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Abstract: Overdriving technology (OD) accelerates the response of liquid crystal(1.C) devices but frequently
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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 LC 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 pm) 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 L.C devices.
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AR/ VR DA K voy 48 I i 980 o) 257 45 28 4
XoF 1 Wl BT 23R ) 0 SR VR G T 2 B
IO B 18] 45 1 25 51 % 35 19 35 &5 O B2 (Motion
Artifacts) o N T ZE 0% — W) BRI 800, o FR 0K Bl %
AP (Overdrive, OD) i h H i fie A 200 8k o7

nn\a

1 7]

Wt R (LCD) B ARG A w20 R
A R RS 20 ] 3 T2 LA B R i A 8 O
HL RS E T, 7 2 T A0 T L S s ol v AT S T A

7 7l B RO M o H R T B T RAY LCD
A F 32 A 4 1 51 A CTND S T PN ) 46
(IPS)"* D K 3 L HESN AL (VA) Y R BT
T i 6 A0 A0 G B ) RN AN Ee 3 1 0 o g )
AR W 25 e (H O A A R T A T
T 3 Mg 3% 1 4 2 A AV (Surface Anchoring) 5
AN ¥ 7356 (Electric Field Torque) 3t [7] /5
FHF B FT HE S, 2 10 552 300 A SR O A 4R 28 1 4G
YHE A ]

Bt 5 B 79 5 R R B RS W 3, OLED
I Micro-LED™*" 45 H % St & 11 75 28 05 X LE i
FIEE BRI — & L%, B LCD 78 2 it £f
e s R R B (PP il #% LA KR ikt e
o AEmRA L EARRWEGEZS .
SR, LCD A BT F AR &1 37 3 1 06 2% 4% 1] S e
e 7 39 FRE 52 BT 1 51 AH U A ) A SRR ) B A
PR AR TE AR RS 2R G (e AL S SR A

R — o R AE K WY A A Wk 1] it o g 2 O R
JE 2o PR 3K 3l BE A i 44 P90 AR R Y B B H 3
JIHE SRAT I HOR R A 00 O R TR AL 5E i i
(Fréedericksz Transition)™' . SR i , H% ¥ (1) 9K 3
H, He A BT A L | A T VA PN B A 1 A T R
Bl 1 2R RN, RIS 2 O 2 BT (Optical
Bounce, OB)Bl %,

TE W A% 1 B B i, O A I R R A it
I e, e af 55 AR s 6 ih 4k A R 1 R
G, ™ R e ' L T R AORE EEE . R, 90
Ot 2 IHR I A9 2 R AR T BK 3l R (9 i AR
R BB A AR LSRN R RS
— 52 BT W TLART 3 0 IO 22 SR8 G Bh
Sl . A AT ST A DN A 1) RUBE (R & &
JELJE d) ff B2 SR BT 48 ) Ok S A0 ot BRORE O 2 S 3
B 23R T AEML] -

A SCAE AR RS B S5 0T A B —Fh R i AE



944 W5 Bos

%415

Xk Bl T2 4« BB WA R RS T
9K Bl 1Y ' 2% S SZ B I8 3 ] TR R 3K Bl 1Y
SN BT UR) . AR SC 43 i R 3K 3l (Overshoot
Driving) 5 & J& %% 3 (Undershoot Driving) #§ 1t
N S = ) o sl = 1 = Ny [N S NS R R P
A5 2 COXF I DA AR ASE 177 725 A A7 D e AH A ] G A
Pr P14 ) o A SCHFSE AR AR X FR LA AR
BAETAFRMBEMEES DENZELELE
23 [A] RURE 1Y AN [) b B2 O &R o E R R IR 3l B Be
RGEWMEMMERE ) E R, LY R E /4,
JE G e DL ] )23 TR] S 2P it B s T AE R R 3K B0 By
B HESEZMETAMELBRIGE=V/dMd
B sk (oc1/d) , Ha 3 7 46 0855 TR Sk 1 B
1% 7 J2 8] Y % o 2%, HE A TR R Y R B
M4

hT RSB B 3 5 s R R LA R 1Y
Py RO HK , A SCiE — 20 5] A E E HL 3 (Constant
Electric Field, E)/E X 41 . BIE B 5 505
AR YA RIS R g 2 R )R, b
IR AR X BRI G 2 0 %, 5 R B Bl Y S
MEET 8, WM E R mm B A, AR
MAFR BE o3 A7 B 4 B TR T R K Bl T Ot 2 o
A4 A X AR BIL L, AT Ay e VR A R SR B R 5
FOBE DAL AH B Y FRe 2%

2 HBAERLEHAAARM

7 NI 27 ) 87 (AR AV B35 2 R ) 2 Bl F5
T 5 3 A 1 23 ) B AR A3 46 51 DRt 76 20 i TR
UK 1 2 S #E A 80 Z 11, D20 HE S E
i 1) 5% {0 A B LA 20y 3 1 2l A e AR AR Y

WV b &5 SRl ST — 2R R OR AR bR R
SMEHETFREREmRM(e[0,d]) . 7ERF
R M O N R L B M RO <
] KA 4k n=(cos 0,0,sin @), Hrf 0(z,1)H
AN TR U e i RS R TR AT
(W) o

R 4l % SR AR SR B E , RSB BE B/
Ak 3 22 T SR T AR BB 5 4 n HL 3 BE 3R TRl e s
LA ] B A W 0 e % 7 B2 1, JE AR A Ericksen-
Leslie 8l J) 2% J5 & , 78 2 W It A - sh A5 3505, 4
WA 1] 5% 20 25 e i 1 7 R n =X (1) B

a0 a’0

}/15:([{11 C0520+K3351n2(9) +

z2

0\’
(KSS_Kll)Sinﬁcosg() +
0z

A6( VC(ZZ)) sindcos @, (1)

Horp: K R K 43 A2 il (Splay) 145 i (Bend)
SR B, Ae AT LS I PR, V() BN AR
(i) Jit Jn ) 3K Bl L He o R A A 2 2 R JE
K A5 A 50 A SRR B A S L 0 g

T TR A 2 R B AR ) O A 25
1B 5 )2 o] 3B 4 A, AR SCR A R 22 43 5 (Finite
Difference Method) %t 20 (1) #F 47 i 25 55 # 4k 5k
it o WA EUT S R4 S N2 (N=100) ,
mE 1a) s, 2EPKERAz=d/N, il
iEG=1,2,--,N— 1) 5 F7E ¢ v 2] 1 il £ N
0l TESRENENREZMN (0, =0y=10,.=2",0,. N
T ) R L 4 1 76 45 )2 050 5 (1) 0% 15 5% ol #f o i
W] RN N

(a)

b) 1.00
(b) ——y =
B
0751
3
S
o
5050
X
-
0.25 1
0.00 t T T
-0.1 0.0 0.1 0.2 0.3
i ) /s

1 () WA &2 R B (b) St Sl R O
2 VERZF] 3V, i IREBE 6V, &JFE R 5 pm).
Fig. 1 (a) Schematic diagram of the liquid crystal cell layers;
(b) Simulated effect of OB (driven from 2 V to 3V,
overdrive voltage: 6 V, cell gap: 5 pm).
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Fig. 2 Director dynamics simulation inside the L.C cell under
overdrive. (a) Spatial distribution of the director
angular velocity at the most intense OB (point B in
Fig. 1) under different driving conditions; (b) Director
angle deviation at corresponding positions relative

to the target steady state (point C in Fig. 1).
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(a) Undershoot driving; (b) Overshoot driving.
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Fig. 8 Variation of OB magnitude with cell gap under
different driving conditions. (a) Comparison of the
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angle switching simulations.
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