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Abstract: Overdriving technology (OD) accelerates the response of liquid crystal (LC) devices but
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frequently induces significant optical bounce (OB). Based on the Ericksen-Leslie continuum theory, this
paper establishes a finite-difference model and reveals that the physical origin of OB lies in the
asynchronous relaxation of LLC directors within the confined space. By simulating the spatial distributions
of director tilt angle and angular velocity, it is found that the interlayer angular velocity difference induced
by overdrive is the microscopic source triggering OB. Focusing on the cell gap (5~15 um) as a key
geometric parameter, this paper reveals the evolutionary laws of asynchronous relaxation constrained by
cell gap and its regulatory mechanism on the asymmetric OB characteristics under overdrive modes. The
simulated and experimental results exhibit consistent trends. The results demonstrate that, under a
constant overdrive voltage difference, overshoot and undershoot driving exhibit opposite relaxation trends:
during undershoot driving, the elastic restoring force decays quadratically with cell gap, making it difficult
for thicker cells to suppress interlayer asynchronous relaxation; the bounce depth ratio (BDR) increases
from approximately 2% at 5 pm to over 20% at 15 pm. During overshoot driving, the internal electric
field attenuates linearly with cell gap, weakening the interlayer angular velocity difference at its source; the
BDR decreases from 15.7% to below 4%. After eliminating the interference of driving field attenuation
through constant electric field control experiments and constant average tilt-angle simulations, the BDR for
both modes increases monotonically with cell gap. From the perspective of asynchronous relaxation, this
study clarifies the dominant role of cell gap in governing asymmetric OB, providing a theoretical basis for
the dimensional optimization of high-speed 1.C devices.
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Fig. 1
drive voltage set to 6 V, cell gap of 5 pum).
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(a) Schematic diagram of the liquid crystal cell layers. (b) Simulated effect of OB (driven from 2 V to 3 V, over-
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Fig. 2 Director dynamics simulation inside the LC cell un-
der overdrive. (a) Spatial distribution of the direc-
tor angular velocity at the most intense OB (point
B in Fig. 1) under different driving conditions;
(b) The director angle deviation at corresponding
positions relative to the target steady state (point

C in Fig. 1).
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Fig.3 Simulated OB response curves for different cell gaps under a constant overdrive voltage difference: (a) Undershoot

driving; (b) Overshoot driving.
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(a) Overshoot driving; (b) Undershoot driving.
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Fig.8 Variation of OB magnitude with cell gap under different driving conditions. (a) Comparison of the BDR among con-

stant overdrive voltage-difference driving (overshoot and undershoot) and constant-electric-field overshoot driving;

(b) Comparison of the normalized OB increment () between constant electric-field experiments and constant average

tilt-angle switching simulations.
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