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We show here that light polarization of a beam propagating 
through a heliconical cholesteric cell can be controlled by 
tuning the Bragg resonance of the structure. We 
demonstrate that this control is achieved by varying either 
the low frequency electric field or the intensity of a pump 
beam impinging on the sample.  The study confirms the 
recently reported phenomenon of optical tuning of the 
heliconical cholesterics and opens the door for the 
development of simple and efficient polarization 
modulators controlled electrically or optically.   
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The demonstration of the existence of the heliconical 
configuration of a cholesteric liquid crystal (ChOH) [1] provided 
new perspectives for applications of this mesophase in optical 
devices due to the easy control of the Bragg resonance in a broad 
spectral range [1-3]. Recently we have demonstrated how such a 
structure can be efficiently exploited for optical filtering either in 
notch or bandpass configuration [4]In the latter we have 
exploited the strong optical rotatory power of ChOH, which is 
similar to that of a conventional right-angle cholesteric liquid 
crystals (CLC) [4].  

Here we report how the strong optical rotatory power of 
ChOH could be used to control a polarization of propagating light 
by applying either a static electric field or an optical field.  The 
optical control is based on the tuning of the heliconical pitch  [5] 
by a pump beam and is thus conceptually similar to the control 
by a low-frequency electric field [1-4], The effect enables an all-
optical control of light polarization.  

A conventional CLC helicoidal structure with the local 
director perpendicular to the axis of twist leads to a Bragg 
reflection for light wavelengths in a narrow range around  𝜆𝐵 =
𝑛𝑎𝑣𝑃 , where 𝑛𝑎𝑣  is the average refractive index of the material 

and P is the pitch of the structure. Light propagates in CLC as a 
superposition of two waves circularly polarized in opposite 
directions (clockwise and counterclockwise). The wave polarized 
with the same handedness as the helix suffers a strong Bragg 
reflection if its wavelength 𝜆 is close to 𝜆𝐵, while the other one is 
almost unaffected [6-9]. If the incident light is linearly polarized, 
a strong change of the polarization state is expected in the 
transmitted beam because of the disbalance between the two 
circularly polarized components; a strong optical rotation is 
observed for the transmitted light. The rotatory power 𝜌 for light 
travelling along the helix can be written as [8]: 
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where 

𝛼 =
𝜖∥−𝜖⊥

2𝑛𝑎𝑣
,  𝜖∥ is the dielectric permittivity in the direction parallel 

to the molecular director and 𝜖⊥ is the one in the direction 

perpendicular to it;𝑛𝑎𝑣 = √(𝜖∥ + 𝜖⊥)/2. 

In ChOH a low frequency electric field induces a stable 
heliconical configuration of the director while preserving a 
single-harmonic structure. As already pointed out [10] all the 
results concerning light propagation along the helix of a CLC can 
be applied to a ChOH as well, making a few simple changes in the 
mathematical description. While in CLC the molecular director is 
orthogonal to the helix axis (𝜃 = 𝜋/2), in ChOH it makes an angle 
dependent on  the  applied  electric field,  usually  in  the  range 
0 < 𝜃 < 𝜋/6.  This tilt leads to an effective value of the dielectric 
permittivity that depends on the angle:  

𝜖𝑒𝑓𝑓 =
𝜖∥𝜖⊥

𝜖∥ − (𝜖∥ − 𝜖⊥)𝑠𝑖𝑛2𝜃
                                                                 (𝟐) 

 

With 𝜖∥ replaced by𝜖𝑒𝑓𝑓  Eq.(1) becomes valid also for ChOH. This 

means that tuning of the Bragg wavelength 𝜆𝐵 by an electric field, 
as reported in [1-4], would produce a strong variation of the 
polarization state of a light beam of a wavelength 𝜆 close to 𝜆𝐵 



 

 

 
 

 

 

 

Pump Laser
@532 nm

Notch
Filter 532nm

Pump beam
Probe  beam

Probe Laser 
@405nm

Photodiode

Sa
m

pl
e

Q
uarter

w
ave

plate

Rotating
quarter

w
ave

plate

Half-w
ave

plate

Lens 

Fixed
Linear Polarizer

Function
Generator

Fixed
Linear 

Polarizer

Half-w
ave

plate

Lens 

Helix axis



a-d

a b
c d). 

2e-h

d h
 

e-h a-d

 
(

a-d

a b c
d e-h

 

a-d

e-h

Linear
Vertical

Linear
Horizontal

Circular
Left

Circular
Right

Pump Intensity

Electric Field

Linear
Vertical

Linear
Horizontal

Circular
Right

Circular
Left

(a)

(b)

(c)

(d)

(e)

(f)

(g)

(h)



electrically-unwound state, the heliconical structure is restored 
by an optical beam of moderate intensity, which imposes an 
optical torque on the director, overcoming the aligning action 
ofthe static field, as described in [5].  

Secondly, we have demonstrated that the electrically-
addressed ChOH film controls the light polarization by simply 
tuning the Bragg reflection wavelength  in the vicinity of the 
wavelength of the propagating light beam. Such a tuning is hardly 
possible in a conventional right-angle CLC, since the electric field 
destroys the single-hadmonic periodicity of CLC.   

Importantly,  a similar efficient and easy to implement 
control of light polarization can be  achieved by using an optical 
pump beam of moderate intensity at a fixed value of the static 
field. The effect enables optically controlled phase retarders of a 
very simple architecture. This has two important consequences: 
i) thanks to the efficient optical tuning of the helix pitch, the 
polarization state of light with any wavelength from UV to near 
IR could be easily controlled using the same sample and ii) the 
resonance wavelength can be tuned gradually by slowly varying 
the intensity of the pump beam thus imposing a fine control on 
the polarization state of monochromatic light. The amount of 
optical rotation of the axis of a linearly polarized beam can be 
tailored by choosing the appropriate value of the pump intensity 
(closer or farther to IR). In the same way the transmittivity and 
reflectivity of a circularly polarized light can be finely controlled. 

The described tuning capabilities are impossible with 
conventional CLCs since the electromagnetic shift of a Bragg 
resonance in CLCs destroys the single-harmonic structure, 
rendering Eq.(1) inaccurate. In principle, a similar tunning could 
be expected in a chiral smectic C, which shows an oblique 
helicoidal structure similar to that of ChOH. However, the periodic 
molecular-scale density modulation of smectic C (which is absent 
in ChOH) makes any changes of the pitch and conical tilt angle 
difficult since it requires to change the thickness of molecular 
layers and introduction of multiple defects such as dislocations 
with a molecular-scale Burgers vectors. In the density-uniform 
ChOH, the pitch change could produce only dislocations of a large 
Burgers vector equal 𝑃; these dislocations could be avoided or 
expelled if the cell is sufficiently thick, or if it is treated for a weak 
planar (1) or perpendicular director anchoring (2). The effects of 
cell thickness and surface anchoring are currently under 
investigation. 

In conclusion, we showed that the polarization state of light 
travelling through a ChOH cell can be efficiently controlled by both 
a low frequency electric field and light. Specifically, the 
polarizization can remain linear but rotated by a pre-defined 
angle or become circular depending on the value of the electric or 
optical field. The mechanism of the tuning is rooted in the field-
dependent pitch of the ChOH structure.  An important advantage 
of the ChOH structure is that the electric and optical tuning tuning 
preserves the single-mode periodicity of the structure and thus 
the efficiency of polarization modification.  The study opens the 
door for the development of phase retarders tuned either 
electrically or optically.   
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