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LPC17xx 

   TFT DISPLAY 

Lumex’s new 3.5” InfoVue™ 
TFT LCD module with touch screen capability 

Digital Images and Pixels 

o  A digital image is a binary (digital) 
representation of a two-dimensional 
pictorial data.  

o  Digital images may have a raster or vector 
representation. 

o  Raster Images defined over a 2D grid of 
picture elements, called pixels. 

o  A pixel is the basic items of a raster image 
and include intensity or color value.  

Pixels 

Source: Computer Graphics Course. Department of Computer Science , Ben-Gurion University of the Negev, Israel 
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LCD (Liquid Crystal Display) 

o  LCD Panel is based on  
n  A light valve for each pixel that 

turn the light on, off, or an 
intermediate level. 

o  Grid of such light valve for the 
LCD display panel. 

o  A back light and display 
enhancement films create the 
illumination. 

Source: Computer Graphics Course. Department of Computer Science , Ben-Gurion University of the Negev, Israel 

 
Figures are curtsy of 3M 

About Liquid Crystal 

o  Liquid crystal molecules 
can move freely while 
maintaining their 
orientation. 

o  It align itself to a polyimide 
film to the inside of a panel 
glass. 

o  When the two glass panels 
are not aligned the liquid 
crystal twists accordingly. 

o  The liquid crystal will also 
align to electric field. 

Source: Computer Graphics Course. Department of Computer Science , Ben-Gurion University of the Negev, Israel 



07/03/14	
  

3	
  

TFT stands for thin film transistor.  A TFT is actually a component of a an LCD designed to improve the quality and 
control of the LCD display. It is basically a tiny transistor linked to each individual pixel on the screen.  In today’s 
marketplace, TFT technology provides the best resolution of all the flat-panel techniques. TFT screens are sometimes 
called active-matrix LCDs. 
 

T  = thin 

F  = film 

T  = transistor 

What Does TFT Stand For? 

Source: Lumex (http://www.lumex.com) - LED and LCD technology 

A TFT uses liquid crystal to control the passage of light. The basic structure of a TFT-LCD panel may be thought of as 
two pieces of glass with a layer of liquid crystal between them. The front glass is fitted with a color filter, while the back 
glass has transistors on it. When voltage is applied to a transistor, the liquid crystal is bent, allowing light to pass 
through to form a pixel. A light source, in many cases an LED, is located at the back of the panel and is what ,makes 
up the backlight. The front glass is fitted with a color filter, which gives each pixel its own color. The combination of 
these pixels in different colors forms the image on the panel. 

Polarizer 
Color filter 

Array 
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Bonding Pad 
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LCD Crystals 
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Pixel Electrode 
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Alignment Layer 

TFT 

Backlight 

How TFT Technology Works 

Source: Lumex (http://www.lumex.com) - LED and LCD technology 
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A TFT panel array contains a specific number of pixels, often known as subpixels. Thousands or millions of these unit 
pixels together create an image on the display. This diagram shows the simple structure of a sub-pixel.  Each unit pixel 
contains a TFT, a pixel electrode or ITO and microscopic storage capacitors.  Each unit pixel is connected to one of 
the gate bus lines and one of the data bus lines in a matrix format.  This allows for easy individual pixel addressing.  
TFT devices are switching devices, which function to turn each individual pixel on or off thereby controlling the number 
of electrons that flow into the ITO zone. As the number of electrons reaches the expected value, TFT turns off and 
these electrons can be kept within the ITO zone. 

ITO 

Data Signal Line 
Data Signal Line 

Gate Line 

Gate Line 

How TFT Technology Works 

Source: Lumex (http://www.lumex.com) - LED and LCD technology 

When power is applied to bend the liquid crystal, light passes through from the backlight into the color filter.  How 
much light that passes through depends on the amount of power applied to the pixel.  If there were no color filter, the 
output would be in the form of a grayscale.  The color filter is an RGB (red, green and blue) stripe.  One set of three 
subpixels makes up one unit pixel.  The white light from the backlight passes through the color filter and outputs all 
three colors; the intensity of which depends on how far the liquid crystal gets bent.  The human eye cannot resolve 
each color from a tiny pixel; instead the brain mixes the 3 colors together to give the appearance of the combined 
color (such as mixing red and blue to make purple). 

Color Filters 

Illustration represents one pixel. 

How Do TFT’s Generate Color? 

Source: Lumex (http://www.lumex.com) - LED and LCD technology 
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How Do TFT’s Generate Color? 

Source: Lumex (http://www.lumex.com) - LED and LCD technology 

Monochromatic displays consist of a passive-matrix structure utilizing super-twisted nematic fluid with no switching 
devices. Most of the monochromatic displays offer black and white images except for the color STN types which offers 
16 colors only. Slow response time and less contrast are typical of passive-matrix addressed LCDs. TFTs consist of an 
active matrix structure utilizing a layer of transistors for addressing each pixel. TFT offers full color capability, high 
pixel resolution and good contrast.  

One Pixel Three 
subpixels 

Difference Between Monochromatic and TFT 

Source: Lumex (http://www.lumex.com) - LED and LCD technology 
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Due to the simplicity in construction of a monochromatic LCD, they are ideal for text and static image on the screen 
with no color. TFTs are a bit more complex in construction compared to a monochromatic display, therefore TFT 
require more data input in order to display full color dynamic video on the screen.  

Transitioning from Monochromatic to TFT 

Source: Lumex (http://www.lumex.com) - LED and LCD technology 

TFT applications are including touch screen capability in order to make the user interface more friendly.  There are two 
primary types of touch screens: resistive and capacitive.  Simply, resistive touch screens use two thin layers of a 
metallic membrane with a gap in between the two.  A person touching the screen at a specific point compresses the 
outer layer until it touches the other layer.   This technology is relatively inexpensive, however it can also be fragile.  
Environments, such as medical equipment, require resistive touch screens because they are easy to clean, maintain 
and do no register false readings. 

Spacers 

Resistive touch screen displays  
have multiple layers that are 
separated by thin spacers.  
 
Resistive type touch screens require 
more pressure to activate than 
capacitive touch screens.  Inner metallic 

membrane 

Outer metallic 
membrane 

Capacitive vs. Resistive TFT Technology 

Source: Lumex (http://www.lumex.com) - LED and LCD technology 
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Capacitive touch screens are similar to resistive touch screens in that they have multiple layers.  With capacitive touch 
screen technology, the outer layer is an insulator and the inner layer is conductive.  When the finger touched the outer 
layer, it changes the capacitance and registers a touch. Capacitive touch screens, due to their nature, require the bare 
finger and can register false touches, but are more impact resistant. Capacitive touch screens are generally more 
expensive than resistive touch screens due to their relative robustness. 

Capacitive touch screen displays can 
be controlled with very light touches 
and are therefore subject to suffer 
from ‘false’ touches. 

Inner metallic 
membrane 

Outer metallic 
membrane 

Capacitive vs. Resistive TFT Technology 

Source: Lumex (http://www.lumex.com) - LED and LCD technology 

There are several advantages to TFT technology, including space savings, enhanced resolution and finer quality.  Of 
all the flat panel technologies available, TFT displays offer tremendous space savings.  A Lumex InfoVue TFT module, 
for instance, starts at an industry-leading 3mm in width.  In addition, TFT displays provide a finer imaging quality with 
less glare and flicker for a reduction in eye strain to the end user.  TFT displays also offer a more vibrant color and 
response time than other color LCD technologies.  

•  Space savings 

•  Finer imaging quality 

•  Less glare and flicker 

•  More vibrant color 

•  Increased response time 

Advantages of TFT 

Source: Lumex (http://www.lumex.com) - LED and LCD technology 
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Controlador TFT SPFD5408B 

o  Caracerísticas del controlador de TFT 
n  Resolución de 320 x 240 pixels con 18 bits por pixel (256K colores) 
n  Diferentes modos de comunicación (18 bits, 16 bits, 8 bits, SPI) 

o  En el módulo HY28A - LCDA fijado el modo 16 bits por hardware 

o  Registros de control 
n  Dispone de más de 50 registros de control  

o  Memoria CGRAM (Memoria gráfica) 
n  Contiene la información de los 320x240 pixels con 18 bits de información por 

pixel 
n  Representa la información que es presentada en el display. 

Controlador TFT SPFD5408B 
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Controlador TFT SPFD5408B 

Graphics RAM (GRAM):  172800 bytes (240 x 320 x 18 / 8 bytes) 

Controlador TFT SPFD5408B 
o  Líneas de control 

n  RS indica si se escribe en el puntero de registro o en el registro 
apuntado por el puntero. 
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Controlador TFT SPFD5408B 
o  Líneas de control 

n  RS indica si se escribe en el puntero de registro o en el registro 
apuntado por el puntero. 

Controlador TFT SPFD5408B 
o  Configuración del modo de comunicación 

16 bits 
 
8 bits 
 
SPI 
 
 
 
 
 
18 bits 
9 bits 
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Controlador TFT SPFD5408B 
o  Acceso los Registros de Configuración 

n  Hay más de 50 registros de configuración de 16 bits 
n  Para escribir en un registro primero hay que escribir un puntero que 

apunte al registro 
n  La escritura en el puntero al registro (Index Register) o en el registro 

apuntado por el puntero se controla con el pin RS 
o  RS = 0 à El dato se escribe en el Index Register (Puntero) 
o  RS = 1 à El dato se escribe en el registro apuntado por el Index Register 

Controlador TFT SPFD5408B 
o  Ejemplo de registro de control: R03h – Entry Mode 

n  Entre otras cosas permite configurar la orientación de la 
visualización. 
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Controlador TFT SPFD5408B 
o  Acceso a la CGRAM 

n  Se debe especificar el puntero de acceso a la CGRAM (R20h y R21h) 
y luego escribir o leer 

n  Con cada lectura o escritura se autoincrementa el puntero 
n  Cada fila sólo tiene útiles 240 (0x0000-0x00EF) (0x0100-0x01EF)… 

Controlador TFT SPFD5408B 
o  Acceso mediante un bus paralelo de 16 bits 

n  Modo 64K colores à 16 bits por pixel 
o  Cada pixel necesita una palabra de 16 bits 
o  Se pierde la resolución del bit menos significativo del R y del B 

n  El modo se controla con la información del registro “Entry Mode (R03H) 
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Controlador TFT SPFD5408B 
o  Acceso mediante un bus paralelo de 16 bits 

n  Modo 256K colores à 18 bits por pixel 
o  Cada pixel necesita dos transferencias de 16 bits 
o  Hay dos modos de distribuir la información en las dos palabras 

Conexión Controlador TFT SPFD5408B 
o  Temporización de lectura y escritura del bus paralelo 
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Controlador TFT SPFD5408B 

o  Acceso mediante SPI 
n  Transferencia de 24 bits (3 bytes) 

o  (6 bits) Identificador de dispositivo 
o  Bit RS  
o  Bit RW 
o  Dato de 16 bits 

Controlador TFT SPFD5408B 

o  Acceso mediante SPI 
n  La lectura de los registros está disponible en el segundo byte 
n  La lectura de la RAM está disponible en el séptimo byte 
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Controlador TFT SPFD5408B 

o  Acceso mediante SPI 
n  Formato de los bits de Datos 

Controlador TFT SPFD5408B 
o  Acceso mediante SPI 

n  Escritura y Lectura de un Byte 
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Controlador TFT SPFD5408B 
o  Acceso mediante SPI 

n  Escritura del “Index Register” (RS=0, RW=0) 
o  El “Index Register” es de 8 bits 

n  Escritura del un datos donde apunta “Index Register” (RS=1, RW=0) 
o  El  contenido de los registros es de 16 bits 

Controlador TFT SPFD5408B 
o  Acceso mediante SPI 

n  Escritura en un registro 

n  Lectura de un registro (RS=1, RW=0) 
o  Los registros son de 16 bits 


