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The operation of a TWISTED NEMATIC (TN) liquid crystal device is shown schematically below. 
The device is a sandwich of nematic liquid crystal between two pieces of glass, held between 
crossed polarizers. The diagram is not to scale; the liquid crystal layer is only ~5-10 μm thick – much 
less than the thickness of a hair - and the glass is ~1mm thick. The glass surfaces are treated on the 
inside to encourage the liquid crystal molecules on the top and bottom surfaces to be oriented in the 
directions shown on the left hand side of the diagram. In this case, the alignment directions are 
perpendicular on the opposite surfaces. 

NO VOLTAGE: the surface alignment makes 
the nematic molecules (that would prefer to all 
point in the same direction) form a twisted 
structure (quarter turn). This ‘guides’ the 
polarized light so that it can pass through the 
bottom (crossed) polarizer. BRIGHT! 

VOLTAGE > VTHRESHOLD: The device has 
transparent electrodes so a voltage can be 
applied. Above the threshold, the molecules 
(which have an electric dipole along their length) 
rotate to point in the direction of the field, 
destroying the twist. The polarization direction is 
no longer rotated, so light cannot pass the 
bottom polarizer. DARK!  
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The device operates as a light valve which transmits light when no voltage is applied and appears 
dark when the voltage is applied. Liquid crystal devices are known as passive as they affect light 
that is created externally, as opposed to active devices such as light emitting diodes or 
electroluminescent displays which actually create light in some way. 

Complex devices (such as TV and lap-top displays) have many pixels and display colour. Driving the 
pixels is helped by chip-on-glass technology; each pixel has a tiny thin film transistor included, 
amounting to millions in a single display! Colour is formed by including red, green and blue filters 
above individual pixels (look closely at a screen to see this!).  

A drawback of the TN device is the poor viewing angle, caused because the ‘twist’ viewed from 
different angles is distorted. Modern TVs make use of IN-PLANE switching.  
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OFF STATE: The nematic is aligned with one of the 
polarizer directions. The polarization is unchanged as it 
passes through the device – DARK! 

ON STATE: The molecules have a dipole across their 
length so they twist such that they lie perpendicular to the 
in-plane field. The light experiences birefringence so the 
polarization direction is changed, allowing some light to 
pass the bottom polarizer. BRIGHT!  
Note that the electrodes are in the plane of the device. 

The interaction with polarized light is a special property of liquid crystals (they are birefringent). The 
effect of the twisted structure in the TWISTED NEMATIC device can be demonstrated by laying 
down several pieces of sellotape (also birefringent) stacked to make a quarter turn, and viewing 
between crossed polarizers. For the IN-PLANE device, a single piece of sellotape lined up with one 
polarizer will be dark, and when rotated (in the plane), it will be bright! 

 

   


