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    Using circularly polarized luminescence (CPL) to create flexible 3D imaging
with a big contrast ratio and wide viewing angle holds the great potential  to
revolutionize the way that humans interact with and perceive digital  content
in their daily lives. In a recent study published in Science Advances, Zhang et
al. developed  a  confining  helical  co-assembly  strategy  to  produce  printable
CPL-active photonic paints. These materials showed an advance in terms of
both  machinability  and  CPL  quality,  paving  the  way  for  the  development  of
flexible 3D display panels.

3D displaying technology—known for its immersive and realistic viewing
experience —enables  broad  applications  in  entertainment,  advertising,
education and medical  imaging.1 The growing interest in flexible and wear-
able technologies has amplified the need for innovation in this area. Flexible
3D  displays,  offering  portability,  adaptability  to  various  surfaces,  and

integration into daily life items and wearables,
make  the  3D  imaging  more  accessible  and
versatile.2

Traditional  3D  displaying  technologies
predominantly rely on linearly polarized light to
create  a  stereoscopic  effect,  often  suffering
from limited viewpoints and poor contrast.  To
overcome  these  drawbacks,  the  focus  has
shifted  towards  exploiting  circularly  polarized
luminescence (CPL) in 3D displays. Compared
to linearly polarized light, CPL allows a signifi-
cant  contrast  ratio  and  wide  viewing  angle
owing  to  its  optical  rotation,3 showing  the
attraction  for  next-generation  3D displays,  for
example, wearable 3D electronics.

However,  the  CPL  utilization  in  flexible
displays has  been  constrained  by  the  limita-
tions  of  existing  CPL  materials.  Present  CPL
materials  frequently  face  same  challenging
issues, such as low luminescence dissymme-
try  factor  (glum),  rigidity  and  machinability,
hindering their use in flexible processing.4

The combination of chiral liquid crystals and
luminescent  materials  leads  to  generate  CPL
from  their  formed  ordered  co-helical struc-
tures.  These  systems  are  characterized  with
high glum values,  enabling themselves to  work
for advanced light control applications such as

3D  imaging  and  optical  filters, etc. However,  the  inherent  fluidity  of  these
systems  makes  them  less  suitable  for  the  processes  such  as  printing  and
other applications where a stable, solid-state material is required. This limita-
tion  is  significant  in  the  context  of  practical  applications  and  fabrication
processes, where the material ability to maintain a fixed form is essential.

Recently, the research published in Science Advances by Zhuang and Yu’s
groups  addressed  the  key  issue  by  encapsulating  luminophor-doped  chiral
liquid crystals in polymer shells to construct a new type of CPL materials that
is  both  processable  and  large-asymmetric  (Figure  1A).5 The  team  prepared
CPL-active photonic paints (CPL-PPs) using a confining helical co-assembly
strategy,  enabling  large-scale  controllable  material  production  (Figure  1B).
They successfully achieved a glum value up to 1.6, representing a substantial
improvement over existing processable CPL materials (Figures 1C–D).
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lsFigure 1.  Material  synthesis,  performance,  and

applications  of  CPL-active  photonic  paints (A)
Structure  of  chiral  core-shell  microspheres.  (B)
Schematic  of  full-color  CPL-active  photonic  paints
(CPL-PPs).  (C)  Circularly  polarized  luminescence
spectra  of  CPL-PPs. (D)  corresponding  lumines-
cence  dissymmetry  factors.  (E)  Schematic  diagram
of  the  principle  of  flexible  3D  display  panels.  (F)
Conceptual  design  of  a  wearable  3D  display  device
showing  stereoscopic  navigation  information.
Adapted from Zhang et al.5
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The  ability  to  apply  these  CPL-PPs  to  various  substrates,  such  as
polypropylene,  cotton  fabric  and  polyester  fabric  is  a  pivotal  advancement.
This versatility opens up new possibilities for the integration of CPL materials
into flexible and wearable 3D displays, overcoming the limitations of previous
materials and methods.

One  of  the  key  applications  highlighted  is  the  development  of  flexible  3D
display panels. Zhang et al. successfully printed orthogonal CPL matrices on
flexible substrates to create 3D panels (Figure 1E). These displays exploit the
unique properties of CPL to present different images to the left and right eyes,
generating  a  stereoscopic  3D  effect  without  the  need  for  rigid  and  bulky
components.

The  successful  demonstration  of  wearable  3D  displaying  panels  and  the
conceptual design of smart wears with intelligent applications highlighted the
potential  societal  impact of  this study (Figure 1F), showing the great  poten-
tial  to  revolutionize  the  way  humans  interact  with  electronic  devices  and
could  lead  to  advancements  in  areas  such  as  smart  clothing,  navigation
systems and immersive communication experiences.

To conclude, Zhang et al. developed a new type of processable CPL mate-
rials, which was utilized to create flexible 3D displaying panels. These materi-
als exhibited the ability to be printed onto various flexible substrates, forming
orthogonal CPL  matrices.  These  matrices  enable  the  production  of  stereo-
scopic 3D effect, which would pave the way for more immersive and interac-
tive digital experiences in various applications. It is worth noting that the CPL
materials in this study have broader potential applications beyond the show-
cased flexible 3D displaying. These materials could be utilized in areas such
as spintronics,  quantum  computing,  information  security,  biomedical  diag-
nostics and treatments, etc. The unique optical properties and processability

of  CPL  materials  render  them  very  useful  across  various  fields,  offering
opportunities for continued research and advancement.
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