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https://en.wikipedia.org/wiki/History_of_display_technology
http://www.samsung.com/us/explore/galaxy-s7-features-and-specs/

The last twenty years have seen a move from bulky cathode ray tubes to 
a variety of flat screen devices, some incredibly thin (e.g., the mobile 
phone shown here), some incredibly large (e.g., the 155 inch (3.4 meters 
by 1.9 meters) monster OLED display prototyped by Mitsubishi in 2010).
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Printers
• many types of printer

• ink jet
• sprays ink onto paper

• laser printer
• uses a laser to lay down a pattern of charge

on a drum; this picks up charged toner which
is then pressed onto the paper

• commercial offset printer
• an image of the whole page is put on a roller
• this is repeatedly inked and pressed against

the paper to print thousands of copies of the
same thing

• all make marks on paper
• essentially binary devices: mark/no mark
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It always amazes me that laser printers work at all.

They are based on a property of selenium, which is that it is 
photoconductive and so, if you charge it up with positive charge, the 
positive charge will be lost from places on which light has shone.

Take a drum coated in selenium.
Step 1: charge the drum with positive charge and then use a laser to 
shine light on all parts of the paper where you do not want ink.
Step 2: take some negatively charged ink particles, they will be stick to 
the drum wherever it is positively charged.
Step 3: press the drum against paper and have a positively charged source 
underneath the paper that will attract the negatively charged toner onto 
the paper.
Step 4: use heat and pressure to melt the toner particles onto the paper 
so that they stick.
Step 5: there will still be some toner stuck to the drum, so clean it off 
and shine light on the drum to get rid of any residual positive charge.
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Ink jets work by squirting a jet of ink at the paper. In fact, it is not so 
much a jet as a sequence of bubbles of ink.

There are many ways of creating a sequence of bubbles. The continuous 
ink jet (top left) is one early method. It is very wasteful because most of 
the continuous stream of ink bubbles get deflected into a waste tray. 

The other methods create bubbles only when a bubble is needed.

You do not need to remember how all of these methods work, but you 
should be mildly amazed by the ingenuity of engineers who made these 
work, and work reliably and cheaply.
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ITO – Indium-Tin Oxide – a substance that can conduct electricity and is 
also transparent

TFT – Thin-Film Transistors – transistors are electronic switches

Orientation film – a thin transparent film with thousands of tiny parallel 
grooves in it
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There are two polarizers at right angles to one another on either side of 
the liquid crystal: under normal circumstances these would block all light.

There are liquid crystal directors: micro-grooves which align the liquid 
crystal molecules next to them.

The liquid crystal molecules try to line up with one another; the micro-
grooves on each side are at right angles to one another which forces the 
crystals’ orientations to twist gently through 90° as you go from top to 
bottom, causing the polarization of the light to twist through 90°, making 
the pixel transparent.

Liquid crystal molecules are polar: they have a positive and a negative 
end.

Applying a voltage across the liquid crystal causes the molecules to stand 
on their ends, ruining the twisting phenomenon, so light cannot get 
through and the pixel is opaque.

At right is the chemical cholesteryl benzoate, the first substance to be 
discovered to exhibit liquid crystal properties, in the late 19th century.
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At left we see a normal LCD panel, highly magnified, with colour filters 
over the pixels. Notice that the display elements are thin rectangles and 
that three rectangles (one red, one green, one blue) make up a display 
unit that is roughly square: an RGB pixel.

At right we see a three LCD video projector, with colour made by 
devoting one LCD panel to each of red, green and blue.

The light is split using dichroic mirrors: these reflect some wavelengths
of light and let other wavelengths straight through. For example, the blue 
dichroic mirror passes blue light but reflects red and green light.
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A silicon chip is manufactured in layers. Each layer is laid down using a 
photographic process. For example, you can lay down a photosensitive 
substance over the whole chip, then shine light through a photographic 
mask. Where the light hits the substance hardens. You then wash off the 
unhardened parts.

Digital micromirror devices (DMDs) have a top layer that is flat (purple in 
diagram at right) and coated with aluminum. They are supported by a 
metal pillar in the centre (grey in diagram at right), and they can rock 10°
either side of being flat. They are mounted on a torsion spring setup 
(cyan in diagram at right). Underneath this are two transistors (yellow in 
diagram at right). Whichever one is currently “on” pulls the micromirror
down towards that corner.

Making this reliably was a major challenge. A single “stuck” micromirror
ruins the whole device.
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The left hand version uses a rotating colour filter and therefore displays 
each image in three phases: red, then green, then blue. If you track rapidly 
moving objects on the screen, you might see the image split up between 
the three colours, because your eye will assume smooth movement but 
the display will show three separate images in one place followed by 
three separate images in the next place, and so on.

The right hand version uses three DMD chips, so is more expensive. The 
colour filtering prism is actually several prisms glued together with 
dichroic film in the glue to split the right correctly.

The mirrors either reflect light through the projection lens, or they do 
not. They are therefore binary devices: either on or off. How do you get 
multiple shades of colour? What you do is modulate for how long each 
pixel is reflecting light through the lens. The time spent projecting light 
through the lens is proportional to the perceived intensity at that pixel. 
So you flip pixels on and off very quickly. For example, if you want to 
show 256 levels of grey and you are displaying 60 frames a second and 
you have three different colours then you must be able to flip a pixel off 
in a time less than 1/(256×60×3) of a second = about 20 microseconds.
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The important thing about electrophorectic displays is that they retain 
their image when there is no power. That means that you only need to 
use power when you change the image. This means that you can have a 
battery life of weeks.

The update speed is low, so you could not display an animation, nor do 
many of the things expected of a modern phone, tablet, laptop or 
desktop display.

Passive means “does not need power to keep the image on the display”. 
Active means “needs power to keep the image on the display”.
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Remember that two negatives will repel each other, while a negative and 
a positive will attract each other. Putting a large positive voltage at the 
top of the capsule will pull all the negatively charged particles to the top; 
putting a large negative voltage at the top will push all the negatively 
charged particles to the bottom.
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We get colour the same way that we do with LCD panels.

One fun thing about this technology is that we can make it flexible.

CGRA	151	— Trimester	2	— 2016

©2016	Neil	Dodgson 344

Introduction	to	Computer	Graphics




