Liquid crystal display

A liquid crystal display (LCD) is an electro-optical amplitude modulator realized
as a thin, flat display device made up of any number of color or monochrome pixels
arrayed in front of a light source or reflector. It is often utilized in battery-powered

electronic devices because it uses very small amounts of electric power.
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Each pixel of an LCD typically consists of a layer of molecules aligned between two
transparent electrodes, and two polarizing filters, the axes of transmission of which
are (in most of the cases) perpendicular to each other. With no liquid crystal between
the polarizing filters, light passing through the first filter would be blocked by the

second (crossed) polarizer.
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The surface of the electrodes that are in contact with the liquid crystal material are

treated so as to align the liquid crystal molecules in a particular direction. This

Arsalan681 Page 2




treatment typically consists of a thin polymer layer that is unidirectionally rubbed

using, for example, a cloth. The direction of the liquid crystal alignment is then

defined by the direction of rubbing. Electrodes are made of a transparent conductor

called Indium Tin Oxide (ITO).
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Before applying an electric field, the orientation of the liquid crystal molecules is
determined by the alignment at the surfaces. In a twisted nematic device (still the
most common liquid crystal device), the surface alignment directions at the two
electrodes are perpendicular to each other, and so the molecules arrange themselves
in a helical structure, or twist. Because the liquid crystal material is birefringent,
light passing through one polarizing filter is rotated by the liquid crystal helix as it
passes through the liquid crystal layer, allowing it to pass through the second
polarized filter. Half of the incident light is absorbed by the first polarizing filter, but

otherwise the entire assembly is reasonably transparent.
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When a voltage is applied across the electrodes, a torque acts to align the liquid
crystal molecules parallel to the electric field, distorting the helical structure (this is
resisted by elastic forces since the molecules are constrained at the surfaces). This
reduces the rotation of the polarization of the incident light, and the device appears
grey. If the applied voltage is large enough, the liquid crystal molecules in the center

of the layer are almost completely untwisted and the polarization of the incident
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light is not rotated as it passes through the liquid crystal layer. This light will then be
mainly polarized perpendicular to the second filter, and thus be blocked and the
pixel will appear black. By controlling the voltage applied across the liquid crystal
layer in each pixel, light can be allowed to pass through in varying amounts thus

constituting different levels of gray.
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The optical effect of a twisted nematic device in the voltage-on state is far less
dependent on variations in the device thickness than that in the voltage-off state.
Because of this, these devices are usually operated between crossed polarizers such

that they appear bright with no voltage (the eye is much more sensitive to variations
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in the dark state than the bright state). These devices can also be operated between
parallel polarizers, in which case the bright and dark states are reversed. The
voltage-off dark state in this configuration appears blotchy, however, because of

small variations of thickness across the device.
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Both the liquid crystal material and the alignment layer material contain ionic
compounds. If an electric field of one particular polarity is applied for a long period
of time, this ionic material is attracted to the surfaces and degrades the device
performance. This is avoided either by applying an alternating current or by
reversing the polarity of the electric field as the device is addressed (the response of

the liquid crystal layer is identical, regardless of the polarity of the applied field).
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When a large number of pixels are needed in a display, it is not technically possible

to drive each directly since then each pixel would require independent electrodes.
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Instead, the display is multiplexed. In a multiplexed display, electrodes on one side
of the display are grouped and wired together (typically in columns), and each group
gets its own voltage source. On the other side, the electrodes are also grouped
(typically in rows), with each group getting a voltage sink. The groups are designed
so each pixel has a unique, unshared combination of source and sink. The
electronics, or the software driving the electronics then turns on sinks in sequence,

and drives sources for the pixels of each sink.
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Color displays

In color LCDs each individual pixel is divided into three cells, or sub pixels, which
are colored red, green, and blue, respectively, by additional filters (pigment filters,
dye filters and metal oxide filters). Each sub pixel can be controlled independently to
yield thousands or millions of possible colors for each pixel. CRT monitors employ
a similar 'sub pixel' structures via phosphors, although the electron beam employed

in CRTs do not hit exact 'sub pixels'.
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Passive-matrix and active-matrix addressed LCDs

LCDs with a small number of segments, such as those used in digital watches and
pocket calculators, have individual electrical contacts for each segment. An external
dedicated circuit supplies an electric charge to control each segment. This display

structure is unwieldy for more than a few display elements.
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Small monochrome displays such as those found in personal organizers, or older
laptop screens have a passive-matrix structure employing super-twisted nematic
(STN) or double-layer STN (DSTN) technology—the latter of which addresses a
color-shifting problem with the former—and color-STN (CSTN)—wherein color is
added by using an internal filter. Each row or column of the display has a single
electrical circuit. The pixels are addressed one at a time by row and column
addresses. This type of display is called passive-matrix addressed because the pixel
must retain its state between refreshes without the benefit of a steady electrical
charge. As the number of pixels (and, correspondingly, columns and rows)
increases, this type of display becomes less feasible. Very slow response times and

poor contrast are typical of passive-matrix addressed LCDs.
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High-resolution color displays such as modern LCD computer monitors and
televisions use an active matrix structure. A matrix of thin-film transistors (TFTSs) is
added to the polarizing and color filters. Each pixel has its own dedicated transistor,
allowing each column line to access one pixel. When a row line is activated, all of
the column lines are connected to a row of pixels and the correct voltage is driven
onto all of the column lines. The row line is then deactivated and the next row line is
activated. All of the row lines are activated in sequence during a refresh operation.
Active-matrix addressed displays look "brighter" and "sharper" than passive-matrix
addressed displays of the same size, and generally have quicker response times,

producing much better images.
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Active matrix technologies
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Twisted nematic (TN)

Twisted nematic displays contain liquid crystal elements which twist and untwist at
varying degrees to allow light to pass through. When no voltage is applied to a TN
liquid crystal cell, the light is polarized to pass through the cell. In proportion to the
voltage applied, the LC cells twist up to 90 degrees changing the polarization and
blocking the light's path. By properly adjusting the level of the voltage almost any

grey level or transmission can be achieved.
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In-plane switching (IPS)

In-plane switching is an LCD technology which aligns the liquid crystal cells in a
horizontal direction. In this method, the electrical field is applied through each end
of the crystal, but this requires two transistors for each pixel instead of the single
transistor needed for a standard thin-film transistor (TFT) display. This results in
blocking more transmission area, thus requiring a brighter backlight, which will
consume more power, making this type of display less desirable for notebook

computers.
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Vertical alignment (VA)

Vertical alignment displays are a form of LC displays in which the liquid crystal
material naturally exists in a horizontal state removing the need for extra transistors
(as in IPS). When no voltage is applied the liquid crystal cell, it remains
perpendicular to the substrate creating a black display. When voltage is applied, the
liquid crystal cells shift to a horizontal position, parallel to the substrate, allowing
light to pass through and create a white display. VA liquid crystal displays provide
some of the same advantages as IPS panels, particularly an improved viewing angle

and improved black level.
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Important factors to consider when evaluating an LCD monitor:

Resolution: The horizontal and vertical size expressed in pixels (e.g.,
1024x768). Unlike monochrome CRT monitors, LCD monitors have a native-
supported resolution for best display effect.

Dot pitch: The distance between the centers of two adjacent pixels. The
smaller the dot pitch size, the less granularity is present, resulting in a
sharper image.

Viewable size: The size of an LCD panel measured on the diagonal
Response time: The minimum time necessary to change a pixel's color or
brightness.

Refresh rate: The number of times per second in which the monitor draws
the data it is being given. A refresh rate that is too low can cause flickering
and will be more noticeable on larger monitors

Matrix type: Active TFT or Passive.

Color support: How many types of colors are supported

Brightness: The amount of light emitted from the display

Contrast ratio: The ratio of the intensity of the brightest bright to the darkest
dark.

Aspect ratio: The ratio of the width to the height (for example, 4:3, 16:9 or
16:10).

Input ports (e.g., DVI, VGA, LVDS, DisplayPort, or even S-Video and HDMI).

Arsalan681 Page 14




LCD ,5iolod & (b)) o508 o0 s o5l

2 QeYFRVPA Jlo jola)ogd oo Glo oSy cuns 2 oS (050 5 (Bl o3Il s pouai zgdg ™
LIy poad ooy o5 oil e native resolution  ¢l,ls LCD s by Xives WCRT M=
w2 oo @)l glss) o

by 2l 5ZaS alols cpl jaiz ,0 ¢ jolme JuSiy 58 35 50 (e alols (dOt PitCh)abass a o =
Sl VL g

Ded oo 2b3yl ol d 55, 5l LOCD & o5lusl (Viewable size)saalive Jo6 ojlail =

205 S5y i JuSes SO Bl p3Y a5 Sy Sl ((response time) 2o &wl by =
Dg yiubg, b

Wb LCD g, p pgas s a5 adl o wlss slaws (refresh rate) silw o)bgs oo =
2 Sl (plogd (oo paal )0 (305 Sedizr bl Eely (55l 0)ligd Gl S 05l p 5 Ioame
ol oo gl Az g5l 255 Gl Kaoles

Jub 1 ol b Jwd TFT 5l : (Matrix type) pw ylo g5 ™

sl BB sla 5, slaws (CcoOlOr support) S, slwiny ®

LCD jloas glo 445 o)ljee 5T~ (brightness) Sois o =

Comdg (5 So)b 4 Sondy on i 58 9 ab Cuws - CoNtrast ratio =

(16:10L 54:3,16:9 Lo yokn ) poai o,e 4 Job cons (@SPECT Fatio) y guai Cous ™

HDMI , S-Video _:> | s DVI, VGA, LVDS s :(Input ports) 39,3 sb &9 ™

Arsalan681 Page 15




Zero-power (bistable) displays

The zenithal bistable device (ZBD), developed by QinetiQ, can retain an image
without power. The crystals may exist in one of two stable orientations (Black and

"White") and power is only required to change the image.
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TFT LCD

Today's color LCD TVs and LCD Monitors have a sandwich-like structure (see
figure below).
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What is TFT LCD?

TFT LCD (Thin Film Transistor Liquid Crystal Display) has a sandwich-like
structure with liquid crystal filled between two glass plates.

¢ Comwz TFT LCD
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TFT Glass has as many TFTs as the number of pixels displayed, while a Color Filter
Glass has color filter which generates color. Liquid crystals move according to the
difference in voltage between the Color Filter Glass and the TFT Glass. The amount
of light supplied by Back Light is determined by the amount of movement of the
liquid crystals in such a way as to generate color.
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TFT LCD - Electronic Aspects of LCD TVs and LCD Monitors

Electronic Aspects of AMLCDs
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The most common liquid-crystal displays (LCDs) in use today rely on picture
elements, or pixels, formed by liquid-crystal (LC) cells that change the polarization
direction of light passing through them in response to an electrical voltage. As the
polarization direction changes, more or less of the light is able to pass through a
polarizing layer on the face of the display. Change the voltage, and the amount of
light is changed. There are two ways to produce a liquid-crystal image with such
cells: the segment driving method and the matrix driving method. The segment
driving method displays characters and pictures with cells defined by patterned
electrodes. The matrix driving method displays characters and pictures in sets of
dots.
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Two types of drive method are used for matrix displays. In the static, or direct, drive
method, each pixel is individually wired to a. This is a simple driving method, but,
as the number of pixels is increased, the wiring becomes very complex. An
alternative method is the multiplex drive method, in which the pixels are arranged
and wired in a matrix format.To drive the pixels of a dot-matrix LCD, a voltage can
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be applied at the intersections of specific vertical signal electrodes and specific
horizontal scanning electrodes. This method involves driving several pixels at the
same time by time-division in a pulse drive. Therefore, it is also called a multiplex,
or dynamic, drive method.
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There are two types of dot-matrix LCDs. Passive and Active Matrix LCDs
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In passive-matrix LCDs (PMLCDs) there are no switching devices, and each pixel is
addressed for more than one frame time. The addressing of a also produces a kind of
crosstalk that produces blurred images because non-selected pixels are driven
through a secondary signal-voltage path. In active-matrix LCDs (s), on the other
hand, a switching device and a storage capacitor are integrated at the each cross
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point of the electrodes. The active addressing removes the multiplexing limitations
by incorporating an active switching element. In contrast to passive-matrix LCDs,
AMLCDs have no inherent limitation in the number of scan lines, and they present
fewer cross-talk issues. There are many kinds of AMLCD. For their integrated
switching devices most use transistors made of deposited thin films, which are
therefore called thin-film transistors (TFTs).
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The most common semiconducting layer is made of amorphous silicon (a-Si). a-Si

TFTs are amenable to large-area fabrication using glass substrates in a low-
temperature (300°C to 400°C) process.
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Structure of Color TFT LCDs
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A TFT LCD module consists of a TFT panel, driving-circuit unit, backlight system,
and assembly unit.
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1. LCD Panel
- TFT-Array Substrate
- Color Filter Substrate
2. Driving Circuit Unit
- LCD Driver IC (LDI) Chips
E - Multi-layer PCBs
- Driving Circuits
3. Backlight & Chassis Unit
- Backlight Unit
- Chassis Assembly
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It is commonly used to display characters and graphic images when connected a host
system. The TFT LCD panel consists of a TFT-array substrate and a color-filter
substrate.
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The vertical structure of a color TFT LCD
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The TFT-array substrate contains the TFTs, storage capacitors, pixel electrodes, and
interconnect wiring. The color filter contains the black matrix and resin film
containing three primary-color - red, green, and blue - dyes or pigments. The two
glass substrates are assembled with a sealant, the gap between them is maintained by
spacers, and LC material 1s injected into the gap between the substrates. Two sheets
of polarizer film are attached to the outer faces of the sandwich formed by the glass
substrates. A set of bonding pads are fabricated on each end of the gate and data-
signal bus-lines to attach LCD Driver IC (LDI) chips
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Driving Circuit Unit

Driving an a-Si TFT LCD requires a driving circuit unit consisting of a set of LCD
driving IC (LDI) chips and printed-circuit-boards (PCBs).

The assembly of LCD driving circuits.
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A block diagram showing the driving of an LCD panel.
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To reduce the footprint of the LCD module, the drive circuit unit can be placed on
the backside of the LCD module by using bent Tape Carrier Packages (TCPs) and a
tapered light-guide panel (LGP).
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How TFT LCD Pixels Work
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A TFT LCD panel contains a specific number of unit pixels often called sub pixels.
Each unit pixel has a TFT, a pixel electrode (ITO), and a storage capacitor (Cs).
For example, an SVGA color TFT LCD panel has total of 800x3x600, or 1,440,000,
unit pixels. Each unit pixel is connected to one of the gate bus-lines and one of the
data bus-lines in a 3mxn matrix format.
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Structure of a color TFT LCD panel.
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Because each unit pixel is connected through the matrix, each is individually
addressable from the bonding pads at the ends of the rows and columns.
The performance of the TFT LCD is related to the design parameters of the unit
pixel, i.e., the channel width W and the channel length L of the TFT, the overlap
between TFT electrodes, the sizes of the storage capacitor and pixel electrode, and
the space between these elements. The design parameters associated with the black
matrix, the bus-lines, and the routing of the bus lines also set very important
performance limits on the LCD.
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Vertical structure of a unit pixel and its equivalent circuit
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A storage capacitor (Cs) and liquid-crystal capacitor (CLC) are connected as a load
on the TFT. Applying a positive pulse of about 20V peak-to-peak to a gate electrode
through a gate bus-line turns the TFT on. Clc and Cs are charged and the voltage
level on the pixel electrode rises to the signal voltage level (+8 V) applied to the data
bus-line.

Jhesl . wil oads Jate TFT a )l Sy lsins (CLC) syl Jli S 055 53 5 (CS)5ho 0,55 o510 K

The voltage on the pixel electrode is subjected to a level shift of DV resulting from a
parasitic capacitance between the gate and drain electrodes when the gate voltage
turns from the ON to OFF state. After the level shift, this charged state can be
maintained as the gate voltage goes to -5 V, at which time the TFT turns off. The
main function of the Cs is to maintain the voltage on the pixel electrode until the
next signal voltage is applied.
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Liquid crystal must be driven with an alternating current to prevent any deterioration
of image quality resulting from dc stress. This is usually implemented with a frame-
reversal drive method, in which the voltage applied to each pixel varies from frame
to frame. If the LC voltage changes unevenly between frames, the result would be a
30-Hz flicker. (One frame period is normally 1/60 of a second.) Other drive methods
are available that prevent this flicker problem.
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