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Most of the existing displays and optical shutters based on liquid crystals work in combination with 
linear polarizers. This implies that often more than half of the light is lost due to optical loss in the 
polarizers and/or the fact that the incoming light is unpolarized. For a number of shutter and filter 
applications it is important to have a high transmission, while it is not necessary to have a very high 
contrast. When considering nematic liquid crystals for use in fast optical shutters or filters, a number of 
possibilities exist. Dual-frequency liquid crystals offer faster switching possibilities because they can be 
switched from one state to another with a low frequency voltage and switching back can be achieved 
with the aid of a high frequency voltage. One of the limiting factors for the switching speed of 
dual-frequency nematics is the appearance of backflow. As in vertically aligned nematic devices, a 
certain threshold voltage exists above which the switching speed increases drastically [1]. Above the 
backflow threshold, the liquid crystal ends up in a meta-stable twisted orientation as shown in the figure 
below. 

 
 

Director profiles and switching behaviour in an anti-parallel planar dual-frequency liquid crystal cell 

In this work we have implemented a fast optical shutter that works over the complete visible wavelength 
for unpolarized light. The device is a guest-host device in which dichroic absorbing dyes are mixed in 
low birefringence dual-frequency liquid crystal. The switching between the bright state (vertical 
alignment) and the dark state (twisted planar alignment) occurs both in less than one millisecond. The 
switching from the bright to the dark state occurs with the aid of a strong backflow effect. Simulations of 
the switching behaviour with a q-tensor model including flow agree well with the measured switching 
behaviour. Further simulations and measurements for other configurations reveal interesting switching 
modes with fast switching and/or multistable behaviour. 
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