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1. Introduction 

 

A display is an output device for presentation of information in visual or tactile 

form (the latter used for example in tactile electronic displays for blind people). 

When the input information is supplied as an electrical signal, the display is called 

an electronic display. 

Electronic displays have spread widely around the world together with the 

development of TV broadcast and information technology during the 20th 

century. Information displays are essential for human society as man-machine 

interface and it is further expected that new displays would bring new ways of 

obtaining visual information.  

 Few years ago, CRT (Cathode Ray Tube) type displays were in a dominant 

position. But nowadays FPD (Flat Panel Display) takes the lead. Typical FPD 

displays widely used today are LCD (Liquid Crystal Display), LED (Light-Emitting 

Diode) and Projection Display (as known as Beamer). In this paper, I will show 

characteristics of each display technologies little bit with future direction, 

compare them and tell what technology will have the future. 

 

2. Current status and future of each display technologies 

(1) LCD 

 

 A liquid crystal display (LCD) is a flat panel display, electronic visual display, or 

video display that uses the light modulating properties of liquid crystals (LCs). 

Liquid crystals do not emit light directly. As LCD panels produce no light of their 

own, they require an external lighting mechanism to be easily visible. On most 

displays, this consists of a cold cathode fluorescent lamp that is situated behind 

the LCD panel. Recently, two types of LED backlit displays have appeared in some 

televisions as an alternative to conventional backlit LCDs. In one scheme, the LEDs 



are used to backlight the entire LCD panel. In another scheme, a set of red, green 

and blue LEDs is used to illuminate a small cluster of pixels, which can improve 

contrast and black level in some situations. For example, the LEDs in one section 

of the screen can be dimmed to produce a dark section of the image while the 

LEDs in another section are kept bright. Both schemes also allow for a slimmer 

panel than on conventional displays.  

 One of the hottest current and future topics in LCD is 3D Display. 3-D has been 

a hit in movie theaters, and because a Hollywood feature nowadays can make as 

much money on the small screen as the big one, the studios are eager to ride 

that success directly into the living room. HDTV makers are doing their best to 

accommodate them. It‟s not that difficult to create a time-multiplexed 

stereoscopic display with LCD panels—the main requirement is the refresh rate, 

and many TVs already produce images at the necessary 120 hertz. Active shutter 

glasses block the image for one eye and then the other in rapid sequence, so 

when the panel flashes left and right images, the viewer‟s brain will combine 

them into a 3-D scene. This has been the standard approach for 3-D TVs, but the 

active glasses have been expensive (US $100 or more per pair) and inconvenient.  

 

 

<3D Display> 

 



 Another 3D display technology is called Film Patterned Retarder (FPR) developed 

by LG Display. FPR uses alternating horizontal stripes of polarizing film, with each 

stripe as tall as one row of pixels. This creates two interlaced images with 

opposite polarization, which can be viewed with the same inexpensive passive 

glasses used in cinemas. LG has managed to include this additional layer and 

align it precisely with the LCD panel and still competitively price its FPR television 

sets. (LG supplies the same panels to Vizio and presumably to Westinghouse 

Digital as well for some of their televisions.) Prices for both active glass 

technology and LG‟s FPR approach are falling rapidly, and manufacturers are 

quickly expanding 3-D support throughout their product lines, though not 

without some contention— the one is criticized for the expensive and heavy 

glasses, the other for cutting the display resolution in half; with FPR, each eye 

sees only half the pixels on the screen. Fortunately, a solution to this dilemma 

may be coming soon. 

 

<Comparison between film patterned retarder and shutter glasses> 

 Film Patterned Retarder Shutter Glasses 

Key Feature 

- LCD with polarizing film 

- Creates two interlaced images 

with opposite polarization 

- Polarizing glass separate each 

side of image 

- Synchronize with display signal and 

shutter glasses 

- LCD panel flashes left and right images 

rapidly 

- Active shutter glasses block the image 

for one eye and then the other in rapid 

sequence 

Advantage 

- Low dizziness 

- Low price glasses (Under $10) 

- Low Cross Talk & Flicker1) effect 

- High quality of image 

- Wide viewing angle2) 

- Low production cost 

Disadvantage 

- Low quality of image 

- Narrow viewing angle 

- High production cost (Additional 

panel needed) 

- Heavy and expensive glasses (About 

$150) 

- Causing eye fatigue, dizzy and 

headache because of Cross Talk & 

Flicker effect 



Key 

Company 

- LG Electronics, Hyundai IT,  

Pavonine etc. 

- Samsung Electronics, Sony, Panasonic, 

Sharp, SEC etc. 

1) Cross Talk is an effect which both right and left side of image are crossed and go to wrong 

direction. Flicker is an effect which caused by our eyes recognize shutter speed of glasses and 

brings unstable brightness of screen image.  

2) Viewing angle is the maximum angle at which a display can be viewed with acceptable visual 

performance. 

 

 Currently, Research & Development department of each LCD companies focus 

on making thinner, more lightweight and maximizing power-saving & Green 

display. For making sustainable competency, many companies are working on it. 

In case of mobile phone LCD, LCD panel under 0.2mm in thickness are being 

developed by some key companies in Korea and Japan. About 10mm thickness 

TV modules are currently mass produced. But, LG Display‟s research shows that 

technically, they can produce less than 2.6mm thickness TV modules now. In the 

power-saving part, they focus on increasing efficiency of BLU (Back light unit) with 

Local Dimming technology and increasing performance of optical sheet and 

circuits. 

 

(2) LED 

 

 A light-emitting diode (LED) is a semiconductor light source. LEDs are used as 

indicator lamps in many devices and are increasingly used for other lighting. 

Introduced as a practical electronic component in 1962, early LEDs emitted low-

intensity red light, but modern versions are available across the visible, ultraviolet, 

and infrared wavelengths, with very high brightness. In this paper, because this 

paper is for display technology, I only tell about OLED.  

 An OLED (organic light-emitting diode) is a light-emitting diode (LED) in which 

the emissive electroluminescent layer is a film of organic compounds which emit 

light in response to an electric current. This layer of organic 

semiconductor material is situated between two electrodes. Generally, at least one 

of these electrodes is transparent. 

There are two main families of OLEDs: those based on small molecules and 



those employing polymers. Adding mobile ions to an OLED creates a Light-

emitting Electrochemical Cell or LEC, which has a slightly different mode of 

operation. OLED displays can use either passive-matrix (PMOLED) or active-

matrix addressing schemes. Active-matrix OLEDs (AMOLED) require a thin-film 

transistor backplane to switch each individual pixel on or off, but allow for higher 

resolution and larger display sizes. 

An OLED display works without a backlight. Thus, it can display deep black 

levels and can be thinner and lighter than liquid crystal displays (LCDs). In low 

ambient light conditions such as dark rooms an OLED screen can achieve a 

higher contrast ratio than an LCD, whether the LCD uses either cold cathode 

fluorescent lamps or the more recently developed LED backlight. Due to their 

low thermal conductivity, they typically emit less light per area than inorganic 

LEDs. 

OLEDs are used in television set screens, computer monitors, small, portable 

system screens such as mobile phones and PDAs, watches, advertising, 

information, and indication. OLEDs are also used in large-area light-emitting 

elements for general illumination.  

 

<OLED Technology Roadmap> 

 

I mentioned before, there are two types of OLED displays currently produced, 



Passive-matrix (PMOLED) and Active-matrix (AMOLED). Among those two, many 

people said AMOLED will be leading the future display.  

 

 

<Schematic of an active matrix OLED display> 

 

An AMOLED display consists of an active matrix of OLED pixels that generate 

light upon electrical activation that have been deposited or integrated onto a thin 

film transistor (TFT) array, which functions as a series of switches to control the 

current flowing to each individual pixel. 

Typically, this continuous current flow is controlled by at least two TFTs at each 

pixel, one to start and stop the charging of a storage capacitor and the second to 

provide a voltage source at the level needed to create a constant current to the 

pixel and eliminating need for the very high currents required for passive 

matrix OLED operation. 

TFT backplane technology is crucial in the fabrication of AMOLED displays. Two 

primary TFT backplane technologies, namely polycrystalline silicon (poly-Si) 

and amorphous silicon (a-Si), are used today in AMOLEDs. These technologies 

offer the potential for fabricating the active matrix backplanes at low 

temperatures (below 150°C) directly onto flexible plastic substrates for producing 

flexible AMOLED displays. 

 

<Flexible Display> 



 Flexible display is made by plastic or thin metal film with applying AMOLED at 

the surface. It has many spotlights as one of the real future displays.  

 

(3) Projection Display 

 

 A Projection Display (or called video projector) is an image projector that 

receives a video signal and projects the corresponding image on a projection 

screen using a lens system. All video projectors use a very bright light to project 

the image, and most modern ones can correct any curves, blurriness, and other 

inconsistencies through manual settings. Video projectors are widely used for 

many applications such as, conference room presentations, classroom 

training, home theatre and concerts. Projectors are widely used in many schools 

and other educational settings, sometimes connected to an interactive 

whiteboard to interactively teach pupils. 

 A video projector, also known as a digital projector, may project onto a 

traditional reflective projection screen, or it may be built into a cabinet with a 

translucent rear-projection screen to form a single unified display device. 

Common display resolutions for a portable projector 

include SVGA (800×600 pixels), XGA (1024×768 pixels), 720p (1280×720 pixels), 

and 1080p (1920×1080 pixels). 

The cost of a device is determined not only by its resolution but also by its light 

output. A projector with a higher light output (measured in lumens, “lm”) is 

required for a larger screen or for a room with a larger amount of ambient 

light. For example, a light output of approximately 1500 to 2500 ANSI lumens is 

suitable for small screens viewed in rooms with low ambient light; approximately 

2500 to 4000 lm is suitable for medium-sized screens with some ambient light; 

over 4000 lm is needed for very large screens or for use in rooms with no 

lighting control such as conference rooms. 

A few camcorders have a built-in projector suitable to make a small projection; a 

few more powerful "Pico projectors" are pocket-sized, and many projectors are 

portable. 

 Currently, some scientists are developed HMPD (Head mounted projection 



display). Similar to a conventional HMD (Head mounted display) system, a head-

mounted projection display (HMPD) integrates a pair of optical systems and 

micro-displays along with their drive electronics into a head-worn system. The 

positioning of the system with respect to the head of a user and the interface of 

the display optics with the eyes impose tight requirements on the overall system 

design. This Section will review the HMPD concept and the characteristics of the 

technology with respect to other related technologies, summarize the state-of-

the-art in micro-display technology, and discuss the interface requirements 

between the human visual system and HMPD optics. 

 Unlike a conventional optical see-through HMD, an HMPD replaces eyepiece-

type or objective-eyepiece compound type optics with a projection lens. Unlike a 

conventional projection system which employs a diffusing screen to reflect 

projected light toward a user‟s eyes, an HMPD utilizes a retro-reflective screen 

instead. 

 

<Schematic Design of an HMPD in a monocular configuration> 

 



 

<Example of HMPD optics and prototype: (a), (b) Layout and assembly of a 

compact projection lens for HMPD systems; (c), (d) Prototypes based on the lens 

in (a), (b)> 

 

3. Future of Display 

 

 There are already some researches about the future of display. According to the 

„Display Bank‟, LCD has almost dominant of display market now and also will be 

dominant in the near future. And because customer‟s needs of 3D display are 

getting more increased, LCD display will be increased more than this research I 

guess. 

 

 



(Unit: Million $) 

2008 2009 2010 2011 2012 2013 2014 2015 2016

LCD 95,321 83,541 94,384 93,582 92,244 91,944 91,493 91,753 91,279

PDP 6,118 4,419 4,387 4,179 3,945 3,683 3,494 3,350 3,210

OLED 614 826 1,215 1,743 2,307 2,799 3,455 4,324 5,202

etc. 711 799 1,289 1,646 1,719 1,865 2,031 2,150 2,283

Total 102,765 89,585 101,274 101,150 100,215 100,290 100,474 101,577 101,973

YoY 0.6% -12.8% 13.0% -0.1% -0.9% 0.1% 0.2% 1.1% 0.4%  
Reference: 09‟ Display Bank 

<World FPD market> 

 

  

 2009 2010 2011 2012 2013 2014 2015 

AMOLED 548 1,002 1,592 2,237 2,965 3,586 4,386 

3D 346 920 2,565 4,844 7,564 11,020 14,583 

Flexible 93 283 644 1,191 2,357 3,338 5,905 

Reference: DisplaySearch and Display Bank 

<Current status and forecast of Next Generation Display> 

 

 Although LCD is or will be in a dominant position of display market, other 

displays will not be disappeared and used as well. In education market, there are 

no technologies better than projection display and this will not be changed in a 

near future. Projection display is still the biggest display in the world and this will 

not be changed in years. No substitutes are there currently. And although 3D 

display is the most spotlighted technology in the display market, flexible display 

is also has many attentions. When this technology is getting much developed 

(such as cost reduction and get more efficient), it‟s very useful technology 

definitely.  

 So, I think in the future, each display uses and fills the different part of 

customer‟s needs. But, as an absolute amount, LCD will be dominant in a display 

market because it‟s the most improved display technology now and it has the 

highest cost performance. 


