JOURNAL OF DISPLAY TECHNOLOGY, VOL. 8, NO. 10, OCTOBER 2012

Dual Direction Overdriving Method for Accelerating 2D/3D Switching Time of
Liquid Crystal Lens on Auto-Stereoscopic Display
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Abstract—In this paper, we investigate the dual direction over-
driving method to accelerate both the 3D-on and 3D-off time of the
lenticular liquid crystal (LC) lens. The experimental results indi-
cated that the response time (T3p-on, and T3p-os) Was successfully
improved for a factor of 4 as a thick (60 psm cell gap) LC lens. The
LC lens was also implemented on an auto-stereoscopic display to
yield fast 2D/3D switching ability.

Index Terms—Liquid crystal (LC) lens, overdriving method, 3D
display.

I. INTRODUCTION

HREE-DIMENSIONAL (3D) displays have been re-
garded as a critical technology for next generation
display application. An existing work, multiplexed-2D method
in auto-stereoscopic 3D displays field [1]-[5], is emerging
rapidly due to its easy implementation and glasses-free ca-
pability. Moreover, the 2D/3D switchable auto-stereoscopic
displays using tunable liquid crystal (LC) lens [6], [7] are fur-
ther proposed to display high resolution images in 2D mode and
low resolution images in 3D mode [8]-[11]. However, the elec-
trical-driven LC (ELC) lens [9], [10], which is easy to fabricate
but has a thick LC-cell gap, brings about a very slow response
time (around 10 s). Therefore, improving the response time
issue of the ELC lens for fast switching between 2D and 3D
modes becomes important before consumer implementation.
There are existing works, such as the overdriving method
[12], [13] and the polymer network method [14], [15] that have
been proposed. The overdriving method utilizes the high driving
voltage to affect the LC molecules rotating quickly to reduce
the 3D-on time (from without driving to with driving, Tsp-on);
however, the time (73p-off ), from the 3D-on state to 3D-off state
is not reduced due to no extra force being applied during this
time. The polymer network method generates strong internal
forces between the LC and polymer molecules to let the LC
reorient back to the initial alignment quickly for 3D-off state;
while, the longer 3D-on time and higher driving voltage are
the trade-off. Thus, neither the two previous works can improve
both the 3D-on and 3D-off time simultaneously. In this paper,
we propose a dual direction overdriving method which pro-
vides different directions of electric fields to reduce the LC lens’
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response time. Thus, both the 3D-on and 3D-off time can be suc-
cessfully reduced.

II. DUAL DIRECTION OVERDRIVING METHOD

According to the LC response time formula [16], the response
time can be accelerated by applying the strong voltage (i.e.,
inducing strong electric filed) onto the cell. Consequently, the
scheme of dual direction overdriving method and driving wave-
form that can provide extra electric fields for both the 3D-on and
3D-off states are proposed and illustrated in Figs. 1 and 2. In
this paper, the liquid crystal, E7 (Merck), is used and aligned as
a homogeneous type as well as perpendicular to the direction of
the striped electrodes. The multiple electrodes on both top and
bottom sides in the LC cell is designed to produce specific elec-
tric fields; a square wave with constant 1 KHz frequency is used
as well. A detailed description of the proposed method is as fol-
lows: for the 3D-on state [see Fig. 1(a)], the strong vertical elec-
tric field between the top and bottom side electrodes are induced
by high voltages (several times the stable voltage with a short
period), as shown in Fig. 2 (phase I). Thus, the LC molecules
tend to quickly align vertically with the electric field direction.
From there, the voltage is switched to the stable voltage to form
a parabolic curvature LC lens curvature (at 3D-on state) (phase
II in Fig. 2). The bottom electrodes always apply the reference
voltage (0 V) for the phases I & II. For the 3D-off state, the
high operating voltage and reference voltage are first applied al-
ternately on both the top and bottom side electrodes simultane-
ously [see Fig. 1(b)] for a short time (phase III in Fig. 2). There-
fore, a lateral electric field along with the initial LC alignment
is generated as illustrated in Fig. 1(b). Following, an internal
voltage is made to supply small energy for the LC molecules
which still do not reorient to the initial alignment (phase IV in
Fig. 2). Finally, all the applied voltages are switched off (phase
V in Fig. 2) to perform the 3D-off state, (i.e. non-lens curvature).
Consequently, both the 3D-on and 3D-off time can be success-
fully reduced by applying the extra electric fields.

III. EXPERIMENT AND DISCUSSION

In the experimental session, the response time of the LC lens
using the proposed dual direction overdriving method is illus-
trated first. Then, the light distribution for 6-views auto-stereo-
scopic display using the LC lens is also obtained.

The parameters of the LC lens used in this paper are as fol-
lows: the cell gap is 60 pm (i.e. much thicker than general LC
panel (<5 pm), the lens width is 188 pm, and both electrode
width and slit width are 14.5 ym. The focal length is set 1 mm
under 5 V},s driving in the measurement.

Because both the overdriving voltage and period of each
phase, as illustrated in Fig. 2, significantly controlled the input
electric energy on the LC cell, finding the optimized parameters
is needed [17]. Ideally, a higher voltage is used, the shorter the
response time is. However, according to the free energy formula
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Fig. 1. Scheme of dual direction overdriving method and corresponding elec-
tric field direction for (a) 3D-on state and (b) 3D-off state (V,.r is reference
voltage, and V; ~ V, represent different voltages).
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Fig. 2. Driving waveform for 3D-on and 3D-off time on both top and bottom
electrode, respectively.

of LC [16], applying too high a driving voltage or too long of
a period is not always useful because the LC molecules may
be overdriven. Thus, the LC takes longer time to reach steady
state. In the experiment, the voltage region is chosen within
5-12.5 Vims; the higher voltage is impractical for the real
product. By varying the conditions, the experimental results of
the 3D-on and 3D-off times are obtained as shown in Fig. 3.
For the 3D-on state, the higher overdriving voltage and
shorter driving time is a better choice. It means that the strong
electrical energy is generated in a short time (phase I in
Fig. 2).From the experiments, the optimized parameter of 12.5
Vms under 50 ms driving period for fast 3D-on time is obtained
[Fig. 3(a)]. The 3D-on time is successfully reduced to 20%.
On the other hand, the optimized parameter of 7.5V, ,s under
250 ms for the 3D-off state is also obtained after experiment
[Fig. 3(b)]. It is found that the 3D-off time is also successfully
reduced to 33%. For the 3D-off state, because the high voltage
with long overdriving period will cause the strong electric field
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Fig. 3. Measured response time of (a) ratio of 3D-on time by voltages versus
periods (Normalized to reference time (6 s) which doesn’t drive by the proposed
method), and (b) ratio of 3D-off time by voltages versus periods (Normalized
to reference time (4.2 s) which doesn’t drive by the proposed method)).

to vertically orient the LC more than the lateral orientation.
Thus, the 3D-off driving should be set at the optimized voltage
(7.5 Vims) with longer period of phase-III (250 ms) rather than
other driving sequences. In addition, the voltage and period of
phase IV in Fig. 2 is set as 2.5 V;,s and 50 ms for each condi-
tion due to it affecting the response time inconsequentially. The
sequential images as well as the light distributions recorded
at the final times of 3D-on and 3D-off state, respectively, are
captured and shown in Fig. 4. The result proved that the light
really focused after passing through the LC lens. As a result,
the total response time (T3p—on and T3p_og) 1S successfully
reduced to 25% (from 10.2 s to about 2.6 s) compared to the
LC lens which isn’t driven by the proposed dual-direction
overdriving method.

After demonstrating the improvement of reducing the lens
response time, the lens array for 3D display is further fabri-
cated and measured. The light intensity distribution of a six-
view auto-stereoscopic 3D display is shown in Fig. 5. The LC
lens array is slanted with 9.46° relative to vertical directions
of pixel. The detail design of lenticular type 3D display can be
referred to [2], [4], [18]. The crosstalk value is around 12% ac-
cording to the multi-view formula [19] yet this crosstalk still has
to be further reduced for higher quality 3D images. In a short
summary, the lenticular multi-electrode LC lens driven by the
proposed dual direction overdriving method is successfully im-
plemented on an auto-stereoscopic display to yield fast 2D/3D
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Fig. 4. (a) Sequentially focusing pictures of LC lens driven by the dual direction overdriving method for 3D-on state and 3D-off state. (b) Light intensity distri-
butions that recorded at the final time of the 3D-on state and 3D-off state, respectively.
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Fig. 5. Light intensity distribution at viewing plane for 6-views auto-stereo-
scopic 3D display.

switching (~1 s for 3D-on or 3D-off). The multi-electrode struc-
ture can generate the smooth changed voltage distribution along
with obtaining a low crosstalk value. In addition, the proposed
dual direction overdriving method can also be used to further
accelerate the scanning time of superzone Fresnel LC lens [18]
for high resolution temporal scanning 3D displays.

IV. CONCLUSION

The LC lens for 2D/3D switchable display has been proposed
for years, yet the response time is still an issue. The previous
overdriving method can only improve the 3D-on time, while
the polymer network method only improved the 3D-off time.
Neither the two previous works can improve both the 3D-on
and 3D-off time simultaneously. In this paper, we proposed a
novel dual direction overdriving method that could generate the
vertical and lateral electric-fields to supply extra energy for LC
reorienting rapidly. The experiment results showed that the total
response time of LC lens was four times faster than the LC lens
which wasn’t driven by the dual direction overdriving method.
In addition, the crosstalk value was also calculated to verify the
quality for displaying 3D image. Consequently, it is believed
that the proposed driving method with multi-electrode lenticular
LC-lens has high potential for realizing fast switching 2D/3D
auto-stereoscopic display.
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