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Liquid crystal photonic crystals: from structural color display to
planar optics

CHEN Quanming
(School of Physics, Hefei University of Technology, Hefei 230601, China)

Abstract: Liquid crystal photonic crystals are a class of soft-matter photonic materials based on self-
assembled helical structures of liquid crystal molecules, distinguished by the selective Bragg reflection and
geometric phase modulation arising from their chiral helical architectures. Unlike conventional rigid
photonic crystals, the periodicity of liquid crystal photonic crystals originates from the rotational order of
molecular directors rather than the translational order of molecular centers. This fundamental distinction
endows them with two core advantages: large-area self-assembly fabrication without the need for complex
nanolithography, and external-field tunability enabled by weak intermolecular interactions. This review
systematically surveys the evolutionary trajectory of liquid crystal photonic crystals from structural color
displays to planar optics. First, external-field tuning strategies for structural color displays are summarized

from three perspectives—wavelength, amplitude, and chirality. Subsequently, the physical origins and
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implementation schemes of geometric phase in cholesteric liquid crystals and blue phase liquid crystals are
elaborated, revealing the intrinsic logic underlying the transition from spectral modulation to wavefront
engineering. On this basis, recent advances in frontier research are highlighted, including structured light
generation and manipulation, dynamic holographic displays, augmented reality waveguides, optical
computing, and quantum optics, illustrating the structure-phase-function relationships. Finally, key
challenges and potential solutions toward the practical deployment of liquid-crystal photonic crystal planar
optics are briefly discussed from the perspectives of material performance optimization and device
structural innovation. It is anticipated that liquid crystal photonic crystals, as a planar optical platform
combining tunability with multidimensional light-field manipulation capabilities, will play a significant role
in next-generation photonics and quantum optical devices.
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Fig. 1 Structural units, polarized optical microscopy images, and reflectance spectra (from left to right) of (a) CLC, (b) BP

I, and (c¢) BP II. Scale bar: 100 pm.
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Fig.2 Tuning of reflection wavelengths (a~d) by light® (CLCs) , electric field®' (heliconical CLCs) , mechanical

force™ (BPLC elastomers), and fluid diffusion dynamics™ (BPLCs), respectively; (e) electrical tuning of reflec-

tion intensity of BPLC™, () optical tuning of chirality of CLC™ , and (g) electrical tuning of bandwidth of

BPLCs™.

2.3 Gl FHEEG

T 8 4 T A5 A DL T AR B R A AN
BOA S R PR AR A S5 2 D e e T
RHEEAR . T MY Y S Ak AE T ) W F AR
S EA Tk v I Ty BE i o 1 #8 2% 5 3 1 H
g 5 73 A i A A 2R B v HT P, DA T S 390 8L 4
N MR HE 0 B A58 . Chen 28 A K 22 g 6 sy +
JF & ChAD-3C-S 5 45 i€ ## 4&5 F- 57l R5011 H: []
B4 T ) B AH W AR IR R HTP B w3
HTP (X HOR g™ . %% UG 5 ChAD-
3C-S KB R A M 548, H HTP g i IG5t
HTP /NG SO F 2 1k, RS 20 8% ;24 0
TR 5 A BRI B MR R AL T E A Y A e
A, 06T BRI 2% 5 4k S 5 Il 0T X SR b A itk —
W AR TTIR G S T R IR R
A, B TSR AT S B A AT T D A 4
¥ 22 1] AT 8 D) 4 o 2 ol R SR U)K B I =X 1) 2
bl ) A R RIRE R T %O R/
TRAF 2 LI 45 4 S M P T R, SE B T
4 32 2 ] 3 Y, OF W] 26 4R 45 1000 nm #5845 1
J2SF S RS L . 2R Hb L Yuan S5 A FE IH 5 A

WA A A RGBT 7 I L (s, 8)
BTTC(HA LA HTP A +8.0 pm 1, KN
-16.0 pm 1) KA FHEFI RS11 ( 20) o FFIR
SN BETTER S0, KR B4 T, SO A e B
it 41 06 5 55 AP OG5 T 3G h I 26 1) P 2R S Ay,
HTP i 1E 5% 67, 24 P PR A2 8 o kR 2o 0 2 A e
FVE ¥ M S AR R A8 O A2 FI85E , R 6 )
e Sy 7 e B it %

AN T A 37y B 4RI A 45 OG- AR B
eIk HEA AR ERE L R O DO GEy
T AR AL R Y HTP, AT = B2 fk A s 25 18 43
AR B 3200 574 10 KOt Ak 2 A e PR 29
L 37 BLHE AR o3 B Ta) B A 5 4, 8 R R HK
P 5 T4 B, A0 58 37 0T Be S B0 e B A%
5 TG 45 00 0ok kR TR 2 B R B AR R
P S B35 I T, AE e 1 A2 AR BRI 5 O 45
I 2ok 07 AR A A R R3S T R AR R,
15 32 3 b 5P AL BIE 55 52 0 o DN TE — M A £
JEF WA T A = T M S S R e A
A I [R] 1 B o R R DAL O R 3 S L e 7
FE PR R M Z AT AT A7 E N AEAURT o A 6] Ah



6 (GRS RTAZN

Yy i IE I BCE A R A R T 22 3 1 ) )
— LSS BE A5 2 A A ) 0 TR A A A T
g RS 7 N N i =il TR O 2 S

MR VA O T A S R € 1 R T S LB
F R =R BN, Chen 55 AR H B
MEFGREGYREBPLCTE FIRAS
RE WM& KA AR 51T A8 DT 4R B 54 5 8L
14 3 A 30 BT 3 T K R R O T B (I 2g) .
TE 27 pm JE (A i 0. 89 pm "B L )
BB BE B0 8R4 34 nm P ZE 310 nm, 3 55 4
OfF  TESCH FRBH @A, AN, WA
- it A 5 R A ) R T R BR T — b g A
W, Yuan 55 NG G L - HRCH R] A 45 S0 B0 45 4 8 )k
KB VR R R AR Ak 3 a5 e S il v 5
A R E SR BE A B K LA 5 nm /0. 05 "C i R
R VA IES 5 A1 e 7 W03 Bk A AR H R R T heli-
conical & & A0 £ A FINIBLEE , W5 & P R S 8 T 9 3

@ (rad)

500 550 800 650 700

A {nm)
(d) (e

1

L

500 550 600 650 700
. (nmy)y

x]
@, (rad)

FEL B 0 <
3 JUTARAE

2016 4F , Z WA\ Z T7 i R G e /s 1
CLC Y Bragg JZ #6447 JLMATAR 627, #g 3T
R e HIR e 45 1 R X b Z B th 7 i ¢
J&i , Bragg [ 56 4 H AR A7

T N scoshsL

O=———2¢—tan '— —— , (1)

2 (Ak/2)sinhsL

Horp, Ak 2GR 5 BT B A R i R T L L 2
WRE B K B, = ki -(AR/2)° k S HBA R 8. W
GH—DHAHET 0=2¢, HAAFENE, HE
WAL TG 74 BN, L AT AR AL 3] i) 8% 3y — H
R 100 %% , TG 5 1 2 1] 81 B i BT SR I 2 D A
(I 3a~c) o 1 T 3% JL Al A7 A7 94 ) ok I8 T
Bragg )41, N & W 4% FR 4 Bragg-Berry #1417 .

—R (L =520 nm)

—R (L=580nm)

—R (L =608nm)

. —R (A =640 nm)

T —R (=700 nnm)

F 0 <~ O, (h=520nm)
)

)

)

)

© . g
100 —fro—ter—=
80 -2

60 —

R (%)

’ & 0@, (L =580 nm,
Y- w2 O (=608 nm
O @, (A =640 nm|

¢ O® (A =700nm

40 4

20 =

a

)
n =R (k=520 nm)
100 —R (L=592nm)
] 2 —R (k=587 nm)
80 ~ —R (A=8602nm)

T —R (L=700nm)
%, [F0=.0 @, (x=520 nm)
W g0 d, (h=592 nm)

, [~ W2 O @, (2 =597 nm)
* O &, (% =602 nm)
O @, (k=700 nm)

 p (rad)
R (%)

@,
N
S S
| N |
/, 7
'
/ /
#
e ¢
#

0 w4 w2 3w4 =
o (rad)

K3 (a)~(c)F(d)~(0) 735 R CLC ¥R JE A BPLC & i 5 i 78 & T PEVC IE BT e A AL, DL KRR IR S g %

VAR ASL Bt o7 £ 1 6 3R

Fig.3 (a~c) and (d~f) show, respectively,

the azimuth schematic,

chirality-matched reflection phase, and

azimuth-angle-dependent reflectance and phase at specific wavelengths for CLC (helix) and BPLC (lattice)"™®".
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