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Abstract

A  new  soft-matter  vertical-cavity  surface-emitting  laser  (VCSEL)  based  on  stacked  Mylar  films  and  polymerized
cholesteric  liquid  crystal  films  holds  great  potential  for  fabricating  flexible  lasers,  which  is  sought  after  in  many
emerging applications.
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Vertical-cavity  surface-emitting  lasers  (VCSELs)  have
unique properties unattainable by other types of lasers that
enable  them  to  be  used  in  a  wide  range  of  applications.
Their  surface  emission  enables  the  fabricate  of  large  two-
dimensional  arrays  of  laser  units.  These  arrays  have  been
used in several fields,  including consumer electronics.  For
example,  smartphone  facial  recognition  relies  on  near-
infrared  light  emitted  by  VCSEL  arrays1.  This  is  possible
due to the low-cost of VCSEL array fabrication and testing.
They  have  also  been  used  in  computer  mice  and  in  data
centers.  The  short  cavity  length  of  VCSELs  ensures
operation  in  a  single  longitudinal  mode,  but  they  still
support multiple transverse modes when they are designed
to have a large aperture to boost their output optical power.
One of the key challenges still facing VCSELs that prevent
their use in many applications is simultaneously achieving
high optical power and single-mode operation.
Conventional  VCSELs  typically  consist  of  two  mirrors

(distributed  Bragg  reflectors)  and  an  oxide  aperture  that
define the  cavity.  They operate  in  single  mode only when
the  aperture  diameter  is  below  a  few  micrometers.  This
limits the achievable optical  power from a single VCSEL.
Using a VCSEL array is one approach to get more power,
but  they  operate  independently  (the  VCSELs  in  an  array

are  not  mutually  coherent).  These  limitations  encouraged
researchers to look into unconventional methods to achieve
optical  feedback  that  does  not  promote  multi-mode
operation.  This  includes  designs  based  on  photonic
crystals2,3, open-Dirac singularities4, and topological insula-
tors  and  cavities5–8.  However,  conventional  semiconductor
lasers  are  made  on  rigid  III-V  semiconductor  substrates,
hindering their integration in flexible devices.
In a recent article by Wang et al., a topological VCSEL

with a flexible structure has been demonstrated9. They used
a  stack  of  polymerized  cholesteric  liquid  crystal  (PCLC)
films and Mylar films to form an optical superlattice in one
dimension,  as  shown in Fig. 1a.  The films were on a PET
flexible substrate, giving the laser a flexible structure. Each
PCLC  film  is  coated  with  a  PM597  gain  medium,  which
supports  lasing  at  a  wavelength  of  575  nm.  Lasing  was
achieved  under  pulsed  optical  pumping  (Fig. 1b)  with  a
threshold of 1.5 × 106 W/cm2 (0.47 μJ). This approach does
not  require  lithography.  This  simplifies  the  process
significantly since other approaches typically require high-
resolution lithography (e.g., e-beam lithography) given the
short wavelength of optical waves. Moreover, the chirality
of cholesteric liquid crystals results in circular polarization
of  the  emitted  light,  a  property  that  is  not  trivially
achievable  in  conventional  VCSELs.  The  emitted  light  in
the  demonstrated  device  had  left-handed  circular
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polarization.
The unique features of this flexible topological VCSEL,

including  the  easy  manufacturing,  flexibility,  and  circular
polarization can enable new applications and open avenues
for  VCSELs.  However,  achieving  continuous  wave  (CW)
operation  and  improving  the  stability  of  these  lasers  are
challenges  that  need  to  be  investigated10.  Furthermore,
while  achieving  electrical  injection  in  topological  lasers
and  photonic-crystal  lasers  based  on  inorganic
semiconductors  has  been  demonstrated3,11,  achieving  the
same in lasers based on PCLC and dye gain media is not as
simple. Addressing these challenges is not trivial, but it can
pave  the  way  towards  low-cost,  flexible  VCSELs,  which
would allow for their use in several emerging applications
in consumer electronics.

Data availability
All data are available from the corresponding authors upon reasonable
request.

Conflict of interest
The author declares no conflicts of interest.

Received:  29  September  2025 Revised:  22  December  2025 Accepted:  30
December 2025

Published online: 09 March 2026

References 

 Padullaparthi,  B.  D.  ,  Tatum,  J.  A.  &  Iga,  K.  I.  VCSEL  Industry:
Communication and Sensing. (Hoboken: John Wiley & Sons, 2022).

1.

 Noda,  S.  et  al. High-power  and  high-beam-quality  photonic-crystal
surface-emitting lasers: a tutorial. Advances in Optics and Photonics 15,
977-1032 (2023).

2.

 Yoshida,  M.  et  al. High-brightness  scalable  continuous-wave  single-
mode photonic-crystal laser. Nature 618, 727-732 (2023).

3.

 Contractor,  R.  et  al. Scalable  single-mode  surface-emitting  laser  via
open-Dirac singularities. Nature 608, 692-698 (2022).

4.

 Dikopoltsev,  A.  et  al. Topological  insulator  vertical-cavity  laser  array.
Science 373, 1514-1517 (2021).

5.

 Yang,  L.  C.  et  al. Topological-cavity  surface-emitting  laser. Nature

Photonics 16, 279-283 (2022).
6.

 Ma, J. W. et al. Room-temperature continuous-wave topological Dirac-
vortex  microcavity  lasers  on  silicon. Light:  Science  &  Applications 12,
255(2023).

7.

 Gao,  X.  M.  et  al. Dirac-vortex  topological  cavities. Nature

Nanotechnology 15, 1012-1018 (2020).
8.

 Wang,  Y.  et  al. Soft-matter-based  topological  vertical  cavity  surface
emitting lasers. Light: Science & Applications 15, 27(2026).

9.

 Ahmad,  A.  et  al. Recent  advances in  lasing phenomena in cholesteric
liquid  crystals:  materials,  mechanisms  and  applications. Physical

Chemistry Chemical Physics 27, 15293-15309 (2025).

10.

 Choi,  J.  H.  et  al. Room  temperature  electrically  pumped  topological
insulator lasers. Nature Communications 12, 3434 (2021).

11.

 

Mylar film A

a

PCLC with PM597

b

Mylar film B
Soft-matter 

topological VCSEL

Circularly polarized 
yellow light

Linearly 
polarized green 

light

Fig. 1 a The structure of the soft-matter topological VCSEL based on PCLC and Mylar films. b The optical pumping scheme. Circularly polarized
light is emitted through linearly polarized pumping9.
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