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A photo-switchable and photo-tunable microlens
based on chiral liquid crystals†

Yong Li, Yanjun Liu and Dan Luo *

We demonstrate a photo-switchable and photo-tunable microlens based on chiral liquid crystals doped

with an azobenzene chiral dopant immersed in water. A bi-stable microlens, which can be switched

between a focusing state and scattering state through UV or green light, has been fabricated. The tuning

properties of the microlens have also been demonstrated under light illumination. This bi-stable

microlens possesses features including simple fabrication, low-cost, photo-switchability, and photo-

tunability, and shows potential applications in dynamic imaging systems, biomimetic devices, wave-front

sensors, micro-displays, light shaping etc.

Introduction

A liquid crystal (LC) microlens array with tunable focus length has
attracted significant attention as an active optical component1 for
various applications such as imaging of microscopy systems,2–4

beam steering,5,6 infrared sensors,7 wavefront modulation,8 and
THz lens.9 Several approaches have been developed to fabricate LC
microlens such as curved electrodes,10 patterned electrodes,11,12

laser-direct writing,13 and nano-imprinting.14 Different liquid
crystal materials have also been applied in microlens including
polymer network liquid crystals,15 blue phase liquid crystals,16

ferroelectric liquid crystals17 and so on. In addition, the electrical
field and temperature are usually utilized as the tuning method for
LC microlens to achieve a tunable focus length,18–21 where the
electrical tunability is the most important tuning mechanism for
practical applications.

Recently, a spontaneous Pancharatnam-type phase microlens
array based on chiral nematic liquid crystals has been reported,22

which provides a simple fabrication way compared to the afore-
mentioned methods and shows potential applications in various
optical sensors. However, the tunable properties of the
Pancharatnam-type phase liquid crystals microlens are far from
fully explored. Herein, we demonstrate a photo-switchable and
photo-tunable microlens based on suspended chiral liquid
crystals (CLC) doped with an azobenzene chiral dopant dispersed
in water. A bi-stable microlens, which can be switched between a
focusing state and a scattering state through ultra violet (UV) or
green light, has been experimentally demonstrated. The tuning

properties of the microlens have also been demonstrated under
light illumination. This bi-stable microlens possesses features
including simple fabrication, low-cost, photo-switchability, and
photo-tunability, and shows potential applications in dynamic
imaging systems and adaptive optics.

Experimental

The LC mixture used in our experiment consisted of a nematic
liquid crystal (5CB, 87 wt%, from BaYiSpace), a chiral dopant
(CB15, 8 wt%, from BaYi Space), and an azobenzene chiral
dopant (Chad-3c-r, 5 wt%, from Beam.Co). Fig. 1a shows the

Fig. 1 (a) Schematic of the fabrication process of the microlens based on
s CLC mixture (consists of CB15, 5CB and Chad-3c-r) and TEM grid. The
microlens was formed by dropping the CLC mixture onto the circle-like
duplex copper mesh of the TEM grid. (b) The diameter of the cooper mesh
was 200 mm. (c) The thickness of the TEM grid was 30 mm. (d) The optical
setup of the microlens observation and detection system, which consists
of a lamp, color filter, polarizer, object, sample lens, objective lens,
analyzer, and CCD. f, l0 and l1 represent the focal length of the microlens,
object distance, and image distance, respectively. (e) Photograph of the
experimental setup based on an inverted Nikon Ti microscope. An UV light
source and a green light source were employed for photo-switching and
photo-tuning suspended CLC microlens.
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schematic of the fabrication process of the microlens based on
a CLC mixture and TEM grid, where the diameter (Fig. 1b) and
thickness (Fig. 1c) of the circle-like duplex copper mesh of the
TEM grid was 200 mm and 30 mm, respectively.

In the microlens fabrication process, a small amount of CLC
mixture was firstly dropped onto the copper mesh of the TEM
grid using a pipette. Then, the TEM grid with the CLC mixture
was fully immersed in water, where both the bottom and top
surfaces of CLC contacted with water, leading to a planar
alignment of CLC configuration. The interfacial tension between
water and liquid crystal droplets leads to a parallel alignment of
the liquid crystal molecule on the interface, finally resulting in a
spontaneously formed planar CLC configuration.22 In this case,
the LC directors in the plane of the suspended CLCs with an
azimuthal angle spatially varies along the radial direction. Under
the interaction of anchoring force, twisting force and tension,
the suspended CLCs in the grid spontaneously formed a con-
verging spherical microlens, where Newton rings can be clearly
observed within the lens under light irradiation.22

Fig. 1d depicts the optical setup of microlens observation
and detection, which consists of a light source lamp, color
filter, polarizer, object, sample lens, objective lens, analyzer,
and charge-coupled device (CCD). The white light from the
lamp passed through a filter and a polarizer, and illuminated
an object of letter ‘‘AS’’. Then the light passed through the
sample lens and imaged after the microlens. The objective lens,
the analyzer and the CCD were used to form an imaging system
for image observation. It should be noticed that due to the
green and ultraviolet light used for photo-switching and photo-
tuning in the following experiment, a red color filter is used to
filter the light from the interference. Here, f, l0 and l1 represent
the focal length of the microlens, object distance, and image
distance, respectively. The height of object letter ‘‘AS’’ was
2.07 mm, and the object distance l0 was 17.00 mm. The inverted
image was captured at l1 = 1.30 mm with a maximum of
0.15 mm. The magnification of this microlens was calculated
to be M = l1/l0 = 1.3/17 E 0.08, which was consistent with the
apparent magnification of M0 = 0.15/2.07 E 0.072 based on the
ratio of image and object sizes. The tiny mismatch was due to
experimental error. The focal length of the geometric lens with
the object and image immersed in water was estimated to be
f = l1 � l0/(l1 + l0) = 1.20 mm. Fig. 1e shows the photo of the
experimental setup, which is based on an inverted microscope
(Nikon, Ti). An UV light (UVEC-4II, LOTS) source and a green
light (LTS-ACC350-1M, LOTS) source were employed for photo-
switching and photo-tuning suspended CLC microlens.

Results and discussion

Fig. 2a–c depict the schematic of the cross sectional profile of a
CLC microlens in a two-dimensional (2D) grid structure, the
planar state (P state), and the focal conic state (FC state). In our
experiment, a convex lens (P state) was prepared in a copper
mesh using a CLC doped with an azobenzene chiral dopant
(ACD). The water surface provides planar alignment where the

helical axis is perpendicular to the water/LC interface and the
LC molecules are perpendicularly aligned in a copper mesh
wall, resulting in a micro lens with a double convex shape
(P state, as shown in Fig. 2b).22 When the CLC microlens was in
the P state, the light would pass through the lens without
scattering, acting as a focusing function. The produced micro-
lens not only has the characteristics of a geometric lens but also
a Pancharatnam Berry (PB) lens.22–24 Unlike the traditional
dynamic phase produced via optical path difference, the PB
phase corresponds to the phase shift introduced by the changes
in other light wave parameters.25 In this CLC microlens, the
phase shift occurred in the plane of the suspended CLCs along
the radial direction.

When illuminated with green light (532 nm), the ACD doped
CLC microlens in the P state can be switched to a 2D grid
structure (Fig. 2a) or FC state (Fig. 2c), depending on the
intensity of green light. The state change of the microlens
was due to the change of ACD from the cis to trans state that
was accompanied by an increase of helical twisting power
(HTP). In our experiment, the microlens was switched to a 2D
grid structure (FC state) at 1 mW cm�2 (1.2 mW cm�2) for
5 seconds upon irradiation with green light at 532 nm. The
irradiation threshold for forming a 2D grid structure was
measured to be 0.8 mW cm�2. In the 2D grid structure case,
during green light illumination, the pitch of the CLC becomes
smaller, and the spatial inhomogeneity of the pitch leads to a
2D grid structure of defects. Then the disclination lines will
appear between the adjacent CLCs with two different pitches,

Fig. 2 Schematic of the cross sectional profile of a CLC microlens in
(a) a two-dimensional (2D) grid structure, (b) the planar state (P state), and
(c) the focal conic state (FC state). The lens is photo-switchable by green
light or UV light between the P state and the 2D grid structure, or between
the P state and the FC state, depending on different conditions, where the
microlens is un-stable in the 2D grid structure but stable in the FC state.
POM photo of the CLC microlens in (d) a 2D grid structure, (e) the P state,
and (f) the FC state, respectively. The corresponding image from the
microlens in (g) a 2D grid structure, (h) the P state, and (i) the FC state.
The scale bar is 50 mm.
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resulting in the formation of a 2D grid structure. The POM
photo of the microlens and the resulting image in the 2D grid
structure is shown in Fig. 2d and g, respectively. It can be seen
that, when the microlens was switched from the P state
(the POM photo in the P state is shown in Fig. 2e) to the 2D
grid structure, the corresponding image was switched from
clear (as shown in Fig. 2h) to blurred (Fig. 2g), indicating a
switchable microlens under green light. However, it was
noticed that the texture of the CLC molecules in the 2D grid
structure is not stable and it will spontaneously self-recover to
the P state when green light is turned off.

When the intensity of green light was increased to 1.2 mW cm�2,
the disclination lines within the lens were denser and disordered
due to the large rate of change in the pitch of the CLC. The CLC
texture was finally maintained as a focal conic texture under
short pitch conditions. The microlens was switched to the FC
state instead. Fig. 2f and i shows the POM photo of the microlens
in the FC state and the corresponding image, respectively. The
POM photo of the FC state showed a typical focal conic texture of
CLC, which was quite different from the 2D grid structure. The
FC state obtained here was stable with unchanged structure for at
least 24 hours. The CLC is stable in the FC state, due to the shorter
pitch that leads to a more stable CLC texture.26 Since the optical axis
was randomly distributed when the arrangement of CLC was in the
2D grid structure or focal conic texture, the light was scattered when
passing through the lens, making the lens non-imageable. The
obtained image was also blurred, indicating a bi-stable switchable
microlens between the P state and the FC state.

The microlens in the FC state can be photo-switched back
from the FC state to the P state by ultra violet (UV) light
illumination at 365 nm in 3 mW cm�2 for 3 seconds. When
the ACD was irradiated with UV light, the HTP of the ACD
decreased and the ACD changed from the trans to cis state. The
illumination and photo-switching process from the FC to P
state by UV light is demonstrated in the ESI,† Video S1. There-
fore, the fabricated CLC microlens is photo-switchable between
focusing (P state) and scattering (FC state), which can be used
in a wide range of applications such as active optical compo-
nents in optical microscopy, beam steering, infrared sensors,
wavefront modulation and THz lens.

Besides switchability, the focal length of the CLC microlens
can also be tuned by illumination with green light or UV with
weak intensity, e.g. 0.14 mW cm�2 for 532 nm green light or
0.4 mW cm�2 for 365 nm UV light, within the P state, leading
to a reversely tunable CLC microlens. It is reported that the
height h of the formed biconvex lens can be determined using
the formula h E 3p2K22aD/[gp

2(p + 6)], which depends on the
twist elastic constant of liquid crystals K22, the helical pitch p,
the interfacial tension g, and the size of the grid a.22 The
increase (decrease) of h leads to a decrease (increase) of the
radius of curvature of the convex, thus leading to a decrease
(increase) of focal length f. The helical pitch can be influenced
using the formula p = 1/(HTP � C), where C is the dopant
concentration of the chiral dopant in liquid crystals and the HTP
is tunable under light illumination.27 Under weak UV light or
green light, the HTP will decrease or increase respectively.28–30

The tuning kinetic behaviour is quite important in photo-
responsive liquid crystal materials and devices. Here, in order
to see more clearly the structural change of the microlens under
light illumination, weak UV and green light were used in our
experiments. Fig. 3a demonstrates the shift of experimentally
observed interference rings and change of the corresponding focal
length in illumination with 365 nm UV light at 0.4 mW cm�2,
where the microlens is initially saturated with weak green light in
the P state. It can be seen that the process of shift of the
interference ring and change of focal length is divided into two
phases that are marked by blue and yellow respectively. In the first
phase (from P1 to P2, in blue region) marked by blue color, when
the UV light illuminated from 0–32 s, the interference rings moved
inward with a reduced number from 0 to�15, and the focal length
was increased from 1.26 mm to 1.37 mm. In contrast, when the UV
light was further illuminated beyond 32 s to 98 s as shown in the
second phase (from P2 to P3, in the yellow region), the interference
rings and focal length changed in the opposite direction. The
interference rings moved outward with an increased number from
0 to 17, and the focal length was reduced from 1.37 mm to
1.20 mm.

Fig. 3b demonstrates the shift of the experimentally
observed interference rings and change of the corresponding
focal length under illumination with 352 nm green light at
0.14 mW cm�2, where the microlens is initially in the P3 state.
The focal length was firstly increased from 1.2 mm to 1.37 mm
and then reduced to 1.26 mm, while the interference rings
firstly moved inward and reduced by 17 and then moved
outward and increased by 15. The process was opposite to that
shown in Fig. 3a, except that the illumination time was in the
range of 0–210 s in the blue region and 210—811 s in the yellow

Fig. 3 Tuning the kinetic behaviour of photoresponsive microlens, with
the shift of interference rings and change of focal length of the microlens
during illumination of (a) 356 nm UV light at 0.4 mW cm�2 and (b) 532 nm
green light at 0.14 mW cm�2. The microlens is initially illuminated to
saturate with weak green light and UV light in (a) and (b), respectively.
(c) The POM photographs of P1, P2 and P3.
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region under green light illumination. The POM photographs
of P1, P2 and P3 are shown in Fig. 3c. Under photo illumina-
tion, the phase change of the chiral dopant leads to a change of
the helical pitch p, then leads to the height h, and finally the
focal length of microlens.

The dynamic video of microlens and image during the
tuning process under green light illumination is shown in the
ESI,† Video S2. This phenomenon (increase and then decrease
of focal length) is most likely due to the fact that the value of h
is not only determined by the pitch (p) but also the twist elastic
constant K22 and the interfacial tension g. The elastic energy of
the liquid crystal and the surface tension between the liquid
crystal and the water may also influence the value of h. The
resulting process is quite complicated and the physical mechanism
behind it is not fully explained yet, which will be investigated in our
future work.

The photo of the CLC 2 � 2 microlens array and the
corresponding images are shown in Fig. 4a and b, respectively.
The height of object letter ‘‘AS’’ was 2.07 mm, and the object
distance l0 was 17.00 mm. The inverted image was captured at
l1 = 1.30 mm with a height of 0.15 mm. The magnification of
this microlens was calculated to be M = l1/l0 = 1.3/17 E 0.08,
which was consistent with the apparent magnification of
M0 = 0.15/2.07 E 0.072 based on the ratio of the image and
object sizes. The tiny mismatch was due to experiment
measurement error. The focal length of the geometric lens with
the object and image immersed in water was estimated to be
f = l1 � l0/(l1 + l0) = 1.20 mm. The microlens array with an
extremely large field of view angles, low aberration and distortion,
high temporal resolution and infinite depth of field show great
potential for applications such as 3D displays, photolithography,
imaging, optical communications and flat panel displays. The
bistable microlens possesses features such as photo-switchability
and photo-tunability, demonstrating great application potential as
active optical components in optical microscopy, beam steering,
infrared sensors, wavefront modulation and THz lens.

Conclusions

In summary, a photo-switchable and photo-tunable microlens
based on chiral liquid crystals doped with an azobenzene
chiral dopant has been experimentally demonstrated. A bi-stable

microlens, which can be switched between a focusing state and a
scattering state through UV or green light, has been experimentally
demonstrated. The tuning properties of the microlens have also
been demonstrated under light illumination. This bi-stable micro-
lens possesses features including simple fabrication, low-cost,
photo-switchability, and photo-tunability, and shows potential
applications in 3D imaging systems and optical communications,
compound photonic devices etc.
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