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Introduction

The AMLCD manufacturers are supported by a large infrastructure of equipment and
material suppliers, which continue to improve efficiency and reduce cost. They include
color filter, polarizer, and optical film manufacturers, driver IC and controller IC vendors,
packaging firms, backlight manufacturers, and suppliers of materials such as LC fluids and
alignment layers.

The momentum the LCD industry has gained is difficult to supplant by alternative flat
panel display technologies, even if, on paper, they may have advantages over LCDs.

1.2 Liquid Crystal Properties

After their discovery by Reinitzer in 1888, liquid crystals were, for many decades,
considered interesting only from an academic point of view. Liquid crystals are an
intermediate phase between crystalline solids and isotropic liquids, and combine certain
characteristic properties of the crystal structure with those of a deformable fluid. Display
devices utilize both their fluidity and the anisotropy associated with their crystalline
character. The anisotropy causes the dielectric constant and refractive index of the LC
fluid to depend on the orientation of its molecules.

Nematic liquid crystals are commercially the most interesting type. Upon heating, most
crystalline solids undergo a phase transition to an isotropic liquid. The nematic
intermediate phase (mesophase) occurs in certain, mostly organic, substances in a
temperature range between the solid and isotropic liquid state. Figure 1.3 shows an
example of the molecular structure of a liquid crystal, p-methoxybenzylidene-p-n-
butylaniline (MBBA), with its nematic temperature range.

The liquid crystal (LC) molecules are generally elongated in shape and have a length of
around 2 nm. Because of their “cigar” shape they tend to line up more or less parallel to
each other in the lowest energy state. The average orientation axis along the molecules is
a unit vector n, called the director. Nematic LC molecules are not polar, so there is no
differentiation between n and —n. The dielectric constant and refractive index of the LC
is different along the director and perpendicular to the director, as shown in Fig. 1.4,
giving rise to dielectric and optical anisotropy, respectively. The dielectric anisotropy

f

HaC

Figure 1.3: Example of molecular structure
of LC - MBBA, with a nematic range of
21-48°C,
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Figure 1.4: Orientation of LC molecules in {A)
smectic, {B) nematic, and {C) isotropic phase.

makes it possible to change the orientation of the LC molecules in an electric field,
crucial for application in electro-optical devices. The optical anisotropy leads to
birefringence effects (described later in this chapter) and is essential for the modulation

of polarized light in display operation.

In bulk, liquid crystal tends to form microdroplets. Within the droplets there is one
director orientation, but the director can be different for adjacent droplets. Although
most high-purity.liquid crystals are transparent, this explains the milky appearance of
bulk LC, as scattering of light occurs at the boundaries of the microdroplets.

When nematic LC is heated beyond a certain temperature, a phase transition occurs to
an, isotropic liquid. The nematic-isotropic transition temperature is often referred to as
the clearing point or clearing temperature because of the drastic reduction in light
scattering that occurs when the fluid no longer consists of microdroplets with different
directors. Just below the clearing point, the optical and dielectric anisotropy of the LC
fluid starts to decline, until at the clearing point there is a single dielectric constant and
refractive index in the isotropic state. Above the clearing point, the LC fluid no longer
has the desirable oprical and dielectric anisotropy, and display operation fails.

When the temperature is lowered, the LC fluid undergoes another phase transition from
the nematic to the smectic phase. In the smectic phase, the LC molecules form a layered
structure and obtain a higher viscosity to become more grease-like. When approaching
the smectic phase, the LC response to an electric field change becomes very sluggish, and
below the transition temperature the display operation fails.

A large variety of nematic liquid crystals has been synthesized over the years, each with
its own molecular formula and nematic temperature range. For MBBA in the example of
Fig. 1.3, the nematic range is 21-48°C. This range is too limited for practical
applications. Commercial fluids generally consist of a mixture of two or more liquid
crystal components and have a much wider nematic range.
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CHAPTER

3

Manufacturing of AMLCDs

In this chapter the steps in the basic manufacturing process of AMLCD panels will be
described. Panel manufacturing is usually subdivided in TFT array manufacturing, LC
assembly, and module assembly. TFT array production shows some similarities with
semiconductor manufacturing. Many of the methods, types of equipment, and expertise
acquired in the semiconductor industry have therefore been successfully applied to AMLCD
array processing. They include yield optimization techniques and clean room and facility
operation, and are applied to the color filter plate manufacturing as well. The front end of
AMLCD manufacturing is highly automated with expensive equipment and is therefore very
capital-intensive. Back-end processing (module assembly and assembly of the final product)
is more labor-intensive and has often been moved to low-labor-cost regions in Asia.

3.1 Basic Structure of AMLCDs

In Fig. 3.1 a cutout view of a basic TFT LCD panel is shown. It consists of a TFT array
glass plate and a color filter array plate. The two are separated by 4-5 um and form the
sandwich for the liquid crystal layer. At the periphery of the display viewing area

(Fig. 3.2}, a glue seal bonds the two glass plates together and also prevents moisture and
contamination from entering the LC fluid.

The row and column drivers are attached to ledges at the edges of the TFT array glass
plate to supply the address signals to the LC pixels. In a-Si TFT L.CDs they are packaged
on a flexible tape in a so-called “tape carrier package” (TCP) and attached to the glass by
tape automated bonding (TAB). Alternatively, the row and column drivers may be
attached upside down directly to the glass with “chip on glass” (COG) technology. The
row and column drivers receive their signals from a printed circuit board with controller
circuitry, including a timing controller. The panel is completed by adding a number of
optical films to enhance the viewing properties and uniformity, a backlight assembly, and
an enclosure.
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Figure 3.1: Cutout view of a TFT LCD.
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Figure 3.2: Cross section of an edge of a TFT LCD.
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3.2 Thin Film Processing

The pixel arzay circuitry is patterned on one of the two glass substrates between which
the LC layer is sandwiched. Since the thickness of the liquid crystal layer in an AMLCD
is only 4-5 pum, the active matrix consists of thin film circuitry with a total thickness ;-

3
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