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NEW PROSPECTS OF APPLICATION OF LIQUID
CRYSTAL POLYMER CANTILEVER
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The manufacturing technique of a millimetric sizes cantilever from photo-
driven azobenzene polymer is described. The cantilever oscillations under the
influence of laser radiation are studied. The possibility of making a micron-sized
cantilever by a femtosecond laser initiated two-photon polymerization technique
is shown. Such cantilever can become the basis for a high sensitive sensor,
controlled directly by light.
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Introduction. In connection with the enormous pollution of the environment,
the wide spread of various viral diseases and the active development of biological
weapons, the need for highly sensitive and fast-acting sensors is a very urgent task.
And the efforts of scientists today are actively directed to resolve it.

Today in a big variety of different types of sensors the most sensitive ones
operate on the principle of resonance frequency shift. The modern nanotechnologies
allow creating a super sensitive sensor on the basis of cantilever (bar, one end of which
is rigidly fixed and the other one can oscillate). The cantilever oscillating at frequency
of 106 Hz is able to capture in real time the appearance of a mass of particles of a
few kDa (one Dalton — about the mass of a proton or a neutron, and a few thousand
Daltons match the weight of single molecules of proteins or DNA). Such sensor allows
diagnosing the disease long before they become available for detection by any other
modern methods. Covering cantilever by antibodies of specific viruses it is possible to
selectively catch the viral particles in analyzed bio-object (e.g. saliva, blood, etc.).
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Obviously, in order to achieve high sensitivity, it is necessary to ensure high
oscillation frequency of cantilever. In [1] the compact, high sensitive nano-mechanical
sensor for analyzing the chemical composition of various substances is described.
Mechanical oscillations can be excited and detected using electrostatic [2,3], magneto-
motive [4], thermal [5—7], piezoresistive [8] and piezoelectric [9] techniques. However,
all these methods have significant disadvantages [10]. For the magnetomotive actua-
tion, a very high magnetic field is needed, which increases the size of device and its
price and makes it difficult to operate [4]. Electrostatic schemes are rather inefficient
at high resonant frequencies and small dimensions of nano-electromechanical systems
(NEMS) [6, 10].

Thermal actuation and piezoresistive transduction induce heating, which changes
the kinetics of bio-molecular reactions and consequently decreases the accuracy of
measurements. Furthermore, the operating frequency is significantly limited by the
finite thermal conductance of the cantilever [0, | 1]. Piezoelectric actuation at high
resonant frequencies requires complex multilayer nanostructures with a thin piezo-
electric layer. This impairs mechanical characteristics of the cantilever and affects the
chemical properties of its surface [12].

As it follows from the foregoing discussions, only optical approach can elimi-
nate these drawbacks, simplify the design of sensors and ensure its high sensitivity.
In [1,5] such a sensor was made on silicon using standard CMOS technology. The
sensitivity of this sensor is strictly dependent on the oscillation frequency of cantilever,
causing its nano-metric size. Since silicon is one of the hardest materials with cubic
lattice, in which the atoms are strongly bounded by covalent bonds, the maximum
amplitude of oscillations of such cantilever is no more than 20 nm, which signifi-
cantly complicates the registration. Furthermore, the sensitivity of described sensor
is fundamentally limited by thermo-mechanical noise of cantilever and the noise of
the probe optical signal. Moreover, photonic nano-waveguide is actually an optical
resonator, parameters of which are strongly dependent on external factors, particularly
on temperature.

On the other hand, there are a great number of cantilevers based on other
materials, particularly on polymers. The oscillation property is in the very nature of
the polymers, as polymer molecules form long, flexible chain. It should be emphasized
that the liquid crystal polymers are photoactive and their swinging can be realized
directly by light, i.e. these polymers are photo-driven materials. The creation of
cantilever in micron or submicron dimensions on these materials will become the base
for super-sensitive sensor fabrication.

In this paper the prospects for using a cantilever made from a photo-driven
azobenzene polymer as a basis for a high sensitive biosensor are investigated.

Experimental Part.

Cantilever Making Technology. To make a cantilever from azobenzene con-
taining liquid crystal (LC) polymer (BEAM Co., (https://www.beamco.com) the
cell is assembled using two glass substrates, coated by a photo-orienting material, on
which the planar orientation was been formed by UV irradiation. After checking ori-
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entation quality between crossed polarizers, the assembled cell heats up to 60-70 °C.
Then, LC polymer is introduced into the cell, the temperature of which maintained
to ensure slow and uniform melting of the LC polymer. When the cell is completely
filled, the LC polymer polymerize under the radiation of green LED for 30 min, at that
the cell retains on the heater. After complete polymerization the cell is disassembled,
the polymerized layer is peeled off and cantilever of necessary dimensions is cut.

Observation of Cantilever Oscillations under the Influence of Laser Irra-
diation. To study the cantilever oscillations under the influence of light radiation,
the scheme is assembled, shown in Fig. 1. The laser radiation (450 nm) through
a system of lenses (1) by an optical fiber (2) is directed to an LC cell located
between crossed polarizers (3), serving as a light attenuator. LC cell is controlled by
“LC Driver”’(device, allowing generate the control signals of various shapes and
amplitudes and register the sighnal from the photodiode). Then by a lens (4) and
semitransparent mirror (5) the beam is focused on the fixed on a rigid base LC
cantilever (6), while part of the light is directed to the photodiode to measure the
relative intensity. To register the angle of cantilever deflection from the initial position,
a microscope with 5x magnification was used.
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Fig. 1. Scheme of experiment: 1 — lenses; 2 — optical fiber; 3 — polarizers; 4 — focusing lens;
5 — semitransparent mirror; 6 —cantilever.

In the course of the experiment, the intensity of the laser irradiation, incident
on the cantilever, was changed using attenuator. The images of the cantilever in
the absence (a) and under the influence (b) of laser irradiation obtained under the
microscope are shown in Fig. 2, and the results of experiment are shown in Fig. 3.

The cantilever considered above can become the basis for a high sensitive sensor.
Covering cantilever by corresponding antibody will provide selective adsorption
of material under detection, which will lead to a change in the amplitude of the
cantilever oscillations and, therefore, to register the presence of substance in the
studied environment. However, in this case, to increase the sensitivity of the system, it
is necessary to significantly reduce the size of cantilever, making it submicron. The
manufacturing of cantilever in micron or submicron dimensions on these materials will
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a) b)

Fig. 2. Images of cantilever, obtained by the microscope: a) light off; b) light on.

become the base for high-sensitive sensor fabrication. But at first glance it seems that
to make a cantilever of submicron size on LC polymer is not an easy task. However,
for this case there is a standard technology — a well-known femtosecond laser initiated
two-photon polymerization technique, described above.
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Fig. 3. Cantilever deviation angle vs. intensity of laser light.
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Making of Micron-size Cantilever. To make a cantilever of submicron sizes
on LC polymer, the setup is assembled and two-photon polymerization technique is
mastered. A three-dimensional micro-fabrication workstation has been used, located
at DELTA laboratory of Synchrotron Research Institute of Candle (https://www.
candle.am). The scheme of experimental setup is given in Fig. 4. As a light source a
femtosecond laser is used, parameters of which are controlled in wide range (pulse
duration 400 fs— 10 ps, pulse frequency 1-100 kHz, average power up to 8 W, pulse
energy up to 2 mJ). The principle element is high-precision controlled three-axis stage
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with 50 nm positioning accuracy. Laser beam polarization changing is realized by
Glan-Thompson polarizer and wave plate. The lens system (objective) used in optical
scheme allows focusing the laser beam with diameter less than 2 mm. CCD camera is
foreseen for visualization and control of the recording process.

DELTA micro-fabrication station CCD Camera
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Fig. 4. Scheme of experimental setup. Fig. 5. Cantilever obtained on a plastic base
by two-photon polymerization technique.

The experiments have been provided by using OrmoComp® (Microresist Tech-
nology GmbH, Germany) polymer. OrmoComp® is organic-inorganic hybrid polymer,
which can be locally converted to a solid phase immediately after laser irradiation.
Though OrmoComp® is not a photo-orienting material, the physical and optical prop-
erties of this polymer are very close to the LC polymer from the point of view of
the technological features of the two-photon polymerization process. In addition,
the difference in refractive indices of liquid and polymerized OrmoComp® is large,
which makes it easier to control the polymerization process by a microscope. Samples
of various sizes and shapes were obtained by moving the focus of the acting laser
radiation along pre-programmed trajectories (Fig. 5).

Technological parameters of the presented microstructures obtaining process
are presented in Table.

No table name

Wavelength 515 nm
Pulse duration 450 fs
Laser repetition frequency 1 kHz
Scanning speed 1000 um/s
Optimal pulse energy 56—75 nJ
[Estimated polymerization threshold] [20 nJ]

Thus, two-photon polymerization technique make it possible making a can-
tilever of micron dimensions.

Conclusion. The azobenzene-containing liquid crystal polymers are ideal can-
didates for sensor applications as they are capable of strong and efficient mechanical
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actuation powered remotely by light energy, without the need for additional compo-
nents such as batteries or wires. Creating a cantilever of micron or submicron sizes
from these materials will be a serious alternative to the sensors presented on the mod-
ern market. Such a sensor will have huge advantages — there are no strong restrictions
on the amplitude and frequency of oscillations, control is carried out directly by light
(polarization or wavelength), easy to manufacture, easy to use, etc.

This work was supported by project “Super sensitive sensor based on new
generation liquid crystal polymer” financed by PMI Science, Armenia.

Received 02.10.2020
Reviewed 06.11.2020

Accepted 18.11.2020

REFERENCES

1. Fedyanin D.Yu., Stebunov Yu.V. All-nanophotonic NEMS Biosensor on a Chip. Sci. Rep.
8 (2015), Article number: 10968.
http://doi.org/10.1038/srep10968

2. Legtenberg R., Tilmans H.A.C. Electrostatically Driven Vacuum-encapsulated Polysilicon
Resonators. Part I. Design and Fabrication. Sens. Actuators A Phys. 45 (1994), 57-66.
https://doi.org/10.1016/0924-4247(94)00812-4

3. Tilmans H.A.C., Legtenberg R. Electrostatically Driven Vacuum-encapsulated Polysilicon
Resonators. Part II. Theory and Performance. Sens. Actuators A Phys. 45 (1994), 67-84.
https://doi.org/10.1016/0924-4247(94)00813-2

4. Feng X.L., He R., et al. Very High Frequency Silicon Nanowire Electromechanical
Resonators. Nano Lett. 7 (2007), 1953-1959.
https://doi.org/10.1021/n10706695

5. Ilic B., Krylov S., et al. Optical Excitation of Nanoelectromechanical Oscillators. Appl.
Phys. Lett. 86 (2005), 193114.
https://doi.org/10.1063/1.1919395

6. Bargatin 1., Kozinsky I., Roukes M.L. Efficient Electrothermal Actuation of Multiple
Modes of High-frequency Nanoelectromechanical Resonators. Appl. Phys. Lett. 90 (2007),
093116.
https://doi.org/10.1063/1.2709620

7. Jiang L., Cheung R., et al. SiC Cantilever Resonators with Electrothermal Actuation.
Sens. Actuators A Phys. 128 (2006), 376-386.
https://doi.org/10.1016/j.sna.2006.01.045

8. Li M., Tang H.X., Roukes M.L. Ultra-sensitive NEMS-based Cantilevers for Sensing,
Scanned Probe and Very High-frequency Applications. Nat. Nanotechnol. 2 (2007), 114—
120.
https://doi.org/10.1038/nnano.2006.208

9. Masmanidis S.C., Karabalin R.B., et al. Multifunctional Nanomechanical Systems Via
Tunably Coupled Piezoelectric Actuation. Science 317 (2007), 780-783.
http://doi.org/10.1126/science.1144793


http://doi.org/10.1038/srep10968
https://doi.org/10.1016/0924-4247(94)00812-4
https://doi.org/10.1016/0924-4247(94)00813-2
https://doi.org/10.1021/nl0706695
https://doi.org/10.1063/1.1919395
https://doi.org/10.1063/1.2709620
https://doi.org/10.1016/j.sna.2006.01.045
https://doi.org/10.1038/nnano.2006.208
http://doi.org/10.1126/science.1144793

NEW PROSPECTS OF APPLICATION OF LIQUID CRYSTAL POLYMER CANTILEVER 171

10. ArlettJ.L., Myers E.B., Roukes M.L. Comparative Advantages of Mechanical Biosensors.
Nat. Nanotech. 6 (2011), 203-215.
https://doi.org/10.1038/nnano.2011.44

11. Rahafrooz A., Pourkamali S. High-Frequency Thermally Actuated Electromechanical
Resonators with Piezoresistive Readout. IEEE Trans. Electron. Devices 58 (2011), 1205—
1214.
https://doi.org/10.1109/TED.2011.2105491

12. Sinha N., Wabiszewski G.E., et al. Piezoelectric Aluminum Nitride Nanoelectromechani-
cal Actuators. Appl. Phys. Lett. 95 (2009), 053106.
https://doi.org/10.1063/1.3194148

N\ L UUrQursyduy, L. N NUunNpsuy, Jd. b UALUNUUSUL, M. b qUUNUN3yL,
W U. 606U8UL, U. Jd. GUAPLUL, O JIBMAUNUT

NBNFY ABNRCENUSPL MALPUGLRS MUSMHUUSJIUC YU ULSPLBJIG D
Uh rUENUWL LM NedLuurLee
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HOBDBIE TIEPCIIEKTUBBI ITPUMEHEHUA KAHTUJIEBEPA U3
ZKNJIKOKPUCTAJIJINMYECKOI'O ITOJIMMEPA

Ornrcana TEXHOJIOTUSI U3TOTOBJIEHUS KAHTHIEBEPA MUJTUMETPOBBIX Pa3Me-
poB 13 pOoTOyIpPaBIAEMOro a300€H30/ILHOTO TTotuMepa. VcciemoBanbl Kosieba-
HHUsT KAHTHUJIEBEPA TIO/, BO3IEHCTBIEM JIa3epHOTO M3IydeHns. [lokazana BO3MO-
JKHOCTD CO3JIaHNST KAHTUJIEBEPa MUK POHHBIX PA3MEPOB METOIOM JIBYX(DOTOHHOIA
TTOJIMMEPU3AITIH, HHATTUIPOBAHHON (PeMTOCEKYHIHBIM JIa3epoM. TaKoil KaHTH-
JIEBEP MOXKET CTaTh OCHOBOI BBICOKOYYBCTBUTEILHOTO JATUYNKA, YIIPABJISIEMOTO
HETIOCPEICTBEHHO CBETOM.
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