US20100110316A1

a9 United States

a2y Patent Application Publication (o) Pub. No.: US 2010/0110316 A1
Huang et al.

43) Pub. Date: May 6, 2010

(54) STEREOSCOPIC DISPLAY DEVICE Publication Classification
. (51) Imnt.CL
(76) Inventors: Chiu-Jung Huang, Changhua GO2F 1/1343 (2006.01)
County (T'W); Cheng-Chung Hu, (52) UuS. Cll oo 349/15
Taoyuan County (TW)
(57) ABSTRACT
Correspondence Address: The present invention discloses a stereoscopic display device
NORTH AMERICA INTELLECTUAL PROP- with a parallax barrier. The parallax barrier includes: a first
ERTY CORPORATION substrate; a plurality of first electrodes parallel to each other
P.O. BOX 506 and stretching in one direction on the first substrate; a trans-
MERRIFIELD, VA 22116 (US) parent insulation layer between the first substrate and the first
electrodes; a plurality of second electrodes parallel to each
(21) Appl. No.: 12/357,365 other and stretching in one direction on the opposite side
against the first electrodes; a common electrode between the
(22) Filed: Jan. 21, 2009 second substrate and the transparent insulation layer; and a
liquid crystal layer between the common electrode and the
(30) Foreign Application Priority Data second electrodes. In particular, the plurality of first elec-
trodes and second electrodes interlace with each other and
Nov. 4,2008  (TW) oo 097142501 each contains partial overlapping in the vertical direction.
\ . \
/ / 422 M
[ 1
| 426
e R — [
[ S
423
I // IV)// A \’ vooa oo e d e /
421




Patent Application Publication May 6,2010 Sheet1 of 10 US 2010/0110316 A1l

F1G. 1 PRIOR AR'T



US 2010/0110316 Al

May 6,2010 Sheet2 of 10

Patent Application Publication

LAV dOT1dd ¢ OIA

N
- \
(8T O v v oA v veod e v v
- S DO o
26—
bZz |
_ 5z F

~ " ~L_




US 2010/0110316 Al

May 6,2010 Sheet 3 of 10

Patent Application Publication

LdV dOldd & Ol

aml/_,\ ) P 5
] 77 \\q& \\q A VA A AT
7o Sck 3828 1828 kﬂv > O
ez
{4 |
_ e F

—



Patent Application Publication May 6,2010 Sheet4 of 10 US 2010/0110316 A1l

N
)
\ ,
B N —
e
<
= = 't
@,
[ e
I an
| L2
| ™
| &
| Sl
| / [
—— L
) I
— o
% o
R

323 <



US 2010/0110316 Al

Sheet 5 0of 10

May 6, 2010

Patent Application Publication

by OIA

— mmw 14474
ﬁmv/xv ,
mmw/A\ Voo oA Voo VoA Vo0 / _\\\\«\k_ \
NN NN NN NN ////
JFas OS> O >
=<
\ G \




Patent Application Publication May 6,2010 Sheet 6 of 10 US 2010/0110316 A1l

3
I
:/_/Q \_<‘~
NN NN
3
:{\
Z‘ 5
0
Z =
\ [
7
///////// L Z \ QS
)
17
3

424&»\
N

3



US 2010/0110316 Al

May 6,2010 Sheet7 of 10

Patent Application Publication

mm\../\

T / /M N /////

%

=y mg vy
S N ,
mmT/k\\ v o0 VoA v s A / _\\\\\\_\
NN NN NN _//f///_
12¥ O O T
A,
oy
_ 2o F

|~

H



US 2010/0110316 Al

May 6,2010 Sheet 8 of 10

atent Application Publication

£9 DIAd

<> <>

:w\./\




Patent Application Publication May 6,2010 Sheet9 of 10 US 2010/0110316 A1l

61
A~ 41

<>

FI1G. 6b

<>

/0




Patent Application Publication May 6, 2010 Sheet 10 of 10 US 2010/0110316 A1l

—A~_-61
A4l

7700

<>

FIG. 6c




US 2010/0110316 Al

STEREOSCOPIC DISPLAY DEVICE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention discloses a stereoscopic dis-
play device, more particularly, a stereoscopic display device
that can be switched freely between 2D/3D display modes.
[0003] 2. Description of the Prior Art

[0004] In recent years, many stereoscopic display modes
have been developed to make observers obtain stereoscopic
images. A so-called stereoscopic image is produced by pro-
viding separated images to each eye respectively. The brain
therefore analyzes the overlapping images and calculates the
depth and gradation of each component to make the observer
obtain a stereoscopic image. Hence, a stereoscopic device is
ameans to present different images to the left eye and the right
eye individually so that the observer can sense a stereoscopic
image. As shown in FIG. 1, the images for the left eye L and
the right eye R are separated by the parallax barrier 1 and
captured by the observer to produce a stereoscopic image.
[0005] Ingeneral, stereoscopic display devices can be clas-
sified into passive stereoscopic display devices and auto ste-
reoscopic display devices. For passive stereoscopic display
devices, the user should wear some assisting equipment, for
example, polarization glasses. For auto stereoscopic display
devices, the observer does not need to wear assisting equip-
ment. The auto stereoscopic display devices can use a double
convex lens, a lens array, or a parallax barrier to separate the
images for the left eye and the right eye to produce a stereo-
scopic image, among which, the parallax barrier is the most
widely used.

[0006] A parallax barrier comprises a grating structure to
separate the information of each eye. In general, the parallax
barrier can be a simple grating structure made by plastics or
metals like chromium, or be an LCD panel. Using an LCD
panel as a parallax barrier can not only produce a 3D stereo-
scopic image. It also can be switched between 2D/3D modes
freely by controlling the power. Please refer to FIG. 2, show-
ing a schematic diagram illustrating a conventional stereo-
scopic display device using an LCD panel as the parallax
barrier. The stereoscopic display device 2 comprises a display
unit 21 and a parallax barrier 22. The display unit 21 can
display images and generally is an LCD panel. The parallax
barrier 22 comprises two substrates 221, 222 and two layers
of ITO electrodes 223, 224 that are disposed on the two
substrates 221, 222. The electrode 223 comprises a grating
structure and the electrode 224 comprises a plane structure. A
liquid crystal layer 225 is formed by injection liquid crystal
molecular between the two electrodes 223, 224. When oper-
ating the 3D mode, a driving voltage is applied to the elec-
trodes 223, 224 and the parallax barrier 22 forms a grating
pattern that is bright-dark interlacing, therefore, the observer
can obtain a stereoscopic image. On the other hand, when
operating the 2D mode, no driving voltage is applied to the
electrodes 223, 224, and the observer therefore obtains a flat
2D image. However, when under the 3D mode, at least half
image of the display unit 21 is blocked by the grating pattern,
thereby reducing half of the brightness and the resolution of
the stereoscopic display device 2.

[0007] In order to solve this problem, a time-sharing type
barrier is developed, as shown in FIGS. 3a and 35. Compared
to conventional arts, the electrodes 223 are divided into two
groups, an odd electrode group 3231 and an even electrode
group 3232. During the first period, a driving voltage is only
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applied to the odd electrode group 3231 and a grating pattern
is formed; next during the second period, the driving voltage
is switched to the even electrode group 3232 and the image for
each eye is exchanged at the same time. As a result, the
observer can obtain a 3D stereoscopic image in the same
resolution as in the 2D mode when operating the first period
and the second period periodically.

[0008] However, when the parallax barrier is in a normally
white mode of transmission, only the portion of the charged
electrode group turns to black. Whether in the first or second
period, the opening aperture d in FIG. 3a is so large that the
aperture ration exceeds up to 50%, causing serious cross-talk
interruption between two eyes. Regarding this problem, EP1
793623 discloses a stereoscopic display device that com-
prises an LCD panel in a normally black mode of transmis-
sion so that only the portions of charged electrodes turn to
white and other portions remain black. The opening aperture
e in FIG. 3a is small, keeping the lower aperture ratio and a
better display quality. However in EP1793623, a normally
black mode LCD is used as the parallax barrier, it can not be
switched between 2D/3D modes and thereby causes poor
utilization.

[0009] Accordingly, a parallax barrier that can be switched
between 2D/3D modes and comprises a low opening aperture
is still needed in the industry.

SUMMARY OF THE INVENTION

[0010] The present invention provides a parallax barrier to
solve the problem of large aperture ratio in the conventional
stereoscopic display device and still can be switched between
2D/3D display modes.

[0011] According to the claimed invention, the invention
discloses a stereoscopic display device with a novel parallax
barrier. The parallax barrier comprises: a first substrate, a
plurality of first electrodes parallel to each other and stretch-
ing in one direction on the first substrate, a transparent insu-
lation layer between the first substrate and the first electrodes,
a plurality of second electrodes parallel to each other and
stretching in one direction on the opposite side against the
first electrodes, a common electrode between the second sub-
strate and the transparent insulation layer, and a liquid crystal
layer between the common electrode and the second elec-
trodes. In particular, the plurality of first electrodes and sec-
ond electrodes interlace with each other and each contains
partial overlapping in the vertical direction.

[0012] The parallax barrier in the present invention can
obtain a low aperture ratio when operating the time-sharing
type mode, thereby preventing the cross-talk interruption and
obtaining a better display quality.

[0013] These and other objectives of the present invention
will no doubt become obvious to those of ordinary skill in the
art after reading the following detailed description of the
preferred embodiment that is illustrated in the various figures
and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 is a schematic diagram illustrating the prin-
ciple of producing a stereoscopic image.

[0015] FIGS.2,3a and 35 are schematic diagrams illustrat-
ing the conventional parallax barrier.

[0016] FIGS.4a and 45 are schematic diagrams illustrating
the parallax barrier in the present invention.
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[0017] FIG.S5is aschematic diagram illustrating the 2D/3D
display mode of the stereoscopic display device in the present
invention.

[0018] FIGS. 6a to 6¢ are schematic diagrams illustrating
the positional arrangement of the stereoscopic display device
in the present invention.

DETAILED DESCRIPTION

[0019] Certain terms are used throughout the description
and following claims to refer to particular components. As
one skilled in the art will appreciate, electronic equipment
manufacturers may refer to a component by different names.
This document does not intend to distinguish between com-
ponents that differ in name but not function. In the following
description and in the claims, the terms “include” and “com-
prise” are used in an open-ended fashion, and thus should be
interpreted to mean “include, but not limited to . . . .”

[0020] Please refer to FIG. 4, showing a schematic diagram
illustrating one preferred embodiment of the stereoscopic
display device in the present invention. FIG. 4a shows the
cross-sectional view of the stereoscopic display device and
FIG. 45 shows the top view of the section I in FIG. 4a.
[0021] As shown in FIG. 4a, the stereoscopic display
device 4 in the present invention comprises a display unit 41
and a parallax barrier 42. The display unit 41 can display
images for an observer and can be an LCD panel, a DPD panel
oran LED panel, but should not be limited to those mentioned
above.

[0022] The parallax barrier 42 comprises a first substrate
421, asecond substrate 422 and a transparent insulation layer
423. The first substrate 421 and the second substrate 422 are
disposed relatively in parallel and both can be made of glass,
crystal or other transparent material. The transparent insula-
tion layer 423 is disposed between the first substrate 421 and
the second substrate 422. A plurality of the first electrodes is
disposed between the first substrate 421 and the transparent
insulation layer 423, each of which interlaces with each other
and stretches along a first direction 43, as shown in FIG. 45.
The same ends of the first electrodes 424 are connected to
each other by an extension part of the first electrodes 4241
that extends perpendicularly to the first direction 43. A plu-
rality of second electrodes 425 are disposed between the
transparent insulation layer 423 and the second substrate 422,
each of which is parallel to each other and stretches in the first
direction 43 on the transparent insulation layer 423, as shown
in FIG. 4b. The same ends of the second electrodes 425 are
connected to each other by an extension part of the second
electrodes 4251 that extends perpendicularly to the first direc-
tion 43. Specially, the plurality of first electrodes 424 and the
plurality of second electrodes 425 interlace with each other
and each contains partial overlapping in the vertical direction.
[0023] Furthermore, a common electrode 426 is disposed
between the second substrate 422 and the transparent insula-
tion layer 423. The common electrode 426 is a flat film
electrode layer and can be made of conductive film material,
for example, an ITO, as well as in the first electrodes 424 and
the second electrodes 425. The stereoscopic display device 4
in the present invention further comprises a liquid crystal
layer 427 comprising liquid crystal molecular that can be
twisted to shelter the light when applying an electric field.
Specially, the parallax barrier 42 is in a normally black mode
of transmission. When there is no voltage applied to the
electrodes, the parallax barrier 42 is permeable to light pass-
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ing, making it become white, while when a voltage is applied,
the crystal molecules twist and thereby shelter the light, mak-
ing it become black.

[0024] Pleaserefer to FIG. 5, showing a schematic diagram
illustrating the 2D/3D display modes of the stereoscopic dis-
play device 4 in the present invention. As shown in FIG. 5,
under the 3D display mode, operation of the stereoscopic
display device 4 comprises a first period and a second period.
During the first period, a driving voltage is applied to the
plurality of first electrodes 424 and no driving voltage is
applied to the plurality of second electrodes 425. Because the
parallax barrier 42 is in a normally white mode of transmis-
sion, only the charged electrodes display black. Accordingly,
during the first period, the parallax barrier 42 forms a first
period pattern 51 that is black-white interlacing. During the
second period, a driving voltage is applied to the plurality of
second electrodes 424 and no driving voltage is applied to the
plurality of first electrodes 424. The parallax barrier 42 there-
fore forms a second period pattern 52. When operating the 2D
mode, no driving voltage is applied to both of the first elec-
trodes 424 and the second electrodes 425 and the light can
pass through the parallax barrier 42, making it form a 2D
mode pattern 53 that is fully bright.

[0025] According to the operating mode of the stereoscopic
display device 4 in FIG. 5, the opening aperture f is small
whether in the first period or the second period. The aperture
ratio 42 maintains in small range so as to prevent the cross-
talk phenomenon in conventional art. Furthermore, the time
sharing operation type that comprises the first period and the
second period is utilized in the stereoscopic display device 4,
which can avoid the display device becoming half in bright-
ness and resolution in conventional art and can also be
switched between 2D/3D modes freely.

[0026] Pleasereferto FIG. 6, showing a schematic diagram
illustrating the positional arrangement of the stereoscopic
display device in the present invention. Please refer to FIG.
6a, the parallax barrier 42 is disposed between the display
unit 41 and an observer. The image displayed by the display
unit 41 is separated to the left eye information and the right
eye information individually and the observer can therefore
obtain a stereoscopic image

[0027] However, when the display unit 41 is a liquid crystal
panel, abacklight module 61 is needed to provide light source
because the liquid crystal molecular does not emit light by
itself. The display unit 41 can be disposed between the back-
light module 61 and the parallax barrier 41, as shown in FIG.
6b, or the parallax barrier 42 can be disposed between the
display unit 41 and the backlight module 61, as shown in FIG.
6¢. The observer can obtain a stereoscopic image in both of
the embodiments.

[0028] Those skilled in the art will readily observe that
numerous modifications and alterations of the device and
method may be made while retaining the teachings of the
invention.

What is claimed is:

1. A parallax barrier, comprising:

a first substrate;

a plurality of first electrodes disposed on the first substrate,
wherein each first electrode is parallel to each other and
stretches in a first direction on the first substrate;

a transparent insulation layer disposed between the first
substrate and the plurality of first electrodes;

a plurality of second electrodes disposed on the opposite
side against the plurality of first electrodes of the trans-
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parent insulation layer, wherein each second electrode is
parallel to each other and stretches in the first direction
on the transparent insulation layer;

a second substrate disposed relatively to the first substrate;

a common electrode disposed between the second sub-
strate and the transparent insulation layer; and

a liquid crystal layer disposed between the common elec-
trode and the plurality of second electrodes;

wherein the plurality of first electrodes and the plurality of
second electrodes interlace with each other and each
contains partial overlapping in the vertical direction.

2. The parallax barrier of claim 1, wherein the same ends of
the plurality of first electrodes are connected to each other by
an extension part of the first electrodes that extends perpen-
dicularly to the first direction.

3. The parallax barrier of claim 1, wherein the same ends of
the plurality of second electrodes are connected to each other
by an extension part of the second electrodes that extends
perpendicularly to the first direction.

4. The parallax barrier of claim 1, wherein the parallax
barrier is in a normally black mode of transmission.

5. A stereoscopic display device, comprising:

a display unit that displays images; and

a parallax barrier comprising a plurality of first electrodes
and a plurality of second electrodes, wherein the plural-
ity of first electrodes and plurality of second electrodes
interlace with each other and each contains partial over-
lapping in the vertical direction.

6. The stereoscopic display device of claim 5, wherein the

parallax barrier comprises:

a first substrate, wherein each first electrode is parallel to
each other and stretches in a first direction on the first
substrate;

a transparent insulation layer disposed between the first
substrate and the plurality of first electrodes, wherein the
plurality of second electrodes are disposed on the oppo-
site side against the plurality of first electrodes of the
insulation layer and each second electrode is parallel to
each other and stretches in the first direction on the
transparent insulation layer;
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a second substrate disposed relatively to the first substrate;

a common electrode disposed between the second sub-

strate and the transparent insulation layer; and

a liquid crystal layer disposed between the common elec-

trode and the plurality of second electrodes.
7. The stereoscopic display device of claim 5, wherein the
same ends of the plurality of first electrodes are connected to
each other by an extension part of the first electrodes that
extends perpendicularly to the first direction.
8. The stereoscopic display device of claim 5, wherein the
same ends of the plurality of second electrodes are connected
to each other by an extension part of the second electrodes
that extends perpendicularly to the first direction.
9. The stereoscopic display device of claim 5, wherein the
parallax barrier is in a normally white mode of transmission.
10. The stereoscopic display device of claim 5, wherein the
parallax barrier is disposed between the display unit and an
observer.
11. The stereoscopic display device of claim 5, wherein the
display unit comprises an LCD panel.
12. The stereoscopic display device of claim 11, wherein
the stereoscopic display device further comprises a backlight
module.
13. The stereoscopic display device of claim 12, wherein
the parallax barrier is disposed between the display unit and
the backlight module.
14. The stereoscopic display device of claim 5, wherein
under the 2D display mode, no driving voltage is applied to
the plurality of first electrodes and the plurality of second
electrodes.
15. The stereoscopic display device of claim 5, wherein
under the 3D display mode,
during a first period, a driving voltage is applied to the
plurality of first electrodes and no driving voltage is
applied to the plurality of second electrodes; and

during a second period, a driving voltage is applied to the
plurality of second electrodes and no driving voltage is
applied to the plurality of first electrodes.

sk sk sk sk sk



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)
S 3T H (B FIR) A (F)

FRI& B A

RHA

IPCHEKS
CPCH %5
LR

H A0 FF 3R
ShERaELE

BEX)

ARBAXFT -—FHEENERENIFETRE, NERESE £
B ZNE — BRI PATHE S — 2R Ein — N A ;5 —EAR A
F—BRZANERLEE, SN E - BRBUFTHBEEANN L8 —
ANFELEENTE-BRARE_ERNERLER AN DL B L |

IJARERRE

US20100110316A1 AFF(AE)A
US12/357365 BiE A
FRALRE R DB R E

FRALIRE Y 10 B PR F.

RAERERBERATE.

HUANG CHIU JUNG
HU CHENG CHUNG

HUANG, CHIU-JUNG
HU, CHENG-CHUNG

GO02F1/1343

GO02F1/134309 H04N13/312 HO4N13/359 H04N13/315 HO4N13/31

097142501 2008-11-04 TW

US7961260

Espacenet USPTO

2010-05-06

2009-01-21

patsnap

\

—r—

;(/\/422 h

1%

HERME_—BRARRBR. Filth , SNE—BRAE - BRK
XEHESNMEEHEEESALNHTER.

OO O

42

AU Y Y RN NN

1

(

[ (T VT VI P

)

—
14 45

Ny |


https://share-analytics.zhihuiya.com/view/4a59a163-d853-4096-ae5d-16ac8c058b1a
https://worldwide.espacenet.com/patent/search/family/042130932/publication/US2010110316A1?q=US2010110316A1
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=%2220100110316%22.PGNR.&OS=DN/20100110316&RS=DN/20100110316

