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Abstract: The electro-optical characteristics, response time, and viewing-angle characteristics of liquid

crystal devices are typically measured using separate instruments. Repeated adjustments of the optical path
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and sample position are also required during measurement, making the process relatively complicated and
increasing the difficulty of maintaining consistent test conditions across different measurements. To
address these issues, an integrated test platform was designed and constructed for the performance
characterization of liquid crystal devices. The platform integrates driving signal generation, transmitted
light intensity acquisition, and automatic adjustment of sample orientation, allowing the above parameters
to be measured using the same optical path. The platform was further applied to the performance testing
and optimization of polymer-dispersed liquid crystal (PDLC) devices. The effects of polymer monomer
combinations, the mass ratio of trimethylolpropane trimethacrylate (TMPTMA ) to 2-ethylhexyl acrylate
(2-EHA) , cell gap, and ultraviolet curing time on device performance were systematically investigated.
After multiple rounds of screening, sample A6 had a contrast ratio of 2.33 in the initial monomer-
combination screening stage. At a TMPTMA-to-2-EHA mass ratio of 1: 1, a cell gap of 10 pm, and an
ultraviolet curing time of 15 min, the final sample D4 had a contrast ratio of 14. 5, with a rise time of 2.9
ms and a fall time of 47. 6 ms. Finally, viewing-angle characterization of the optimized device showed that
its contrast-ratio distribution was relatively uniform across different viewing directions. In conclusion, the
platform enables integrated measurement of multiple performance parameters of liquid crystal devices,
avoids sample transfer and optical-path adjustment between different measurements, and can be used for the
performance comparison and process optimization of liquid crystal devices. It provides a highly integrated
and low-cost experimental solution for comprehensive performance testing of liquid crystal devices.

Key words: liquid crystal device; integrated testing; polymer-dispersed liquid crystal; electro-optical

characteristics; response time; viewing-angle characteristics
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Fig. 1 Integrated test platform for performance characterization of liquid crystal devices. (a) overall structure and function-

al modules; (b) viewing-angle rotation module; (¢) optical path module.
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Fig.2 Principle of viewing-angle characterization for liquid crystal devices. (a) sample rotation during scanning; (b) relative

positions of the sample and incident beam.
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(h) electro-optical characteristic curves; (i) threshold and saturation voltages; () contrast ratio; (k) response time.



25
T

TR, 5 W AR P TE BE S B — IR AL P & B A 3R 5 1 23 BORL A A AR e AL

W EY N 7

M 29,7V, L FH B E]FTR B R 5300 R 2.0 ms
F50.0 mso HHRFEMA L, A6 I A% 1
K, 1 2 R AR AR R B RN L RE Yy A R, Ul
TMPTMA 5 2-EHA 4 & e £ AR KA B L
R A AR RS R B, 58 5L
IR A kR R B TMPTMA 5 2-EHA f&
Fo R E WA R SIS R, T — B
B R A & A E LA TMPTMA 5 2-
EHA JJi i b 5 1M e 1Y 52
3.2 TMPTMA 52-EHA 2L

1E A6 X ) TMPTMA 5 2-EHA K &+,
TR I T AR B 3 pm 240 AL ] 9 1 min,
WO R B AR Y BT A b 75 B RE S B ~ BT, B4
52 R 4] A 0 0 P ) A6 A TR — BE S, SR TRl —
LM B o ASTRLRE & Y RO  BRIE R S
P00 TR X b R ) 1 BT R] 4 T S RS

RS B BRI R W 5(a) . TMPT-
MA 5 2-EHA Jii & e U2 5, FE7E O V R IS
—AbiF ik 2R i a2 AR Ak R RE R IK Bl H R 3 R AR
A5 A, (H A Bl T A B B AT B Y B A AR

(@) 00

9

80

70 f..
60| |
50 200099 -

B1: 6 wt% TMPTMA + 24 wt% 2-EHA
B2: 7.5 wt% TMPTMA +22.5 wt% 2-EHA

Transmittance (%)

40 B3: 10 wt% TMPTMA + 20 w% 2-EHA
—o— B4: 15 wt% TMPTMA + 15 wt% 2-EHA
30F —o— BS5: 20 wt% TMPTMA + 10 wt% 2-EHA
—o— BG: 22,5 wt% TMPTMA + 7.5 wt% 2-EHA
20 F —o— B7: 24 wt% TMPTMA + 6 wt% 2-EHA
0 10 20 30 40 50 60 70 80
Voltage (V)
(C)23
24F
S20F
=
Z 1.6F 1.51
2 ’ T 136 133
1.2}
=
=
O 0.8F
04F
0.0

Bl B2 B3 B4 BS
Samples

B6 B7

& 5
(d) M 7 B[]

(b) »r

fb. 2-EHA &R BlL~B3AEOV FHIH—
b 3% o F R R, LA 20 A0 AR S B R R R
s TMPTMA & & 88 9 B5 ~ B7 B A7 A XT 8¢
KA B Bl FL e A EG 3 3k 23 AR Ak i B () A A7 AE I
xR

L 5(h) Al (e) 45 T 25 A it B 3 f R R LY
R LR AR B~ B3 B4 A HL R A 60. 7 ~
78.0 V, Xt EE R 1. 33 ~ 1. 513 B5 ~ B7 B4 Al g
JE N 8.1~45.1 V, Xf b & A 1.27~1.92,
TMPTMA 5 2-EHA it by 1: 1B, B4 A B {E
FHL R FIAR RN R 3 1R 10,2 VR 29.7 VL X H
FEIRF] 2,33, R THLFE S s H . B7 A9 i AN
MR AR, M 8. 1V HHXF LA A 1. 33,

25 B i B e R B[R] DL 5(d) o B1~ B7 Y 1
FEWF ] R 1.2~ 3.2 ms, 22 58/ T K mf )
15.7 ~ 115. 1 ms, B F 44 57 5 bE AR A6 9 I sh 8
B . B7 BEAT AR 1R R L (R LK 3l
JE Ui Ve FE S AS REJE I HL B S P8 b o 25 LR g
B TMPTMA 5 2-EHA JF & He & ly 1:1,F
TE T — B B 59 W i 58 0T 4 2 P R 1 52 el

70
Sﬂb
o 50F
(=]
S0}
(=]
> 30}

36.4
30.6 29.7
20F 187 22

102 11.9
10f 8.1
i s P s

45.1

Bl B2 B3 B4 BS B6 B7
Samples

115.1

32
B6

213
B2

25
BS

2.8 2.0
B3 B4
Samples

F 1.2
Bl

112
B7

TMPTMA 5 2-EHA it 3 PDLC &4 PERE 1952 W . (a) Ho OB AR PR 2k 5 (b) B0 1 H RV A0 L 5 (o) XoF BE B

Fig.5 Effect of the TMPTMA-to-2-EHA mass ratio on the performance of PDL.C devices. (a) electro-optical characteris-

tic curves; (b) threshold and saturation voltages; (c¢) contrast ratio; (d) response time.



8 W5 Bos

3.3 EREEENZIm

£ TMPTMA 5 2-EHA Jiif 1t 1:1, 4 4b
AR B 18] R 1 min B9 45 088, B 0 &b &5 B2 43 )
WH3.5.7. 10 F1 15 pm, XF WA C1 ~ C5, LABF
U & R R g R RE R S, Ho,Cl
Ll f81) 52 58 v 1 B4 Ry [l — A% i, SR ) — 21 00 3
Beds o s A 6 R .

AN [7) JEE B A it 7 R O R 1 i R 1] 6 () BT
TR0 BB A VR R BRI, AR OB R
AR . WA &Rt 3 pum 3N = 15 pm B,
E R 10.2 VAR T2 13.6.15.3.17.0 fl
34.0 V, 4t A1 JE 1 29.7 VAR R TF & 37.0,
47.2 47.6 M1 82.4 V, WNE 6(b) i/~ . TEARLFE
ai e BNV A &R AR AR MR AR C R B L R L1
(5 (L R, R E R R A Bt 22 T v L X 5 AH S BF 5
238 i A A i e — 20

FI6(c) 4 T4 FES I XF ELEE . 35717 pm
RE S X FEBE 350 A 2. 3.1, 8 F1 2. 559 i & R
A2 10 pm B, %5 b B3R R &2 5. 65 8F — 25 4

(a)lﬂﬁ F C3um

C2:5um

90 | C€3:7pm
C4: 10 pm
80} C€5:15 pm
70
60 |
50F
40
30F
20

Transmittance (%)

®) »

0 10 20 30 40 50 60 70 80 90
Voltage (V)

SSF 2.5 518

35

30f

25F 23 43
2.0

(d)

C1 C2 C3 C4 (€5
Samples

6 AR EEXT PDLC &8 151 BE A5 R . (

215 pm 5, KB A 5. 30 X HE R B T A R
AR A AN B, o 10 pem A LS pm A i B9 X LG
JE A i T AR AL, 10 o B S B X LU e

25 B 5 g e R B TR A 6 () BT R . CL~ C5
By b TF A 4 5 R 2.0.1.8,2.7.15. 8 Fl1 26.7
ms, N F& W} 1] 43 %) 4 50.0.56.6.,17.8.11.6 F
10.9 ms. Bl & W & 6V B3 0, #8480 b T
] B AE K, T B I ] DA I 4 . 5 10 pm B
i A EE L 15 pm B B X EEEE B 5. 6 B & 5. 3,
HHEEM 17.0 VIFE 34.0 V, 1 FlH 5 47.6
VI E82.4V, EFHEFEHy 15. 8 ms ZE K % 26. 7
ms, 1~ &R A H 11,6 ms 44 %8 2 10. 9 ms.
A &R R 7 pm BN E 10 pm B, 6 B
2.5 MBS 6, 48N R 15 pm J5 , XT W EA
PR, 9K H R L T DA B SR . AH B
Z T, 10 pm A A BT B A6 bR BTG A B B
HL R A 0 Y R ) AR B LG 15 pm B
i 0.7 mso I K 10 pm 5 5 N 5 252 45 41 [
A ST 1] S 56 >R FH 1) it & VR B

)«F

70}
260 i
&50 - 472 47.6
Sa0t 37.0

Sa0l 297

20 136 153 17.0
10} 10.2

34.0

0
C1 c2 C3 ¢4 Cs

Samples

off
=70} T

S 30F 26.7

0F 20 1.8 2.7
C1 C2 C3 C4 C5
Samples

a) B G I 2 5 () {0 R T A 1 R T 5 (o) X R BE 5 () WD R 1

Fig. 6 Effect of cell gap on the performance of PDLC devices. (a) electro-optical characteristic curves; (b) threshold and

saturation voltages; (c) contrast ratio; (d) response time.
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