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Abstract 
Stereoscopic 3D technology using patterned retarder 

and eyeglass of circular polarizer shows dependence on 

the user position and condition of circular polarizer 

eyeglass. Cause of these dependencies and its effects on 

the 3D display performances were analyzed.  
 

 

1. Introduction 

  

Various types of 3D displays are gaining much 

attention these days. [1-3] However, characterizations 
of these 3D displays are still on the initial stage. 

Commercial stereoscopic 3D using patterned retarder 

method has been reported recently. Its configuration is 
shown in Figure 1. [4] Patterned retarder consists of 

two regions of horizontal stripe shapes of pixel pitch 

width where optic axes of each region of anisotropic 
material are mutually perpendicular. Linearly 

polarized light coming from horizontal even or odd 

lines of LCD becomes circularly polarized light of left 
or right-handedness as it passes through the different 

regions of patterned retarder. Each eye can see only 

left or right lines in LCD through circular polarizer. 
By displaying the image data for each viewing zone 

on the horizontal lines of LCD, user can perceive 3D 

images.  
While this 3D method provide wider 3D viewing 

zones compared with autostereoscopic 3D, it was still 

reported that 3D image can be perceived only on the 
limited vertical range. In addition, as eyeglass affects 

the 3D performance, characteristics of eyeglass need 

to be clarified. [2] Therefore, in this paper, we derived 
the factors that affects the display performance and 

analyzed how the performances are affected. 

 

2. Dependence on eyeglass 
  

In stereoscopic 3D where users watch 3D image 

wearing the special eyeglass, characteristics of 
eyeglass affect the overall performance. Circular 

polarizer is used as eyeglass in 3D technology using 

patterned retarder.  

 

Circular polarizer typically consists of linear 
polarizer and retarder film of Quarter Wave Plate 

(QWP) where their optic axes are aligned at 45 degree 

as shown in Figure 2(a). Condition of QWP is 
typically satisfied only for one wavelength. It is, 

therefore, difficult to convert linear polarization to 

circular polarization for visible light which is 
approximately in the wave length range of 

300~700nm. For example if QWP is designed for 

green color, incident light of red or blue color will be 
converted not to circular polarization state but 

elliptical polarization state as shown in Figure 2 (b). 

As a consequence, direction of optic axis of 
anisotropic medium making circular polarizer in 

eyeglass should be considered with respect to optic 

axis of the 3D display.  
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Figure 3 (a) shows the change of polarization state 
at the configuration of the minimum transmittance. 

When optic axis of QWP on the 3D display and the 

eyeglass of circular polarizers are perpendicular and 
the retardation value of QWP is the same, perfect 

compensation of phase change is possible irrespective 

of wavelength of the incident light.  Hence, if 
polarization axis of the circular polarizer is selected to 

be perpendicular to optic axis of front polarizer of the 

LCD, light leakage at the minimum transmittance can 
be minimized.  

For the same configuration of circular polarizer of 
eyeglass, light coming through other region of 

patterned retarder corresponds to the case of the 

maximum transmittance as shown in Figure 3(b) 
where optic axis of patterned retarder is perpendicular 

to that of Figure 3(a). In this case, polarization state 

through QWP of the eyeglass is circularly polarized or 
elliptically polarized depending on the wavelength of 

the incident light is not constant and dependent of the 

spectral dispersion characteristics of retardation 
material making QWP. This dependency can be 

compensated by adjusting the relative intensity of 

RGB gray levels in the image data. 
Using eyeglass of circular polarization of wrong 

configuration can result in the increase of light 

leakage at the condition of minimum transmittance 
and the deformation of color performance in 3D mode.  

 

Fig.2  (a) Examples of circular polarizer 

made by linear polarizer and QWP  and 

(b) corresponding polarization state 

represented on  the Poincare sphere seen 

from the top direction.  At Poincare 

sphere representation, points on the 
circle represent linear polarization 

states and the center of the circle 

represent cicular polarization state.
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3. Positional dependence 
  

LCD pixel pitch and the distance between LC cell 
and patterned retarder determine the region where line 

1 and 2 of the imaging display can be observed 

separately through eyeglass as shown in Figure 4. 
Blue region of triangular shape on the right side of 

Figure 4 is determined by the geometric condition of 

LC pixel pitch and the distance between LC cell and 
patterned retarder by following the trajectory of light 

rays. 

 
Each position of the imaging display cause different 

luminance distribution. So light contributions from 

these separate positions should be combined to obtain 
the 3D perceiving region that 3D image can be 

perceived for the whole area of the imaging display as 

shown in Figure 5(a). To estimate 3D perceiving 
region, luminance distribution caused by 15 vertical 

positions on the imaging display and observed 

through right eyeglass is calculated. First, the spatial 
luminance is calculated where the image for left and 

right eye is selected as black and white background 

respectively. Then the spatial luminance is again 

calculated where the image for left and right eye is 
white and black background. Luminance ratio 

between the latter and the former corresponds to 3D 

cross talk and is shown in Figure 5(b), which shows 
that 3D perceiving region where 3D cross talk is near 

zero, exists beyond some distance from the display to 

the infinite distance. 
 

  

 

Fig 4. Side view of 3D perceiving region 

where the position of horizontal lines 

of the imaging display and patterned 

region of patterned retarder and 

trajectories of light ray are 

schematically illustrated.

C1 Line1

Line2

Line1

C2 

C1 

BM

LC cell Patterned 

retarder 

L2(C2)

L1(C2)

L1(C2)

D1 

D
min

D1

H

θ
1
(+)

θ
1
(−)

1
min tan2 θ

HD ≅

Stereoscopic

( 3D perceiving 

region )

Fig 5. (a) Schematic view and (b) Simulated 

example of 3D perceiving region along 

the vertical direction in consideration of 

vertical size of the imaging display. H 

represent the vertical size of the imaging 

display.

100 200 300 400 500 600

20

40

60

80

100

(a)

(b)

Distance from display

V
e
rt
ic
a
l 
D
is
p
la
c
e
m
e
n
t(
m
m
)



48-1 / H.K.Hong 

IMID 2009 DIGEST • 

4. Summary 

  

Factors that affect characteristics of stereoscopic 
3D method using patterned retarder and circular 

polarizing eyeglass are derived and analyzed. 

Characteristics of eyeglass greatly affect 3D 
performance. Moreover, 3D perceiving region should 

be considered related to the vertical size of the 

imaging display. 
To characterize the performance of 3D display, it is 

preferable to understand the mechanisms that 

determine the 3D performance. Furthermore, we hope 
that 3D performance characterization will result in the 

wider and faster adaptation of 3D technology. 
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