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(21) Appl. No.: 11/685,589 cally a dual polarizing light filter, and the methods of 
(22) Filed: Mar. 13, 2007 applying the component for Stereoscopic image displaying 

and stereoscopic image recording, are disclosed. A dual 
Related U.S. Application Data polarizing light filter may be statically or dynamically 

controlled to deliver or accept polarizing light of different 
(63) Continuation of application No. 11/092.889, filed on orientations at different micro regions on the filter at differ 

Mar. 29, 2005, now Pat. No. 7,227,568. ent times. The invention may be used to create a new type 
display device and a new type of recording method for both 

(60) Provisional application No. 60/558,898, filed on Apr. 2-D and 3-D images. The component may be added to 
3, 2004. Provisional application No. 60/839.255, filed 
on Aug. 22, 2006. 

existing displays as well as integrated into the display 
fabrication process. 

  



Patent Application Publication Aug. 16, 2007 Sheet 1 of 23 US 2007/0188863 A1 

  



Patent Application Publication Aug. 16, 2007 Sheet 2 of 23 US 2007/0188863 A1 

s: 

  



Patent Application Publication Aug. 16, 2007 Sheet 3 of 23 US 2007/0188863 A1 

g 
sm 

y 

f 

g 

A 

J D 

  

    

  

  

  

  

    

    

  

    

  

  

  



Patent Application Publication Aug. 16, 2007 Sheet 4 of 23 US 2007/0188863 A1 

i 
  



Patent Application Publication Aug. 16, 2007 Sheet 5 of 23 US 2007/0188863 A1 

g t 

  



Patent Application Publication Aug. 16, 2007 Sheet 6 of 23 US 2007/0188863 A1 

  



Patent Application Publication Aug. 16, 2007 Sheet 7 of 23 US 2007/0188863 A1 

sms,y W 

  



Patent Application Publication Aug. 16, 2007 Sheet 8 of 23 US 2007/0188863 A1 

  



Patent Application Publication Aug. 16, 2007 Sheet 9 of 23 US 2007/0188863 A1 

  



Patent Application Publication Aug. 16, 2007 Sheet 10 of 23 US 2007/0188863 A1 

  



Patent Application Publication Aug. 16, 2007 Sheet 11 of 23 US 2007/0188863 A1 

  



US 2007/0188863 A1 

- 
------- 

Patent Application Publication Aug. 16, 2007 Sheet 12 of 23 

  



US 2007/0188863 A1 

- 
------- 

Patent Application Publication Aug. 16, 2007 Sheet 13 of 23 

  



Patent Application Publication Aug. 16, 2007 Sheet 14 of 23 US 2007/0188863 A1 

  



US 2007/0188863 A1 Patent Application Publication Aug. 16, 2007 Sheet 15 of 23 

------- 

  



US 2007/0188863 A1 Patent Application Publication Aug. 16, 2007 Sheet 16 of 23 

  



Patent Application Publication Aug. 16, 2007 Sheet 17 of 23 US 2007/0188863 A1 

- 

  



Patent Application Publication Aug. 16, 2007 Sheet 18 of 23 US 2007/0188863 A1 

W 

  



Patent Application Publication Aug. 16, 2007 Sheet 19 of 23 

8 

US 2007/0188863 A1 

& A = E7 

ally 
s 

- 

s 
O 

  

  

  

  

  



Patent Application Publication Aug. 16, 2007 Sheet 20 of 23 US 2007/0188863 A1 

g s 

s s s 

t is 
--- -- 

- 

H - 

–– * 
rer - 

F-. 
F = * . . . 
g 

  

  



US 2007/0188863 A1 Patent Application Publication Aug. 16, 2007 Sheet 21 of 23 

  



Patent Application Publication Aug. 16, 2007 Sheet 22 of 23 US 2007/0188863 A1 

s 
s 

s 
N 
N A 
re 

  





US 2007/0188863 A1 

DUAL POLARIZING LIGHT FILTER FOR 2-D AND 
3-D DISPLAY 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. The present application is a Continuation of U.S. 
patent application Ser. No. 11/092,889, filed on Mar. 29, 
2005, and incorporated herein by reference in its entirety: 
application Ser. No. 11/092.889 in turn claims priority from 
Provisional U.S. Patent Application No. 60/558,898 filed on 
Apr. 3, 2004, and incorporated herein by reference in its 
entirety: This application also claims priority from Provi 
sional U.S. Patent Application Ser. No. 60/839,255, filed on 
Aug. 22, 2006, and incorporated herein by reference in its 
entirety. 

FIELD OF THE INVENTION 

0002 The presented invention relates to a three-dimen 
sional (3-D) image display method and apparatus and 3-D 
image record method and apparatus, both using polarized 
light, and more particularly, relates to a combined two 
dimensional (2-D) and three-dimensional display and 
recording method and apparatus. 

BACKGROUND OF THE INVENTION 

0003 Humans perceive the real world through two views 
obtained by both eyes, using so-called stereoscopic vision. 
The human brain interprets the two views, generates space 
distance from the views and thus forms a 3-D vision. A 3-D 
displaying method is the method for simulating the stereo 
scopic observing process. 

0004 There are basically two types of three-dimensional 
(3-D) display methods: auto-stereoscopic display and Ste 
reoscopic display. Auto-stereoscopic display is a type of 
method in which the observers do not need wear special 
glasses to view a 3-D image. This type of method usually has 
limitations such as a narrow functional view angle and Small 
functional view region. 
0005 Stereoscopic display is a type of method where the 
observers need wear special glasses to obtain a 3-D view. 
Early techniques utilized colored filters and color-tinted 
images to separate left and right images to produce a 3-D 
effect. More modern approaches use polarized light to 
deliver the stereoscopic images and using correspondingly 
polarizing glasses to separate the stereoscopic images to 
different eyes, by which the image is viewed. This type of 
method usually requests the two images to be overlapped so 
that the brain may interpret them as they are from the same 
SCCC. 

0006. A number of 3-D imaging systems using polariza 
tion are known in the art. Faris, U.S. Pat. No. 6,359,664, 
issued Mar. 19, 2002, and incorporated herein by reference, 
discloses an electro-optical display system for 3-D Stereo 
scopic imaging. Faris imparts polarization to light emanat 
ing from optically transparent patterns using a micro-polar 
izer, to form polarized spatially multiplexed image. Faris, 
U.S. Pat. No. 6,563,553, issued May 13, 2003, also incor 
porated herein by reference, discloses an electro-optical 
image display system for a laptop computer. This device 
includes an array of electrically active and passive choles 
teric liquid crystal elements, which are arranged in logic tree 
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form to steer the electromagnetic beam. However, it appears 
that Faris uses a electrically “passive' circular polarization 
filter to achieve his micro-polarization regions. 
0007 Vrex (Reveo) appears to now own the Faris Pat 
ents. A complete timeline of their 3-D imaging development 
may be found at: http://www.vrex.com/about/timeline.sh 
tml. The only product for creating a 3-D display from an 
LCD screen appears to be a clip-on “micropol' screen (See, 
http://www.Vrex.com/products/ download/vrex mp kit 
.pdf, incorporated herein by reference) attached externally to 
a laptop computer or the like. It would be more effective 
from a packaging and cost perspective to offer a 3-D 
technology integrated into the LCD panel itself. 
0008 Kwon, Published U.S. Patent Application 2002/ 
0145682, published Mar. 19, 2002, discloses a stereoscopic 
liquid crystal display device, which has a liquid crystal 
polymer film with first and second micro-polarizing regions, 
and a first polarizing plate. Kwon also discloses the use of 
a common electrode for his device. Kwon discloses a LCD 
Stereoscopic display using “micro-polarizing regions, 
which appear to polarize different portions of the display. 
Unlike Faris, it appears that Kwon uses a Liquid Crystal 
device for polarization (See paragraph 0030). In addition, 
Kwon describes the use of two polarization plates and a 
common electrode plate 
0009 Referring to FIG. 4 of Kwon, Kwon uses a typical 
LCD structure, if you remove layer 104. However, like 
Faris, uses a passive polarizing film to create the left and 
right images for display. Layer 104 is a liquid crystal 
polymer film, which is a newer material. The status of the 
liquid crystal molecules in the polymer base may be altered 
and locked using UV light or other method to create a 
polarizable film. Kwon uses this material to make his dual 
polarization layer which despite its name is a passive 
polarization layer as in Faris. 
0010 Tomono, Published U.S. Patent Application 2003/ 
0067563, published Apr. 10, 2003, discloses a 2-D and 3-D 
changeable display, which has liquid crystal layer with plate 
having a matrix of fine holes. This matrix appears to be 
removable to convert between 2-D and 3-D display. Tomono 
is similar to Reveo in that it provides a removable screen to 
convert to 3-D display. 
0.011) Yamazaki, U.S. Pat. No. 6,348,957, issued Feb. 19, 
2002, discloses a direct viewing type LCD device in which 
layout processing is performed to two groups of LC layer, 
where corresponding first and second images are formed. 
0012 While the Prior Art devices may have some success 
in generating 3-D displays, it remains a requirement in the 
art to provide a display which may generate both 2-D and 
3-D images without having to install or remove screens or 
polarizing films or the like. Moreover, it remains a require 
ment in the art to provide a display, which may generate both 
2-D and 3-D images as opposed to a dedicated 3-D display. 
In addition, it remains a requirement in the art to provide a 
2-D/3-D display, which may be integrated into an LCD flat 
panel display to realize a compact size and inexpensive 
construction. 

SUMMARY OF THE INVENTION 

0013 In the presented invention, two images are captured 
for a 3-D scene to simulate human observation using two 
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eyes. The two images are referenced as the left image and 
the right image, respectively. The pixels from both images 
are mixed in certain way and rendered on the display Screen 
Such that the left and the right images are either overlapped 
together on the screen at different display cells at the same 
time (spatial multiplexing) or are overlapped on the Screen 
at same display cell at different times (time multiplexing). 

0014 Each micro-region, referenced as a unit hereafter, 
on the dual polarizing light filter, referenced as DP filter 
hereafter, is aligned to a pixel cell on the display Screen in 
a one-to-one relationship. Light illuminated from each 
screen pixel cell travels through the aligned unit on the DP 
filter and becomes polarized light. Since the polarizing 
direction may be controlled in each unit of the DP filter at 
any time, the screen pixel cells that display the left image 
pixels always illuminate polarizing light in one direction and 
have the screen pixel cells that display the right image pixels 
illuminate polarizing light in another direction after the light 
pass through the DP filter. 

0.015 The two directions of the polarized light illumi 
nated through the DP filter are generally perpendicular. An 
observer may see a 3-D scene through polarizing glasses 
from this mixed pixel light if the polarizing directions of the 
light from the left image and from the right image are 
parallel with the polarizing axis of the left lens and the right 
lens of the polarizing glasses, respectively. 

0016. Within the spirit and scope of the present invention, 
there are a number of ways to mix the left and the right 
images and render them to the display screen. One example 
is to interlace the left image and the right image line by line 
and to render to the odd pixel cell rows and the even pixel 
cell rows respectively. In one embodiment, the odd pixel 
rows of the left image are rendered to the odd pixel cell rows 
of the screen and the even pixel rows of the right image are 
rendered to the even pixel cell rows of the screen. A different 
control Voltage is correspondingly applied to either the odd 
unit rows or the even unit rows of the DP filter so the left 
image pixels and the right image pixels may be distin 
guished by their perpendicular polarizing direction. 

0017 When applying the presented invention to record 
ing devices, two sets of lens groups, spaced apart a proper 
distance to simulate the distance between human eyes, are 
used to collect the left image light and the right image light. 
Light traveling through the different lenses, e.g., left lens and 
right lens, are polarized with the polarizing direction of the 
respective right and left images perpendicular to one 
another. Light through the left lens and the right lens are then 
merged together and redirected towards the image-recording 
device, which may comprise any one of a number of 
electronic or analog image recording devices known in the 
art. 

0018. The DP filter is located in front of a recording 
medium, such as film or an electrical light sensor. The DP 
filter unit is controlled in a way that it either blocks the left 
lens light or blocks the right lens light at different units, and 
half of the units block the left lens light and another half of 
the units block the right lens light. Thus the left image and 
the right image are recorded at different pixel cells on the 
film or on the light sensors (e.g., CCD or the like). 
0019. There are many different arrangements to control 
the DP filter units within the spirit and scope of the present 
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invention. In one embodiment, the odd unit rows are con 
figured on the DP filter to pass the left lens light and block 
the right lens light, and the even unit rows are configured on 
the DP filter to pass the right lens light and block the left lens 
light. When the mixed light from left and right lens both 
travel through the DP filter and reaches the film or the light 
sensors, the odd pixel rows of the film or the light sensors 
records the odd rows of the left image pixels and the even 
pixel rows of the film or the light sensor records the even 
rows of the right image pixels. 
0020. In the present invention, the DP filter use the 
specific property of a liquid crystal (LC) to perform the 
polarizing and other filtering and separation functions. The 
LC molecules in their natural status are arranged in a loosely 
ordered fashion with their long axis parallel to one another. 
When they come into contact with a finely grooved surface, 
the molecules line up parallel along grooves. When LC is 
sandwiched between two plates with the opposite surfaces 
finely grooved and the groove directions of two plates in 
perpendicular, the long axis direction of the LC molecules 
are gradually twisted 90 degrees between the two plates. 
0021 With the polarizing direction parallel to the groove 
direction of the first plate, when the polarizing light passes 
through LC, it follows the direction of the long axis of the 
LC molecules. Thus, the polarizing direction of the incident 
light twists 90 degrees after the light travels through the LC. 
0022. When an electric field is applied on the LC, the 
molecules rearrange themselves with the long axis direction 
along with the electric field direction. Thus when applying 
voltage between the first and the second plate, the LC 
molecules rearrange themselves and stop twisting the inci 
dent light. The light passes through the LC maintains its 
original oscillation direction. 
0023. In the present invention, an optional linear polar 
izing film is combined with an LC sandwich structure, in 
which the LC molecules long axis directions are gradually 
twisted 90 degrees. With two transparent electrode layers 
controlling the Voltage applied to each unit, an electrically 
controllable DP filter is created. Each transparent electrode 
on the transparent electrode layer defines an individually 
controllable micro region, referenced as a unit, of the DP 
filter. 

0024. The polarizing direction on each desired unit of the 
DP filter may be changed and controlled dynamically, pro 
viding the display industry, the media industry, and the 
computer hardware and software industry great flexibility on 
various areas of 3-D imaging, such as image recording, 
image data storing, data signal converting, signal broadcast 
ing, signal mixing and rendering. 

0025 The invention may be applied on any display 
device which illuminates light itself, either regular natural 
light or polarizing light, by slightly varying DP filter struc 
ture. The invention may also be applied on any image 
recording device. When the unit controlling arrangement 
and the image display rendering arrangement of the DP filter 
are the same, the image data process effort may be mini 
mized or even the image may be displayed as is without any 
processing. 

0026. The invention takes advantage of modern LCD 
manufacturing equipment and technologies, thus the cost of 
the new technology evaluation is minimized. The present 
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invention also includes the manufacture method of the DP 
filter. There is no conflict between 2-D image signals and 
3-D image signals in using the invention. A display device 
with DP filter displays 2-D images naturally if 2-D image 
signal is rendered. An image-recording device with DP filter 
may record a 2-D image as well without notice. The polar 
izing light has no affect to the naked eyes or the light sensors 
in a camera for 2-D image application. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0027 FIG. 1 is a perspective view of one embodiment of 
the DP Filter of the present invention. 
0028 FIG. 2 is a perspective view of another embodi 
ment of the DP Filter of the present invention. 
0029 FIG. 3 illustrates the unit polarizing control layer 
of FIG. 1, as it comprises the transparent electrodes and the 
driving circuit. 
0030 FIG. 4 is illustrates the unit polarizing control layer 
106 of FIG. 2. 

0031 FIG. 5 illustrates one unit of the DP Filter of FIG. 
1 embodiment and how the illuminated polarizing direction 
changes when the Voltage applied on the transparent elec 
trode changes over the time. 
0032 FIG. 6 is a perspective view of the DPFilter of FIG. 
1 without the optional linear polarizing film. 
0033 FIG. 7 is a perspective view of the DPFilter of FIG. 
1, in which the second glass Substrate is partially removed 
to clearly show the transparent electrodes arrangement on 
the unit polarizing control layer. 
0034 FIG.8 is a perspective view of the DPFilter of FIG. 
1, with different transparent electrode arrangement, in which 
the second glass Substrate is partially removed to clearly 
show the unit polarizing control layer. 
0035 FIG. 9 illustrates the activate matrix circuitry and 
Switching transistors TFTs used for dynamically controlling 
the polarizing direction of each unit on the DPFilter of FIG. 
1 via the transparent electrodes. 
0.036 FIG. 10 illustrates how the static controlling cir 
cuitry for the transparent electrodes are formed on every 
other rows, or on every columns, for the embodiment of 
FIG 8. 

0037 FIG. 11 is a perspective view of a uniform 2-D and 
3-D LCD device integrated with the DP Filter of FIG. 1. 
0038 FIG. 12 is a sectional view of the DP filter from line 
“A” in FIG. 2 with the incident light from side of first 
substrate 102. 

0039 FIG. 13 is another sectional view of the DP filter as 
in FIG. 12 with the incident light from side of second 
Substrate 107. 

0040 FIG. 14 is a schematic view of one simplified the 
unit polarizing control layer 106 in FIG. 2, where the voltage 
may be statically applied on the formed electrodes and 
drives the LC with the common electrode layer (element 108 
in FIG. 2). 
0041 FIG. 15 is a sectional view of the invention with the 
unit polarizing control layer 106 of FIG. 14 with the incident 
light from side of first substrate 102. 
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0.042 FIG. 16 illustrates the same section view of the DP 
filter structure illustrated in FIG. 15 with the incident light 
from side of second substrate 107. 

0.043 FIG. 17 is a perspective view of a 3-D monitor 
using DP filter, in which the second substrate 107 is partially 
removed to illustrate the structure of the unit polarizing 
control layer 106. 
0044 FIG. 18 is a perspective view of a 3-D monitor 
using DP filter without optional polarizing film 1 of FIG. 1, 
in which second substrate 107 is partially removed to 
illustrate the structure of unit polarizing control layer 106. 
004.5 FIG. 19 is a perspective view of an embodiment of 
a uniform 2-D and 3-D LCD display device with an inte 
grated DP filter. 
0046 FIG. 20 illustrates one application of the DP filter 
of the present invention for recording stereoscopic image 
data. 

0047 FIG. 21 illustrates one unit 109 of FIG. 12 on DP 
filter 100 of FIG. 2 controlling the polarizing direction over 
time. 

0.048 FIG. 22 illustrates one unit 109 in FIG. 13 on the 
DP filter 100 in FIG. 2, which selectively blocks incident 
polarizing light of different polarizing directions over time. 

0049 FIG. 23 illustrates an alternative method to that of 
FIG. 14, for constructing a dual polarizing control layer for 
better performance and higher transparency of the transpar 
ent electrode material 

DETAILED DESCRIPTION OF THE 
INVENTION 

0050 FIG. 1 is a perspective view of one embodiment of 
the DPFilter 14 of the present invention. First glass substrate 
2 and second glass Substrate 7 are facing and spaced apart 
from each other. A common electrode layer 8 is formed on 
the inner Surface of first glass Substrate 2. A unit polarizing 
control layer 6 is formed on the inner Surface of second glass 
substrate 7. A liquid crystal sandwich structure layer 15 is 
formed between the unit polarizing control layer 6 and the 
common electrode layer 8. An optional linear polarizing film 
1 is formed on the outer surface of first glass substrate 2. A 
display screen of any type 11 is attached to the DPFilter 14. 
If display Screen 11 illuminates polarizing light, the linear 
polarizing film 1 may be omitted. 
0051 LC layer 15 may have a first alignment layer 3 and 
a second alignment layer 5 with liquid crystal 4 filled in 
between of them. To maintain a uniform space between 
alignment layers, a spacer, (not shown) may be used 
between layer 3 and layer 5. The groove direction of 
alignment layer 3 and alignment layer 5 are perpendicular to 
one another. 

0052 FIG. 3 illustrates the unit polarizing control layer 6, 
as it comprises transparent electrodes 10 and driving circuit 
25. Driving circuit 25 may have voltage signal conductors 
21, Switching signal conductors 20, and Switching transis 
tors 22 which connect transparent electrodes 10 to circuit 
conductors 21. The arrangement of transparent electrodes 10 
and driving circuit 25 as illustrated in FIG. 3 is only one of 
many possible combinations of different electrode arrange 
ments and different driving circuits. Depending upon the 
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method for driving LC sandwich structure 15 and rendering 
the image on display Screen 11, different driving circuits and 
electrode arrangements may be selected to form unit polar 
izing control layer 6. The space of each transparent electrode 
10 corresponds to a unit of DP Filter 9 in FIG. 1. The size 
of the unit 9 is the same of the size of the pixel cell 16 of 
display screen 11. Each unit 9 is aligned to a pixel cell 16. 
0053. In FIG. 1, light 12 comes from image display 
screen 11, enters DPFilter 14, and becomes polarized light 
13 after passing through linear polarizing film 1. As polar 
ized light 13 passes through LC sandwich structure layer 15, 
the polarizing direction either maintains unchanged, where 
Voltage is applied on the transparent electrodes 10, or is 
twisted 90 degrees where voltage is not applied on trans 
parent electrodes 10. Thus, light passing through different 
units of DP Filter 14 may have two different polarizing 
directions perpendicularly. 
0054. In FIG. 1, transparent electrodes 10 may be formed 
for every unit of DP Filter 14. The voltage is applied and 
only applied on all transparent electrodes 10 in odd rows. 
Thus, the illuminated light from the units of the odd rows 
maintains the polarizing direction of the incident light and 
the illuminated light from the units of the even rows twists 
90 degrees of the polarizing direction of the incident light. 
0055 FIG. 5 illustrates one unit 9 of DP Filter 14 and the 
illuminated polarizing direction 18 changes when the volt 
age applied on the transparent electrode 10 of FIG. 3 
changes over the time. In FIG. 5, incident light 13 has a 
horizontal polarizing direction. No Voltage is applied to 
transparent electrode 10 at time t1 and maintains until time 
t2. The illuminated polarizing light has a vertical polarizing 
direction in the time period from til to t2. A voltage V is 
applied to transparent electrode 10 after time t2 and main 
tains its value until time t3. The illuminated light in the time 
period t2 to t3 has a horizontal polarizing direction. From 
time t3 to tak, the Voltage is dropped back to 0, so polarizing 
direction of illuminated light is vertical again. The Voltage 
signal applied on the electrode is raised back to value V 
again between time ta and t5, and the illuminated polarizing 
direction Switch back to horizontal again, and so on. This 
Figure illustrates that any unit of the DP Filter may illumi 
nates polarizing light in different polarizing directions per 
pendicularly at different times dependent on the voltage 
signal applied on its electrode over time. 
0056 FIG. 6 is a perspective view of DPFilter 14 without 
the optional linear polarizing film 1. In FIG. 6, display 
screen 11 illuminates polarizing light 13. 
0057 FIG. 7 is a perspective view of DP Filter 14, in 
which second glass substrate 7 is partially removed to 
clearly show the arrangement of transparent electrodes 10 on 
unit polarizing control layer 6. FIG. 7 illustrates one of many 
possible arrangements of transparent electrodes 10. Trans 
parent electrodes 10 are positioned for each unit 9 of DP 
Filter 14. This arrangement provides the most flexible con 
trols on the polarizing direction of each unit. The polarizing 
control Voltage may be applied to the electrodes dynamically 
by using, but not limited to, active matrix drive circuits and 
thin film transistors (TFTs), not shown. The voltage signals 
may be flushed through the units of the DP Filter synchro 
nized with the image signals flushed through the pixel cells 
of the display Screen. The polarizing control voltage may be 
also applied to the electrodes statically by using different 
driving circuits for different fixed image rendering patterns. 
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0.058 FIG. 8 is a perspective view of DP Filter 14, in 
which second glass substrate 7 is partially removed to 
clearly show unit polarizing control layer 6. Transparent 
electrodes 10 are formed only on every other row for one of 
many possible fixed image mixing and rendering patterns. 
The pixels of the left image are rendered on odd rows and 
the pixels of the right image are rendered on the even rows. 
It may be predetermined that the odd rows of DP Filter 14 
may maintain the polarizing direction and the even rows 
may twist the polarizing direction 90 degrees. FIG. 8 illus 
trates the electrodes are only formed on odd rows, and thus 
the polarizing direction may be maintained when Voltage is 
applied, while the polarizing light passes through the even 
rows may always be twisted 90 degrees. The control voltage 
may be applied Statically by connecting all the electrodes to, 
but not limited to, a common Voltage source. The Voltage 
may be applied dynamically as well by using active matrix 
circuits and thin film transistors. The TFT switching signals 
may be synchronized with the odd row-scanning signals of 
the display Screen. 

0059 FIG. 9 illustrates the activate matrix circuitry and 
switching transistors TFTs which may be used for dynami 
cally controlling the polarizing direction of each unit 9 on 
DP Filter 14 via transparent electrodes 10. The switching 
signal conductors 20, the Voltage signal conductors 21 and 
Switching transistors 22, along with transparent electrodes 
10 are formed as unit polarizing control layer 6 on the same 
glass substrate, either first substrate 7 or second substrate 2. 
LC sandwich structure 15 is formed between unit polarizing 
control layer 6 and common electrode layer 8. The voltage 
signals added on 21 is switched on or off by the switching 
signal applied on conductors 20, thus each unit 9 may be 
controllably applied the Voltage signal and the polarizing 
direction on each unit may be individually controlled. 
0060 FIG. 10 illustrates static controlling circuitry for 
transparent electrodes 10 formed on every other row, which 
is illustrated in FIG. 8, or on every other column. Voltage 
conductors 24, along with transparent electrodes 10, com 
bined as a unit polarizing control layer 6 are formed for odd 
rows or columns on the same glass Substrate, either first 
substrate 7 or second substrate 2. No voltage conductors or 
transparent control electrodes are formed for the even rows 
or columns. LC sandwich structure 15 is formed between 
unit polarizing control layer 6 and common electrode layer 
8. All Voltage conductors 24 may be connected to a common 
static Voltage source, thus the Voltage is statically applied on 
all the units on the odd rows or columns of the DPFilter and 
thus maintains the polarizing direction of incident on those 
rows or columns. The light passes through all the units on 
the even rows is twisted 90 degrees at all times. 
0061 The DP Filter structures may have multiple alter 
native embodiments without affecting the underlying func 
tionality. One example is that the unit polarizing control 
layer 6 and the common electrode layer 8 may have their 
positions Switched. 

0062 FIG. 11 is a perspective view of the embodiment of 
uniformed 2-D and 3-D LCD device that integrated with the 
DPFilter. First glass substrate 2 and second glass substrate 
7 are facing and spaced apart from each other. A display 
pixel electrode layer 32, display LC sandwich structure 40, 
display common electrode layer 36, second linear polarizing 
film 38, component common electrode layer 8, component 



US 2007/0188863 A1 

LC Sandwich structure 39, component unit polarizing con 
trol layer 6, and display color filter layer 37 are subsequently 
formed between the inner surface of first glass substrate 2 
and the inner surface of second glass substrate 7. A first 
linear polarizing film 31 is formed on the outer surface of 
first glass Substrate 2. 
0063 First polarizing film 31 faces towards LCD back 
light 41. The polarizing axis of the first polarizing film may 
be either vertical or horizontal. The horizontal polarizing 
axis of the first polarizing film in this example is selected to 
help explain this new type LCD structure as follows. Display 
LC sandwich structure 40 includes display first alignment 
layer 33 and display second alignment layer 35, with liquid 
crystal 34 filled in between. First alignment layer 33 may has 
horizontal grooves, which are parallel with the polarizing 
axis of first polarizing film 31. Display second alignment 
layer 35 may have vertical grooves which are perpendicular 
with the alignment grooves direction of layer 33. 
0064 Second polarizing film 38 has a vertical polarizing 
axis, which is perpendicular with the polarizing axis of first 
polarizing film 31. Component LC sandwich structure 39 
includes component first alignment layer 3 and component 
second alignment layer 5, with liquid crystal 4 in between. 
Component first alignment layer 3 may have vertical 
grooves. Component second alignment layer 5 may have 
horizontal grooves, which is perpendicular with the align 
ment direction of layer 3. 
0065. Each pixel cell 9 has three transparent electrodes 
formed in layer 32, one transparent electrode formed in layer 
6, and three color filters, which may comprise red, green, 
and blue, in layer 37. An active matrix circuit and TFT, 
which are not shown, are used to drive display LC sandwich 
structure 40. Thus electric conductors 20, 21, and switching 
transistors 22 are formed with transparent electrodes in layer 
32. Depending upon the method chosen to drive component 
LC sandwich structure 39, the conductors and switching 
transistors comprising the different driving circuits are 
formed with transparent electrodes in layer 6. To maintain a 
uniform space between the alignment layers, spacers are 
used between layers 33 and 35, and between layers 3 and 5. 
0.066 Layers 31, 32, 40, 36 and 38 together perform as a 
light shutter. The applied Voltage, which is an image signal, 
applied to the transparent electrodes in layer 32 for each 
pixel cell decides whether backlight 40 is blocked or the 
amount of backlight 40 which may be passed through. 
Layers 8, 39, and 6 together form a light rotator, which has 
no affect to the color or brightness of the light illuminated 
from a cell. The Voltage applied on the transparent elec 
trodes in layer 6 for each pixel cell decides the polarizing 
direction of the light that is illuminated. Layer 37 provides 
the color of the light that is illuminated. 
0067. There are multiple alternative embodiments that 
may be employed within the spirit and scope of the present 
invention. For example, in an alternative embodiment, first 
polarizing film 31 may be rotated any degrees alpha along 
the light-passing axis, and correspondingly layer 38 may be 
rotated alpha degrees as well so the polarization axis of first 
polarizing film 31 and second polarizing film 38 maintains 
perpendicular. The “degree alpha'just means that the polar 
izing axis direction of liner polarizing film and the alignment 
direction of the alignment layer in LC sandwich can have 
any angle between them, and, between the alignment direc 
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tion of LC sandwich for LCD panel and the alignment 
direction of LC sandwich for the DP filter can have any 
angle as well. In the Figures, a special case is illustrated, that 
is they are either parallel or perpendicular. Display LC 
sandwich structure 40 and component LC sandwich struc 
ture 39 may be rotated a different degrees along the light 
passing axis as well. Different driving circuits may be 
employed and/or layer 37 may be moved to a different 
position, such as between 38 and 8, or between 36 and 38 
and so forth. 

0068. At the application level, multiple pixel mixing and 
rendering patterns for the left and right images may be used. 
This may or may not affect the LCD structure as illustrated 
in FIG. 11. For example, using the mixing and rendering 
pattern mentioned in FIG. 8 may reduce the transparent 
electrodes amount in layer 6 and use the simplified driving 
circuit that mentioned in FIG. 10. It is also possible to apply 
a special coating at different layers for different purposes 
Such as, but not limited to, achieving better light transfer or 
reducing Surface reflection, or for more energy efficiency, 
better performance, or needs of fabrication process and the 
like. 

0069. There are multiple ways to combine the different 
structures of the DP Filter with different circuit driving 
methods and with the different image mixing and rendering 
patterns. It may be apparent to those skilled in the art that 
various modifications and variations may be made in the 
method of manufacturing a DP Filter of the presented 
invention. In addition the display device design may be 
integrated without departing from the spirit or scope of the 
invention. For example, in FIG. 1, first glass substrate 2 may 
be omitted when the DP Filter is integrated into a display 
device Such as plasma TV. 

0070 FIG. 2 is a perspective view of second embodiment 
of DP Filter 100. DP filter 100 comprises of a first trans 
parent Substrate 102, a dual polarizing functional component 
115, a second transparent substrate 107, and a linear polar 
izing film 101 attached to the outer surface of the first 
transparent Substrate 102. Dual polarizing functional com 
ponent 115 comprises a common electrode layer 108, an LC 
sandwich structure 124, and a dual polarizing control layer 
106. LC sandwich structure 124 comprises a first alignment 
layer 103, a liquid crystal layer 104, a second alignment 
layer 105, with spacers (not shown) between the two align 
ment layers to insure uniform spacing between alignment 
layers 103 and 105. First substrate 102 and second substrate 
107 are facing and spaced apart from each other. Dual 
polarizing functional component 115 is formed between 
substrate 102 and substrate 107. A common electrode layer 
108 is formed on the inner surface of first substrate 102. A 
unit polarizing control layer 106 is formed on the inner 
surface of second substrate 107. Liquid crystal sandwich 
structure layer 124 is formed between unit polarizing control 
layer 106 and common electrode layer 108. An optional 
linear polarizing film 101, with polarizing axis direction 119, 
is formed on the outer surface of first substrate 102. When 
incident light from first substrate 102 is polarized, linear 
polarizing film 101 may be omitted. 

0071 LC layer 124 has a first alignment layer 103 and a 
second alignment layer 105 with liquid crystal 104 filled in 
between them. To maintain uniform spacing between first 
alignment layer 103 and second alignment layer 105, a 
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spacer, (not shown) may be used between first alignment 
layer 103 and second alignment layer 105. First alignment 
layer 103 and second alignment layer 105 each have grooves 
formed on their inner Surfaces as shown. First alignment 
layer 103 and second alignment layer 105 have grooves 
formed in directions perpendicular to one another. 
0072 Unit polarizing control layer 106 may comprise 
transparent electrodes and electrical conductors including 
Switching transistor units, (not shown) which control Voltage 
applied on the transparent electrodes. Each transparent elec 
trode 110 is formed in the space divided by the electrical 
conductors and joins the electrical conductors by the Switch 
ing transistor units. Each transparent electrode 110 may 
define a functional and individually controllable DP unit 
109. 

0.073 FIG. 4 illustrates the unit polarizing control layer 
which was illustrated as element 106 in FIG. 2, which 
provides dynamic Voltage control on each individual elec 
trode and thus drives the liquid crystal (element 104 in FIG. 
2) with the common electrode layer (element 108 in FIG. 2) 
to maintain or twist the polarizing direction of polarizing 
light passing through LC layer 104, thus controlling the 
polarizing direction of the illuminated light from DP Filter 
100. The polarizing control layer of FIG. 4 comprises 
transparent electrodes 110 and the driving circuit, which 
comprises Voltage signal conductors 203, Switching signal 
conductors 202 and Switching transistors 201, connecting 
transparent electrodes 110 and the circuit conductors. 
0074 The arrangement of transparent electrodes 110 and 
the driving circuit illustrated in FIG. 4 is only one of many 
possible combinations of different electrode arrangements 
and different driving circuits. Depending upon the method 
used to drive LC layer 104, the usage of the DP filter 
(element 100 in FIG. 2) and the image light incident into the 
DP filter, different driving circuits and electrode arrange 
ment may be selected to form unit polarizing control layer 
106. The spacing of each transparent electrode 110 corre 
sponds to the spacing of each unit of the DP filter (element 
109 in FIG. 2). 
0075 FIG. 12 is a sectional view of the DP filter as 
viewed along line “A” in FIG. 2. Transparent electrodes 110 
on unit polarizing control layer 106 defines an individual 
unit 109 on DP filter 100. The individual units may be 
differentiated to be two types, L units 112 and R units 113. 
An L unit has voltage applied on its transparent electrode 
110 and an R unit does not have a voltage applied on its 
transparent electrode. Liner polarizing film 101 is polarized 
in direction 119. 

0.076 When regular incident light 116 coming from liner 
polarizing film 101 enters DP filter 100, it becomes polarized 
light after passing through linear polarizing film 101. The 
polarizing direction of this light is the same as polarizing 
axis direction 119. When this polarized light passes through 
DP filter functional component 115, the polarizing direction 
maintains unchanged in L units 112 where voltage is applied 
on transparent electrodes 110. The polarizing direction is 
twisted 90 degrees in R units 113 where voltage is not 
applied on the transparent electrodes 110. Thus the light 
passing through the different units of DP filter 100 may have 
two different polarizing directions 117 and 118, perpendicu 
lar to one another. 

0077 FIG. 13 is another sectional view of the DP filter of 
FIG. 12. Incident light, which is mixed of two polarizing 
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light beams 120 and 121 having polarizing directions per 
pendicular to one another, comes from second substrate 107. 
Incident light 121 has a polarizing direction 119, which is in 
the same polarizing axis direction of polarizing film 101. 
Incident light 120 has its polarizing direction perpendicular 
to direction 119. When the light passes through DP filter 
functional component 115, both incident light 120 and 121 
maintain their original polarizing directions in L units. 
Polarizing film 101 blocks polarizing light 120, thus illumi 
nated light 122 from L unit 112 at the first substrate side is 
incident light 121. Meanwhile, both incident light 120 and 
121 are twisted 90 degrees in R units 113 when they pass 
through DP filter functional component 115. Polarizing film 
101 blocks polarizing light 121 thus illuminated light 123 
from R unit 113 at the first substrate side is incident light 
120. Thus the DP filter selectively lets polarizing light with 
a perpendicular orientation pass through on different units. 

0078 FIG. 14 is a schematic view of one simplified the 
unit polarizing control layer 106, where the control voltage 
may be statically applied on the formed electrodes and 
drives the LC with the common electrode layer (element 108 
in FIG. 2). In FIG. 14, all the L units (element 112 in FIG. 
12) and R units (113 in FIG. 12) are arranged and formed in 
separate lines and these L unit lines and R unit lines are 
arranged alternately. Transparent electrode line 510 is 
formed on second substrate (107 in FIG. 2) continuously in 
the space for those units on the same line. These electrode 
lines are evenly distributed across unit polarizing control 
layer 106. The space where transparent electrodes are 
formed comprises L sections 512 and the space without 
transparent electrodes comprises R sections 513 of the DP 
filter. 

0079 Electrical conductors 533 are formed at the edge of 
the second substrate (element 107 in FIG. 2) and connect to 
the transparent electrodes by conductors 514. When a volt 
age is statically applied on electrical conductor 533, the 
voltage is passed to all transparent electrode lines 510 thus 
LC layer 104 may be driven by transparent electrode lines 
510 and the common electrode layer (element 108 in FIG. 
2). With the Voltage applied, the polarizing light passes 
through DP filter functional component (element 115 in FIG. 
12) maintains its polarizing direction on all the unit lines 
where the electrode is formed and twists its polarizing 
direction on all the unit lines where the electrodes are not 
formed. 

0080. The electrode layout in FIG. 14 may be altered to 
have the second substrate (element 107 in FIG. 2) com 
pletely covered by the transparent electrode. This layout 
turns the DP filter (element 100 in FIG. 2) into a single cell 
filter. Thus the DP filter may change the polarizing direction 
of the light passing through at different times or block the 
polarized incident light of different directions at different 
times by controlling the static Voltage on the electrode. 

0081 FIG. 14 discloses one embodiment of the present 
invention, but is not a limitation of the dual polarizing 
control layer. Depending upon the application and manu 
facturing process, the structure may be altered without 
affecting the functionality of the dual polarizing control 
layer. FIG. 23 illustrates an alternative method to that of 
FIG. 14, for constructing a dual polarizing control layer for 
better performance and higher transparency of the transpar 
ent electrode material including, but not limited to, ITO 
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(Indium Tin Oxide) films and the like. In FIG. 23, transpar 
ent electrodes 510 are formed on second substrate 107 in a 
similar manner to FIG. 14. However, electrical conductors 
533 may be formed along with each strip areas. Electrical 
conductors 533 are directly attached with transparent elec 
trodes 510 formed underneath or are connected to transpar 
ent electrodes 510 via conductors at multiple points along 
the stripped electrodes. Thus functional L strip region 512 
and functional R strip region 513 are the areas not covered 
by electrical conductors 533. 

0082 FIG. 15 is a sectional view of the invention with the 
unit polarizing control layer 106 of FIG. 14. Transparent 
electrodes 510 are formed on second substrate 107 and 
evenly divide the space of the second substrate. Transparent 
electrodes 510 and the space between them construct dual 
polarizing line unit areas 129. The spaces without electrodes 
are R areas 513 and the spaces with electrodes are L areas 
512. In L area 512, the static voltage applied on the elec 
trodes drives the LC in this area, thus the polarizing light 
passes through it and maintains its polarizing direction. In R 
area 513, there is no voltage applied, thus the polarizing 
direction is always twisted 90 degrees when polarizing light 
passes through LC 104. So when regular light 116 is incident 
into the DP filter from polarizing film 101, illuminating light 
117 and 118 from the second substrate side has perpendicu 
lar polarizing directions in area R 513 and area L 512 
respectively. 

0083 FIG. 16 illustrates the same section view of the DP 
filter structure as illustrated in FIG. 15, with incident light 
from side of second substrate 107. When the control voltage 
is statically applied on transparent electrode lines 510, two 
polarizing light 120 and 121 with relative perpendicular 
polarizing directions incident into the DP filter may be 
selectively passed through the DP filter on different line 
shaped areas. Polarizing light 120 passes through and illu 
minates from R areas 513 at polarizing film 101 and 
becomes illuminated light 123 and twists its original polar 
izing direction by 90 degrees. Polarizing light 121 passes 
through and illuminates from L areas 512 at polarizing film 
101 and becomes illuminated light 122 while maintains its 
original polarizing direction. 

0084 FIG. 17 is a perspective view of a 3-D monitor 
using DP filter, in which second substrate 107 is partially 
removed to illustrate the structure of the unit polarizing 
control layer 106. In FIG. 17, display screen 800 illustrates 
regular light on each ordinary pixel cell. The image rendered 
on the display screen is in a particular way, that is the left 
image and the right image are overlapped and rendered to 
different lines of the display screen, say the left image pixels 
are rendered on odd display lines 801 and the right image 
pixels are rendered on even display lines 802. In FIG. 17, the 
electrode layer described in FIG. 14 is used as the unit 
polarizing control layer 106. Every electrode line (510 in 
FIG. 14) formed on second substrate 107 is aligned with odd 
display lines 801 one by one. A control voltage is statically 
applied on all the electrodes at all the time. 

0085 Light illuminated from display screen 800 becomes 
polarized light having polarizing direction 119 after passing 
through polarizing film 101. Light from odd display lines 
maintains its polarizing direction when passing through DP 
filter functional component 115 and illuminated out from the 
second substrate 107 as 118. Light from even display lines 
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is twisted 90 degrees when passed through DP filter func 
tional component 115 and illuminated out from second 
substrate 107 as 117. Thus left image pixels are represented 
as light of one polarizing direction and right image pixels are 
represented as light of another polarizing direction. The 
polarizing directions of the two illustrated lights are perpen 
dicular to each other. These perpendicular polarized lights 
may be separated by a pair of polarizing glasses, and thus 
reach an observer's left and right eyes, respectively to create 
a 3-D effect. 

0086 FIG. 17 describes only one possible structure and 
image rendering combination based on the invention. For 
example, using the unit polarizing control layer structure 
described in FIG. 2, or the alternation electrode layout 
described in connection with FIG. 14, which is one continu 
ous electrode covering the whole second Substrate, it may be 
possible to render the left and right image frames alternately 
on display screen 800. Synchronizing the image frame 
signal on display 800 with the Voltage signals applied on the 
electrode(s). Such the Voltage is applied on all the elec 
trode(s) only when the left image is rendering on the display 
800. The left image may be delivered in the light of one 
direction and the right image may be delivered in the 
perpendicular direction. When the left and right image 
altered on display 800 fast enough, observers eye may not 
differentiate the left and right image frame Switching (e.g., 
flicker) and see the 3-D vision. 
0087 FIG. 18 is a perspective view of a 3-D monitor 
using DP filter, in which second substrate 107 is partially 
removed to illustrate the structure of unit polarizing control 
layer 106. In FIG. 18, display screen 900 illustrates polar 
izing light in polarizing direction 919 on each ordinary pixel 
cell. The alternative polarizing film (101 in FIG. 2) is 
omitted in FIG. 18. The groove direction of the first align 
ment layer 103 and the groove direction of the second 
alignment layer 105 are perpendicular to one another. In 
FIG. 18, unit polarizing control layer 106, image rendering 
on display 900 and other structure features are similar to 
those described in FIG. 17. Obviously, the way of construct 
ing the polarizing control layer and the methods of rendering 
the Stereoscope images are not limited to what is demon 
strated here. 

0088 FIG. 19 is a perspective view of an embodiment of 
a uniform 2-D and 3-D LCD display device with an inte 
grated DP filter. In FIG. 19, device 1000 comprises three 
major components, back light unit 1001, LCD panel unit 
1040, and DP filter unit 1080. LCD panel unit 1040 and DP 
filter unit 1080 are aligned pixel-by-pixel and attached 
together after the manufacturing process. LCD panel 1040 
comprises a first linear polarizing film 1002, a first trans 
parent substrate 1003, a signal control electrode layer 1004, 
a first LC sandwich layer 1019, a common electrode layer 
1008, a first transparent thin substrate 1009, and a second 
linear polarizing film 1010. First linear polarizing film 1002 
has a polarizing axis direction 1022 and second linear 
polarizing film 1010 has a polarizing axis direction perpen 
dicular to 1022. First LC sandwich layer 1019 comprises a 
first alignment layer 1005, a liquid crystal layer 1006 and a 
second alignment layer 1007, with spacers (not shown) 
between the two alignment layers to insure uniform space 
between alignment layers 1005 and 1007. 
0089. The groove direction of first alignment layer 1005 
and the groove direction of second alignment layer 1007 are 
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perpendicular to one another. Signal control electrode layer 
1004 comprises transparent electrodes and electrode con 
ductors (not shown) connected to each electrode by switch 
transistors, such as TFT. In every pixel cell 1039, there are 
three individual electrodes formed to independently control 
one of the R, G, and B colors for that pixel cell. LCD panel 
unit 1040 may be typically viewed as a regular LCD panel 
without a color filter layer. 
0090 This LCD panel unit may be constructed in a way 
a little different than a regular LCD panel. Signal control 
electrode layer 1004 is formed on the inner surface of first 
transparent substrate 1003, which may be a glass substrate. 
First alignment layer 1005 may then be formed on top of 
signal control electrode layer 1004. First transparent thin 
substrate 1009, which may be a transparent film, is attached 
to a temporary glass Substrate. Treat the temporary glass 
Substrate with the thin Substrate attached as a regular glass 
substrate and form the common electrode layer 1008 on first 
thin substrate 1009 and then second alignment layer 1007 on 
the top of common electrode layer 1008. Put the spacer 
between the two alignment layers and seal the two com 
pleted side together and fill in the liquid crystal material. 
Form first polarizing film 1002 on the outer surface of first 
substrate 1003, detach and remove the temporary glass 
substrate from the first thin substrate and form second 
polarizing film 1010 on the outer surface of first thin 
Substrate 1009. 

0091 The DP filter unit comprises a second thin substrate 
1011, a DP filter functional component 1020, a color filter 
layer 1017, and a second transparent substrate 1018. DP 
filter functional component 1020 comprises a common elec 
trode layer 1012, a LC sandwich structure 1024, and dual 
polarizing control layer 1016. LC sandwich structure 1024 
has the same structure layout as 1019, comprising a first 
alignment layer 1013, a liquid crystal layer 1014, a second 
alignment layer 1015, with spacers (not shown) between the 
two alignment layers to insure uniform spacing between the 
two alignment layer 1013 and 1015. The direction of the 
grooves in third alignment layer 1013 is equivalent to first 
alignment layer 1005 in the LCD panel unit. The direction 
of the grooves in fourth alignment layer 1015 is equivalent 
to second alignment layer 1007. Grooves in the third and 
fourth alignment layers are perpendicular to one another. 
Polarizing control electrode layer 1016 comprises voltage 
conductors and transparent electrodes formed on every other 
pixel rows; for example, all odd pixel rows. Thus, like the 
embodiment of FIG. 14, odd pixel rows become the L area 
(512 in FIG. 14) where polarizing light passing through 
maintains a polarizing direction and even pixel rows 
becomes the R area (513 in FIG. 14) where polarizing light 
passing through twist its direction by 90 degrees. Each pixel 
unit composes three different color filters on color filter layer 
1017 in the space of a pixel cell 1039. They are aligned and 
mapped to three signal control electrodes in the signal 
control electrode layer 1004 for the same pixel cell to deliver 
different color and brightness on this pixel cell. 
0092. This DP filter unit may be constructed in the similar 
way the LCD unit is constructed. Color filter layer 1017 may 
be formed on the inner surface of second substrate 1018, 
which may be a glass Substrate. Polarizing control electrode 
layer 1016 may then be formed on top of color filter layer 
1017 and then fourth alignment layer 1015. Second trans 
parent thin substrate 1011, which may be a transparent film 
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like first thin substrate 1009, may be attached to a temporary 
glass Substrate. Treat the temporary glass Substrate with the 
second thin Substrate attached as a regular glass Substrate 
and form common electrode layer 1012 on second thin 
substrate 1011 and then third alignment layer 1013 on the 
top of common electrode layer 1012. Put the spacer between 
the two alignment layers and seal the two completed side 
together and fill in the liquid crystal material. 
0093. Detach and remove the temporary glass substrate 
from second thin substrate 1011 and assembler LCD unit 
1040 and DP filter unit 1080 together so that second polar 
izing film 1010 of the LCD unit and second thin substrate 
1011 of the DP filter unit are face to face attached together 
and the pixel cells on the LCD unit and on the DP filter unit 
are aligned by lines and by columns. Finally attach back 
light unit 1001 to first polarizing film 1002 to form a 
complete display panel 1000. 

0094) Layers 1002, 1004, 1019, 1008, and 1010 together 
acts as a light shutter. The Voltage, which represents the 
image signal, applied on transparent electrodes in layer 1004 
for each pixel cell decides whether light from backlight unit 
1001 is blocked or the amount of back light that may be 
passed through. Light passing through LCD unit 1040 and 
illuminated from linear polarizing film 1010 is always 
polarized in a direction perpendicular to 1022. Layer 1020 
acts as a light rotator, which has no affect to the strength of 
the light illuminated from polarizing film 1010, thus no 
affect on the color or brightness of the light illuminated from 
second glass substrate 1018. Only the polarizing direction of 
the light illuminated out is twisted 90 degrees on those pixel 
cells where the transparent electrodes are not formed in 
polarizing control electrode layer 1016. Color filter layer 
1017 provides the color of the light that is illuminating out 
of glass substrate 1018 for every pixel cell. When left and 
right images are interlaced and the left image is rendered to 
the odd pixel rows and the right image is rendered to the 
even pixel rows, the light representing them from LCD 
device 1000 comprises two perpendicular polarizing lights 
1033 and 1032. 

0.095 There are multiple alternatives of this embodiment 
within the spirit and scope of the present invention, serving 
the same purpose or function of this new type LCD device. 
For example, color filter layer 1017 may be moved to 
different position; thin substrates 1009 and 1011 may be 
removed when using different construction methods other 
than the one described above. The position of signal control 
electrode layer 1004 and its corresponding common elec 
trode layer 1008 may be switched. The position of polarizing 
control electrode layer 1016 and its corresponding common 
electrode layer 1012 may be switched as well. There is no 
restriction on what type of driving circuits may be used in 
signal control electrode layer 1004 and polarizing control 
electrode layer 1016. Polarizing control layer 1016 may use 
different layouts to form the electrodes and using different 
driving circuits for different image signal mixing and ren 
dering. For instance rotating the polarizing control electrode 
layers as described above by 90 degree may support the left 
and right image rendering altered on every other pixel 
column instead of every other pixel row. In addition, special 
coatings may be applied at different layers for different 
purposes like, but not limited to, achieving better light 
transfer or reducing Surface reflection, or for more energy 
efficiency or better performance and the like. 
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0096 FIG. 20 illustrates another embodiment of the DP 
filter of the present invention for recording stereoscopic 
image data. The embodiment of FIG. 20 includes a recording 
medium 1150, DP filter 1140, and an optical system. The 
optical system comprises two optical lens systems (not 
shown), two reflecting surfaces 1110 and 1114 for redirect 
ing the light beam transmitted through the right and left lens 
systems, respectively. The optical system also includes two 
linear polarizing films 1120 and 1121 for polarizing the light 
beam from the right and left lens systems, respectively to 
polarize the light in a perpendicular direction. In addition, a 
third reflecting surface 1111 redirect light beams from either 
the left or right lens systems. A light beam splitter 1170 
merges the two light beams from both light channels 
together. 

0097. In FIG. 20, reflective surfaces 1110 and 1114 are 
100% reflection-coated to alter the left or right channel light 
beam by 90 degrees. The reflective surface 1111 is 100% 
reflection coated and is parallel to surface 1110. Beam 
splitter 1170 has two surfaces 1112 and 1113. Surface 1112 
is 0% reflection-coated and surface 1113 is 50% reflection 
coated. Beam splitter 1170 is placed parallel to surface 1114 
and 90 degrees to surface 1111. Linear polarizing films 1120 
and 1121 have their polarizing axis directions 1130 and 
1131, respectively. The two directions of the polarizing axis 
are perpendicular to each other. Polarizing film 1120 is 
placed in the optical path of the right channel light before the 
light reaches reflective surface 1111, and polarizing film 
1121 is placed in the optical path of the left channel light 
before the light reaches reflective surface 1113. 
0.098 Under this arrangement, left channel light 1171 
becomes polarizing light 1173 having a direction 1131.50% 
of this incident light 1173 reflected from surface 1113 
changes its polarizing direction 90 degrees such that 50% of 
the original left channel light 1171 going into DP filter 1140 
has a polarizing direction 1130. Accordingly, right channel 
light 1161 becomes polarizing light 1163 having a direction 
1130 after passing through polarizing film 1120. This polar 
ized light is 100% reflected from surface 1111 and changes 
its polarizing direction 90 degrees. Light 1164 reaches 
surface 1112 and is 100% refracted into light beam splitter 
1170 and 50% of that light passes through surface 1113, such 
that 50% of the original right channel light 1161 going into 
DP filter 1140 has a polarizing direction of 1131. 
0099 Recording medium 1150 comprises an image-re 
coding device used for taking the image incident light, Such 
as CCD or CMOS sensor for digital camera, or film for a 
regular camera. DP filter 1140 is placed in front of the 
recording medium 1150 in the optical path before light 1165 
and 1174 reaches the recording medium. The effective 
resolution of DP filter 1140 is the same as the effective 
resolution of recording medium 1150, and the distance 
between DP filter 1140 and recording medium 1150 is 
carefully calculated and arranged such that the light passing 
through every unit of DP filter 1140 reaches a corresponding 
pixel unit on recording medium 1150. Polarizing axis direc 
tion 119 in FIG. 13 of polarizing film 101 in FIG. 13 in DP 
filter 1140 may be in the same direction as either 1130 or 
1131. 

0100 Light from right channel 1161 is redirected 90 
degrees by reflecting surface 1110. Reflected light 1162 is 
polarized by polarizing film 1120. Polarized light 1163 is 
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polarized in direction 1130 and is redirected 90 degrees 
again at surface 1111 towards recording medium 1150. 
Polarized light 1163 changes its polarizing direction by 90 
degrees on reflecting surface 1110. Reflected light 1164 is 
polarized in direction 1131. Light 1164 100% refracted into 
light beam splitter 1170 and 50% of the light is passed 
through 1165, polarized in direction 1131, while the other 
50% is reflected away 1168. 
0101 Light from left channel 1171 is redirected 90 
degrees by reflecting surface 1114. Reflected light 1172 is 
polarized by polarizing film 1121. Polarized light 1173 is 
polarized in direction 1131. 50% of this light is passed 
through 1175 at surface 1113 while the other 50% are 
reflected 1174 towards recording medium 1150 and its 
polarizing direction changes 90 degrees. Reflected light 
1174 is polarized in direction 1130. 
0102) The 50% light passed through surface 1113 from 
the right channel, which is polarized in direction 1131, is 
mixed with the 50% light reflected by surface 1113 from the 
left channel, which is polarized in direction 1130, after they 
leave the surface 1113. They both reach DP filter 1140 and 
DP filter 1140 selectively blocks the different directions of 
polarized light on different unit cells 109 in FIG. 13. 
0103) A pre-defined image-rendering rule may be used. 
For example, using odd rows for the left channel image, and 
the even rows for the right channel image. DP filter 1140 
may be made or dynamically controlled to block the incident 
polarizing light with direction 1131 on the odd row units and 
block the incident polarizing light with direction 1130 on the 
even row units. In this manner, only the left channel light 
passes through DP filter 1140 at odd rows and reaches the 
odd row pixel cells on the recording medium 1150, and only 
the right channel light passes through DP filter 1140 at even 
rows and reaches the even row pixel cells on the recording 
medium. 

0.104 FIG. 20 illustrates the principle of one embodiment 
of the present invention for creating Stereoscope images or 
image data. For one of ordinary skill in the art, one or more 
lens groups may be insert into the structure described here 
for different purposes such as focusing, Zooming, focal 
length changing, and other traditional lens design tasks. 
0105 FIG. 20 is intended to describe the underlying 
principles of the present invention, but not to limit the spirit 
or scope of the present invention. For example, polarizing 
film 1120, polarized in direction 1131, may be placed 
between surfaces 1111 and 1112. Polarizing film 1120 may 
also be placed in the optical path before the right channel 
light reaches surface 1110. Similarly, polarizing film 1121 
may be placed in the optical path before the left channel light 
reaches surface 1114. Surface 1111 may be placed to com 
pensate for the optical path offset caused by the refraction 
ratios not being equal to one on Surfaces 1112 and 1113, and 
other incidental optical effects. 
0106 DP filter 1140 may also be made and controlled to 
block the left and the right channel light on every unit cell 
109 in FIG. 2 at different time periods, such that recording 
medium 1150 may accept and record the left channel image 
at one time period and accept and record the right channel 
image at a next time period. When these two time periods are 
close enough, the stereoscope image pair may be recorded 
on different frames, one frame for the left image and the next 
frame for the right image. 
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0107 FIG. 21 illustrates one unit 109 of FIG. 12 on DP 
filter 100 of FIG. 2 controlling polarizing direction over 
time. FIG. 21 illustrates the polarizing direction changes 
when the voltage applied on transparent electrode 110 of 
FIG. 12 changes over the time. In FIG. 21, incident light 116 
comes to polarized film 101 of FIG. 12, polarized in the 
polarizing axis direction 1211. A Voltage is applied to 
transparent electrode 110 of FIG. 12 at time period t2-t3 and 
t4-t5. No voltage is applied on the electrode at time period 
t1-t2, t3-t4 and t5-tó. The present time period for the 
example of FIG. 21 is té, when a picture is taken. The 
polarizing direction of the illuminated light is 1211 at the 
time period t2-t3 and ta-t5. The polarizing direction of the 
illuminated light is 1210, which is perpendicular to direction 
1211, at time period t1-t2, t3-t4 and t5-tó. 
0108 FIG.22 illustrates how one unit 109 of FIG. 13 on 
DP filter 100 of FIG. 2 selectively blocks incident polarizing 
light of different polarizing direction over time. FIG. 22 
illustrates the polarizing direction of the light blocked when 
the voltage applied on the transparent electrode 110 of FIG. 
13 of this unit changes over the time. In FIG. 22, the incident 
light coming from second substrate 107 of FIG. 13 mixes 
two polarizing lights having perpendicular directions 1210 
and 1211. Polarizing film of DP filter 101 of FIG. 13 has a 
polarizing axis direction 1210. Voltage is applied to trans 
parent electrode 110 of FIG. 13 at time period t2-t3 and 
t4-t5. No voltage is applied to transparent electrode 110 at 
time period t1-t2, t3-t4 and t5-tó. The present time in this 
example is to when the picture is taken. Light 1212 passing 
through DP filter 101 at time period t2-t3 and tA-t5 is 
incident light 1210. Light 1213 passing through DP filter 
101 at time period t1-t2, t3-t4, and t5-tó is incident light 
1211 but its polarizing direction is twisted 90 degrees from 
light 1211. 
0109 There are multiple ways to combine the different 
structures of the DP filter with different circuit driving 
methods and with different image mixing and rendering 
patterns. It may be apparent to those skilled in the art that 
various modification and variation may be made in the 
method of manufacturing a DP filter and various embodi 
ment of the presented invention, or integrate with the various 
display device design without departing from the spirit or 
scope of the invention. Thus it is intended that the presented 
invention covers the modifications and variations of this 
invention provided they come within the scope of the 
Dual-Polarizing Filter and their equivalents. 
0110. While the preferred embodiment and various alter 
native embodiments of the invention have been disclosed 
and described in detail herein, it may be apparent to those 
skilled in the art that various changes in form and detail may 
be made therein without departing from the spirit and scope 
thereof. 

We claim: 
1. An apparatus for producing three-dimensional images 

including a Dual Polarizing Filter comprising: 

a first Substrate and second Substrate, facing and spaced 
apart from each other, 

a dual polarizing component for selectively changing the 
polarizing status of polarized light passing through 
portions of the first and second Substrates, and 
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a polarizing film attached on outside Surface of the first 
Substrate, wherein the polarizing film attached on out 
side surface of the first substrate polarizes light trans 
mitted into first substrate, and outer surface of the 
second Substrate is anti-reflection treated, 

wherein the dual polarizing component selectively 
changes the polarization status of polarized light pass 
ing through the apparatus to produce first and second 
image portions observed by using polarizing glasses, 
the first and second image portions comprising a three 
dimensional image, and 

wherein the dual polarizing component includes a com 
mon electrode layer, a unit control layer, and a liquid 
crystal sandwich structure layer. 

2. The apparatus of claim 1, wherein the polarized light 
direction to produce the first image portions is Substantially 
parallel to polarizing axis direction of left lens of the 
polarizing glasses and is substantially perpendicular to 
polarizing axis direction of right lens of the polarizing 
glasses. 

3. The apparatus of claim 1, wherein the polarized light 
direction to produce the second image portions is substan 
tially parallel to polarizing axis direction of left lens of the 
polarizing glasses and is substantially perpendicular to 
polarizing axis direction of right lens of the polarizing 
glasses. 

4. The apparatus of claim 1, wherein the polarized light 
direction to produce the first and the second image portions 
have a degree to polarizing axis direction of left lens of 
polarized glasses, which is between 0 degree to 90 degrees. 

5. The apparatus of claim 1, wherein the dual polarizing 
components comprises: 

a common electrode layer formed on a surface of the first 
Substrate, facing the second Substrate, 

a unit control layer formed on a surface of the second 
Substrate, facing the first Substrate, and 

a liquid crystal sandwich structure layer formed between 
the unit polarizing control layer and the common 
electrode layer. 

6. The apparatus of claim 5, wherein the liquid crystal 
sandwich layer further comprises: 

a first alignment layer and a second alignment layer with 
liquid crystal filled in between of them, wherein the 
first alignment layer and the second alignment layer 
have grooves formed on at least one Surface, respec 
tively, the grooves on the first alignment layer and the 
second alignment layer having directions substantially 
perpendicular to one another. 

7. The apparatus of claim 6, wherein unit polarizing 
control layer comprises: 

transparent electrodes and electrical conductors including 
Switching transistor units, controlling Voltage applied 
on the transparent electrodes, 

wherein each transparent electrode is formed in a space 
divided by the electrical conductors and joins the 
electrical conductors by the Switching transistor units. 

8. The apparatus of claim 7, wherein the second substrate 
comprises a plurality of selectively polarizable units, and 
each transparent electrode defines an individually control 
lable polarizable unit. 
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9. The apparatus of claim 8, wherein the unit polarizing 
control layer further provides Voltage control on each indi 
vidual electrode and thus drives the liquid crystal with the 
common electrode layer to maintain or twist a polarizing 
direction of polarizing light passing through the liquid 
crystal layer, thus selectively controlling the polarizing 
direction of light from emanating from the apparatus. 

10. The apparatus of claim 9, wherein the unit polarizing 
control layer comprises: 

transparent electrodes coupled to corresponding portions 
of the unit polarizing layer, and 

a driving circuit, coupled to the transparent electrodes, for 
Selectively activating portions of the unit polarizing 
layer to selectively polarize at least portions of the unit 
polarizing layer. 

11. The apparatus of claim 10, wherein the driving circuit 
further comprises: 

Voltage signal conductors for conducting a Voltage to the 
unit polarizing layer, 

Switching signal conductors, for conducting a Switched 
signal Voltage to selected portions of the unit polarizing 
layer, and 

Switching transistors, connecting the transparent elec 
trodes to the Voltage signal conductors and the Switch 
ing signal conductors, to selectively control Voltage 
applied to selected portions of the unit polarizing layer. 

12. The apparatus of claim 11, wherein the unit polarizing 
control layer comprises a plurality of individual units, the 
individual units comprising first image units and second 
image units, 

wherein first image units have no voltage applied on 
corresponding transparent electrodes such that the 
polarization direction of light passing through first 
image units maintains unchanged, and 

wherein second image units have a Voltage applied on 
corresponding transparent electrodes such that the 
polarization status of light passing through second 
image units is changed Substantially perpendicularly. 

13. The apparatus of claim 11, wherein the unit polarizing 
control layer comprises a plurality of individual units, the 
individual units comprising first image units and second 
image units, 

wherein first image units have a Voltage applied on 
corresponding transparent electrodes such that the 
polarization direction of light passing through first 
image units maintains unchanged, and 

wherein second image units have no voltage applied on 
corresponding transparent electrodes such that the 
polarization status of light passing through second 
image units is changed Substantially perpendicularly. 

14. The apparatus of claim 1, where in the Dual-Polariz 
ing Filter is integrated into an LCD display to produce a 
combined two-dimensional and three-dimensional display. 

15. The apparatus of claim 1, wherein the Dual-Polarizing 
Filter is integrated into a non-LCD display to produce a 
combined two-dimensional and three-dimensional display. 

16. The apparatus of claim 1, wherein the Dual-Polarizing 
Filter is integrated into an image recording device for 
receiving a light source comprising differently polarized 
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portions, such that the Dual-Polarizing Filter selectively 
passes the differently polarized portions to different areas of 
the image recording device. 

17. The apparatus of claim 6, wherein at least one of the 
transparent electrodes may be selectively activated to redi 
rect polarization of a selected portion of polarized light 
passing through the Dual-Polarizing Display Component. 

18. The apparatus of claim 17, wherein the at least one 
transparent electrodes comprises a plurality of electrodes 
each corresponding to one or more of a plurality of pixels, 
such that each unit of the Dual-Polarizing Filter can selec 
tively alter polarization of light for a corresponding pixel. 

19. An apparatus for producing three dimensional images 
including a Dual Polarizing Filter comprising: 
A first Substrate and second Substrate, facing and spaced 

apart from each other, 
A dual polarizing component for selectively changing the 

polarizing status of polarized light passing through 
portions of the first and second Substrates, and 

Wherein the dual polarizing component selectively 
changes the polarize status of polarized light passing 
through the apparatus to produce first and second image 
portions observed by using polarizing glasses, the first 
and second image portions comprising a three-dimen 
Sional images, 

wherein the dual polarizing component comprises a plu 
rality of selectively polarizable polarization-status 
changeable units, 

wherein the polarization-status-changeable units is 
aligned and mapped with image generating cells of an 
LCD panel, 

wherein the first substrate is attached to the LCD panel, 
wherein the second substrate is anti-reflection treated, and 

wherein the Dual-Polarizing Filter is integrated into an 
LCD display to produce a combined two-dimen 
sional and three-dimensional display. 

20. A method of generating a three-dimensional image, 
comprising the steps of capturing a three-dimensional 
image using two two-dimensional images representing two 
dimensional views from a views left eye and a viewers 
right eye, and storing the two two-dimensional images of left 
and right views, respectively, mixing and displaying the left 
view and right view of the three dimensional image on a two 
dimensional display, and viewing the three-dimensional 
image using polarized glasses to view the two dimensional 
display, where polarizing axes of a left lens and polarizing 
axes of a right lens is substantially perpendicular to each 
other, and component of polarizing directions of light from 
display on the polarizing axes of the left lens delivers left 
view and component of polarizing directions of light from 
display on the polarizing axes of the right lens delivers right 
view, such that a viewer wearing the polarized glasses 
perceives a three-dimensional image, 

wherein the two-dimensional display comprises a plural 
ity of image generating cells and a plurality of polar 
ization-status-changeable units, each polarization-sta 
tus-changeable unit aligned with a corresponding 
image generating cells in a one-to-one relationship, and 
wherein light illuminated through each image generat 
ing cell travels through a corresponding polarization 
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status-changeable unit and becomes polarized light of 
different polarize direction. 

21. The method of claim 20 wherein each polarizing unit 
controls polarization direction of light from each corre 
sponding image generating cells Such that image generating 
cells displaying the left view are polarized in a first direction 
and image generating cells displaying the right view are 
polarized in a second direction unequal to the first direction. 

22. The method of claim 20, wherein pixels in the 
two-dimensional display are alternately polarized to display 
pixels from the left view and the right view in successive 
displays, such that at least some of the pixels from the left 
view are polarized in one direction and pixels from the right 
view are polarized in another direction, 

wherein a viewer wearing the polarized glasses sees the 
left view substantially with the left eye and the right 
view substantially with the right eye. 

23. The method of claim 22, wherein the two-dimensional 
display comprises a plurality of image generating pixels and 
a plurality of polarizing units, each polarizing unit aligned 
with a corresponding pixel in the two-dimensional display in 
a one-to-one relationship, 

Aug. 16, 2007 

wherein light illuminated through each pixel travels 
through a corresponding polarization unit and becomes 
polarized light. 

24. The method of claim 23 wherein each polarizing unit 
controls polarization direction of light from each corre 
sponding pixel Such that pixels displaying the left view are 
polarized in a first direction and pixels displaying the right 
view are polarized in a second direction unequal to the first 
direction. 

25. The method of claim 24, wherein the first direction 
and the second direction are Substantially perpendicular. 

26. The method of claim 20 wherein the left view and the 
right view are interlaced on the two-dimensional display 
such that pixels for the left view are displayed on one or 
more rows alternated by pixels from the right view on one 
Oi Oi OWS. 

27. The method of claim 22 wherein the left view and the 
right view are interlaced on the two-dimensional display 
such that pixels for the left view are displayed on one or 
more columns alternated by pixels from the right view. 

k k k k k 


