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Abstract—A novel backlight module that integrates dual layer
strip patterned organic light emitting diode (DLSP-OLED) for
2D/3D switchable display was demonstrated. The DLSP-OLED
functions as a parallax barrier in 3D mode and a planar light
source in 2Dmode. The results indicated that the backlight module
with a thin form factor ( 1.1 mm) can achieve uniformity of 91%
in 2D mode, and increased optical efficiency by a factor of 2.8
with a crosstalk of less than 6% in 3D mode, compared with the
conventional 2D/3D switchable display. A fast switching rate ( 1
ms) with simple operation can eliminate the visual fatigue caused
by flicker during the switching. In addition, this configuration
can function localized 3D display by modulating the DLSP-OLED
individually.

Index Terms—Crosstalk, DLSP-OLED backlight, localized 3D,
optical efficiency, 2D/3D switchable display.

I. INTRODUCTION

T HREE-DIMENSIONAL (3D) display is becoming pop-
ular [1]. Nowadays, people enjoy seeing 3D films, while

others still prefer 2D images. Therefore, 2D/3D switchable dis-
play is a good feature to meet consumers’ various needs.
Typical 2D/3D switchable displays can be classified into two

general categories, namely, by backlight module design and by
liquid crystal (LC) components, which including LC barrier and
LC lenticular. The LC barrier type technologies such as the wire
grid polarizer [2] and the shifted Indium Tin Oxide(ITO) elec-
trode structure [3] show some notable success for short viewing
depth, thin form factor, and variable viewing zones, but with the
major drawback of low brightness owing to light absorption by
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LC barrier [4]–[6]. The LC lenticular types exhibit the merits of
high transmittance and possibility of using similar fabrication
process of conventional LC displays [7]–[11]. Nonetheless, due
to the non-ideal refractive index distribution of LC lens, the high
crosstalk is still a major issue, hindering it from commercial
applications. Moreover, various optical designs on backlight
module have been reported with the benefits of cost and fab-
rication. However, the thickness of proposed structures cannot
be largely reduced due to their dual-layer light guide plates
[12]–[15]. On the other hand, OLEDs are promising for fu-
ture displays owing to unique properties of self-emission, light
weight, high luminance, wide viewing angle, and fast response
[16]–[18].
We demonstrate a novel DLSP-OLED backlight module of

high optical efficiency, low crosstalk, fast switching, and thin
form factor for 2D/3D switchable display. Besides, the DLSP-
OLED backlight module is potential for localized 3D display
application.

II. DESIGN PRINCIPLE

In a conventional 2D/3D switchable display with an absorp-
tion-type parallax barrier system (e.g., LC barrier type), two
major factors affect the optical efficiency. The most crucial
factor is barrier absorption, which only allows a part of the
incident light to pass through and absorb the rest. Moreover,
the aperture ratio of the barrier limits optical efficiency signifi-
cantly. In order to suppress the crosstalk, reducing the aperture
ratio of the parallax barrier is a plausible method, often at
the expense of optical efficiency. Consequently, the optical
efficiency in 3D mode is often less than 40% in two-view
system and even lower in multi-view system [6]. Therefore, to
improve the optical efficiency is a critical issue.
A DLSP-OLED backlight module comprising dual layer

strip patterned OLED with two glass substrates and a thin-film
encapsulation (TFE) layer, is proposed to enhance the optical
efficiency. The proposed structure of DLSP-OLED backlight
module is shown in Fig. 1.
Some special designs have been employed to improve the op-

tical efficiency in this configuration. The absorption type barrier
(e.g., LC barrier type) is replaced by the reflection type (cathode
of DLSP-OLED) with the high reflective index material, which
can effectively reflect lights back to glass substrate for recy-
cling. The bottom layer OLED are patterned as the strip type
and only in locations corresponding to the slits of the parallax
barrier to extract more rays from backlight, as shown in Fig. 2.
Moreover, based on micro-cavity effect, the structure of bottom
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Fig. 1. The configuration of DLSP-OLED backlight module.

Fig. 2. Improving the optical efficiency in 3D mode.

TABLE I
OPERATING MODES AND FUNCTIONS OF DLSP-OLED

layer OLED has been optimized so that the angular distribution
can be compressed compared with the Lambertian distribution.
Consequently, more rays can be converged to the slits, resulting
in a higher light out-coupling. In this case, the optical efficiency
of the DLSP-OLED backlight module can effectively increase
in 3D mode.
The cornerstone of the backlight module is DLSP-OLED,

which plays different roles in different modes. The different op-
erating modes and functions of DLSP-OLED are summarized in
Table I. In addition, the fast switching rate ( 1 ms) between 2D
and 3D mode by alternating the different light sources can de-
crease the visual fatigue caused by flicker during the switching.

III. RESULTS AND DISCUSSION

A prototype was fabricated to demonstrate the effect of the
DLSP-OLED structure, as illustrated in Fig. 3. Based on the
fundamental principle of binocular parallax, the parameters of
the backlight module are summarized in Table II. The proposed
thin-film encapsulation (TFE) layer was replaced by a thin cover
glass to simplify the fabrication and protect the DLSP-OLED. It
should be noted that though replacing the TFE layer with a thin
glass, the total thickness of the DLSP-OLED backlight module
(1.1mm)was still much thinner than others (2–3mm) [12], [13].

Fig. 3. Prototype of the DLSP-OLED backlight module.

TABLE II
PARAMETERS OF THE HYBRID BACKLIGHT MODULE

The system form factor can be further reduced by using TFE
layer, which is benefit for light weight in mobile device.
The optical efficiency in 3Dmode for a hybrid backlight com-

bining a single layer strip patterned OLED and a normal LGP
with special designed patterns on bottom surface is compared.
The locations of special designed patterns are the same with the
bottom layer SP-OLED and the dimensions of the special pat-
terns have been optimized in hybrid backlight. The optical effi-
ciency with five different structures of backlight modules were
obtained by ray tracing software LightTools and the simulation
results are illustrated in Table III.
Compared with the five types A, B, C, D and E, the results

are obtained as follows:

A-B: The reflection-type barrier can increase the efficiency
by more than 20%, implying that the absorption-type
barrier is a major issue of low optical efficiency in
barrier-type system.

B-C: The optical efficiency of Type C is largely enhanced by
more than 35% with the aid of the reflection-type barrier
and strip-type micro-prisms. Compared with strip-type
scattering patterns, the strip-type micro-prisms can
further improve the optical efficiency because the
former simply diffuses the rays without controlling
the directions of light transmission, whereas the latter
controls the rays in a precise manner and guides the
rays to the barrier slits.
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TABLE III
DIFFERENT TYPES OF BACKLIGHT MODULE

C-D: Type D has a higher light out-coupling than LGP owing
to the fact that the rays are less trapped in glass substrate
of DLSP-OLED backlight. Thus, the DLSP-OLED
backlight shows improved optical efficiency than that
of the hybrid structure.

D-E: The DLSP-OLED backlight with micro-cavity can
further enhance the optical efficiency due to their
smaller full width at half maximum (FWHM) to couple
more rays to the slits of the barrier. It almost has the
same efficiency compared with the conventional 2D/3D
switchable display with LC lens type [7].

The optical properties such as crosstalk, uniformity of spatial
luminance, and light divergence angle are commonly used to
evaluate the performance of 2D/3D switchable display. For 3D
effect, the crosstalk, which is defined as the peak light intensity
of one parallax ray divided by the total light intensity at the same
position, is an important factor. We measured the luminance
distribution of the backlight in different positions by spectro-
radiometer (CS-2000) for calculating the crosstalk. As shown
in Fig. 4, the crosstalk is minimized less than 6% at the best
viewing position, which is much lower than tolerable level [6].
Consequently, not need to reduce the aperture ratio of parallax
barrier for low crosstalk at the expense of optical efficiency.
The spatial luminance distributions were measured to eval-

uate the uniformity of the novel backlight in 2Dmode, as shown
in Fig. 5. The uniformity is defined as the minimum luminance
divided by the maximum luminance. The results reveal that a
high uniformity of 91% is obtained with the novel backlight
module. Themura effect can be observed at the edge of the back-
light due to the non-uniform current density distribution, which
can be eliminated by optimizing the electrodes of SP-OLED.
Thus, the active area can be enlarged and the utilization of the
backlight can be further increased.
The light distribution was measured to evaluate the viewing

angle of the backlight as illustrated in Fig. 6. These results
demonstrated that the novel backlight module offered the same
functionality as a conventional 2D display when only top layer
OLEDs are switched on in 2D mode. Besides, the angular
distribution of bottom layer OLED is smaller than that of the
conventional one for increasing the optical efficiency in 3D
mode.

Fig. 4. Light distribution at viewing plane for two-view autostereoscopic 3D
display.

Fig. 5. The spatial luminance distributions of the backlight.

The trend of bottom OLED FWHM v.s. 3D cross-talk were
simulated by the ray tracing software Lighttools and the result
is shown in the Fig. 7 below:
The simulation results indicated that the crosstalk varied

slightly with the increasing the FWHM of bottom OLED when
the FWHM is larger than 30 deg.. On the other hand, as
the FWHM of bottom OLED reduced to 20 deg., the high
directional light source cannot result in 3D effect.



WANG et al.: A NOVEL ARCHITECTURE FOR AUTOSTEREOSCOPIC 2D/3D SWITCHABLE DISPLAY 355

Fig. 6. The light divergence angle of the DLSP-OLED.

Fig. 7. FWHM of bottom OLED v.s. 3D crosstalk.

Fig. 8. Backlight operated in a localized 3D mode.

This novel configuration shows a potential application for
a localized 3D display in landscape mode. This function can
be yielded by illuminating partial bottom layer OLEDs for 3D
effect and partial top layer OLEDs for 2D effect in their spe-
cific regions, respectively, as illustrated in Fig. 8. The parallax
images are required in 3D regions and only single image is
needed in 2D regions. Thus, the localized 3D display can apply
2D scripts and 3D images simultaneously by modulating the
DLSP-OLED individually.

IV. CONCLUSION

We demonstrated a DLSP-OLED backlight module for au-
tostereoscopic 2D/3D switchable displays, whose optical effi-
ciency in 3D mode increase by a factor of 2.8 compared to the
conventional 2D/3D display. The backlight with a thin form
factor ( 1.1 mm) shows the merits of high uniformity ( 91%),
low crosstalk ( 5%) and fast switching rate ( 1 ms). In addi-
tion, a localized 3D display can be obtained with a simple oper-
ation, to meet consumers’ various demands. As a consequence,
the DLSP-OLED backlight module is potential for future dis-
play applications.
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