FIG. 16 is a 3D-landscape mode driving circuit dia-
gram of the bottom electrode layer of the display of F1G. 14A.
[0030] FIG. 17 illustrates a 3D-portrait mode driving
scheme of the parallax barrier of FIG. 12 according to the
third embodiment of the present disclosure.

[0031] FIG. 18 is a 3D-portrait mode driving circuit dia-
gram of the top electrode layer of the display of FIG. 14B.
[0032] FIG.19illustrates a top electrode layer and a bottom
electrode layer of another parallax barrier of a 2D/3D swit-
chable display according to the third embodiment of the
present disclosure.

[0033] In the following detailed description, for purposes
of explanation, numerous specific details are set forth in order
to provide a thorough understanding of the disclosed embodi-
ments. [t will be apparent, however, that one or more embodi-
ments may be practiced without these specific details. In other
instances, well-known structures and devices are schemati-
cally shown in order to simplify the drawing.

DETAILED DESCRIPTION

[0034] The embodiments of the present disclosure provide
a 2D/3D switchable parallax barrier display with a low noise
driving scheme. The display of the embodiment (such as
liquid crystal display, LCD) utilizes the electrode design and
voltage alternation scheme of the parallax barrier for sup-
pressing the voltage fluctuation, thereby reducing the noise of
the sensing electrode if capacitive touch screen is integrated
into the display.

[0035] LCD embodiments are provided to demonstrate, but
not intended to limit, the display structures of the present
disclosure. The modifications and variations can be made
without departing from the spirit of the disclosure to meet the
requirements of the practical applications.

First Embodiment

[0036] FIG. 3A shows a parallax barrier of a 2D/3D swit-
chable display according to the first embodiment of the
present disclosure. FIG. 3B shows another parallax barrier of
a 2D/3D switchable display according to the first embodi-
ment of the present disclosure. The difference between the
parallax barriers 30 and 30' of FIG. 3A and FIG. 3Bisa switch
of electrode arrangement.
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[0037] Please refer to FIG. 3A. The parallax barrier 30
could be disposed on a display module (not shown in FIG.
3A) and is a LCD panel comprising a bottom substrate 31
having a bottom electrode layer 32, a top substrate 33 having
a top electrode layer 34, and a LC layer 36 sandwiched
between the bottom substrate 31 and the top substrate 33. The
bottom electrode layer 32 and the top electrode layer 34 are
coupled to different voltage sources.

[0038] In FIG. 3A, the upper electrode layer 34 is a flat
plane, and the bottom electrode layer 32 at least comprises
two finger electrodes interlaced to each other and separated
with a space. As shown in FIG. 3A, the bottom electrode 32
comprises a first finger electrode 321 coupled to a first voltage
source, and a second finger electrode 322 interlaced with the
first finger electrode 321 and coupled to a second voltage
source. Also, voltages with opposite direction could be
applied on the first finger electrode 321 and the second finger
electrode 322 at the same time interval when the display is in
a 3D driving mode.

[0039] FIG. 4A is a cross-sectional view of the parallax
barrier of FIG. 3A, which depicts one of the 2D-mode driving
voltage applications. In a 2D driving mode, the bottom elec-
trode layer 32 and the top electrode layer 34 could be applied
with B voltage (i,e, the parallax barrier being turned off).
Therefore, the parallax barrier functions as a transparent plate
and the users see the 2D images. The B voltage may be ground
voltage or common voltage, and the value of B can be posi-
tive, negative or 0 (such as OV).

[0040] FIG. 4B is a cross-sectional view of the parallax
barrier of FIG. 3A, which depicts one of the 3D-mode driving
voltage applications. In a 3D driving mode, the top electrode
layer 34 could be applied with B voltage, the first finger
electrode 321 could be applied with +A+B voltage, and the
second finger electrode 322 could be applied with —-A+B
voltage at the same time interval. In one example for normally
white LCD, the top electrode layer 34 is applied with 0V, the
first finger electrode 321 is applied with +5V, and the second
finger electrode 322 is simultaneously applied with -5V at
the first time interval; the first finger electrode 321 is applied
with -5V, and the second finger electrode 322 is simulta-
neously applied with +5V at the second time interval, and
voltage alternation regularly goes on. It is noted that the
voltage values are merely for demonstration, not for limita-
tion, and could be selected according to the actual needs of
applications.

[0041] FIG. 5 illustrates a 3D-mode driving scheme of the
parallax barrier and a sensor electrode of the display of FIG.
3A according to the first embodiment of the present disclo-
sure. FIG. 6 is a 3D-mode driving circuit diagram of the
bottom electrode layer of the display of FIG. 4B. Please refer
to FIG. 5and FIG. 6. In an embodiment, simultaneous voltage
alternations of the first finger electrode 321 and the second
finger electrode 322 have opposite directions each others and
equal absolute value of step voltages (FIG. 6), thus induced
charges on the top electrode layer 34 could be cancelled, and
then voltage fluctuation (dotted-circled as shown in FIG. 5)
on the top electrode layer 34 would be suppressed even if
wiring resistance Rw of the top electrode layer 3 to GND is
not low enough. The suppression of voltage fluctuation con-
tributes easiness of capacitive touch screen integration on 3D
display as “Low electromagnetic coupling/emission noise
parallax barrier LCD”. Also, voltage alternation between the
first finger electrode 321 and the second finger electrode 322
could be implemented by coupling to the same AC voltage
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source with a phase voltage regulator (SVR), as shown in
FIG. 6. The phase voltage regulator is installed for regulating
the output voltage to one of the first and second finger elec-
trodes 321/322, e.g., changing a positive output voltage to a
negative voltage. However, the disclosure is not limited to the
use of one voltage source. Voltage alternation is also imple-
mentable by coupling the first finger electrode 321 and the
second finger electrode 322 to different voltage sources. The
implementation is optionally selected, depending on designs
of applications.

[0042] Furthermore, the bottom electrode layer 32 of the
parallax barrier according to the embodiment would option-
ally comprise a bottom middle electrode 323 disposed
between the first finger electrode 321 and the second finger
electrode 322, as shown in FIG. 4A and FIG. 4B. The first
finger electrode 321, the bottom middle electrode 323 and the
second finger electrode 322 are coupled to different voltage
sources. In a 2D driving mode, the bottom middle electrode
323 is applied with OV (i,e, the parallax barrier being turned
off). In a 3D driving mode, the bottom middle electrode 323
is applied with OV. In the 3D display applications, existence
of the bottom middle electrode 323 of the parallax barrier
improves the image quality, particularly the image corre-
sponding to the boundaries between the electrodes, such as
boundaries between the first finger electrode 321 and the
bottom middle electrode 323, and boundaries between the
second finger electrode 322 and the bottom middle electrode
323, thereby presenting clean and sharp image.

[0043] Besides the electrode design of FIG. 3A, the finger
electrodes could be alternatively formed on the top substrate
33. Asshown in the parallax barrier 30' of FIG. 3B, the bottom
electrode layer 32 is a flat plane, and the upper electrode layer
34 at least comprises two finger electrodes 341 and 342 inter-
laced to each other and separated with a space. Similarly,
voltages with opposite direction could be applied on the elec-
trode 341 and 342 at the same time interval when the display
is in a 3D driving mode. Thus, the induced charge on elec-
trode 32 is cancelled and then voltage fluctuation on electrode
32 and induced charge on touch screen electrode integrated
on 3D display is cancelled. The influence to touch screen by
the alternation is reduced consequently. Other details, such as
2D-mode and 3D-mode driving voltage applications, are
similar to the illustration presented above, and not described
redundantly.

Second Embodiment

[0044] FIG. 7 shows a parallax barrier of a 2D/3D switch-
able display according to the second embodiment of the
present disclosure. Components of the parallax barrier 30" of
FIG. 7 common to that of the parallax barrier 30 of FIG. 3A
retain the same reference numbers. Structural difference
between the parallax barriers of the second and the first
embodiment are the configurations of the top electrode layer.

[0045] Similarly, the parallax barrier 30" includes a bottom
substrate 31 having a bottom electrode layer 32, a top sub-
strate 33 having a top electrode layer 34, and a LC layer 36
sandwiched between the bottom substrate 31 and the top
substrate 33. One or more of the voltage sources are, not
limited, coupled to the bottom electrode layer 32 and the top
electrode layer 34. Practically, the electrodes driven by the
same or similar signal in operation, e.g., applied with the
same or similar voltage could be coupled to the same voltage
source.

Nov. 21,2013

[0046] 1In the second embodiment, each of the upper elec-
trode layer 34 and the bottom electrode layer 32 comprises
two finger electrodes interlaced to each other and separated
with a space. As shown in FIG. 7, the bottom electrode 32
comprises a first finger electrode 321 and a second finger
electrode 322 interlaced with the first finger electrode 321.
The top electrode 34 comprises a third finger electrode 341
and a fourth finger electrode 342 interlaced with the third
finger electrode 341.

[0047] FIG. 8 is a 2D/3D switchable display with parallax
barrier in front of display module according to the second
embodiment of the disclosure. The 2DD/3D switchable display
5includes a backlight system 51, a display module (including
LClayer 53 sandwiched between the bottom substrate 52 and
the top substrate 54) disposed on the backlight system 51, the
parallax barrier 30" disposed above the display module, a
sensing electrode 57 disposed on the parallax barrier 30", the
polarizers 56a and 565 respectively on outsides of the bottom
substrate 52 and the top substrate 54, and polarizer 56¢ on the
sensing electrode 57. The sensing electrode 57 integrated into
the display could be an electrode of capacitive touch screen,
to making a 2D/3D display with touch screen.

[0048] In the parallax barrier 30" of the second embodi-
ment, the upper electrode layer 34 is substantially aligned
with the bottom electrode layer 34. As shown in FIG. 8, the
first finger electrode 321 of the bottom electrode layer 32 is
substantially aligned with the third finger electrode 341 of the
upper electrode layer 34, while the second finger electrode
322 of the bottom electrode layer 32 is substantially aligned
with the fourth finger electrode 342 of the upper electrode
layer 34.

[0049] FIG. 9A is a cross-sectional view of the parallax
barrier of FIG. 7, which depicts one of the 2D-mode driving
voltage applications. In a 2D driving mode, the bottom elec-
trode layer 32 (ex. the first finger electrode 321 and the second
finger electrode 322) and the top electrode layer 34 (ex. the
third finger electrode 341 and the fourth finger electrode 342)
could be applied with B voltage (i,e, the parallax barrier being
turned off). Therefore, the parallax barrier functions as a
transparent plate and the users see the 2D images. The B
voltage may be ground voltage or common voltage, and the
value of B can be positive, negative or 0 (such as OV).
[0050] Ina3D driving mode, the first finger electrode 321
and the second finger electrode 322 could be applied by the
voltages with opposite directions at the same time interval;
the first finger electrode 321 and the third finger electrode 341
could be applied by the voltages with opposite directions at
the same time interval; the third finger electrode 341 and the
fourth finger electrode 342 could be applied by the voltages
with opposite directions at the same time interval.

[0051] FIG. 9B is a cross-sectional view of the parallax
barrier of FIG. 7, which depicts one of the 3D-mode driving
voltage applications. In a 3D driving mode, the first finger
electrode 321 and the fourth finger electrode 342 could be
applied with +A+B voltage, and the second finger electrode
322 and the third finger electrode 341 could be simulta-
neously applied with B voltage at a first time interval; while
the first finger electrode 321 and the fourth finger electrode
342 could be applied with B voltage, and the second finger
electrode 322 and the third finger electrode 341 could be
simultaneously applied with +A+B voltage, at a second time
interval. In one example for normally white LCD, the first
finger electrode 321 and the fourth finger electrode 342 could
be applied with +5V, while the second finger electrode 322
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and the third finger electrode 341 could be simultaneously
applied with OV at the first time interval; and the first finger
electrode 321 and the fourth finger electrode 342 could be
applied with 0 voltage, and the second finger electrode 322
and the third finger electrode 341 could be simultaneously
applied with +5V at the second time interval, and voltage
alternation regularly goes on. Optionally, the first finger elec-
trode 321 and the fourth finger electrode 342 could be coupled
to the same voltage source, and the second finger electrode
322 and the third finger electrode 341 could be coupled to
another voltage source. Also, voltage alternation between
those finger electrodes could be implemented by coupling to
the same AC voltage source with a phase voltage regulator
(SVR). It is noted that the voltage values are merely for
demonstration, not for limitation, and could be selected
according to the actual needs of applications.

[0052] FIG. 10 illustrates a 3D-mode driving scheme of the
parallax barrier and a sensor electrode of the display accord-
ing to the second embodiment of the present disclosure. FIG.
11 is a 3D-mode driving circuit diagram of the bottom elec-
trode layer of the display of FIG. 9B. Please refer to FIG. 8,
FIG. 10 and FIG. 11. In an embodiment, simultaneous voltage
alternations of the third finger electrode 341 and the fourth
finger electrode 342 have opposite directions each others and
equal absolute value of step voltages (FIG. 11), thus induced
charges on the sensing electrode 57 (i.e. touch screen elec-
trode) integrated into 3D display could be cancelled and then
influence to the touch screen by the alternation could be
reduced. Also, voltage alternation between a set of the first
finger electrode 321 and the fourth finger electrode 342 and
another set of the second finger electrode 322 and the third
finger electrode 341 could be implemented by coupling to the
same AC voltage source with a phase voltage regulator
(SVR), as shown in FIG. 11. The phase voltage regulator is
installed for regulating the output voltage to one set of the
finger electrodes, e.g., changing a positive output voltage to a
negative voltage. The reduction of influence contributes easi-
ness of capacitive touch screen integration on 3D display as
“Low electromagnetic coupling/emission noise parallax bar-
rier LCD”.

[0053] Similarly, the bottom electrode layer 32 of the par-
allax barrier according to the second embodiment would
optionally comprise a bottom middle electrode 323 disposed
between the first finger electrode 321 and the second finger
electrode 322, and a top middle electrode 343 disposed
between the third finger electrode 341 and the fourth finger
electrode 342, as shown in FIG. 9A and FIG. 9B. Also, the top
middle electrode 343 is substantially aligned with the bottom
middle electrode 323. Similarly, the electrodes of those finger
electrodes and middle electrodes applied with the same or
similar voltage could be coupled to the same voltage source
with a regulator/modulator (such as a phase voltage regula-
tor).

[0054] In a 2D driving mode, the bottom middle electrode
323 and the top middle electrode 343 are applied with OV (i,e,
the parallax barrier being turned off). In a 3D driving mode,
the bottom middle electrode 323 and the top middle electrode
343 are applied with OV. In the 3D display applications,
existence of the bottom middle electrode 323 and the top
middle electrode 343 of the parallax barrier improves the
image quality, particularly the image corresponding to the
boundaries between the electrodes, such as boundaries
between the first finger electrode 321 and the bottom middle
electrode 323, boundaries between the second finger elec-
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trode 322 and the bottom middle electrode 323, boundaries
between the third finger electrode 341 and the top middle
electrode 343, and boundaries between the top middle elec-
trode 343 and the fourth finger electrode 342, thereby pre-
senting clean and sharp image.

Third Embodiment

[0055] FIG. 12illustrates a top electrode layer and a bottom
electrode layer of a parallax barrier of a 2D/3D switchable
display according to the third embodiment of the present
disclosure. In FIG. 12, the bottom substrate, the top substrate,
and a L.C layer sandwiched between the bottom substrate and
the top substrate of the parallax barrier are not shown in the
drawing to avoid obscuring the third embodiment. Also, com-
ponents of FIG. 12 common to that of the parallax barrier 30"
of FIG. 7 retain the same reference numbers. Structural dif-
ference between the parallax barriers of the second and the
third embodiment are the configurations of the top electrode
layer.

[0056] Similarly, a bottom electrode 32 comprises a first
finger electrode 321, a second finger electrode 322 interlaced
with the first finger electrode 321 and separated with a space,
and a bottom middle electrode 323 optionally disposed
between the first finger electrode 321 and the second finger
electrode 322. A top electrode 64 comprises a third finger
electrode 641, a fourth finger electrode 642 interlaced with
the third finger electrode 641 and separated with a space, and
a top middle electrode 643 optionally disposed between the
third finger electrode 641 and the fourth finger electrode 642,
as shown in FIG. 12. Similarly, the electrodes of those finger
electrodes (i.e. the first, second, third and fourth finger elec-
trodes 321, 322, 641 and 642) and the middle electrodes (i.e.
the bottom and top middle electrodes 323 and 643) applied
with the same or similar voltage could be coupled to the same
voltage source with a modulator such as a phase voltage
regulator.

[0057] In FIG. 12, the first finger electrode 341 and the
second finger electrode 342 form a plurality of bottom slits
with a bottom elongating direction substantially parallel to
Y-axis, while the third finger electrode 641 and the fourth
finger electrode 642 form a plurality of top slits with a top
elongating direction parallel to X-axis, as shown in FIG. 12.
Accordingly, the bottom elongating direction (parallel to
Y-axis) of bottom slits is substantially perpendicular to the
top elongating direction (parallel to X-axis). Also, the bottom
elongating direction (parallel to Y-axis) of bottom slits is
substantially parallel to a wide side of a display area of the
display module, while the top elongating direction (parallel to
X-axis) of top slits is substantially parallel to the a long side
of the display area.

[0058] FIG. 13 is a cross-sectional view of the parallax
barrier of FIG. 12 according to the third embodiment, which
depicts one of the 2D-mode driving voltage applications. Ina
2D driving mode, the bottom electrode layer 32 (ex. the first
finger electrode 321, the bottom middle electrode 323 and the
second finger electrode 322) and the top electrode layer 64
(ex. the third finger electrode 641, the top middle electrode
643 and the fourth finger electrode 642) could be applied with
B Voltage (i,e, the parallax barrier being turned off). There-
fore, the parallax barrier functions as a transparent plate and
the barrier LCD image 60 presents no black and white strips,
thereby allowing the users viewing the 2D images. The B
voltage may be ground voltage or common voltage, and the
value of B can be positive, negative or 0 (such as OV).
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[0059] InFIG. 12, one of the bottom electrode layer 32 and
the top electrode layer 64 could be operated, depending on the
page orientation of the display for viewing. The two most
common types of orientation are portrait and landscape.
Originally, portrait of a person’s face and upper body is more
fitting for a canvas or photo where the height of the display
area is greater than the width, and is more common for the
pages of books. Landscape originally described artistic out-
door scenes where a wide view area is needed. FIG. 14Ais a
cross-sectional view of the parallax barrier of FIG. 12 accord-
ing to the third embodiment, which depicts one of the
3D-landscape mode driving voltage applications. FIG. 14B is
a cross-sectional view of the parallax barrier of FIG. 12
according to the third embodiment, which depicts one of the
3D-portrait mode driving voltage applications.

[0060] AsshowninFIG. 14A, if user would like to proceed
the 3D-landscape mode, the top electrode layer 64, including
the third finger electrode 641, the top middle electrode 643
and the fourth finger electrode 642, could be applied with B
Voltage (such as 0V) to reveal the bottom slits. Also, the first
finger electrode 321 and the second finger electrode 322
could be simultaneously applied with + A+B voltage (such as
+5V) and -A+B voltage (such as -5V), while the bottom
middle electrode 323 (optionally disposed) could be applied
with B Voltage (such as OV). The alternating voltages are
applied on the first finger electrode 321 and the second finger
electrode 322 at the next time interval. Voltage alternation
regularly goes on. Accordingly, the barrier LCD image 60’
presents black and white strips substantially parallel to the
wide side of a display area.

[0061] As shown in FIG. 14B, if user would like to proceed
the 3D-portrait mode, the bottom electrode layer 32, includ-
ing the first finger electrode 321, the bottom middle electrode
323 and the second finger electrode 322, could be applied
with B Voltage (such as 0V) to reveal the top slits. Also, the
third finger electrode 641 and the fourth finger electrode 642
are simultaneously applied with +A+B (such as +5V) voltage
and -A+B voltage (such as =5V), while the top middle elec-
trode 643 (optionally disposed) could be applied with B Volt-
age (such as 0V). The alternating voltages are applied on the
third finger electrode 641 and the fourth finger electrode 642
atthe next time interval. Voltage alternation regularly goes on.
Accordingly, the barrier LCD image 60" presents black and
white strips substantially parallel to the long side of a display
area.

[0062] It is, of course, noted that the voltage values are
merely for demonstration, not for limitation, and could be
selected according to the actual needs of applications.
[0063] FIG. 15 illustrates a 3D-landscape mode driving
scheme of the parallax barrier of FIG. 12 according to the
third embodiment of the present disclosure. FIG. 16 is a
3D-landscape mode driving circuit diagram of the bottom
electrode layer of the display of FIG. 14 A. Please refer to FIG.
15 and FIG. 16. In an embodiment, simultaneous voltage
alternations of the first finger electrode 321 and the second
finger electrode 322 have opposite directions each others and
equal absolute value of step voltages (FIG. 16), thus induced
charges on the top electrode layer 64 (641/643/642) could be
cancelled, and then influence to the touch screen by the alter-
nation could be reduced. The voltage fluctuation on the top
electrode layer 64 would be suppressed even if wiring resis-
tance Rw of the top electrode layer 64 to GND is not low
enough. Also, voltage alternation between the first finger
electrode 321 and the second finger electrode 322 could be
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optionally implemented by coupling to the same AC voltage
source with a phase voltage regulator (SVR), as shown in
FIG. 16. The phase voltage regulator is installed for regulat-
ing the output voltage to one of the first and second finger
electrodes 321/322, e.g., changing a positive output voltage to
a negative voltage. The reduction of influence contributes
easiness of capacitive touch screen integration on 3D display
as “Low electromagnetic coupling/emission noise parallax
barrier LCD”.

[0064] FIG. 17 illustrates a 3D-portrait mode driving
scheme of the parallax barrier of FIG. 12 according to the
third embodiment of the present disclosure. FIG. 18 is a
3D-portrait mode driving circuit diagram of the top electrode
layer of the display of FIG. 14B. Please refer to FIG. 17 and
FIG. 18. In an embodiment, simultaneous voltage alterna-
tions of the third finger electrode 641 and the fourth finger
electrode 642 have opposite directions each others and equal
absolute value of step voltages (FIG. 18), thus induced
charges on the sensing electrode 57 integrated on 3D display
could be cancelled, and then influence to the touch screen by
the alternation could be reduced. The voltage fluctuation on
the sensing electrode 57 would be suppressed even if wiring
resistance Rw of the bottom electrode layer 32 (321/323/322)
to GND is not low enough. Also, voltage alternation between
the third finger electrode 641 and the fourth finger electrode
642 could be optionally implemented by coupling to the same
AC voltage source with a phase voltage regulator (SVR), as
shown in FIG. 18. The phase voltage regulator is installed for
regulating the output voltage to one of the third and fourth
finger electrodes 641/642, e.g., changing a positive output
voltage to a negative voltage. The reduction of influence
contributes easiness of capacitive touch screen integration on
3D display as “Low electromagnetic coupling/emission noise
parallax barrier LCD”.

[0065] FIG. 12illustrates a top electrode layer and a bottom
electrode layer of another parallax barrier of a 2D/3D swit-
chable display according to the third embodiment of the
present disclosure. The difference between the parallax bar-
riers of FIG. 12 and FIG. 19 is an upside-down switch of
electrode arrangement. In FIG. 19, the first finger electrode
321 and the second finger electrode 322 form a plurality of
bottom slits with a bottom elongating direction substantially
parallel to X -axis, while the third finger electrode 641 and the
fourth finger electrode 642 form a plurality of top slits with a
top elongating direction parallel to Y-axis.

[0066] In the parallax barrier of FIG. 19, if user would like
to proceed the 3D-landscape mode, the third finger electrode
641 and the fourth finger electrode 642 of the top electrode
layer 64 could be simultaneously applied with +A+B voltage
(such as +5V) and -A+B voltage (such as -5V), while the top
middle electrode 643 (optionally disposed) could be applied
with B voltage (such as 0V) and the bottom electrode 32
(including the first finger electrode 321, the second finger
electrode 322 and the bottom middle electrode 323) could be
applied with B Voltage (such as 0V)to reveal the top slits. The
alternating voltages are applied on the third finger electrode
641 and the fourth finger electrode 642 at the next time
interval. Voltage alternation regularly goes on. If user would
like to proceed the 3D-portrait mode, the first finger electrode
321 and the second finger electrode 322 could be simulta-
neously applied with +A+B voltage (such as +5V) and -A+B
voltage (such as -5V), while the bottom middle electrode 323
(optionally disposed) could be applied with B voltage (such
as 0V) and the top electrode layer 64 (including the third



US 2013/0308067 A1l

finger electrode 641, the top middle electrode 643 and the
fourth finger electrode 642) could be applied with B Voltage
(such as OV) to reveal the bottom slits. The alternating volt-
ages are applied on the first finger electrode 321 and the
second finger electrode 322 at the next time interval. Voltage
alternation regularly goes on. Other details, such as 2D-mode
and 3D-mode driving voltage applications, are similar to the
illustration above, and not described redundantly.

[0067] It will be apparent to those skilled in the art that
various modifications and variations can be made to the dis-
closed embodiments. It is intended that the specification and
examples be considered as exemplary only, with a true scope
of the disclosure being indicated by the following claims and
their equivalents.

What is claimed is:

1. A three-dimensional (3D) display comprising:

a display module;

a backlight module, disposed beneath the display module;

a barrier module, disposed above the display module, and

comprising:

a bottom substrate having a bottom electrode layer;

an upper substrate having an upper electrode layer, and
atleast one of the bottom electrode layer and the upper
electrode layer comprising at least two finger elec-
trodes interlaced to each other, and voltages with
opposite direction being applied on the two finger
electrodes at the same time interval in a 3D driving
mode; and

a liquid crystal layer disposed between the bottom sub-
strate and the upper substrate.

2. The 3D display according to claim 1, wherein the bottom
electrode layer comprising:

a first finger electrode; and

a second finger electrode, interlaced with the first finger

electrode.

3. The 3D display according to claim 2, wherein when the
first finger electrode is applied with + A+B voltage, the second
finger electrode is simultaneously applied with -A+B voltage
or B voltage in the 3D driving mode.

4. The 3D display according to claim 2, wherein the upper
electrode layer is a flat plan and applied with B voltage in the
3D driving mode.

5. The 3D display according to claim 2, wherein when the
3D display is in the 3D driving mode, the first finger electrode
is applied with +A+B voltage, the second finger electrode is
simultaneously applied with —A+B voltage at a first time
interval; while the first finger electrode is applied with -A+B
voltage, the second finger electrode is simultaneously applied
with +A+B voltage at a second time interval.

6. The 3D display according to claim 2, wherein the bottom
electrode layer further comprises a bottom middle electrode
disposed between the first finger electrode and the second
finger electrode.

7. The 3D display according to claim 6, wherein the bottom
middle electrode is applied with B voltage in the 3D driving
mode.

8. The 3D display according to claim 2, wherein the upper
electrode layer comprising:
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a third finger electrode; and

a fourth finger electrode, interlaced with the third finger

electrode.

9. The 3D display according to claim 8, wherein the upper
electrode layer is substantially aligned with the bottom elec-
trode layer.

10. The 3D display according to claim 8, wherein the first
finger electrode of the bottom electrode layer is substantially
aligned with the third finger electrode of the upper electrode
layer, while the second finger electrode of the bottom elec-
trode layer is substantially aligned with the fourth finger
electrode of the upper electrode layer.

11. The 3D display according to claim 10, wherein when
the 3D display is in a 3D driving mode, the first finger elec-
trode and the fourth finger electrode are applied with +A+B
voltage, and the second finger electrode and the third finger
electrode are simultaneously applied with B voltage at a first
time interval; while the first finger electrode and the fourth
finger electrode are applied with B voltage, and the second
finger electrode and the third finger electrode are simulta-
neously applied with +A+B voltage, at a second time interval.

12. The 3D display according to claim 8, wherein the
bottom electrode layer further comprises a bottom middle
electrode disposed between the first finger electrode and the
second finger electrode, and the top electrode layer further
comprises a top middle electrode disposed between the third
finger electrode and the fourth finger electrode.

13. The 3D display according to claim 12, wherein the
bottom middle electrode and the top middle electrode are
applied with B voltage in the 3D driving mode.

14. The 3D display according to claim 8, wherein the first
finger electrode and the second finger electrode form a plu-
rality of bottom slits with a bottom elongating direction,
while the third finger electrode and the fourth finger electrode
form a plurality of top slits with a top elongating direction,
wherein the bottom elongating direction is substantially per-
pendicular to the top elongating direction.

15. The 3D display according to claim 14, wherein the first
finger electrode and the second finger electrode are simulta-
neously applied with + A+B voltage and -A+B voltage, while
the top electrode layer is applied with B voltage to reveal the
bottom slits in the 3D driving mode.

16. The 3D display according to claim 14, wherein the third
finger electrode and the fourth finger electrode are simulta-
neously applied with + A+B voltage and -A+B voltage, while
the bottom electrode layer is applied with B voltage to reveal
the top slits in another 3D driving mode.

17. The 3D display according to claim 14, wherein the
bottom elongating direction of bottom slits is substantially
parallel to a wide side of a display area of the display module,
while the top elongating direction of top slits is substantially
parallel to the a long side of the display area.

18. The 3D display according to claim 1, wherein the
bottom electrode layer and the upper electrode layer are is
applied with B voltage in a 2D mode driving scheme.

19. The 3D display according to claim 1, further compris-
ing a sensor electrode disposed on the barrier module.

20. The 3D display according to claim 2, wherein the first
finger electrode coupled to a first voltage source and the
second finger electrode coupled to a second voltage source.

L S S T



LR EH(F)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A
RBAA
IPCH %S

CPCH¥S

H AT SO
S\EREERR

BE(X)

RHE—MIDEREE , ELERETER , REEETERTHNE LR
R, UARREBERRER EFHFREER, BEERTEEFRTBR
BEHEBER , EFLHEREN ELHER , AR REEEHERM L
BERZEHRRER. EIFEREMLFBREFNED —MNSERI
RENZEOWAMEREBR , F BAEIDH N E R Fh AR R R B (8] (B R AE
MERBEREEMEFER S AN BEE,

patsnap
2d /AR EREE R

US20130308067A1 NI (»&E)B 2013-11-21

US13/474402 HiEA 2012-05-17
HARKAZUYUKI
BFARKAZUYUKI

TEREOKSB
INNOCOMBHX (Rl ) ARLF.

HASHIMOTO KAZUYUKI
HASHIMOTO, KAZUY UKI
GO02F1/1335

G02B27/2214 HO4N13/0409 G02F2201/124 G02F1/134309 H04N13/0452 G02B30/27 H04N13/31
HO04N13/356

US9116358

Espacenet USPTO



https://share-analytics.zhihuiya.com/view/51fc14b5-0369-4303-9867-93805f171903
https://worldwide.espacenet.com/patent/search/family/049581051/publication/US2013308067A1?q=US2013308067A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220130308067%22.PGNR.&OS=DN/20130308067&RS=DN/20130308067

