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chapter 1          
introduction
1.1 	INTRODUCTION
Light emitting polymers (LEPs) or polymer-based light-emitting diodes discovered by Friend et al in 1990 have been found better than other displays like liquid crystal displays (LCDs), vacuum fluorescence displays, and electroluminescence displays. Though not commercialized yet, these have proved to be a milestone in the field of Flat Panel Displays (FPDs). Research on LEP is underway in Cambridge Display Technology Ltd, CDT, Cambridge, UK. The Cathode Ray Tube (CRT), invented by German physicist Karl Ferdinand Braun in 1897, remained the ubiquitous display in the last half of the 20th century. But the CRT’s long heritage in an environment where product life cycles are measured in months rather than years doesn’t mean that it is an ideal display solution. It is bulky, power hungry and expensive to manufacture.
The fact is that researchers haven’t come up with a better solution. Liquid Crystal Display (LCD) was pitched as the savior of the display industry. Its creators claimed that a slim profile would quickly make it the display of choice. But today, LCDs are far more pervasive. These offer a little bit benefit over their predecessor, the CRT. The cost of a LCD as well as a CRT monitor one-third of the total price of a computer. Says David  Mentley, Vice President and display industry analyst at Stanford Resources, California, USA, “Although LCD is a highly successful technical achievement, the manufacturing archetype must change if flat panel displays are to compete directly across all applications.” In the last decade, several other contenders, such as Plasma and field emission displays were hailed as the solution to the pervasive display. Like LCD, they suited certain niche applications, but failed to meet the broad demands of the computer industry.
What if a new type of display could combine the characteristics of a CRT with the performance of an LCD and the added design benefits of formability and low power? Cambridge Display Technology Ltd (CDT) [1]  is developing a display medium with exactly these characteristics. The technology uses a light emitting polymer (LEP)[2] that costs much less to manufacture and run than CRTs[3] because the active material is plastic.                                                                                                                                                                                                                                                                         
1.2  	Light Emitting Polymer (LEP)
It is a polymer that emits light when a voltage is applied to it. The structure comprises a thin-film semiconducting polymer sandwiched between two electrodes (anode and cathode). When electrons and holes are injected from the electrodes, the recombination of these charge carriers takes place, which leads to emission of light that escapes through glass substrate. The bandgap i.e. the energy difference between valence band and conduction band, of the semiconducting polymer determines the wavelength (colour) of the emitted light.
                                          [image: ]
                             Fig 1. SEC/CDT full-colour lep display
  	The first polymer LEPs used poly phinylene vinylene (PPV) as the emitting layer. Since 1990, a number of polymers have been shown to emit light under the application of an electric field; the property is called the electroluminescence (EL).Efforts are on to improve the efficiency of polymer devices by modifying their configuration.







1.3  	CHEMISTRY
LEPs are constructed from a special class of polymers called conjugated polymers. Plastic materials with metallic and semiconductor characteristics are called conjugated polymers. These polymers possess delocalized[4] pi electrons along the backbone, whose mobility shows properties of semiconductors. Also this gives it the ability to support positive and negative charge carriers with high mobility along the polymer chain. The charge transport mechanism in conjugated polymers is different from traditional inorganic semiconductors. The amorphous chain morphology results in inhomogeneous broadening[5] of the energies of the chain segments and leads to hopping type transport. Conjugated polymers have already found applications in battery electrodes, transparent conductive coatings, capacitor electrolytes and through hole platting in PCBs[6]. There are fast displaying traditional materials such as natural polymers etc owing to better physical and mechanical properties and amenability to various processes.








	




CHAPTER 2      
basic structure and working

2.1 BASIC STRUCTURE
 
Like the CRT, LEP emits light as a function of its electrical operation. An LEP display solely consists of the polymer material manufactured on a substrate of glass or plastic and doesn’t require additional elements like the backlights, filters, and polarisers that are typical of LCDs. Fig. shows the structure of an LEP device. The indium-tin oxide (ITO) coated glass is coated with a polymer. On the top of it, there is a metal electrode of Al, Li, Mg, or Ag. When a bias voltage is applied, holes and electrons move into the polymer. These moving holes and electrons combine together to form hole-electron pairs known as ‘excitons’. These excitons are in excited state and go back to their initial state by emitting energy. When this energy drop occurs, light comes out from the device.


[image: ]
Fig 2:The Structure of an LEP device







2.2 	WORKING 

 Light-emitting devices consist of active/emitting layers sandwiched between a cathode and an anode. Indium-tin oxide is typically used for the anode and aluminium or calcium for the cathode. Fig.3 shows the structure of a simple single layer device with electrodes and an active layer. Single-layer devices typically work only under a forward DC bias. Also it shows a symmetrically configured alternating current light-emitting (SCALE) device that works under AC as well as forward and reverse DC bias.
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Fig 3: The structure of single-layer device and symmetrically configured alternating current light emitting (scale) device.

2.2.1 	INK JET PRINTING 
Although inkjet printing is well established in printing graphic images, only now are applications emerging in printing electronics materials. Approximately a dozen companies have demonstrated the use of inkjet printing for PLED displays and this technique is now at the forefront of developments in digital electronic materials deposition. However, turning inkjet printing into a manufacturing process for PLED displays has required significant developments of the inkjet print head, the inks and the substrates (see Fig 4).Creating a full colour, inkjet printed display requires the precise metering of volumes in the order of pico liters. Red, green and blue polymer solutions are jetted into well defined areas with an angle of flight deviation of less than 5º. To ensure the displays have uniform emission, the film thickness has to be very uniform. 

[image: ]
Fig 4.  Schematic of the ink jet printing for PLED materials
For some materials and display applications the film thickness uniformity may have to be better than ±2 per cent. A conventional inkjet head may have volume variations of up to ±20 per cent from the hundred or so nozzles that comprise the head and, in the worst case, a nozzle may be blocked. For graphic art this variation can be averaged out by multi-passing with the quality to the print dependent on the number of passes. Although multi-passing could be used for PLEDs the process would be unacceptably slow. Recently, Spectra, the world’s largest supplier of industrial inkjet heads, has started to manufacture heads where the drive conditions for each nozzle can be adjusted individually – so called drive-per-nozzle (DPN). Litrex in the USA, a subsidiary of CDT, has developed software to allow DPN to be used in its printers. Volume variations across the head of ±2 per cent can be achieved using DPN. In addition to very good volume control, the head has been designed to give drops of ink with a very small angle-of-flight variation. A 200 dots per inch (dpi) display has colour pixels only 40 microns wide; the latest print heads have a deviation of less than ±5 microns when placed 0.5 mm from the substrate. In addition to the precision of the print head, the formulation of the ink is key to making effective and attractive display devices. The formulation of a dry polymer material into an ink suitable for PLED displays requires that the inkjets reliably at high frequency and that on reaching the surface of the substrate, forms a wet film in the correct location and dries to a uniformly flat film. The film then has to perform as a useful electro-optical material. Recent progress in ink formulation[7] and printer technology has allowed 400 mm panels to be colour printed in under a minute. 
2.2.2 	ACTIVE AND PASSIVE MATRIX 
Many displays consist of a matrix of pixels, formed at the intersection of rows and columns deposited on a substrate. Each pixel is a light emitting diode such as a PLED[8], capable of emitting light by being turned on or off, or any state in between. Coloured displays are formed by positioning matrices of red, green and blue pixels very close together. To control the pixels, and so form the image required, either 'passive' or 'active' matrix driver methods are used. 
Pixel displays[9] can either by active or passive matrix. Fig. 5 shows the differences between the two matrix types, active displays have transistors so that when a particular pixel is turned on it remains on until it is turned off. 
The matrix pixels are accessed sequentially. As a result passive displays are prone to flickering since each pixel only emits light for such a small length of time. Active displays are preferred, however it is technically challenging to incorporate so many transistors into such small a compact area.
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Fig 5. Active and passive matrices
In passive matrix systems, each row and each column of the display has its own driver, and to create an image, the matrix is rapidly scanned to enable every pixel to be switched on or off as required. As the current required to brighten a pixel increases (for higher brightness displays), and as the display gets larger, this process becomes more difficult since higher currents have to flow down the control lines. Also, the controlling current has to be present whenever the pixel is required to light up. As a result, passive matrix displays tend to be used mainly where cheap, simple displays are required. Active matrix displays solve the problem of efficiently addressing each pixel by incorporating a transistor (TFT) in series with each pixel which provides control over the current and hence the brightness of individual pixels. Lower currents can now flow down the control wires since these have only to program the TFT driver, and the wires can be finer as a result. Also, the transistor is able to hold the current setting, keeping the pixel at the required brightness, until it receives another control signal. Future demands on displays will in part require larger area displays so the active matrix market segment will grow faster. 
PLED devices are especially suitable for incorporating into active matrix displays, as they are processable in solution and can be manufactured using ink jet printing over larger areas. 
2.2 	BASIC PRINCIPLE AND TECHNOLOGY 
Polymer properties are dominated by the covalent nature of carbon bonds making up the organic molecule’s backbone. The immobility of electrons that form the covalent bonds explain why plastics were classified almost exclusively insulators until the 1970’s. 
A single carbon-carbon bond is composed of two electrons being shared in overlapping wave functions. For each carbon, the four electrons in the valence bond form tetrahedral oriented hybridized sp3 orbitals from the s & p orbitals described quantum mechanically as geometrical wave functions. The properties of the spherical s orbital and bimodal p orbitals combine into four equal , unsymmetrical , tetrahedral oriented hybridized sp3 orbitals. The bond formed by the overlap of these hybridized orbitals from two carbon atoms is referred to as a ‘sigma’ bond. 
A conjugated ‘pi’ bond refers to a carbon chain or ring whose bonds alternate between single and double (or triple) bonds. The bonding system tend to form stronger bonds than might be first indicated by a structure with single bonds. The single bond formed between two double bonds inherits the characteristics of the double bonds since the single bond is formed by two sp2 hybrid orbitals. The p orbitals of the single bonded carbons form an effective ‘pi’ bond ultimately leading to the significant consequence of ‘pi’ electron de-localization. Unlike the ‘sigma’ bond electrons, which are trapped between the carbons, the ‘pi’ bond electrons have relative mobility. All that is required to provide an effective conducting band is the oxidation or reduction of carbons in the backbone. Then the electrons have mobility, as do the holes generated by the absence of electrons through oxidation with a dopant like iodine. 

2.2.1 	LIGHT EMISSION 

The production of photons from the energy gap of a material is very similar for organic and ceramic semiconductors. Hence a brief description of the process of electroluminescence is in order. 
Electroluminescence is the process in which electromagnetic (EM) radiation is emitted from a material by passing an electrical current through it. The frequency of the EM radiation is directly related to the energy of separation between electrons in the conduction band and electrons in the valence band. These bands form the periodic arrangement of atoms in the crystal structure of the semiconductor. In a ceramic semiconductor like GaAs or ZnS, the energy is released when an electron from the conduction band falls into a hole in the valence band. The electronic device that accomplishes this electron-hole interaction is that of a diode, which consists of an n-type material (electron rich) interfaced with p-type material (hole rich). When the diode is forward biased (electrons across interface from n to p by an applied voltage) the electrons cross a neutralized zone at the interface to fill holes and thus emit energy. 

The situation is very similar for organic semiconductors with two notable exceptions. The first exception stems from the nature of the conduction band in an organic system while the second exception is the recognition of how conduction occurs between two organic molecules. 

With non-organic semiconductors there is a band gap associated with Brillouin zones that discrete electron energies based on the periodic order of the crystalline lattice. The free electron’s mobility from lattice site to lattice site is clearly sensitive to the long-term order of the material. This is not so for the organic semiconductor. The energy gap of the polymer is more a function of the individual backbone, and the mobility of electrons and holes are limited to the linear or branched directions of the molecule they statistically inhabit. The efficiency of electron/hole transport between polymer molecules is also unique to polymers. Electron and hole mobility occurs as a ‘hopping’ mechanism which is significant to the practical development of organic emitting devices. 

PPV has a fully conjugated backbone (figure 6), as a consequence the HOMO (exp link remember 6th form!) of the macromolecule stretches across the entire chain, this kind of situation is ideal for the transport of charge; in simple terms, electrons can simply "hop" from one π orbital to the next since they are all linked. 
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Fig  6.  A demonstration of the full conjugation of π electrons in PPV.The delocalized π electron clouds are coloured yellow.
PPV is a semiconductor. Semiconductors are so called because they have conductivity that is midway between that of a conductor and an insulator. While conductors such as copper conduct electricity with little to no energy (in this case potential difference or voltage) required to "kick-start" a current, insulators such as glass require huge amounts of energy to conduct a current. Semi-conductors require modest amounts of energy in order to carry a current, and are used in technologies such as transistors, microchips and LEDs. 
Band theory is used to explain the semi-conductance of PPV, see figure 5. In a diatomic molecule, a molecular orbital (MO) diagram can be drawn showing a single HOMO and LUMO, corresponding to a low energy π orbital and a high energy π* orbital. This is simple enough, however, every time an atom is added to the molecule a further MO is added to the MO diagram. Thus for a PPV chain which consists of ~1300 atoms involved in conjugation, the LUMOs and HOMOs will be so numerous as to be effectively continuous, this results in two bands, a valence band (HOMOs, π orbitals) and a conduction band (LUMOs, π* orbitals). They are separated by a band gap which is typically 0-10eV (check) all the π electrons in the chain, and thus is entirely filled, while the conduction band, being made up of empty π* orbitals (the LUMOs) is entirely empty). 
In order for PPV to carry a charge, the charge carriers (e.g. electrons) must be given enough energy to "jump" this barrier - to proceed from the valence band to the conduction band where they are free to ride the PPV chain’s empty LUMOs.                (Fig. 7) 
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Fig 7. A series of orbital diagrams.
· A diatomic molecule has a bonding and an anti-bonding orbital, two atomic orbitals gives two molecular orbitals. The electrons arrange themselves following, Auf Bau and the Pauli Principle. 
· A single atom has one atomic obital 
· A triatomic molecule has three molecular orbitals, as before one bonding, one anti-bonding, and in addition one non-bonding orbital. 
· Four atomic orbitals give four molecular orbitals. 
· Many atoms results in so many closely spaced orbitals that they are effectively continuous and non-quantum. The orbital sets are called bands. In this case the bands are separated by a band gap, and thus the substance is either an insulator or a semi-conductor. 
It is already apparent that conduction in polymers is not similar to that of metals and inorganic conductors , however there is more to this story! First we need to imagine a conventional diode system, i.e. PPV sandwiched between an electron injector (or cathode), and an anode. The electron injector needs to inject electrons of sufficient energy to exceed the band gap, the anode operates by removing electrons from the polymer and consequently leaving regions of positive charge called holes. The anode is consequently referred to as the hole injector. 

In this model, holes and electrons are referred to as charge carriers, both are free to traverse the PPV chains and as a result will come into contact. It is logical for an electron to fill a hole when the opportunity is presented and they are said to capture one another. The capture of oppositely charged carriers is referred to as recombination. When captured, an electron and a hole form neutral-bound excited states (termed excitons) that quickly decay and produce a photon up to 25% of the time, 75% of the time, decay produces only heat, this is due to the the possible multiplicities of the exciton. The frequency of the photon is tied to the band-gap of the polymer; PPV has a band-gap of 2.2eV, which corresponds to yellow-green light. 

Not all conducting polymers fluoresce, polyacetylene[8] , one of the first conducting-polymers to be discovered was found to fluoresce at extremely low levels of intensity. Excitons are still captured and still decay, however they mostly decay to release heat. This is what you may have expected since electrical resistance in most conductors causes the conductor to become hot. 

Capture is essential for a current to be sustained. Without capture the charge densities of holes and electrons would build up, quickly preventing any injection of charge carriers. In effect no current would flow. 




CHAPTER 3                                                                                                                                                              manufacturing
3.1 	MANUFACTURING
In order to manufacture the polymer, two types of techniques are used. They are :-
3.1.1 SPIN COATING PROCESS
A spin-coating machine is used that has a plate spinning at the speed of a few thousand rotations per minute. The robot pours the plastic over the rotating plate, which, in turn, evenly spreads the polymer on the plate. This results in an extremely fine layer of the polymer having a thickness of 100 nanometres. Once the polymer is evenly spread, it is baked in an oven to evaporate any remnant liquid. The same technology is used to coat the CDs.
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fig  8: Spin Coating Process
3.1.2	PRINTER BASED TECHNIQUE
LEPs can be patterned using a wide variety of printing techniques. The most advanced is ink-jet printing. Resolution as high as 360 dpi have been demonstrated and the approach are scalable to large-screen displays. Printing promises much lower manufacturing cost.
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                                                          fig  9: Printer  Based Technique
















CHAPTER 4                                                                                                                                                                            TYPES OF LEPs

4.1 TYPES OF LEPs

The types of organic light-emitting devices available in the market include flexible, stacked, and transparent.

4.1.1 FLEXIBLE ORGANIC LEDs

FOLEDs are built on flexible substrates. Flat-panel displays have traditionally been fabricated on glass substrates, in part because these have intrinsic structural and/or processing constraints that preclude the use of non-rigid substrates. Nonetheless, flexible materials are highly desired substrates because these have significant performance and cost advantages. UDC’s proprietary FOLED[10] technology is the result of a pioneering work to demonstrate that OLEDs are functional and durable in a flexible format and can be built with the same performance as their rigid substrate counterparts.
                                                     
i. Flexibility. For the first time, FOLEDs may be made on substrates ranging from optically clear plastic films to reflective metal foils. These materials provide the ability to conform, bend, or roll a display into any shape, so a FOLED may be laminated onto helmet face shields, military uniforms, shirtsleeves, aircraft cockpit instruments panel, or automotive windshields.
                                                    
ii. Ultra-lightweight, thin form. The use of thin plastic substrates will significantly reduce the weight of flat-panel displays in cell phones, portable computers, and especially large-screen on-the-wall-televisions. For instance, the display in a laptop can be reduced from several pounds to a few ounces by using FOLED technology.

iii. Durability. FOLEDs are generally less fragile and more impact resistant and durable than their glass-based counterparts.


iv. TOLED and SOLED features. FOLEDs offer excellent performance characteristics and features of both TOLEDs and SOLEDs.

v. Cost-effective processing. Researchers have demonstrated a continuous organic vapour phase deposition method for large area roll-to-roll FOLED processing. While this technique requires further development, it provides the basis for very low cost
             mass production.
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Fig 10.    A Passive-Matrix 0.18mm thick foled fabricated in UDC’s pilot line facility

4.1.2 SOLEDs 
The award-winning stacked OLED (SOLED) pixel architecture is a radical new approach for full-colour displays. UDC’s proprietary SOLED technology offers high-definition display resolution and true-colour quality for next-generation display applications. The SOLED consists of an array of vertically stacked TOLED sub-pixels. To separately tune colour and brightness, each of the red, green, and blue (R-G-B) sub-pixel elements is individually controlled. By adjusting the ratio of currents in the three elements, colour is tuned. By varying the total current through the stack, brightness is varied. By modulating the pulse width, gray scale is achieved. With this SOLED
architecture, each pixel can provide full colour. The SOLED architecture is a significant departure from the traditional side by-side (SxS) approach used today in CRTs and LCDs. SOLEDs offer the following performance enhancements over SxS configurations:
 
· Full-colour tunability for true colour quality at each pixel—valuable when colour fidelity is important.
· Three times higher resolution than the comparable SxS display. While it takes Three  SxS pixels (R, G, and B) to generate full colour, it takes only one SOLED pixel—or one-third the area—to achieve the same. This is especially advantageous when maximising pixel density is important.
· Nearly 100 per cent fill factor; for example, when a full-colour display calls for green, red       and blue pixels are turned off in the SxS structure, whereas all the pixels turn on green in a SOLED under the same conditions. This means that SOLED colour definition and picture quality are superior.
· No upper limit to pixel size. In large screen displays, individual pixels are frequently large enough to be seen by the eye at a short range. With the SxS format, the eye may perceive individual red, green, and blue instead of the intended colour mixture. With a SOLED, each pixel emits the desired colour and thus is perceived correctly, no matter what size it is and from where it is viewed.
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Fig 11.   Stacked organic light-emitting device

4.1.3 TOLEDs

TOLEDs employ an innovative transparent contact to achieve an enhanced display. With this proprietary transparent OLED structure, TOLEDs can be top, bottom, or both top and bottom emitting (transparent). This option creates a host of exciting new display opportunities. In its most basic form, the TOLED is a monolithic solid state device consisting of a series of small-molecule organic thin films sandwiched between two transparent, conductive layers (refer to Fig. 5). As
a result, TOLEDs are bright, self-emitting displays that can be directed to emit from either or both surfaces. This is possible because in addition to having transparent contacts, the organic materials are transparent over their own emission spectrum and throughout most of the visible spectrum.

4.2	 STRUCTURE

 A transparent conductive material such as indium-tin oxide for hole injection is deposited directly onto a glass substrate. Then a series of organic materials are deposited by vacuum sublimation on the indium-tin oxide layer: The first organic layer serves as a hole-transporting layer (HTL) and the second layer serves as both a light emitting layer (EL) and an electron-transporting layer (ETL). Finally, a UDC proprietary transparent contact for electron injection is deposited by vacuum evaporation or sputtering on the top of the organic films. When a voltage is applied across the device, it emits light. This light emission is based upon the luminescence phenomenon, wherein injected electrons and holes migrate from the contacts toward the organic heterojunction[11]  under the applied electric field. These carriers meet to form excitons (electron-hole pairs) that recombine radiatively to emit light. Compared to other FPDs, TOLEDs offer better energy efficiency (hence longer battery life), full viewing angle, brighter and higher-contrast light emission, faster response, and better environmental robustness. These thin-film, solid state devices are durable and ideal for portable applications. In full production, TOLEDs cost significantly less than LCDs because these require fewer process steps and use fewer and lower-cost materials than LCDs.

[image: ]
Fig 12: Toled Structure

(i) Directed top emission: As standard OLEDs have reflective back contacts, these are bottom emitters and must be built on transparent substrates. TOLEDs have a  transparent structure, so these may instead be built on opaque surfaces to effect top emission. These displays have the potential to be directly integrated with future dynamic credit cards and may also be built on metal, e.g. automotive components. Top-emitting TOLEDs achieve better fill factor and characteristics in high-resolution, high-information-content displays using active-matrix silicon back-planes.
                                                
(ii) Transparency: TOLEDs can be as clear as the glass or the substrate they’re built on. TOLEDs built between glass plates are transparent up to 70 per cent or more when turned off. This indicates the potential of TOLEDs in applications where maintaining vision area is important. Today, smart windows are penetrating the multibillion dollar flat-glass architectural and automotive marketplaces. TOLEDs may be fabricated on windows for home entertainment and teleconferencing purposes, on windshields and cockpits for navigation and warning systems, and into helmet-mounted or head-up systems for virtual reality applications.
                                              
(iii) Enhanced high-ambient contrast: TOLEDs offer enhanced contrast ratio. By using a low-reflectance absorber (a black surface) behind the top or the bottom TOLED surface, contrast ratio can be significantly improved. This feature is particularly important in daylight readable applications; for examples cell phones and military fighter aircrafts’ cockpits. 

(iv) Multi-stacked devices: TOLEDs are fundamental building blocks for many multi structure and hybrid devices; for example, UDC’s novel, vertically-stacked SOLED architecture. Biplanar TOLEDs will give two readouts through one surface. Bidirectional TOLEDs will provide two independent displays emitting from opposite faces of the display. With portable products shrinking and desired information content expanding, TOLEDs are a great way to double the display area for the same display size!










CHAPTER 5                                                                                                 advantages AND DISADVANTAGES

5.1 ADVANTAGES
· Require only 3.3 volts and have lifetime of more than 30,000 hours.
· Greater power efficiency than all other flat panel displays.
· No directional or blurring effects.
· Can be viewed at any angle.
· Glare free view up to 160 degree.
· Cost much less to manufacture and run than CRTs, because the active material used is plastic.
· Can scale from tiny devices millimetres in dimension to high definition device up to 5.1 meters in diameter.
· Fast switching speed, that is 1000 times faster than LCDs.
· Higher luminescence efficiency[12]. Due to high refractive index of the polymer, only a small fraction of the light generated in the polymer layer escapes the film.

5.2  DISADVANTAGES 

· Vulnerable to shorts due to contamination of substrate surface by dust. 
· Voltage drops. 
· Mechanically fragile. 
· Potential not yet realized. 

5.2.1 AGING OF LEP

One of the major barriers to the commercial development of light emitting devices based upon electroluminescent polymers is their useful lifetime. The lifetime of these devices can be greatly extended by operating in an inert environment under dry box conditions. However, even under ideal conditions, the light intensity gradually decreases and some discrete regions become totally dark. Various tests like AC impedance measurement and optical microscopy are being carried out in Cambridge University to determine physical and/or chemical changes that correlate with the loss of electroluminescent intensity from polymeric light emitting devices and thereby find out the way to increase the useful lifetime. One problem that the engineers encountered was to stop or delay the aging process of the polymer. The trickiest stage was the final soldering of the displays—this needed to be done in an airtight environment because as soon as the LEP molecules came in contact with oxygen, these would disintegrate. The solution was to do the soldering in a glass jar filled with nitrogen. The enclosure protects the device from impurities and provides a higher degree of efficiency by giving the screen an estimated life span of 30,000 working hours.

5.2.2 SPACE CHARGE EFFECT[13]

The effects of space charge on the current-voltage (I-V) and capacitance-voltage (C-V) characteristics of polymer LEDs have been investigated theoretically. Space charge effects are important in polymer LEDs due to the low carrier mobilities and significant recombination in the device. This effect becomes more pronounced as the difference between electron and hole mobilities is increased. Consequences of space charge include lowering of the electric fields near the contacts and therefore suppression of the injected tunnelling currents, and strongly asymmetric recombination profiles for unequal mobilities thereby decreasing the luminescence. Research is underway to overcome this barrier.

        



CHAPTER 6                                                                                          POTENTIAL APPLICATIONS
6.1  	APPLICATIONS  

 LEPs are used in the following applications:

· Multi or full colour cell phone displays
· Full colour high-resolution personal digital assistants(PDAs)
· Heads-up instrumentation for cars
· Lightweight wrist watches
· High definition televisions
· Roll-up daily refreshable electronic newspapers
· Automobile light systems without bulbs
· Windows/wall/partitions that double as computer screens
· Military uniforms
· Aircraft cockpit instrumentation panel a lot of others
· Manufactures like Dupont Displays, OSRAM , Philips.

Seiko-Epson, Ritek and many others have already started producing LEP displays and these displays will replace the active matrix LCDs as the market-dominant display by 2010.
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6.2  	APPLICATIONS OF PLED

Polymer light-emitting diodes (PLED) can easily be processed into large-area thin films using simple and inexpensive technology. They also promise to challenge LCD's as the premiere display technology for wireless phones, pagers, and PDA's with brighter, thinner, lighter, and faster features than the current display. 

6.2.1  	PHOTOVOLTAICS 

CDT’s PLED technology can be used in reverse, to convert light into electricity. Devices which convert light into electricity are called photovoltaic (PV) devices, and are at the heart of solar cells and light detectors. CDT has an active program to develop efficient solar cells and light detectors using its polymer semiconductor know-how and experience, and has filed several patents in the area. 
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     Fig 13 .Digital clocks powered by CDT's polymer solar cells.

6.2.2  POLY LED TV 
Philips will demonstrate its first 13-inch PolyLED TV prototype based on polymer OLED (organic light-emitting diode) technology Taking as its reference application the wide-screen 30-inch diagonal display with WXGA (1365x768) resolution, Philips has produced a prototype 13-inch carve-out of this display (resolution 576x324) to demonstrate the feasibility of manufacturing large-screen polymer OLED displays using high-accuracy multi-nozzle, multi-head inkjet printers. The excellent and sparkling image quality of Philips' PolyLED TV prototype illustrates the great potential of this new display technology for TV applications. According to current predictions, a polymer OLED-based TV could be a reality in the next five years. 
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Fig 14. POLY LED TV

6.2.3  BABY MOBILE 
This award winning baby mobile uses light weight organic light emitting diodes to realize images and sounds in response to gestures and speech of the infant. 
[image: ]
Fig 15 baby mobile
6.2.4 	MP3 PLAYER DISPLAY 
Another product on the market taking advantage of a thin form-factor, light-emitting polymer display is the new, compact, MP3 audio player, marketed by GoDot Technology. The unit employs a polymeric light-emitting diode (pLED) display supplied by Delta Optoelectronics, Taiwan, which is made with green Lumation light-emitting polymers furnished by Dow Chemical Co., Midland, Mich. 
6.3 	FUTURE DEVELOPMENTS 
Here's just a few ideas which build on the versatility of light emitting materials. 
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High efficiency displays running on low power and economical to manufacture will find many uses in the consumer electronics field. Bright, clear screens filled with information and entertainment data of all sorts may make our lives easier, happier and safer.
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Demands for information on the move could drive the development of 'wearable' displays, with interactive features.
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Eywith changing information code would give many brand owner edge 
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The ability of PLEDs to be fabricated on flexible substrates opens up fascinating possibilities for formable or even fully flexible displays e catching packaging intent at the point of sa d s a valuable competition

6.4 	FEW MORE DEVELOPMENTS 
· Because the plastics can be made in the form of thin films or sheets, they offer a huge range of applications. These include television or computer screens that can be rolled up and tossed in a briefcase, and cheap videophones. 
· Clothes made of the polymer and powered by a small battery pack could provide their own cinema show. 
· Camouflage, generating an image of its surroundings picked up by a camera would allow its wearer to blend perfectly into the background 
· A fully integrated analytical chip that contains an integrated light source and detector could provide powerful point-of-care technology. This would greatly extend the tools available to a doctor and would allow on-the-spot quantitative analysis, eliminating the need for patients to make repeat visits. This would bring forward the start of treatment, lower treatment costs and free up clinician time. 
The future is bright for products incorporating PLED displays. Ultra-light, ultra-thin displays, with low power consumption and excellent readability allow product designers a much freer rein. The environmentally conscious will warm to the absence of toxic substances and lower overall material requirements of PLEDs, and it would not be an exaggeration to say that all current display applications could benefit from the introduction of PLED technology. CDT sees PLED technology as being first applied to mobile communications, small and low information content instrumentation, and appliance displays. With the emergence of 3G telecommunications, high quality displays will be critical for handheld devices. PLEDs are ideal for the small display market as they offer vibrant, full-colour displays in a compact, lightweight and flexible form. Within the next few years, PLEDs are expected to make significant inroads into markets currently dominated by the cathode ray tube and LCD display technologies, such as televisions and computer monitors. PLEDs are anticipated as the technology of choice for new products including virtual reality headsets; a wide range of thin, technologies, such as televisions and computer monitors. PLEDs are anticipated as the technology of choice for new products including virtual reality headsets; a wide range of thin, lightweight, full colour portable computing; communications and information management products; and conformable or flexible displays. 


                                                                                                                                                                                                                                                                     







                                             CHAPTER 7                                                                                                                                                                   CONCLUSION
7.1  	CONCLUSION
LEPs are promising, low-cost solutions for today’s flat-panel displays. Although not commercialised yet, these may replace bulky and heavy CRT displays in the near future. At the Wall Street Journal CEO Forum that took place in London, the UK, a panel of industry leaders predicted that  LEP technology would storm the market in the next few years.

Organic materials are poised as never before to trans form the world of display technology. Major electronic firms such as Philips and pioneer and smaller companies such as Cambridge Display Technology are betting that the future holds tremendous opportunity for low cost and surprisingly high performance offered by organic electronic and opto electronic devices. Using organic light emitting diodes, organic full colour displays may eventually replace LCDs in laptop and even desktop computers. Such displays can be deposited on flexible plastic coils, eliminating fragile and heavy glass substrate used in LCDs and can emit light without the directionality inherent in LCD viewing with efficiencies higher than that can be obtained with incandescent light bulbs. 

Organic electronics are already entering commercial world. Multicolor automobile stereo displays are now available from Pioneer Corp., of Tokyo And Royal Philips Electronics[14] , Amserdam is gearing up to produce PLED backlights to be used in LCDs and organic ICs. 

The first products using organic displays are already in the market. And while it is always difficult to predict when and what future products will be introduced, many manufactures are working to introduce cell phoned and personal digital assistants with organic displays within the next few years. The ultimate goal of using high efficiency, phosphorescent flexible organic displays in laptop computers and even for home video applications may be no more than a few years in to the future. The portable and light weight organic displays will soon cover our walls replacing the bulky and power hungry cathode ray tubes.
CHAPTER 9
FUTURE SCOPE


1. NEWS & INFORMATION
i. Imagine a day when you are reading a newspaper that is capable of showing pictures and video, is continuously updating itself with the latest news via  WI-FI [15]  connection, and is also so thin and flexible that you can roll it up put it in your backpack or briefcase.
ii. That day may someday be a reality thanks to OLED technology

[image: ]



2. ADVANCEMENTS IN THE HOME
i. One of the many possibilities is to replace regular walls or windows with similar sized OLED installations which will “ lead to user-definable window spaces”.
ii. These walls will use transparent OLEDs that will make it possible to have certain areas opaque while other areas clear , depending on what the homeowner would like.
iii. Additionally,”the wall can be any colour or design that you want”.



[image: ]

3. OLED Passport
i. Samsung SDI [16]   from Germany have designed the OLED passport which is claimed to be completely manipulation proof.
ii. The OLED display will be able to display both video & text containing information about the passport holder.
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Figure: spin coating process.
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