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Simulation of the electric field surrounding a single MWCNT in vacuum.

(PhysOrg.com) -- Dr. Tim Wilkinson from the Department's Photonics
Research Group, University of Cambridge, has made an exciting
breakthrough, he has combined liquid crystals with vertically grown
carbon nanotubes to create a reconfigurable three-dimensional liquid
crystal device structure.

This offers completely new ways to control molecules in liquid crystals,
allowing the crystals to move in a variety of directions to create optical
components such as lenslet arrays. This technology is still in the early
phase of development, but recent trials indicate that potential
applications exist in adaptive optical systems such as the wavefront
sensors used in optometry, digital video cameras, optical diffusers and
emerging head-up display devices.
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Liquid crystal (LC) molecules are shaped so that they naturally align
with each other if put in a cell to form an optically active pixel. In a
display device the liquid crystal pixel is used to change the polarisation
of the light passing through it and the degree of change (seen as contrast)
is done through an applied voltage onto electrodes at the top and bottom
of the cell. The applied voltage makes the LC molecules rotate in the cell
and changes their orientation with respect to the light passing through the
cell. This cell geometry limits the ways in which the light can interact
with the liquid crystal molecules to a 2 dimensional plane. If we add a 3
dimensional element to the lower electrode we can change the way in
which the voltage interact with the LC molecules to make a 3
dimensional optical structure. A simple example is shown on the top
image on the right handside, where a thin conducting rod is added to the
lower electrode to create a Gaussian electric field profile which forms a
tiny microlens in the LC material. With many rods it is possible to create
array of micro lenses which can have a focal length that varies with the
applied voltage. Such a reconfigurable array has many uses in adaptive
optical systems and 3D holographic displays.
 
  
 

  

Scanning electron microscope image of the patterned MWCNT electrodes.

Talking about his work Tim says "My idea is to combine two well
established technologies, liquid crystals and nanotechnology to make a
new hybrid device. The LCs has the ability to create a reconfigurable
optical modulator (such as would be seen as 2D pixels in a liquid crystal
device (LCD)) with the vertically grown multiwall carbon nanotubes
(MWCNT) which act as a 3D electrode structure. In a traditional LC
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device (such as a display screen) the pixel electrodes are above and
below the LC and allow it to be switched in a simple way. In the hybrid
device the lower electrode is the MWCNT grown on silicon which sticks
out from the surface into the 3rd dimension. This is also a more complex
electric field profile which in turn creates a more complicated 3D
refractive index profile in the LC layer. Hence we can make very
complicated optical elements using a very simple device structure and an
applied voltage to switch it.
 
  
 

  

This electron microscopy image shows the carbon nanotubes growing in a sparse
grasslike array, with four tubes at every site.

An example is when the MWCNTs on the lower electrode surface are all
connected and switched with the same voltage. The resulting electric
field profile surrounding each MWCNT electrode is Gaussian in shape
which creates a Gaussian refractive index profile in the LC layer. This
looks optically like a tiny lens which is centred on each MWCNT, hence
for an array of CNTs spaced 10μm apart we end up with an array of
microlenses 10μm apart. By changing the voltage applied to the CNTs
we can switch the micro lenses on and off and also vary their focal
length. There are many applications for such a switchable microlens
array such as in adaptive optical systems where the ability to self focus a
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lens is important or as an active diffuser in a head mounted display
system.

More importantly this breakthrough changes the way in which we think
about creating liquid crystal devices. It allows us to include a 3D element
to the design of modulating characteristics. If we address each individual
CNT with a separate voltage then we can build more complex 3D
refractive index profiles similar to those you would see in a full 3D
photographically recorded hologram. However the difference with the
LC/CNT device is that the hologram can be changed dynamically as you
would change an image on a LCD. This allows full 3D displays to be
built using this sort of technology."

Articles on this research appeared in EuroPhotonics trade magazine
(August 2008), in Advanced Materials and in Advanced Imaging
Magazine (January 2009).
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