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Abstract A new design of the liquid crystal lenticular
(LCL) lens array with interlaced electrodes is proposed to
realize an auto-stereoscopic 3D display. The structure of
interlaced electrodes aims to generate a desired non-uni-
form electric filed to improve the focusing ability of the
LCL-lens array with lower voltage drives. This paper is
organized as first to describe the design criteria of a lenticu-
lar lens sheet for wide extended graphics array LCD panel.
Based on the designed lenticular lens array, an LCL-lens
array with proposed interlaced electrodes is next designed.
The fabrication and the detailed structure are given.
A series of experiments are then conducted and success-
fully verify the focusing capability and desired 3D display
functions, that is, to separate two images to right and left
eyes. Also, the developed auto-stereoscopic 3D display
is able to adapt to varied viewer locations with favorable
imaging quality.

1 Introduction

Commercial auto-stereoscopic display systems have
recently been equipped optical lenticular lens sheets in
order to realize the function which is able to support two
images or views to right and left eyes of viewers. In appli-
cations of auto-stereoscopic display, the method of using
the lenticular lens sheet, also called time- or spatial-mul-
tiplexed method, is first proposed as a patent by Ichinose
(Ichinose 1989). The method has advantages in displaying
3D images, which includes high luminous performance,
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movability of eyes position with constant view distance
and functionality of multi-viewer. Besides, it can be easily
manufactured with low cost. Owing to these advantages,
some studies about lenticular lens sheets have been pro-
posed. Berkel et al. (1996) have proposed some research
works about the method of using lenticular lens sheets on
multi-view auto-stereoscopic displays, and he has also pro-
posed that slanted lenticular lens sheets or pixels could rec-
tify the negative effects of flipped images by imposing gaps
between lens and pixel (Berkel and Clarke 1997; Berkel
1999, 2000). Later research works were dedicated to reduce
the so-called corsstalk, a common problem of a 3D auto-
stereoscopic display, which is caused by the interference
between the images on right and left eyes. Solutions were
proposed to ease the problem, such as the active shutter
glasses (Ra et al. 2011), dynamic backlight unit (Liou et al.
2011) and the unit 3D optical line (Kim and Yoon 2013).
Most recently, the technology of the 3D auto-stereoscopic
display is applied to mobile devices (Lee et al. 2012). To
this end, 2D/3D switchable displays is first realized by a
method of dual-lenticular lens sheets (Takanashi et al.
2004). Moreover, the method of using solid lenticular lens
sheets has been proposed to be replaced by liquid crystal
lenticular (LCL) lens array sheet (Hong et al. 2008, 2009;
Huang et al. 2009) in order to control viewer distance based
on a function of tunable focal length provided by the LCL
lens array. For the method, some critical issues of LCL lens
array should be resolved, like non-smooth refractive index
distributions and often-required high voltage drives (Chiu
et al. 2008; Ren et al. 2007; Kao et al. 2010).

To remedy the aforementioned issues of the LCL lens,
this study proposes a new e liquid crystal lenticular lens
array with interlaced electrodes to realize an auto-stereo-
scopic 3D display. The proposed LCL module owns merits
of much smoother index distributions to mimic a perfect
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lens, lower drive voltages and capable of adapting to varied
viewer locations with favorable imaging quality. The paper
is organized as follows. Section 2 describes the design prin-
ciples. Section 3 elaborates the fabrication process. Sec-
tion 4 is on experimental validation.

2 Design principles

The design procedure is stated in the following two sec-
tors. Section 1 states the design of the lenticular lens sheet
for the chosen WXGA LCD panel. The viewing distance
which is from viewers to display panel should be first
defined by designer. Section 2 presents the proposed design
of the LCL-lens with interlaced electrodes to improve the
focusing ability. The required parameters of the LCD panel
are resolution and pixel size, which are able to be used to
calculate the focal length, f, of the lenticular lens sheet with
respect to the desired viewer distance. Note that the LCL-
lens array is desired to mimic the refractive index distribu-
tion of a perfect solid lenticular lens sheet.

2.1 Design of the lenticular lens sheet

The function of the lenticular lens sheet is to create an
image pair and force two eyes of the viewer to be received
with the separately different image (Berkel et al. 1996).
The design of the lenticular lens sheet which covers two
sub-pixels is proposed in this study as shown in Fig. 1. In
this design, the sub-pixel pitch is set as 258.75 wm, which
is one of WXGA screen specifications as listed in Table 1,
while the lens pitch is 517.5 wm. This study aims to design
a 2.8 inch small-sized two-view auto-stereoscopic display
system (W56.93 x H42.70 mm). The lens numbers in this
the lenticular lens array module is 110. Figure 2 shows the
relative positions of two human eyes, a lenticular lens sheet
and pixel pairs. According to the statistical information, the
pupillary distance (DP) for adults varies from 50 to 70 mm,

,P. Py

Fig. 1 Configuration of a module of the lenticular lens sheet and
associated pixel elements
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Table 1 WXGA screen specification

Items Unit Specifications
Screen diagonal inch 15.4
Active area mm? 207.0 x 331.2
Number of sub-pixels dot 1,280(W) x 3(RGB) x 800(H)
Pixel pitch pm 258.75
Sub-pixel pitch wm 86.25
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Fig. 2 Configuration of the two eyes and the auto-stereoscopic dis-
play system using the lenticular lens sheet module

while the mean value is around 65 mm. In addition, the
viewing distance is defined as the distance between viewers
and the panel of the 3D display system for the viewer to be
received with 3D image, which is setting as 400 mm for the
2.8 inch panel. Two eyes should receive the rays from dif-
ferent pixels. It means that the left and right eyes receive left
and right image, respectively. When the viewer moves hori-
zontally in view zone, it should be ensured that left and right
eyes receive well their corresponding images. In this study,
the horizontal moving range of view zone is considered as.

Dp — Wy
DMZ#

where W is the width of the panel, 56.925 mm; D, is
designed as 4.0375 mm for this study to ensure all pixel
pairs and the lenticular lens sheet are located between two
eyes. The range of incident ray angle, 6, for the right eye
can be obtained as

) (1)

0° < 0 < Omaxs @
where 6,,,, can be derived as
Dp
Omax = tan" [ — |,
‘max an ( Dy ) (3

then 6, can be calculated to be 9.23°.
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Fig. 3 Trigonometric relation
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In order to receive the image of right eye, all rays which
are emitted by right pixels are received by right-eye from
display passing through the lenticular lens sheet. Moreo-
ver, the analysis on the rays can be conducted in a way that
the light emits from right eye due to reversible property of
light. On the other hand, all rays emitting from right eye
can be focused at all of the right pixels to achieve image
separation. The focal position is varied for different inci-
dent ray angels of the lenticular lens sheet. However, the
quality of the image separation could be decreased if the
focal length is not short enough to change the light direc-
tion on the correct pixel even though the eye is still in the
moving range, Dy, due to the fact that the focal position
is out of boundary of the available pixels. In Fig. 3a, the
boundary condition for this design is defined as the maxi-
mum focal length, f, ., which is able to force the rays to
focus on the boundary of the most left pixel when the right
eye is located at the most right position on moving range.
The ray tracing between the right eye and the most left
pixel pair is able to be simulated by trigonometric functions
and Snell’s law such that the radius and focal length of the
lens unit can be derived as below. The most left ray and
the trigonometric relationship as shown in Fig. 3a, are con-
sidered for analysis. R is the radius of the lens unit. If the
direction of ray can be changed to the position on the right
pixel, the function can be represented as

ng sin(fmax + Or) = nsin bR, “4)
where ny is the refractive index of air. 6y can be written as
Pp
Or = sin 1 (— s
R =sin (=) ®)

and then the radius R can be obtained as

R . _1(Pp n — COS Omax
— - cos |sin — || =——
P R ©)

P sin Qmax

The refractive index of the lens is assumed as 1.54 which
is the index number for glass. Figure 3b shows the trigo-
nometric relationship in focusing rays tracing of vertically
incident rays between a unit of lenticular lens sheet module
and a pixel pair. In this figure, the rays focus to center of
the pixel pair. Based on Fig. 3b, one can derive

sinfg = nsin 6y, @)
Or =01 + 65, (8
and

R _a
sinf,  sinf ®)

Finally, the desired relationship between the radius and
focal length of the lens unit is

Pp
n - sin [sin_1 (%) — sin~! (%)}
With Eq. (10) in hands, the design criteria of radius and
focal length for the lenticular lens sheet are successfully
established for the 2.8 inch WXGA LCD panel. The radius
and the focal length are designed as 0.935 and 2.61 mm,
respectively. The resulted optical performance of the LC

lens unit to be installed in a LCL module can be guaranteed
based on the above calculations.

fmax =R+ (10)

2.2 Design of the LCL-lens array

A gradient index (GRIN) lens owns the refractive index
distributed in a particular gradient manner along the radial
direction of the lens (Yeh et al. 1999) such that the lens acts
as a perfect solid converging/diverging lens. With available
technologies of liquid crystal lenses to realize GRIN lens,
typical focusing and/or zooming modules can be designed
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and assembled successfully without lenses moving along
the optical axes of the modules (Lueder et al. 2001), thus
significantly reduce the overall size of the lens module.
Based on this basic principles of GRIN lens, the liquid
crystal lenticular lens array is proposed in this study. It is
designed to own the pre-designed index distribution along
the radial direction of the LC lens as

r2

2dcfs’
where r and ng . are the radius of the GRIN lens and
the associated maximum refractive index, respectively.
In addition, the lens thickness is denoted as dg, while f;
is the resulted focal length. The index change along the
radial (cross-width) direction of the LCL-lens also needs

Y

ng(r) = NG,max —

Fig. 4 Four types of electrode
layouts of the LCL-lens: a par-
allel and b interlaced electrode
layouts with parallel-to-elec-
trode stripes rubbing, ¢ parallel
and d interlaced electrode lay-
outs with vertical-to-electrode
stripes rubbing

(a)

to follow Eq. (11). Based on this equation, with appropri-
ate designs of index distribution dg, ng(r) and ng . @
desired focal length of the LCL-lens f; ;. can be achieved,
yielding

(1ow)?

2dicr [nLcLmax — nLcL(w)]’

ficL = (12)

where the subscript LCL denotes liquid crystal lenticu-
lar, d; ¢ is the thickness of its LC layer and w denotes the
width of the LCL-lens. Note from Eq. (12), the focal length
of the LCL-lens is proportional to the square of (1/2)w and
in an inverse proportion to the lens thickness and the dif-
ference between ny ¢ . and npcp (w). The liquid crystals
adopted for the LCL lens is the E7 by Merck Inc.

- —eerrrs 4 srr27
- c—errrs sr02777
- s s ss27 77 AN sr277
- Lt A RS PN LIARRARR AR LN e
- LRt NN AR RRR LY 11177
- e ARy VNN NNNANY 17777
- sz AN AR RN LLAAY
- ———r s 1170010 VNN ANV 17717
- —Aqss7 111000 13 BB BB 117710
- ————— 110000 AR EENY 11
- ———— v 171711 A I TR T Y rrrr
________________ —————— sl 277 LA T A U W W WY RN
—————————————————————— - et LU IR T I LA
(c) (d)
NN N NN NN AN NN NN N S e ————— boalo oo b ola]als .
LR {1 A N NN N N NS === NN Ny B IR EREIRINN .
C/SVAMLAN VA VLV VLNV S~ e e e e IR RNy .
Z=AVAV LAV AV LAV NN S = B e N N N EEEEE R .
ZSVAN VAL VAV VNN NN NS S N N NN REEEEEIERRY '
AR A A R R B N TV VIV Y '
ZNVEVVVVL VNN AN S S NSRS SSSSNSNNNNNNNNANS FEEVAV VAN NN B NN 0
'/\\\k\\\\\\\\\\\\\\ BN R S FEUVVAAVNAAN ——SSSSNANNN '
TNV ANLAVA AN AANNNANS S S S ANSSSSSNNANNN VAN EEEEER RSN ——= S SSNNNANN '
TNV ULAAN N NNNNNNSSSS SSNVNNMANAVAS [ N VA NANAN SSSSSNNNNN '
»_\\\k\\\\\\\\\\\~\~ NNAAVN AV PV AVANANN ~SSSSNAN '
TNV VN AN NNNNNSNSSS SN NAVN AN VALY P UANANNNNNSNSNSSS S~ ~~SNNNAN 1
NNV AANNNNANNNSSSSs s SMANA S VS FEUVANNNNNSSSSSS SSSSNNANAN 1
=SV N LASNNNNNSNSSSS~ N\BR BB RBIAN P UANNNNANSNSSSSS- SSNNANNNY 1
c=~ N\ QN A B BB B RIAN L UVNNNNSSSSSSSs SSNNNN AN 1
NAN BB FIUVNNNSSS NSNS ~SNNANAN 1
B BIBIARIAN S UANNNSSSSSSS~ ~\\\§\\\\ 1
[ B R AN S UANNS NS S =~ —=<SAaNVANY 1
AR Sy ANS S S S ~SANANA 1
NENNENENINENENEN fralva s s ssss~ N S MR WY '
NNSNASNSNSNNS EECEEREE ~~~-~-‘—-~~~~~~-----\A}I‘r\\l .

Fig. 5 Director distribution of LC molecules in the LC lenticular lens: a parallel electrode layout with vertical rubbing, b interlaced electrode
layout with vertical rubbing, ¢ parallel electrode layout with parallel rubbing, d interlaced electrode layout with parallel rubbing
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The LCL-lens array used in auto-stereoscopic displays
could be realized based on the design of the lenticular
lens sheet stated in Sect. 1. The previous design achieves
the short focal length of 2.61 mm for the lenticular lens
sheet and the cell gap of the LCL lens array as 100 pm.
In addition, there are four different combinations of elec-
trode pattern design and rubbing direction, with which the
perfect distributions of refractive index as shown in Fig. 4
can be realized. Two of four designs for parallel electrode
pattern are shown in Fig. 4a, c, which are rubbed with two
directions, parallel and vertical, respectively. The parallel
rubbing means that the direction of rubbing is paralleled
to the striped electrodes. For the other two as shown in
Fig. 4b, c, the configurations of the electrode are designed
to be interlaced structures, both of which are also rubbed
to parallel and vertical directions, respectively. The related
LC optics with the four configurations are simulated by

DIMOS.2D (from AUTRONIC-MELCHERS GmbH
Corp.) to determine the best refractive index distribution
to mimic a lenticular lens sheet capable of perfectly focus-
ing. In the simulation, the distributions of LC molecules
and electric fields are obtained and shown in Fig. 5a—d,
which are the results corresponding to the configurations
in Fig. 4a—d. The refractive index distributions are able to
be obtained via the post analysis on the LC molecule dis-
tributions, and shown in Fig. 6a—d. The analyzed results
include the four configurations and one ideal case, shown
in each sub-figures in Fig. 6. In Fig. 6a and c, the discli-
nation effect occurs for the parallel-type electrode layout
regardless of the rubbing directions. On the other hand,
the analysis result for the interlaced electrode layouts
with parallel rubbing, which is shown in Fig. 6d, is bet-
ter than those with vertical rubbing as shown in Fig. 6b.
This is mainly due to the obvious fact in this figure that
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tive index: a parallel and b 1.75 4 ; ” ; 1754 . o . -
interlaced electrode layouts with / \ ]/ \ | f ] I / \ \ j \ / ] \
parallel-to-electrode stripes rub- w 170 4 J | / | ] / \ I 5 170 4 ] ] \ j \
bing, ¢ Parallel and d interlaced -§ j/ \\ \.ﬁj \X J /f . // \x E i j\j \ J \ \ S
electrode layouts with vertical- = 1654 [ 4 | i \ 3 o 1659 1Y j 1] \ oA
to-electrode stripes rubbing E I \ =
S 1.60 A j g 1.60 A
s =
£ 3}
& 155 \ & 554
1.50 T T T T T T 1.50 T T T T T T
0.000 0.005 0.010 0.015 0.020 0.025 0.0 0.5 1.0 1.5 2.0 2.5
Position (mm) Position (mm)
(c) 1.76- _ (d
1.744 A /\ 175 1
5 1724 I \ ] \ ] \ ] \ | e
k] " ) (5] J
k= 1.704 j \ ] \ —E 1.70
o 1681 \ | \ j | R
= 1 | \ | | j v j \\ 2 165
3 1.66 A /j Yy | ! =
& 1.644 | \ IRy | I/ \ / | s
S / ;o W 5 160
& 162] | i i i &
160 ] \ J
' 1.55 1
1.58 '

1.0 1.5 2.0 25

Position (mm)

(O
1.70 4
1.65

1.60

Refractive Index

i

1.55

NN

0.0

05 10 15
Position (mm)

T

0.0 0.5 1.0

1.5

Position (mm)

2.0

T

25

@ Springer



1430 Microsyst Technol (2014) 20:1425-1434
. 380um Table 2 Fabrication parameters
1.75 4 -
. Layer Processing Thickness
170 4 © ITO glass substrate - 550 pm
% Striped electrodes Etching 0.1 pm
E PI Coating: 3,000 rpm/30 s; ~1,600 nm
.QZ) 165 hard-baking: 200 °C; before rubbing
k3! rubbing: 1.5°
g
E L60 4 LC, d; ¢, - 100 pm
1.55 4
e array are determined following the designs in the previ-

T T T T
120 1.25 130 135 140 145 1.50

Position (mm)

Fig. 7 Distributions of refractive index for different electrode widths
of the proposed interlacing electrodes with parallel rubbing

the index profiles with interlaced electrodes and parallel
rubbing approach better the ideal distribution of refractive
index. Then, the structure of interlacing electrode layout
with parallel rubbing is adopted for the LCL lens design
in this study. Finally, the width of the interlacing elec-
trode is also an important factor to influencing the refrac-
tive index distribution. Figure 7 shows the distribution
of refractive index with different electrode widths of the
proposed interlacing electrodes with the parallel rubbing.
Considering the simulated results, the width of 280 wm
is the best design since it leads to the index distribution
closest to the ideal curve.

3 Fabrication
The fabrication process of the striped electrodes on a glass

substrate for the proposed LCL-lens array is given in the
followings. The structure and varied sizes of the LCL-lens

Glass Substrate

360um

550um

dy 1 =100u
-— — -
0.lum

LAAAA  ARAAAAAA  LAASAE

w=517.5um [ =]
-t > 8
<

=

1.035mm
- > Glass Substrate

== -LCLayer - Lower-electrode (with grounding)
mmmm - Upper-electrode (with applied voltage) ——— . p1

Fig. 8 The structure of the proposed LCL-lens
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ous sections. The finalized structure is illustrated by Fig. 8,
where it includes two glass substrates with striped elec-
trodes and an LC layer in between. Besides, there are two
polyimide (PI) layers (AL-1426B, from Daily-Polymer
Corp.) sandwiching the LC layer. The designed sizes of the
LCL-lens array structure are given in Table 2.

The two ITO glass substrates with identical thickness
of 550 wm are etched with patterned 0.1 pm-thick ITO
striped electrodes. Each ITO electrode owns a verified
transmittance of 94 %. In addition, PI layers are spin-
coated for implementing rubbing on the tops of the two
glass substrates. This spin-coating was conducted at
3000 rpm for 30 s. After the spin-coating, the PI layer
is baked at 200 °C for 1 h. Both PI layers are rubbed to
form micro-grooved surfaces. This leads to LC pre-tilts
of 2°. The two glass substrates are stacked with 100 pm
spacer, optical glue mixing spacer particles (Micropearl,
from SEKISUI CHEMICSL Corp.) in between. The LC
E7 from Merck is then filled in the gap between the two
glass substrates. E7 owns the ordinary refractive index,
n,, of 1.5183 and the extraordinary refractive index, n,,
1.7371. Figure 9a shows the photo of the etched ITO
glass substrate, while the fabricated proposed LCL-lens
in Fig. 9b.

4 Experiment validation

With the designed LCL-lens array fabricated, experiments
are conducted next to validate the expected performance.
Figure 10 illustrates the experiment setup for observing
the focusing quality of the fabricated LCL-lens array
which is shown in Fig. 9b. A He—Ne laser of wavelength
632.8 nm is utilized as the light source. The emitted light
beam passes through a 20X beam expander, an iris, a
polarizer, the LCL-lens array, an analyzer and finally
reaches a charge-coupled device (CCD). The iris is used
for trimming the incident light from the laser to observe
the interference pattern easily. The polarizing direction of
the polarizer, rubbing direction of the PI layer and that of
the analyzer are in 45° difference subsequently, in order
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(a) (b) Upper-electrode (with applied voltage)

Lower-electrode (with grounding)

Fig. 9 Photos of a the etched ITO glass substrate and b the fabricated LCL-lens array

Fig. 10 Experiment apparatus Beam Expander Polarizer -45° Analyzer 45°

Fig. 11 The measured interference patterns of the LCL-lens module with applied driving voltages from 0 to 40 V

@ Springer



1432

Microsyst Technol (2014) 20:1425-1434

Fig. 12 Extracted indices with
applied voltages of a0V, b
20V,¢30V,d40V,e50V, f
60V,g70V and h 80V from
measured interference patterns
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Fig. 13 The focal lengths of the purposed LCL-lens array with
applied voltages, 20, 30, 40, 50, 60, 70 and 80 V

to generate desired striped interference patterns. Finally,
for a clear interference pattern in the CCD, the LCL-lens
array is placed at the focal point of the lens module of the
CCD.

Figure 11a-h show resulted experimental interference
patterns of the proposed LCL-lens array with different
applied voltage, 0, 20, 30, 40, 50, 60, 70 and 80 V at
1 kHz, respectively. It is clearly seen from Fig. 1la-h
that the interference stripes are more densely present
as the applied voltage increasing, rendering shorter
focus lengths of the LCL-lens array. The interference
patterns shown in Fig. 1la-h are next deciphered to
extract the focus length with different applied voltages.
Note first that the set of polarizer-LC-lens-analyzer in

Fig. 14 The measurement
method for capturing images to
right and left eyes

Image for right eye

Output

e

the experiment shown in Fig. 10 presents a standard
crossed-polarizer setup for the LC lens. Based on basic
liquid crystal optics (Yeh et al. 1999), the phase delay
between two adjacent bright or dark stripes in Fig. 12
corresponds to a phase change of 2x. Thus, the resulted
effective index difference between these two stripes can
be calculated by

A
Aneff = ——, (13)
dicL
where Ang; is defined as the effective anisotropy across
LCL-lens array thickness along an LC column (Lueder
et al. 2001) which is

1
Aneff(zw)dLCL =R, (14)

where 1/12.2w is the width of the LCL-lens which is also
called the radial (cross-width to the lenticular lenses) posi-
tion of the lens and

dicL
R= / An(z)dz, (15)
z=0
is the total optical retardation through an LC column. Also
in Eq. (13), An is the optical anisotropy of a single LC
molecule.

With the above index difference between adjacent
bright stripes in hands and the fact that the effective
index of the central solid circle in Fig. 12 corresponds
to n.s = n, = 1.7371, the indices at varied radial posi-
tions of the LCL-lens can be derived as shown in
Fig. 12. Assuming the LC lens acting like a GRIN lens,
the derived indices are fitted into a parabolic curve for

".‘, Output

(=]

Image for left eye

LCD with LCL-lens

Image of green-magenta stripes
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estimating the focus length of the lens. The results are
shown in Fig. 13. It is seen that the dynamic range of
the focus length ranges from 2.50 to 10.43 mm, and it
is obviously that the focal length, 2.63 mm, of the LCL-
lens array with applied 70 V is closest to the desired
focal length, 2.61 mm. The focus lengths herein based on
the fitted data are regarded as and actually should be very
close to actual focal lengths.

Moreover, another experiment is conducted for dem-
onstrating that the proposed LCL-lens array has the func-
tion of image separation. A method of the experiment is
shown as Fig. 14. The image of green-magenta stripes is
inputted to the panel with the LCL-lens array. The camera
is located at two positions which are 400 mm away to the
panel, and used in place of right and left eyes of the viewer
to capture. The two images are able to reveal the function
of image separation when the two images are only shown
as magenta or green, respectively. By this result, the pro-
posed LCL-lens array is well proven capable of separating
the images to left and right eyes, successfully realizing an
auto-stereoscopic 3D display with adaptability to varied
viewer locations.

5 Conclusion

An LCL-lens array with interlaced electrodes for a two-
view 2D/3D switchable auto-stereoscopic LCD display in
2.8 inch is designed and analyzed. The design criteria of
the lenticular lens sheet and the LCL-lens array used in
an auto-stereoscopic display are distilled. Suitable designs
of the lenticular lens sheet and novel structure designs of
the interlaced electrodes have been proposed to be used
in the 3D display system and analyzed via DIMOS.2D
for optimizing the proposed LCL-lens array performance.
A practical LCL-lens array is fabricated based on the dis-
tilled design guidelines. Finally, the performance of the
designed LCL-lens array is successfully demonstrated with
measured interference patterns. It is successfully shown
that the proposed LCL-lens array is capable of separating
the images to left and right eyes, successfully realizing an
auto-stereoscopic 3D display with adaptability to varied
viewer locations.
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