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Abstract 

Vectorial optics with fine inhomogeneous polarization control are highly desired. Metasurfaces have been captivated 
a promising candidate, but their static post‑fabrication geometry largely limits the dynamic tunability. Liquid crys‑
tal (LC) is usually employed as an additional index‑changing layer together with metasurfaces. Unfortunately, most 
of the reported LCs only impart a varying but uniform phase on top of that from the metasurface, which we term 
“scalar” LC optics. Here, we pixelate a single‑layer LC to display versatile and tunable vectorial holography, in which 
the polarization and amplitude could be arbitrarily and independently controlled at varying spatial positions. Further‑
more, the subtle and vectorial LC‑holography highlights the broadband and electrically‑switchable functionalities. 
Our vectorial LC holography reveals significant opportunities for advanced cryptography, super‑resolution imaging, 
and many other applications.
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1 Introduction
As a technique for optical waveform control, holography 
has emerged as a powerful tool for various applications 
from augmented reality and virtual reality to data stor-
age and optical encryption [1–6]. It allows for a com-
plete reconstruction of the wavefront of light [7–11]. To 
explore the full potential of multichannel optical com-
munications and enhanced optical encryption, many 
efforts have been made in vectorial holography [12–17], 
which involves the manipulation of both polarization and 

amplitude in a spatially varying fashion. Among differ-
ent methods, metasurfaces, consisting of subwavelength 
structure units, have been proven to be highly effective in 
engineering the waveform of electromagnetic waves with 
an unprecedented level of precision [18–21]. By virtue of 
the multiple design freedom, vectorial meta-holograms 
with arbitrary polarization control spring up using di-
atomic plasmonic metasurfaces, geometric phase die-
lectric metasurfaces, or gallium nitride based pixelated 
metasurfaces [22–26]. However, the static geometry of 
lithography-based metasurfaces inevitably limits the 
dynamic and continuous tunability in holography. For 
versatile applications, smart responsive vectorial optical 
platforms together with easy fabrication and enhanced 
functionality are highly demanded.

Liquid crystal (LC), a self-organized soft material 
that intrinsically shares the anisotropic property of 
crystals and the fluidity of liquids, has already become 
a dominant force in the display market and also a ris-
ing star in various non-display fields [27–31]. Particu-
larly, the geometric phase LCs have drawn extensive 
attention in optical waveform control with the merits 
of lithography-free fabrication, flexible tunability, high 
efficiency, planar configuration, and broad bandwidth, 
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resulting in promising applications, including spatial 
light modulation, information storage, holographic 
imaging, etc. [32–34]. However, as a phase-only mate-
rial (modifies the phase of light only in the near-field), 
LC single-material vectorial holography has been cap-
tivated impossible and never been explored before. 
Conventional LC devices can only implement scalar 
optical holography, where the LC-hologram is limited 

to control the intensity distribution of the holographic 
images with uniform polarization and random phase 
profiles [35–37] (Fig. 1a). Recent efforts have also been 
made by integrating LCs with metasurfaces to incor-
porate the tunability [38–41]. Unfortunately, the fabri-
cation becomes further cumbersome, and most of the 
reported LCs can only impart a varying but uniform 
phase retardation on top of that from the metasurfaces. 

Fig. 1 Schematic illustrations of scalar and vectorial LC‑holography. a Scalar LC‑holography. Holographic image (a cat) is reconstructed 
with a random phase distribution ( ϕR ) when illuminated by LCP light. b Vectorial LC‑holography. We spatially multiplexing the LC holograms 
for LCP and RCP into a single LC layer, which are indicated by blue and red LC directors. Two independent holographic images (a cat without a tail 
and a cat without a head) are generated with spatially variant amplitudes and phase differences when illuminated by linearly polarized light. 
These two images are partially overlapped. The vectorial pattern is determined by both the phase difference distribution ( �ϕ ) and amplitude ratio 
( AR/AL ). α is the azimuthal angle distribution of LC directors. c Poincaré sphere together with the polarization ellipse to denote the polarization 
state by the azimuth angle ψ and the ellipticity angle χ. A nested LC director field with four blue and red LC pixels are depicted. The LC directors 
within each LC domain are uniformly aligned. a denotes the size of each LC pixel. d Photopatterning of single‑material LC superstructures 
for vectorial LC holography. The insets in dashed boxes 1 and 2 are larger versions of the LC director distribution represented by a pixelated 
grey‑scale pattern and typical digital micro‑mirrors in the digital micro‑mirror device (DMD) based micro‑lithography system, respectively
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Single-material vectorial LC-holography with arbitrary 
space-variant polarization and intensity control is still 
challenging.

To tackle this dilemma, we demonstrate a novel single-
material LC encoding method to display versatile and 
tunable vectorial holography, in which both the polariza-
tion and amplitude are arbitrarily controlled at varying 
positions (Fig.  1b). With a proposed two-loop-iteration 
modified Gerchberg–Saxton (GS) algorithm, we gener-
ate helicity multiplexed LC-holograms to synthesize full-
vectorial optical fields with unbounded possibilities. The 
intensity distribution of holographic light field can be 
selectively and continuously addressed according to the 
space-variant polarization pattern, which is determined 
by a weighted superposition of the holographic images 
for left circular polarization (LCP) and right circular 
polarization (RCP). By leveraging the dynamic tunabil-
ity of LCs, we achieve dynamic multichannel vectorial 
encryption and active vectorial LC-holographic video 
with the merits of electrical tunability, high efficiency, 
and broad bandwidth. This work marks the first-ever 
prototype of lithography-free single-layer LC vectorial 
holography, which paves a wide and flat avenue to real-
world impacts for advanced display, information encryp-
tion, and metasurface applications.

2  Results
2.1  Design strategy for vectorial LC‑holography
The design principle for the single-layer and single-mate-
rial LC vectorial holography is shown in Fig.  1b, c. The 
LC superstructure consists of a checkerboard distribu-
tion of LC directors with helicity multiplexed phase holo-
grams for LCP and RCP. Notably, the LC directors of 
different colours (blue and red) are the same material but 
function for different helicities. The transmission matrix 
of each LC domain can be expressed using the Jones 

matrix of T = R(α)
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R(−α) , where α denotes 

the in-plane orientation angle of the LC director, R(α) 
represents the rotation matrix, and Γ is the phase retar-
dation between an ordinary wave and an extraordinary 
wave. It converts the incident CP light into the opposite 
helicity with imprinted geometric phases e±i2α 
( |R� → e+i2α|L� and |L� → e−i2α|R� , where |L� and |R� 
stand for the spin of light). The acquired geometric 
phases show a linear relation of twice of α. The conver-
sion efficiency depends on the waveplate transformation 
implemented by the LC [42].

Considering the incident light with lin-
ear polarization (LP) can be decomposed into 
LCP and RCP, the LP light can be expressed as 
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resents the phase of the incident light with LCP (RCP), 
and �ϕin = ϕL

in − ϕR
in = 2θin ( θin denotes the polarization 

angle). The generated holographic field E in the far-field 
can be analytically calculated as:

Here AR ( AL ) denotes the far-field amplitude distribu-
tion of the holographic image of RCP (LCP), ϕR

H and ϕL
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are the designed phase distributions of RCP and LCP, 
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 , and �ϕ = ϕL − ϕR . In the process of 
holographic optimization, AR , AL , and �ϕ can be engi-
neered independently and simultaneously, thus allowing 
for generating an arbitrary state of polarization in the far 
field. The azimuth angle ψ = 1
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 of E are depicted in Fig.  1c. The 
variation in �ϕ results in a shift of the polarization state 
along the latitude of Poincaré sphere, and the changes in 
AL and AR cause the polarization state to alter along the 
longitudinal direction. Particularly, �ϕ/2 directly deter-
mines the LP distribution in the overlapping area of holo-
graphic images of LCP and RCP when AL = AR . For 
regions with LP state, we can simply use an analyzer to 
sort the local polarization, and the intensity distribution 
after the analyzer is calculated as:

where T (β) is the Jones matrix of an analyzer, and β repre-
sents the polarization angle of the analyzer. From Eq. (2), 
the vectorial information is hidden behind the amplitude 
of the holographic image, but can be read out by apply-
ing an analyzer with a series of specific angles according 
to the extinction condition (i.e., 2β −�ϕ = (2N+ 1)π , 
where N is an integer).

To independently acquire both the desired intensity 
and vectorial distribution of holographic images, we 
propose a two-loop-iteration modified GS algorithm 
for the single-material vectorial LC-holographic plat-
form. Here, two independent target images are set for 
LCP and RCP with specific amplitude distributions 
( AL and AR ) and a well-defined phase difference dis-
tribution ( �ϕ ). As shown in Additional file 1: Fig. S1, 
our GS algorithm involves two separate iteration loops 
to optimize the LC phase holograms for LCP and RCP. 
Meanwhile, we deliberately introduce intermediate 
steps to establish a correlation between their phase 
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profiles, allowing for the simultaneous optimization 
of �ϕ , AL , and AR distributions we have designed (see 
details in Additional file  1: Text S1). In this case, we 
manipulate the �ϕ distribution between holographic 
images of LCP and RCP while letting their respective 
phase distributions without intentionally controlled. 
The local amplitude modulations AL and AR are 
assured for producing an on-demand vectorial light 
field (LCP, RCP, LP, and EP). Consequently, we obtain 
two phase holograms for LCP and RCP, which are 
used in the subsequent calculation of the LC director 
distribution αL and αR. The final LC director distribu-
tion α = f (αL,αR) is obtained by spatially multiplex-
ing αL and αR together. To minimize crosstalk due to 
the twin images for LCP and RCP channels, we design 
the target holographic images in the upper half of the 
imaging plane.

Different from the scalar LC holography with rela-
tively continuous LC director distribution (Fig.  1a), 
the helicity multiplexed vectorial LC hologram 
(Fig.  1b) exhibits a pixelated profile usually with 
abrupt changes of LC directors within adjacent 
domains. Such pixelated LC distribution poses chal-
lenges to the fabrication. To overcome this issue, the 
dynamic microlithography photopatterning system 
are upgraded with high-precision optical components 
and carefully aligned optical path (Fig. 1d). We achieve 
the spatial resolution of 1.1  μm, and the precision of 
the polarization angle is reduced to ± 0.2°, allowing for 
the accurate generation of photoalignment patterns. 
Then, we proceed to optimize the LC domain size by 
carrying out a delicate balance between the resolution 
of the holographic image and the self-assembly quality 
of pixelated LC superstructures. LC defects and the 
deviation between the designed and experimental LC 
directors are avoided as far as possible. More detailed 
fabrication processes of LC superstructures are pro-
vided in Materials and Methods, and Additional file 1: 
Text S2.

2.2  Vectorial LC‑holography with programmable 
polarization control

As a proof of concept, we designed and fabricated three 
sets of LC superstructures to experimentally demon-
strate the vectorial LC holography. We begin by devising 
a vectorial LC-holographic clock that displays distinct 
time information based on the polarization keys (ana-
lyzer) (Fig. 2a). Two sets of phase holograms are nested 
( �ϕL for hour hand and �ϕR for minute hand) and 
encoded into one LC element. The incidence of RCP and 
LCP light yields independent holographic images of the 
“hour hand” and “minute hand”, respectively. With LP 

light illumination, arbitrary vectorial information can be 
encoded in areas where the two holographic images over-
lap. Here, we first consider the case in which the intensity 
of LCP and RCP holographic images are approximately 
equal (i.e., AL ≈ AR). Under this condition, the encoded 
vectorial information would be LPs at the direction of 
�ϕ/2.

For experimental validation, we choose the image in 
Fig.  2b (displaying the time “15:05:35”) as the target, in 
which the hour hand and minute hand exhibit circu-
lar polarizations, while two numbers of “3” and “5” are 
encoded with linear polarization directions at π/4 and 
− π/4. The required LC director distribution is then cal-
culated (Additional file 1: Fig. S2), and we simulated the 
corresponding far-field phase difference ( �ϕ ) between 
LCP and RCP holographic images (Fig. 2c). As expected, 
the numbers “3” and “5” can be clearly observed with �ϕ 
of π/2 and − π/2 respectively. With the versatility and 
high-precision of our photoalignment technique, the 
designed LC director distribution is pixelated imprinted 
to the empty LC cell, and a commercial nematic LC E7 
is infiltrated and self-assembled into a single-layer LC 
superstructure. The resulting holographic LC superstruc-
ture texture is examined under a crossed polarizing opti-
cal microscope (POM), as depicted in Fig. 2d.

Figure  2e presents the observed holographic image at 
various input/output polarizations (see Additional file 1: 
Fig. S3 for details of the optical setup). We can see from 
Fig. 2e(I, II) that helicity multiplexed holographic images 
of “hour hand” and “minute hand” appear respectively 
with the incident light of RCP and LCP, providing the 
time information of 15:05. When the superstructure is 
illuminated by LP light, the images of “hour hand” and 
“minute hand” are simultaneously reconstructed, with 
an overlapping area possessing a uniform “disc” pattern 
(Fig. 2e(III)). This region carries double-encrypted polar-
ization information corresponding to the encoded phase 
difference distribution. With polarization keys of − 45° 
and 45°, we can clearly observe the extinction images 
of “3” and “5” respectively, thus acquiring the com-
plete time information of 15:05:35 (Fig.  2e(IV, V)). Fig-
ure  2e(III) demonstrates the coexistence of polarization 
states including LCP, RCP, and two states of LP, of which 
the Stokes parameters (S1, S2, S3) are measured. All the 
holographic images are of satisfactory quality and highly 
consistent with our design, implying the potential of our 
vectorial LC-holography.

2.3  Vectorial LC‑holography with independent 
polarization and amplitude control

The continuous control of both the holographic ampli-
tude and vector distributions is further demonstrated. 
Figure 3a presents the target intensity distribution for the 
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Fig. 2 Vectorial LC‑holographic clock. a LC‑based vectorial holographic clock for time information encryption. b Target holographic images 
for incident light with RCP, LCP, and LP. The corresponding vectorial information is denoted. c Simulated phase difference distribution 
between the holographic images of LCP and RCP. d POM texture of the holographic LC superstructure. The white arrows represent the crossed 
polarizer and analyzer. Scale bar: 50 μm. e Vectorial LC‑holographic images at various input/output polarization channels. The blue and red 
arrows indicate the input and output light polarization, respectively. The measured Stokes parameter values  S1,  S2,  S3 of four typical regions 
in the LC‑holographic clock image (marked by green, yellow, orange, and blue dots) are presented at the bottom
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holographic image I, depicting “the moon” with a contin-
uously varied intensity profile. We continuously encode 
the phase difference at varying positions (from 0 to π) to 
generate the continuous gradient LP profile (Fig. 3b). To 
align with the lunar phase change, we specially design an 
arc-shaped phase distribution �ϕI . The arrows in Fig. 3a, 
b illustrate the distribution of LP, with their directions 
and lengths indicating the directions and amplitudes of 
polarization vector field, respectively. For comprehen-
sive vectorial information coverage across the Poincaré 
sphere’s equator (Fig. 3c), we design another holographic 
LC superstructure II, which employs the same intensity 
pattern of “the moon” but with a reversed LP distribution 
(from − π/2 to 0) and arc gradient (Fig. 3d, e).

According to the above design, we fabricated holo-
graphic LC superstructures I and II (see Additional file 1: 
Fig. S4 for their POM textures) and conducted the holo-
graphic experiment. When LC superstructure I is illumi-
nated by RCP (LCP) light, the holographic image of “the 
moon” is reconstructed (Fig.  3f, g), which exhibits LCP 
(RCP) polarizations with continuously varied intensity 
distributions (denoted by the circles with arrows with 
different sizes) as expected. Through LP incidence, we 
reconstructed the intended holographic image, which 
encodes the customized vectorial information (Fig.  3h). 
With the help of an analyzer, the polarization informa-
tion can be sorted. As we rotate the analyzer from − 90° 
to 0, the extinction region shifts from right to left in the 

Fig. 3 Vectorial LC‑holographic lunar phases encoded with continuously varied polarization and amplitude distributions. a–e Target intensity 
and phase difference distribution for LC superstructures (a, b) I and (d, e) II. The double‑sided arrows denote typical LP states with different 
amplitudes at different positions. The continuously varied LPs cover the equator of the Poincaré sphere. f–s, Experimental results of vectorial 
holographic images reconstructed from LC superstructures I and II for incident light with different polarizations. The circles with arrows denote 
the CP with different helicities and amplitudes. The lengths and directions of arrows indicate the amplitudes and polarizations of LP. The 
pentagrams represent the darkest position on the holographic image. The holographic images in blue boxes are selected to constitute the full 
phase diagram of the moon
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observed holographic pattern, which matches the differ-
ent phases of the moon (Fig.  3i–l and Additional file  1: 
Fig. S5).

For LC superstructure II, the reconstructed holo-
graphic patterns under CP incidence (Fig. 3m, n) are the 
same as those from superstructure I but encoded with 
the orthogonal helicity. An inversed vectorial distribution 
is generated in the holographic image for LP incidence 
(Fig.  3o, spatially varied LP from − π/2 to 0). Conse-
quently, the extinction occurs from left to right when 
the polarization key changes from 0 to 90° (Fig.  3p–s). 
We note that the images in Fig.  3f–h, m–o correspond 
to the “full moon”, while the images in Fig.  3j, k, q, and 
r represent the phases of “last quarter half moon”, “wax-
ing crescent moon”, “first quarter half moon”, and “waning 
crescent moon”, respectively. Remarkably, the vectorial 
holographic patterns generated from superstructures I 
and II during the polarization-sorting process constitute 

the full phase diagram of the moon, and some typical 
lunar phase revolution images are provided in Additional 
file 1: Fig. S5.

2.4  Vectorial LC‑holographic video
Leveraging the dynamic tunability of LC superstructures, 
we successfully achieved an active time-sequence vecto-
rial holographic video (see the texture of holographic LC 
superstructure in Additional file 1: Fig. S6). Target video 
segment is selected from a famous football match “Man 
Utd 2-0 Portsmouth, 30 January 2008”, where a football 
player takes a free kick. As shown in Fig. 4a, we encode 
the regions of the football gate (purple) and competi-
tion score (blue) with LCP and RCP, respectively. The 
time-sequential frames of the player taking a free kick 
(green, yellow, red, and crimson) are encoded with differ-
ent phase differences ( �ϕj ) between LCP and RCP, which 

Fig. 4 Electric‑field and polarization addressable vectorial LC‑holographic video. a Vectorial LC‑holographic video design. The competition 
gate (score) is encoded with LCP (RCP). The images of time‑dependent states of the foot player taking a free kick are embedded in the vectorial 
channels corresponding to the phase differences of �ϕ1 = 0,�ϕ2 = 4π/9, �ϕ3 = 8π/9, and �ϕ4 = π. b Holographic images obtained at RCP, LCP, 
and LP incidence. c Electrically switchable and time‑sequential polarization‑addressable LC‑holographic video display. The video is switched on/off 
at the applied voltage of 0 V/13.9 V (1 kHz square‑wave signal)



Page 8 of 11Wang et al. eLight             (2024) 4:5 

allows us to create a multiplexed time sequence of holo-
graphic displays.

Figure  4b showcases the reconstruction of football 
gate, competition score, and the whole scenario of foot-
ball match through RCP, LCP, and LP incidence, respec-
tively, which is highly consistent with our design. With 
the aid of the electric field and the variation of polariza-
tion keys, the dynamic display of the holographic video 
with a high-quality and time-sequence performance has 
been experimentally demonstrated. At the beginning, the 
video is not played with the applied voltage of 13.9 V. In 
this stage, all channels for holographic images are closed 
due to the standing postures of LC directors, which lost 
the capability of optical waveform control. Once the elec-
tric field is removed, the LC molecules reorganize from 
standing postures to lying states. Thus, the holographic 
video is switched on (Fig.  4c). The holographic images 
corresponding to the positions of the player at differ-
ent moments are selectively addressed in time sequence 
as the polarization key switches from 0° to 90°. Notably, 
both the gate (LCP) and score (RCP) consistently exist 
throughout the entire video segment to coincide with 
the real match scene. Each dynamic video frame presents 
the temporal state of the footballer with a high-quality 
holographic performance. After the player’s free kick, 
the video display is electrically switched off. Due to the 
reconfigurable nature of LCs, this addressing process is 
reversible. By combining the electric field and polariza-
tion addressable dynamics in vectorial LC-holography, 
these results may facilitate more advanced smart devices 
for anticounterfeiting, optical manipulations, and so on.

3  Discussion
To summarize, we demonstrate the first prototype of vec-
torial LC-holography, which refers to the implementation 
of arbitrary vectorial holography using a single planar 
element comprised of a single-material LC, as opposed 
to using metamaterials combined with LCs or employ-
ing complex optical systems where one of the devices 
includes LC. Particularly, such vectorial LC-holography 
strategy can achieve full utilization of polarization chan-
nels, including CP, EP, and LP control (Additional file 1: 
Text S3 and Fig. S7), to boost the information-encoding 
capacity. By leveraging the sensitive responsiveness of 
LCs, we further demonstrate the electrically switching of 
time-sequence vectorial LC-holographic video and the 
dynamic vectorial holographic encryption (Additional 

file 1: Fig. S8 and Additional file 2: Video S1). For the lat-
ter, we can only access encrypted information of “NJU 
LC” with the correct polarization key (Additional file 1: 
Text S4). The experimental results agree well with the 
design and demonstrate excellent broadband properties. 
With optimized voltages, we achieve relatively high holo-
graphic efficiencies up to 69.08%, 70.93%, and 63.23% 
for wavelength at 633 nm, 540 nm, and 470 nm, respec-
tively. The merits of dynamic tunability, easy fabrication, 
high efficiency, broad bandwidth, cost-effectiveness, 
high-quality performance, large-area manufacturing, 
and versatility make LCs outperform most bulky optical 
components.

For vectorial LC-holography, the spatial resolution of 
the photopatterning system would be quite important. 
Hologram with higher spatial resolution would be less 
influenced by higher-order diffraction. It also correlates 
with an augmented capacity to reconstruct more details 
in the holographic image. In order to demonstrate the 
impact of spatial resolution on the vectorial holography, 
optical performances of three pixelated LC samples with 
different pixel sizes of a = 1.1  μm, 2.2  μm, and 4.4  μm 
are examined (Additional file  1: Fig. S9). Evidently, the 
vectorial holographic quality degrades as the resolution 
decreases, and the current spatial resolution of 1.1 μm is 
good enough to fabricate desirable pixelated LCs for vec-
torial holography. It seems difficult to further elevate the 
resolution with current devices and methods due to the 
cell-type configuration and the axial (z) resolution of the 
system. Fortunately, this limitation can be potentially sur-
mounted by developing monolithic LC polymeric films.

Several possible future directions could broaden this 
work [43]. For example, with such high-resolution pix-
elated LC superstructures, we can rationally envision 
the potentially important developments of cutting-edge 
photonic technologies in the near future, such as LC-
based diffractive neural networks [44] and topological 
photonic systems [45]. In addition, the three-dimensional 
cholesteric LC and blue phase LC systems would fur-
ther inspire vectorial chiral-LC optics. By employing the 
emerging ferroelectric nematic LCs [46, 47], which natu-
rally combine the local electric polarity and the orienta-
tion order of LCs (promising the second-order nonlinear 
optical response), we can anticipate more advancements 
in vectorial LC optics within the framework of nonlin-
ear optics [48]. Moreover, through combining our recipe 
with geometric metasurfaces, the capacity is greatly ele-
vated because now our LC is super-pixelated, and nearly 
infinite possibilities of local polarization and amplitude 
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combination could be engineered. This work addresses 
challenging issues associated with vectorial LC optics, 
which paves a wide and flat avenue to real-world impacts 
for advanced optical cryptography, super-resolution 
imaging, optical communications, information storage 
systems, and many other vectorial optical applications.

4  Methods
4.1  Materials
The photoalignment agent SD1 (DaiNippon Ink and 
Chemicals, Japan) was used for photopatterning. SD1 
molecules are sensitive to the polarization of incident 
light. After absorbing ultraviolet photons, the dye mol-
ecules isomerize and finally tend to orientate perpendic-
ularly to the local polarization because of their dichroic 
absorptions [49–51]. SD1 is rewritable and only the 
last photo-reorientation will be recorded, which drasti-
cally facilitates the photo-patterning process. After the 
LC is infiltrated, SD1 will locally guide the LC direc-
tors through intermolecular interactions. To validate 
the versatility of pixelated LC architectures, an available 
commercial nematic LC E7 (Jiangsu Hecheng Display 
Technology Co., Ltd., China) was adopted.

4.2  Fabrications
Indium-Tin-Oxide (ITO) coated glass substrates were 
first ultrasonically cleaned, then UV ozone cleaned. The 
alignment agent SD1 was dissolved in dimethylforma-
mide at a concentration of 0.35 wt%, spin-coated onto the 
substrate, and annealed at 100 °C for 10 min. Two pieces 
of glass substrates were separated by 9  μm spacers and 
sealed with epoxy glue to form a cell. Then the empty LC 
cell is placed at the image plane of the digital micromir-
ror device-based microlithography system to record the 
patterns of LC director distribution via a multistep partly 
overlapping exposure process with a synchronous polari-
zation control. The nematic LC E7 was capillary filled 
into the photopatterned cell at 70  °C and slowly cooled 
to the room temperature, ultimately forming a pixelated 
LC superstructure. The photoalignment process is more 
efficient when the temperature is at 25 °C and the humid-
ity is < 40%.

4.3  Characterizations
All experiments were performed at room temperature 
and in an ambient environment. The POM textures of 
pixelated LCs were obtained by a crossed polarizing opti-
cal microscope (DM2700P, Leica). The LC samples were 
illuminated by a 633 nm laser (TEM-F-633, Changchun 

New Industries Optoelectronics Technology Co., Ltd., 
China). A supercontinuum laser (SuperK EVO, NKT 
Photonics, Denmark) combined with a multichan-
nel acousto-optic tunable filter (SuperK SELECT, NKT 
Photonics, Denmark) was adopted as the laser source to 
demonstrate the broadband properties of vectorial LC-
holography. We used a polarizer combined with a quarter 
wave plate (JCOPTIX, China) to sort different circularly 
polarized light. All the holographic images were captured 
by a commercial camera (EOS 850D, Canon, Japan). The 
AC electric signals were output by a function generator 
(33522B, Agilent Technologies Inc., USA) and amplified 
by a voltage amplifier (2340, TEGAM, USA). The Stokes 
parameters of the holographic image were measured by 
a Polarization Analyzer (SK010PA, Schäfter + Kirchhoff).
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