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Nematic Liquid Crystals (NLCs) 
Overview

 Liquid Crystals (LCs) - 4th state of matter between a solid and liquid using elongated 

molecules having no positional order and some orientational order  –more like liquids 

than solids .

 Nematic phase (controlled by temperature) LCs (NLCs)– with molecules oriented along 

one direction)- called Nematic (in Greek means thread) Director that corresponds to the 

long axis of the NLC molecules

• NLC material is a birefringent material with 2 refractive indices called extraordinary 

index and ordinary index seen by mutually orthogonal (at 90-degrees to each other) 

linearly polarized light. An applied external voltage to an NLC cell causes the molecules 

to rotate creating a voltage dependent refractive index n(V).
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Lecture 17 – Nematic Liquid Crystal (NLC) Devices 
Overview

• The physical design and operation of the parallel-rub birefringent-mode (BM) NLC device. This 

device, when placed between parallel or crossed polarizers, acts as a voltage-controlled shutter. 

Without polarizers and linear polarization input light along the Director, the device operates as a 

Voltage controlled optical phase shifter

• The physical design and operation of the 90 degree-Twisted NLC (TNLC) device. This device, when 

placed between parallel or crossed polarizers, acts as a voltage-controlled shutter – the principle of 

gray-scale pixelated LC displays 

• The physical design and operation of the parallel-rub birefringent-mode (BM) NLC device as a 

polarization sensitive voltage controlled beam deflector using the linear index variation versus 

voltage zone of the NLC material

• The physical design and operation of the parallel-rub birefringent-mode (BM) NLC device as a 

polarization sensitive voltage controlled variable focus lens using the quadratic index variation 
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3 Classic States of Matter
- Solids, Liquids, and Gases

The classic three states of matter are determined by the degree of 3D spatial 
positional and orientational order of molecules. 

Solids have higher-order or tightly positioned and oriented molecules. 
Crystalline solids having a fixed pattern of molecules, and amorphous solids have 
no pattern. 

Liquids have medium order with very loosely positioned and oriented 
molecules. 

Gas has low ordering of molecules and so no positional order with the 
molecules having free molecular motion. 
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Liquid Crystals – The 4th State of Matter

As shown in Figure 5.13, LCs can be considered the fourth state of matter 
between a solid and liquid state determined by the LC material temperature, so 
LCs have no positional order and some orientational order and are more like 
liquids than solids.
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Nematic Liquid Crystal

The NLC material is made of long cigar-like molecules made by long chains of carbon, 
hydrogen, and oxygen. 

The nematic director represents the average direction/ orientation of the molecules.

Example LC Material –
cholesteryl myristate

(like Cholestrol in Blood). 

Nematic in Greek means 
thread.
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Nematic director (also the long axis of the 
molecules) points in a defined y-direction, 
where the material refractive index is ne ; the 
extraordinary index of the material. For a light 
beam with its polarization or E-field direction 
in the y-direction, the light field experiences 
the ne index of refraction. 

In contrast, in the x- and z-directions, the 
refractive index of the material is the same 
and is n0, the ordinary index of the material. 
So if the incident optical field is in the x-
direction (the beam travel is in the z-
direction), the light field experiences the n0

index of refraction. 

A voltage-dependent refractive index  n(V) is 
seen by the optical field with polarization in 
the y-direction.

Parallel-Rub Birefringent-mode BM) NLC Device

25/11/2019 N. A. Riza Lectures 7



Unlike the BM-NLC device, the cell contains 
NLC molecules that undergo a 90° twist. This is 
achieved by using NLC-rubbed glass plates with 
orthogonal rub directions. When these plates 
are sandwiched together, there is a natural 90°
rotation of the NLC molecules between the 
glass plates and incident-light linear 
polarization follows this twist when it passes 
through the device. 

As an example, when a 5-V drive is used, it 
basically removes the LC twist in the device 
and light linear polarization passing through 
stays unperturbed. When such a device is 
placed between crossed polarizers, it acts as a 
voltage-controlled variable optical shutter. The 
input-polarizer polarization axis is aligned with 
the device vertical axis to form a shutter, such 
as a pixel in an LC display. See problems at end 
of chapter for the design of attenuators using 
NLC devices.

Basic 90° twist-mode  NLC device
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Parallel-rub birefringent-mode (BM) NLC device as a polarization 
sensitive voltage controlled beam deflector  
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Parallel-rub birefringent-mode (BM) NLC device as a polarization 
sensitive voltage controlled variable focus lens 
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