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Fig. 1. Chemical structures of the cholesterol derivatives
COC, CN, and CD.
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Fig. 2. The structure of integrally anti-counterfeiting device.
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Fig. 3. Schematic drawing of working principle of composite

multi-dimensional polarization dependent anti-counterfeit-
ing device.
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Table 1.  Weight content and temperature parameters of
COC/CN/CD material and TEB300 in different samples.
A G B
T COC%//(CyN/ TEB300/% W@ v/ C
! i/ c
S1 100.0 0 29.3—37.5 8.2
S2 97.0 3.0 22.5—32.5 10.0
S3 96.3 3.7 20.0—29.5 9.5
S4 95.3 4.7 17.5—28.5 10.5
S5 94.3 5.7 15.0—26.5 11.5
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Fig. 4. The variation of (a) the reflection spectra and (b) the textures of sample S2 with temperature. Orthogonal double arrows

represent the crossed polarizers.
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Fig. 5. The fitting results based on thermochromic theoreti-
cal model. Herein, the solid lines represent the fitting values

and the pointsrepresent the experimental measurement values.
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Table 2. The fitting value of each coefficient based

on thermochromic theoretical model.

Ag/nm T,/C ¢'/(nm-°C?) v
S1 198.575 25.742 1299.893 0.699
S2 172.004 18.026 1607.392 0.699
S3 141.651 15.014 1852.118 0.699
S4 124.274 11.431 2188.508 0.699
S5 120.653 8.554 2288.744 0.699

DI TR R S2 B thas 14k 6 (& 6), LCP
I ZE R 1) b7 i Sk BRI ZE B i m) T ) (BPSEH T
W) Wy Bl mHES, 188 o, = n/2, HAH X,
(BP0 BRI 5 i 2 S a], 38 oy = 0,
BV X 3 B B ) 7 T A LIRSS 8 5, R E A B h
i ELA 1 A AR S B RO L AR
FerE. iE 6 iR, Y—a AR Rtk A Rt
NS, R BT R R — B, it F—H
LIk EHYEAST, LCP 21ER 1/4 Wk, AL
AR IT I o = m/4 BF, i Sk KEOEH T 1 o, 5
a; Z B Aa =a; — o= —1/4, BLITZ X 5
() LCP WK A B 8 A8 hy A i (5 e B '
I, ASF AL XS AT g TLC 2Rk
SR, G I B e 1 8 B, 55 e SR A AR OG ;T Ik
7 Sk DX 3D B AH DX I A S 26 D e A8 Sl 72
e B R, BEASBEATIE TLC 2 5 553 1 2 2R
o, MR T 22.0-28.0 C Z A2 (L, TLC 2
AR PR 77 Sk DX AT DA B S S B R 21 | 2
o, IR B has (15 LIS BLAE RGB Bk %
R, SIEEETFHE ZE 31.0 °C SR ZE 21.0 C I,
TLC EAHET AT ILG, AR (e 29t o, 24
kB2 T R P61 28 SR 0 Hh B, TS b M S T B £
PRI 28 By T 3l R, 3 — R T B i 2 4
PES RIGE.

T R it — 2 1 R 2 4 A A Bl D a4 X A
S AR 7 1) AR 1, Y ek B R AN AR T el R A
SHCR LR IR 7 18], TSR DR 1A 22 1 PR ek
DL R . anl&l 6 i, dERRREEAE 24.0 C,
VI Aa = —n/4 B, B thas 14 2 BLER €0 1 /7 Sk
FEFI % 2 o Y 2 n/2, RIS Aa = 0B,
1 A SRR 7 1) 5 655 Sk DX S5l AT
55 Sk RO DX IR E R 77 1) A BAE RS, GRS i 5k
X3 Y Y63 M R AR IR S, TLC )2 P X 3] ] i iz
AR R BE A, R Sk I 25 ARSI 4 oy T
TR, M Aa = /4 W, Zad w5 HIET Sk X
B TLC 2T R, i Zead #i sk

174206-5



) 32 % 3R Acta Phys. Sin. Vol. 72, No. 17 (2023)

174206

o = 45°
SRR

6 ARG R TR G 3% 77 o] A GO0 AR G I R IR BEAR . Aa = a; — o, REAGDEMIRTT M o 58K KBOCH T o

Z IRV T Sk AR ) DX SRR S 19 S 3l 1

Fig. 6. Temperature dependence of sample pattern under natural light and linearly polarized light with different polarization direc-

tions. Aa = o4 — «, represents the angle between the polarization direction of the incident light «; and the optical axis direction of

the arrow region . The white arrows represent the corresponding optical axis directions in different regions.
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Fig. 7. Thermochromic effect of multi-polarization security devices prepared by S1, S3 and S6 systems under linearly polarized in-

cident light (o = n/4) at 10 C to 40 C.
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Abstract

Modern anti-counterfeiting technology can effectively suppress and combat forgery and counterfeiting
behaviors, which is of great significance in information security, national defense and economy. However, the
realization of multi-dimensional, integrated, difficult-to-copy and easy-to-detect optical anti-counterfeiting
devices is still a challenge. In this paper, a multi-dimensional and polarization-dependent anti-counterfeiting
device with structure color is designed, which is composed of patterned liquid crystal polymer (LCP) nematic
layer and thermotropic cholesteric liquid crystal (TLC) layer. It has the advantages of displaying and hiding
polarization states, wide color tuning range, convenient operation, high integration and security. For incident
light with a specific polarization state, the patterned nematic phase LCP layer can carry out regionalized phase
editing and polarization state modulation, while the TLC layer can selectively reflect the incident light.
Therefore, a patterned structural color security label is subtly realized. The anti-counterfeiting device can
realize the display, hiding, color adjustment and image/background conversion of patterns by adjusting the
polarization direction of incident light. In addition, the TLC layer in the device can meet the application
requirements of the anti-counterfeit device at different environmental temperatures through the flexible design
of the system weight ratio. Furthermore, the device can be easily heated by body temperature, realize dynamic
real-time wide-spectrum color modulation and reversible pattern erasure, and further enhance its security
dimension and security. The multi-polarization-type anti-counterfeiting device has three-dimensional anti-
counterfeiting efficacy. The first dimensional anti-counterfeiting efficacy is achieved by the thermochromic liquid
crystal layer. The thermochromic liquid crystal layer has no reflection color outside the operating temperature
range of TLC material, and the entire device displays black background. The second and the third dimensional
anti-counterfeiting efficacy are related to the polarization state of the incident light and the linear polarization
direction, respectively. Only when the incident light is linearly polarized light and its polarization direction
makes an angle of 45° or —45° with respect to the optical axis of the liquid crystal, will the device show the
designed pattern. Consequently, our proposed anti-counterfeiting device is expected to provide a new idea for

developing the anti-counterfeiting field.

Keywords: polarization dependent, multi-dimensional, anti-counterfeit, thermochromic liquid crystalline,

liquid crystal polymer
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