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A cross sectional view of a liquid crystal display is shown below in Figure 1. As can be seen in the
diagram, the display is simply two pieces of extremely flat glass, over coated with a number of chemical
layers, and filled with liquid crystal fluid.

Please notice that this drawing is not made to scale. To give some perspective, the bottom and top glass
substrates are typically  .043"  thick each.  The thin film coatings,  SiO2,  ITO,  and PI,  are  each a  few
hundred angstroms thick. The space between the glass marked "LC Fluid" is about 5 microns thick and is
adjusted slightly to match the characteristics of the chosen fluid. If this drawing was made to scale, it
would be very difficult to see any detail at all between the glass plates.

A liquid crystal display (LCD) is a parallel plate capacitor with a dielectric, in this case the liquid crystal
fluid, between the plates. First we select glass coated with a transparent metal coating for the electrodes
of the display. The glass is usually made of soda lime, but in some instances it can be a more expensive
borosilicate, or because few manufacturers provide borosilicate any more without a fight, aluminasilicate
type.

The transparent metal coating can be any thin layer of conductive material, such as gold, silver or tin. In
order to keep the cost down and have a reasonable process window with a highly transparent coating,
the industry has been using indium-tin oxide (ITO) as the preferred electrode material.

Fig. 1.

Photoresist is then put on top of the ITO coating and a photolithographic process is used to image the
pattern. The exposed patterns are then developed and the glass is sent through an acid bath where the
excess ITO is  removed,  similar  to  the way a PC board  is  made.  The remaining photoresist  is  then
stripped away and the patterned segment and common plane electrodes remain on the glass.

The next layer to be applied is the liquid crystal alignment layer. This is usually a polyimide type material
and has been chosen for its environmental stability in high moisture and heat. More importantly is its
ability to cause the molecules of liquid crystal to align their long axis in the direction in which the polymer
has been buffed.

We rub the two halves of the display at right angles to one another and since the liquid crystal molecules
like to arrange themselves parallel to one another, we cause a helical structure to be formed between the
two electrode faces, see Fig 2 below. This helical structure forms a 90o  rotation of the liquid crystal
molecules from the top of the display to the bottom. 

After the polymer is rubbed, a thermoplastic seal is printed along the perimeter of one piece of glass. This
is a resin based material with a high curing temperature, about 200oC, that creates an extremely durable
barrier to outside moisture and contamination. Some manufacturers use a UV cured material for this seal
as it speeds up the manufacturing process. 

We then apply a crossover dot, usually a small spot of silver, to connect the common plane electrode on
the top piece of glass to the segment plane which is on the bottom piece of glass. This is somewhat
analogous to a plated thru hole on a PC board.

To make the display uniform in appearance, spacers are then applied. These are usually glass or plastic
spheres that have the desired diameter to produce a fixed gap between the glass plates. Depending on
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the liquid crystal used, this gap can be between 4 and 8 microns. 

The two halves of the display are then aligned, usually with a three point camera alignment system for
accuracy, and brought together. A very thin, uniform, flat and empty bottle has been formed with the
thermoplastic seal essentially "gluing" the two pieces of glass together.

A liquid crystal is put inside this bottle by using a vacuum filling technique. The liquid crystal (the dielectric
material of our capacitor) is selected for it's various physical properties. The application may call for a
liquid crystal fluid that has a very low operating voltage or the display may be used outdoors and require a
very wide temperature range. Display manufacturers have developed several liquid crystal mixtures to
fulfill most applications.

Once the liquid crystal has been put inside the display and the port opening has been sealed, a polarizer
is put on the front of the top glass and a second polarizer is put on the back of the bottom glass to make
sure that the light reaching the eye of the observer is oriented along the correct axis.

II. Operation of a liquid crystal display

The liquid crystal molecules are long and thin as shown in
Figure 2 on the right. On the bottom glass substrate, the PI
layer  has  been  rubbed  from  back  to  front,  and  the
molecules  are  aligned   in  that  direction.  Remember,  the
direction of this orientation determines the viewing angle of
the part. 

Because the PI layer of the top glass has been rubbed from
right to left, the molecules attached to the top piece of glass
are oriented perpendicular to the ones at the bottom. This
90o rotation is the "twist" in a twisted nematic display.

Fig. 2

Fig. 3

The liquid crystal molecules between the top and
bottom glass form a spiral structure that will  twist
light as it goes through the cell. As can been seen
in Figure 3 on the left, a beam of light entering from
above passes through the top polarizer along the
axis of polarization.

The light beam goes through the cell and is twisted
as it goes in the same direction as the twist of the
LC fluid. 

The light exits the display, and passes through the
polarizer  on  the  bottom  glass  which  is  oriented
perpendicular to the polarizer on the top.

When  a  drive  signal  is  applied  to  the  cell
electrodes, an electric field is set up across the cell.
The liquid crystal molecules will "stand up" to align
themselves in the direction of the electric field.

When the molecules "stand up" the helical structure
is  disrupted,  and  the  incoming  linearly  polarized
light does not "twist" like it did when the molecules
were at  rest.  The light  is  instead blocked by the
rear polarizer.

The observer therefore sees a black segment on
the clear background.

Fig. 4

When the electric field is turned off, the molecules relax back to the 90o twist structure, light entering the
cell is again twisted 90o  and the display returns to a transparent state. This is referred to as a positive
image, transmissive viewing mode.
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The  electro-optic  response  characteristic  of  our  standard  TN  cell  is  asymmetric  because  only  the
"turn-on" state can be activated by an electric field. When the RMS voltage goes to zero, the twisted
structure, which provides the "twist" of the incident light, is restored by the elastic torques within the LC
fluid.  We  can  therefore  speed  up  the  "turn-on"  time  of  our  display  by  increasing  the  drive  voltage
waveform (over a very limited range), but the "turn-off" time is fixed by the relaxation characteristics of the
LC fluid. Nematic liquid crystals exhibit  good mechanical shock stability, because they spontaneously
return to the uniform alignment after mechanical distortion.

The typical switching times of a TN cell are in the millisecond range, however there are some things we
can do to speed things up. This is a topic for long discussions, so if you're interested, please give us a
call at 1-440-232-8590 to talk to one of our applications specialists.
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