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1.SYNOPSIS

Optical computing means performing computations, operations, storage and transmission of data using only light. It uses the photons in visible light or infrared (IR) beams, rather than electric current, to perform digital computations. Optical computers, theoretically, transmit data using light from laser or infrared beams as opposed to electronic currents. Instead of silicon chips optical computer uses organic polymers like phthalocyanine and polydiacetylene. Optical technology promises massive upgrades in the efficiency and speed of computers, as well as significant shrinkage in their size and cost. Optical computer would be extremely fast because they wouldn't need physical wires or cables to transmit data. An optical desktop computer is capable of processing data up to 1,00,000 times faster than current models.

2. INTRODUCTION

Computers have enhanced human life to a great extent. The speed of conventional computers is achieved by miniaturizing electronic components to a very small micron-size scale so that those electrons need to travel only very short distances within a very short time. The goal of improving on computer speed has resulted in the development of the Very Large Scale Integration (VLSI) technology with smaller device dimensions and greater complexity. Last year, the smallest-to-date dimensions of VLSI reached 0.08 urn by researchers at Lucent Technology. Whereas VLSI technology has revolutionized the electronics industry and established the 20th century as the computer age, increasing usage of the Internet demands better accommodation of a 10 to 15 percent per month growth rate. Additionally, our daily lives demand solutions to increasingly sophisticated and complex problems, which requires more speed and better performance of computers.

For these reasons, it is unfortunate that VLSI technology is approaching its fundamental limits in the sub-micron miniaturization process. It is now possible to fit up to 300 million transistors on a single silicon chip. It is also estimated that the number of transistor switches that can be put onto a chip doubles every 18 months. Further miniaturization of lithography introduces several problems such as dielectric breakdown, hot carriers, and short channel effects. All of these factors combine to seriously degrade device reliability. Even if developing technology succeeded in temporarily overcoming these physical problems, we will continue to face them as long as increasing demands for higher integration continues. Therefore, a dramatic solution to the problem is needed, and unless we gear our thoughts toward a totally different pathway, we will not be able to further improve our computer performance for the future.

Optical interconnections and optical integrated circuits will provide a way out of these limitations to computational speed and complexity inherent in conventional electronics. Optical computers will use photons traveling on optical fibers or thin films instead of electrons to perform the appropriate functions. In the optical computer of the future, electronic circuits and wires will be replaced by a few optical fibers and films, making the systems more efficient with no interference, more cost effective, lighter and more compact. Optical components would not need to have insulators as those needed between electronic components because they don't experience cross talk. Indeed, multiple frequencies (or different colors) of light can travel through optical components without interfacing with each others, allowing photonic devices to process multiple streams of data simultaneously.

3. NEED FOR OPTICAL COMPUTING

Optical interconnections and optical integrated circuits have several advantageous over their electronic counterparts. They are immune to electromagnetic interference, and free from electrical short circuits. They have low-loss transmission and provide large bandwidth; i.e. multiplexing capability, capable of communicating several channels in parallel without interference. They are capable of propagating signals within the same or adjacent fibers with essentially no interference or cross-talk. They are compact, lightweight, and inexpensive to manufacture, and more facile with stored information than magnetic materials.

We are in an era of daily explosions in the development of optics and optical components for computing and other applications. The business of photonics is booming in industry and universities worldwide. It is estimated that photonic device sales worldwide will range between $12 billion and $100 billion in 1999 due to an ever-increasing demand for data traffic. According to KMI corp., data traffic is growing worldwide at a rate of 100% per year, while, the Phillips Group in London estimates that the U.S. data traffic will increase by 300% annually. KMI corp. also estimates that sales of dense-wavelength division multiplexing equipment will increase by more than quadruple its growth in the next five years, i.e. from $2.2 billion worldwide in 1998 to $9.4 billion 2D04

Most of the components that are currently very much in demand are electro-optical (EO). Such hybrid components are limited by the speed of their electronic parts. All-optical components will have the advantage of speed over EO components. Unfortunately, there is an absence of known efficient nonlinear optical materials that can respond at low power levels. Most all optical components require a high level of laser power to function as required. Another group at Brown University and the IBM Almaden Research Center (San Jose, CA) have used ultra fast laser pulses to build ultra fast data storage devices. This group was able to achieve ultra fast switching down to 100ps. Their results are almost ten times faster than currently available "speed limits". Optoelectronic technologies for optical computers and communication hold promise for transmitting data as short as the space between computer chips or as long as the orbital distance between satellites. A European collaborative effort demonstrated a high-speed optical data input and output in free-space between IC chips in computers at a rate of more than 1 Tb/s. Astro Terra, in collaboration with Jet Propulsion Laboratory (Pasadena, CA) has built a 32-channel 1-Ggb/s earth-to-satellite link with a 2000 km range. Many more active devices in development, and some are likely to become crucial components in future optical computer and networks.
The race is on with foreign competitors. NEC (Tokyo, Japan) have developed a method for interconnecting circuit boards optically using Vertical Cavity Surface Emitting Laser arrays (VCSEL). Researchers at Osaka City University (Osaka, Japan) reported on a method for automatic alignment of a set of optical beams in space with a set of optical fibers. The project had achieved 1000 interconnections per printed-circuit board, with throughput ranging from 1 to 10 Tb/s.

Optics has a higher bandwidth capacity over electronics, which enables more information to be carried and data to be processed arises because electronic communication along wires requires charging of a capacitor that depends on length. In contrast, optical signals in optical fibers, optical integrated circuits, and free space do not have to charge a capacitor and are therefore faster.

Another advantage of optical methods over electronic ones for computing is that optical data processing can be done much easier and less expensive in parallel than can be done in electronics. “Parallelism is the capability of the system to execute more than one operation simultaneously”. Electronic computer architecture is, in general, sequential, where the instructions are implemented in sequence. This implies that parallelism with electronics is difficult to construct. On the other hand, using a simple optical design, an array of pixels can be transferred simultaneously in parallel from one point to another. isolated conduction channels per mm2 would be required.

Using a simple optical design, an array of pixels can be transferred simultaneously in parallel from one point to another. To appreciate the difference between both optical parallelism and electronic one can think of an imaging system of as many as 1000x1000 independent points per mm2 in the object plane which are connected optically by a lens to a corresponding 1000x1000 points per mm2 in the image plane. For this to be accomplished electrically, a million nonintersecting and properly isolated conduction channels per mm2 would be required. Parallelism, therefore, when associated with fast switching speeds, would result in staggering computational speeds. 

Assume, for example, there are only 100 million gates on 
a chip (optical integration is still in its infancy compared to electronics). Further, conservatively assume that each gate operates with a switching time of only 1 nanosecond (organic optical switches can switch at sub-picosecond rates compared to maximum picosecond switching times for electronic switching). Such a system could perform more than 1017 bit operations per second. Compare this to the gigabits (109) or terabits (1012) per second rates which electronics are either currently limited to, or hoping to achieve. In other words, a computation that might require one hundred thousand hours (more than 11 years) of a conventional computer could require less than one hour by an optical one.

Another advantage of light results because photons are uncharged and do not interact with one another as readily as electrons. Consequently, light beams may pass through one another in full-duplex operation, for example without distorting the information carried. In the case of electronics, loops usually generate noise voltage spikes whenever the electromagnetic fields through the loop changes. Further, high frequency or fast switching pulses will cause interference in neighboring wires. Signals in adjacent fibers or in optical integrated channels do not affect one another nor do they pick up noise due to loops.
 Finally, optical materials possess superior storage density and accessibility over magnetic materials. 
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Fig 1    Electrical crossovers (top) require hree mensions, but optical crossovers (bottom) require only two dimensions because light beams do not interact.

Visible-light and IR beams, unlike electric currents, pass through each other without interacting. Several (or many) laser beams can be shone so their paths intersect, but there is no interference among the beams, even when they are confined essentially to two dimensions. Electric currents must be guided around each other, and this makes three-dimensional wiring necessary. Thus, an optical computer, besides being much faster than an electronic one, might also be smaller. 

Optical technology has made its most significant inroads in digital communications, where fiber optic data transmission has become commonplace. The ultimate goal is the so-called photonic network, which uses visible and IR energy exclusively between each source and destination. Optical technology is employed in CD-ROM drives and their relatives, laser printers, and most photocopiers and scanners. However, none of these devices are fully optical; all rely to some extent on conventional electronic circuits and components.

Obviously, the field of optical computing is progressing rapidly and shows many dramatic opportunities for overcoming the limitations described earlier for current electronic computers. The process is already underway whereby optical devices have been incorporated into many computing systems. Laser diodes as sources of coherent light have dropped rapidly in price due to mass production. Also, optical CD-ROM discs have been very common in home and office computers.

4.Optical computer

Q.1. What is an Optical Computer?

An optical computer (also called a photonic computer) is a device that uses the photons in visible light or infrared (IR) beams, rather than electric current, to perform digital computations. Optical computing could produce computers tens of thousands of times faster than today's computers, because light can travel that much faster than electric current. With all the advantages described for the optical circuits compared to the electronic counterparts, the need for optical computing is one of the main requirements in this century. 

The optical computer is not at all a new idea. It started form the early 80’s itself. Currently even though, a complete optical computer has not been built, there are various researches undergoing on constructing one. The basic building blocks for an optical computer can be optical transistors and optical gates. There are various methods on construction of optical gates. Recent research on optical transistors reached a state where an optical transistor can be made from a single molecule. Other hardware component required is in the data storage field. CDs and DVDs are some optical data storage medium. Holographic memories serve the facility of optical data storage with a huge memory storage ability with very low space requirements. Various input-output optical devices are available even now also. Optical keyboard, mouse, scanners, printers etc hold supreme place even in this period of development of optical computer. Networking, in optical computers, use the facility of optical fibers for very high speed data transfer with very low power requirements.

Block Diagram of an Optical Computer
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The block diagram shows a basic view on the various components of an optical computer.

5. VARIOUS OPTICAL HARDWARE COMPONENTS FOR COMPUTING
Every since the 1930s, the advantages of light were recognized for carrying information within the newly emerging computer science. The problem was that, back then, they lacked to tools needed to make light compute. As a result, the task fell to electrons, and the electronic computer age was born. Since then, three major events have laid the groundwork for the present effort at producing fully photonic (optical) digital computers. The first was the invention of the laser. The next discovery was the computer-generated hologram. The third background element that has brought forth is the photonic transistor
The various Optical Computer Hardware components are

1. Optical Transistor

2. Optical Gate and Switch

3. Holographic Memory(optical memory)

4. Input-Output Devices

5. Optical Networking

6. Optical processor

VCSEL

VCSEL (pronounced ‘vixel’) is a semiconductor vertical cavity surface emitting laser diode that emits light in a cylindrical beam vertically from the surface of a fabricated wafer, and offers significant advantages when compared to the edge-emitting lasers currently used in the majority of fiber optic communications devices. There are two special semiconductor materials sandwiching an active layer where all the action takes place. But rather than reflective ends, in a VCSEL there are several layers of partially reflective mirrors above and below the active layer. Layers of semiconductors with differing compositions create these mirrors, and each mirror reflects a narrow range of wavelengths back in to the cavity in order to cause light emission at just one wavelength. 

      -@Iga, Kenichi (2000). "Surface-emitting laser—IEEE Journal
SLM

Spatial light modulator (SLM) is an object that imposes some form of spatially-varying modulation on a beam of light. Usually, an SLM modulates the intensity of the light beam, however it is also possible to produce devices that modulate the phase of the beam or both the intensity and the phase simultaneously .     

      The basic idea is to have a set of memory cells laid out on a regular grid. These cells are electrically connected to metal mirrors, such that the voltage on the mirror depends on the value stored in the memory cell. A layer of optically active liquid crystal is sandwiched between this array of mirrors and a piece of glass with a conductive coating. The voltage between individual mirrors and the front electrode affects the optical activity of liquid crystal in that neighborhood. Hence by being able to individually program the memory locations one can set up a pattern of optical activity in the liquid crystal layer. 

      - @Larry J. Hornbeck (TI), Digital Light Processing for High-Brightness, High-Resolution  Applications,21st century Archives

5.1. Optical Transistor

The transistor is one of the most influential inventions 
of modern times and is ubiquitous in present-day technologies. To replace electronic components with optical ones, an equivalent "optical transistor" was required. The optical transistor is one of the most basic components of an optical computer. It does the same thing its electronic counterpart does, but with the difference of using photons instead of electrons. The Photonic Transistor is vacuum compatible, meaning that they can be operated in air or even in a vacuum where there light moves at the universal speed limit. The first ever photonic transistor was invented in 1989 by the Rocky Mountain Research Center, and then tested in the laboratories of the University of Montana, and Montana State, USA. The photonic transistor can be used to build up various gates and switches same as that its electronic counterpart does. Therefore it can be called as the “BASIC BUILDING BLOCK” of an optical computer
Various types of Optical Transistors

1. Interferometric Transistors

2. Laser Transistors (Single Molecule Laser Transistor)

3. Based on Plasmon Creation

5.1.a. Interferometric Transistors
A "photonic" computer should use photons. Photons are the basic unit of electromagnetic energy just as electrons are the basic unit of electricity. Unlike the nonlinear optical materials that require a large supply of photons to bias them up to some switching level, Photonic Transistors need only signal levels of photons to work. Photonic Transistors do not use electricity in any way shape or form. The fundamental physical control and manipulation processes used do not slow down the light. The only retardation occurs during the very short time that the energy must pass through a dense medium such as a thin hologram.

Working :“The Interferometer breaks the source laser beam into two and recombines them again in the output. By blocking the light at the two side paths of the interferometer, as needed, the two input beams may be turn on and off in order to demonstrate all the input and corresponding output states of this macroscopic photonic transistor. “
The switching speed of a particular photonic transistor is the time it takes light to travel from the beam-combining optics to the mask. The closer they are together, the faster the transistor. Anything smaller than about an inch is faster than the fastest electronic transistor. So imagine what kind of speed is possible with microscopic components. 

In production, photonic transistors can be made very small--near the size of the wavelength of light being used. The higher the frequency, the shorter the wavelength. The shorter the wavelength, the smaller and more closely they can be packed together and the faster the computer. 

5.1.b. Laser Transistor (Single Molecule Laser Transistor)

Conventional computers are based on transistors, which allow one electrode to control the current moving through the device and are combined to form logic gates and processors. Among the possible choices of signal carriers, photons are particularly attractive because of their robustness against de-coherence, but their control at the nanometer scale poses a significant challenge as conventional nonlinear materials become ineffective. However, single-emitter manipulation of photonic signals has remained elusive and has only been studied in high-finesse micro cavities or waveguides.

Amplification in a conventional laser is achieved by an enormous number of molecules. By focusing a laser beam on only a single tiny molecule, able to generate stimulated emission using just one molecule. They were helped in this by the fact that, at low temperatures, molecules seem to increase their apparent surface area for interaction with light. In this case, the enlarged surface area corresponded approximately to the diameter of the focused laser beam.

“For creating an optical transistor with a single molecule, the fact used is that a molecule’s energy is quantized: when laser light strikes a molecule that is in its ground state, the light is absorbed. As a result, the laser beam is quenched. Conversely, it is possible to release the absorbed energy again in a targeted way with a second light beam. This occurs because the beam changes the molecule’s quantum state, with the result that the light beam is amplified. This so-called stimulated emission, which is the basic working principle of Laser. By using one laser beam to prepare the quantum state of a single molecule in a controlled fashion, scientists could significantly attenuate or amplify a second laser beam. This mode of operation is identical to that of a conventional transistor, in which electrical potential can be used to modulate a second signal.

5.1.c..Plasmon Transistor

All-optical circuit components are light-based analogues of electrical transistors and other devices. All-optical devices built in the past have been far too large and power hungry to be practical. The key to the device is a layer of gold film pierced by an array of holes 0.2 millionths of a meter in diameter and coated in a layer of polymer. The researchers shine two beams of light on the structure: a signal beam and a control beam. When the beams strike the patterned film they produce plasmons, which are essentially blobs of electron gas near the surface of a metal. Varying the intensity and the color of the control beam causes the plasmons to interact in ways that enhance or decrease the transmission of the signal beam through the film. That is, the film acts as an all-optical transistor, with the potential to serve as a building block in optical circuits and optical versions of microelectronic devices.
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5.2. Optical Logic Gates 

Optical interconnections and optical integrated circuits are strongly believed to be the most feasible technology that can provide the way out of the extreme limitations imposed on the speed and complexity of present day computations by conventional electronics. Logic gates are the building blocks of any digital system. An optical logic gate is a switch that controls one light beam by another; it is “ON” when the device transmits light and it is OFF” when it blocks the light. The various logical operations such as NOT, AND, OR, NAND, NOR, XOR etc can be verified with an optical logic gate, similar to the case of electronic circuits. Fast optical switches, such as those using electro-optic or magneto-optic effects, may be used to perform logic operations; also included in this category are the semiconductor optical amplifiers, which are optoelectronic devices that can be used as optical switches and be integrated with discrete or integrated microelectronic circuits.

There are several types of optical logic gate implementations.  The basic type of implementation is that using an interferometer, just like the interferometric transistors. “Optical Logic gates currently have switching speeds varying from nanoseconds to picoseconds. This is indeed much higher compared to the electronic counterparts so that these switching speeds can increase the speed of the optical computer to terabytes or even to petabytes or exabytes per second.”

5.3. Holographic Memory

-Lasers and holography: an introduction to coherent optics W. E. Kock, Dover Publications (1981) 

Memory storage in an optical computer has been all-optical with the invention of Holographic memory. If there wasn’t a typical optical type of memory, the data rates of the electronic memory would have caused a relatively high delay with the optical data rates which causes the optical computer a non worthier device.

Holographic data storage is a potential replacement technology in the area of high-capacity data storage currently dominated by magnetic and conventional optical data storage. It is essentially a 3-D memory storage device. Limitations of Magnetic and optical data storage devices rely on individual bits being stored as distinct magnetic or optical changes on the surface of the recording medium. Holographic data storage overcomes this limitation by recording information throughout the volume of the medium and is capable of recording multiple images in the same area utilizing light at different angles. Additionally, whereas magnetic and optical data storage records information a bit at a time in a linear fashion, holographic storage is capable of recording and reading millions of bits in parallel, enabling data transfer rates greater than those attained by optical storage. Holographic memory offers the possibility of storing 1 terabyte (TB) of data in a sugar-cube-sized crystal.

Basic components & working

        Here are the basic components that are needed to construct an HDSS(holographic data storage systems): 

· Blue-green argon laser 

· Beam splitters to spilt the laser beam 

· Mirrors to direct the laser beams 

· LCD panel (spatial light modulator) 

· Lenses to focus the laser beams 

· Lithium-niobate crystal or photopolymer 

· Charge-coupled device (CCD) camera 

5.3.a Recording data

When the blue-green argon laser is fired, a beam splitter creates two beams. One beam, called the object or signal beam, will go straight, bounce off one mirror and travel through a spatial-light modulator (SLM). A spatial light modulator (SLM) is an object that imposes some form of spatially-varying modulation on a beam of light. Usually, an SLM modulates the intensity of the light beam, however it is also possible to produce devices that modulate the phase of the beam or both the intensity and the phase simultaneously. SLMs are used extensively in holographic data storage setups to encode information into a laser beam in exactly the same way as a transparency does for an overhead projector. An SLM used here is a liquid crystal display (LCD) that shows pages of raw binary data as clear and dark boxes. The information from the page of binary code is carried by the signal beam around to the light-sensitive lithium-niobate crystal. Some systems use a photopolymer in place of the crystal. 

A second beam, called the reference beam, shoots out the side of the beam splitter and takes a separate path to the crystal. When the two beams meet, the interference pattern that is created stores the data carried by the signal beam in a specific area in the crystal -- the data is stored as a hologram. The interference pattern results from the crossing of the beams’ paths, creating a chemical and/or physical change in the photosensitive medium; the resulting data is represented in an optical pattern of dark and light pixels. By adjusting the reference beam angle, wavelength, or media position, a multitude of holograms (theoretically, several thousand) can be stored on a single volume. Figure 8 shows the diagram of information storage in a Holographic memory. 


[image: image7]
Figure
5.3.b  Reading Data

In order to retrieve and reconstruct the holographic page of data stored in the crystal, the reference beam is shined into the crystal at exactly the same angle at which it entered to store that page of data. Each page of data is stored in a different area of the crystal, based on the angle at which the reference beam strikes it. During reconstruction, the beam will be diffracted by the crystal to allow the recreation of the original page that was stored. This reconstructed page is then projected onto the charge-coupled device (CCD) camera, which interprets and forwards the digital information to a computer. The CCD device often is integrated with a sensor, such as a photoelectric device to produce the charge that is being read, thus making the CCD a major technology where the conversion of images into a digital signal is required. The detector is capable of reading the data in parallel, over one millions bits at once, resulting in the fast data transfer rate. Files on the holographic drive can be accessed in less than 200 milliseconds.

The key component of any holographic data storage system is the angle at which the second reference beam is fired at the crystal to retrieve a page of data. It must match the original reference beam angle exactly. A difference of just a thousandth of a millimeter will result in failure to retrieve that page of data.
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Figure
6.Input Output Devices

The optical computer hardware requires optical input and optical output devices. Many of the input output devices of optical computer are identical or similar to those that we see even now. The various optical based electronic devices can be made optically and can do parallel processing much faster than the current electronic or opto-electronic devices.

6.1 Input devices

The input devices are those devices which accept input interrupts and do corresponding input functionality. Some of the input devices include the optical mouse, the optical keyboard or the virtual keyboard, the optical pen, the optical microphone, the webcam, optical scanner etc. Some of them are described below.

6.1.a.Optical Mouse: An optical mouse uses a light-emitting diode and photodiodes to detect movement relative to the underlying surface. Modern surface-independent optical mice work by using an optoelectronic sensor to take successive pictures of the surface on which the mouse operates.  “In optical mouse, the optoelectronic sensor and circuitry can be replaced with the all optical circuitry.”  Inside each optical mouse is a small camera that takes more than a thousand snapshot pictures every second. A small LED (light-emitting diode) provides light underneath the mouse, helping to highlight slight differences in the surface underneath the mouse. Those differences are reflected back into the camera, where digital processing is used to compare the pictures and determine the speed and direction of movement. The laser mouse uses an infrared laser diode instead of an LED to illuminate the surface beneath their sensor.

6.1.b.Optical Keyboard: An optical keyboard is otherwise known as a virtual keyboard. The virtual keyboard has a virtual display of the keyboard using lasers. It can be projected and touched on any surface. The keyboard watches finger movements and translates them into keystrokes in the device. A laser or beamer projects visible virtual keyboard onto level surface. A sensor or camera in the projector picks up finger movements. The camera associated with the detector detects co-ordinates and determine actions or characters to be generated. A direction technology based on an optical recognition mechanism enables the user to tap on the projected key images, while producing real tapping sounds. 

6.1.c.Optical Microphone: The main principle of the optical microphone is to detect the vibration of a membrane using light. The optical microphone transfers the oscillation of its diaphragm to a beam of light, a process that does not involve any electrical signal. Output Devices

6.2.output devices:

The output devices are those devices which produce outputs as per the given set of instructions. Some of the output devices include the laser printer, optical projectors, and various optical displays on various technologies etc account for optical output devices. Some memories such as CD/DVD etc are also optical output devices. The development of optical computing can make these output devices purely optical, even though the CD/DVD are already purely optical.

7. Optical Networking

A photonic (or optical) network is a communication network in which information is transmitted entirely in the form of optical or infrared transmission (IR) signals. Optical or IR data transmission has several advantages over electrical transmission. Perhaps most important is the greatly increased bandwidth provided by photon signals. Because the frequency of visible or IR energy is so high (on the order of millions of megahertz), thousands or millions of signals can be impressed onto a single beam by means of frequency division multiplexing (FDM). In addition, a single strand of fiber can carry IR and/or visible light at several different wavelengths, each beam having its own set of modulating signals. This is known as wave-division multiplexing (WDM). This results in shorter data-transmission delay times between the end points of a network. This advantage is especially significant in systems where the individual computers or terminals continuously share data

7.1.Optical Fiber 

The photonic networking was possibly achieved by the invention of the fiber-optic cables. An optical fiber (or fibre) is a glass or plastic fiber that carries light along its length. Optical fibers are widely used in fiber-optic communications, which permits transmission over longer distances and at higher bandwidths (data rates) than other forms of communications. Fibers are used instead of metal wires because signals travel along them with less loss, and they are also immune to electromagnetic interference. Joining lengths of optical fiber is more complex than joining electrical wire or cable. The ends of the fibers must be carefully cleaved, and then spliced together either mechanically or by fusing them together with an electric arc. Special connectors are used to make removable connections. Additionally, the per-channel light signals propagating in the fiber can be modulated at rates as high as 111 gigabits per second, although 10 or 40 Gb/s is typical in deployed systems.

8.Optical Transmitters

The most commonly-used optical transmitters are semiconductor devices such as light-emitting diodes (LEDs) and laser diodes. The difference between LEDs and laser diodes is that LEDs produce incoherent light, while laser diodes produce coherent light. For use in optical communications, semiconductor optical transmitters must be designed to be compact, efficient, and reliable, while operating in an optimal wavelength range, and directly modulated at high frequencies..

8.1.LED:

In its simplest form, an LED is a forward-biased p-n junction, emitting light through spontaneous emission, a phenomenon referred to as electroluminescence. Communications LEDs are most commonly made from gallium arsenide phosphide (GaAsP) or gallium arsenide (GaAs). LEDs are suitable primarily for local-area-network applications with bit rates of 10-100 Mbit/s and transmission distances of a few kilometers. 

8.2.Laser diode:
A semiconductor laser emits light through stimulated emission rather than spontaneous emission, which results in high output power (~100 mW) as well as other benefits related to the nature of coherent light. The output of a laser is relatively directional, allowing high coupling efficiency (~50 %) into single-mode fiber. Laser diodes are often directly modulated, that is the light output is controlled by a current applied directly to the device. External modulation increases the achievable link distance by eliminating laser chirp, which broadens the line width of directly-modulated lasers, increasing the chromatic dispersion in the fiber.
9.Optical Receivers

The main component of an optical receiver is a photodetector, which converts light into electricity using the photoelectric effect. The photodetector is typically a semiconductor-based photodiode. Several types of photodiodes include p-n photodiodes, a p-i-n photodiodes, and avalanche photodiodes. Metal-semiconductor-metal (MSM) photodetectors are also used due to their suitability for circuit integration in regenerators and wavelength-division multiplexers.

10. Optical Processor

The processor is the brain of a computer. The design of an efficient and reliable processor for optical computer requires development of various transistors and logic gates circuits in the submicron values. The optical transistors and logic gates have been still in developing conditions. Even though there are no all-optical processors available commercially, there are opto-electronic hybrid optical processors available. 

Intel has already designed and created a photonic processor, which is an opto-electronic hybrid processor. The processor is an entirely solid-state photonic processor assembly - a chip which processes data as light waves, without the need for microscopic, yet movable, parts.  The processor is a ceramic material based on indium phosphide that could produce a monochromatic wavelength of laser light when electricity is applied to it, and could also be produced as a wafer that bonds to a silicon substrate. That major development eliminated the need for movable gratings that refract laser light from a multiple-wavelength source, so that a single wavelength could emerge.A single-wavelength light source is critical, because modulations to that beam of infra-red light will be interpreted as data, so it needs to be a simple and regular as possible. 

Another company named Lenslet Ltd, a leader in optical digital signal processing, has created  the world's first commercial optical digital signal processor. The processor is specified to run at a speed of 8 Tera (8,000 Giga) operations per second, one thousand times faster than any known DSP. It is a general-purpose, fixed-point ODSP with an embedded optical core. 

11.Advantages of Optical Computer

There are several advantages for the optical computers. They are

a) Immune to electromagnetic interference.

Electromagnetic interference is a disturbance that affects an electrical circuit due to either electromagnetic conduction or electromagnetic radiation emitted from an external source. The disturbance may interrupt, obstruct, or otherwise degrade or limit the effective performance of the circuit.

        The information carriers in optical computers are photons that are uncharged and do not interact with one another as readily as electrons. Consequently, light beams may pass through one another in fullduplex operation, for example without distorting the information carried. Since there is no electric circuit used in optical computer there will be no electromagnetic interference.
b) Free from electrical short-circuits.

Since light waves are used in optical computer it has the advantage of maximum safety over that of its electronic counterpart. So there is no requirement of insulators in the case of optical circuits.

c. Low Loss Transmission.

The metal wires used in the electronic circuits can cause several losses due to transmission of electric currents through it by various factors such as temperature, resistance of wire etc. But the optical fiber uses laser light to transmit through it. This eliminates losses immensely compared to that of the metal wires. Even though, small scaled losses are affected in long distance communication by the mirror loss of the fiber.

d. Large bandwidth (multiplexing capabilities).

Multiple frequencies (or different colors) of light can travel through optical components without interfacing with each others, allowing photonic devices to process multiple streams of data simultaneously. This can create larger bandwidth of data transfer which is another important advantage of optical computer.

e. Ease of usage.


The optical computer requires little metal wires which causes the size to reduce much smaller. The devices made of optical circuitry can be highly compact and lightweight. The user friendliness will be associated with tremendous speed of processing data. 

f. Parallelism.(multiplexing capability)

Since the light wave does not interfere, it have the multiplexing capabilities which enables them to be capable of communicating several channels in parallel without interference. They are capable of propagating signals within the same or adjacent fibers with essentially no interference or cross-talk. Using a simple optical design, an array of pixels can be transferred simultaneously in parallel from one point to another. 

g. Storage devices.


The optical computer uses the Holographic memory for data storage. These possess immense data storage density of a terabyte on a sugar cube sized crystal. This memory can have parallel accessibility of data which can create higher data transfer rates. The Holographic memory has the advantage of longer lifetime from 50-100 years. Other types of optical storage devices are CD/DVD, blu-ray disks etc, which are common now-a-days.

12.Limiting Factors of Optical Computers

There are some limiting factors for the optical computers which keep them away from current scene of commercial computers. They are:

a. Developing technology


The optical computer was actually a dream for the past 15-20 years. There were researches done on the various devices requires for the optical computers. The researches were started for inventing optical transistors, which are the basic building blocks of the optical computer. There were several transistor models, but many of them did not have the size limitation that was required. Many of the models were costly. Developments and researches are being done in the field of transistor development, which recently had reached its size limit as small as a molecule. Further developments have to be done by connecting these transistors. An all optical processor constructed using the optical transistor is required for the maximum performance of the optical computer.

Also the storage devices are in their development stages. Holographic memory has been costlier. Reducing the cost will be the next job for researchers. The optical fibers are also undergoing several researches. Various logic gate implementations and optical switches are also in the developing field of research. So a full fledged optical computer cannot be devised currently and it requires decades to be available commercially.

b. Fabrication Technology.

 Currently, fabrication technologies are unavailable for the optical devices. Optoelectronic devices are having some fabrication technologies. The all optical device fabrication thus will be much costlier and there are no cheaper solutions available.

c. Cost of devices and components.


The cost of various components is a limiting factor for achieving optical computer requirements. The data storage such as Holographic memory has higher costs compared to other magnetic memories. The precision required for Holographic memories is higher for data storage and retrieval. This increases the cost of the device. Also the cost of optical fibers is troublesome. The implementation cost is much higher for an optical fiber cable. The various optical devices such as precision lasers etc also have much unaffordable costs, which keeps optical computer away from commercial stores.

d. Software requirements


 The software part and the parallel algorithms are harder to develop and implement. There is no typical programming model or programming language for the optical computer software section. The parallelism will take the programming for optical computers to a new level of programming requirements.

13. APPLICATIONS

· High speed communications: The rapid growth of internet, expanding at almost 15% per month, demands faster speeds and larger bandwidth than electronic circuits can provide. Terabits speeds are needed to accommodate the growth rate of internet since in optical computers data is transmitted at the speed of light which is of the order of 3x10*8 m/sec hence terabit speeds are attainable.

· Optical crossbar interconnects are used in asynchronous transfer modes and shared memory multiprocessor systems.

•  Process satellite data.

14. MERITS

· Optical computing is at least 1000 to 100000 times faster than today's silicon machines.
· Optical storage will provide an extremely optimized way to store data, with space requirements far lesser than today's silicon chips.

· Low-loss transmission and provide large bandwidth
· Do not have to charge a capacitor and are therefore faster.

· Possess superior storage density and accessibility over magnetic materials

· Super fast searches through databases.

· No short circuits, light beam can cross each other without interfering with each other's data.

· Light beams can travel in parallel and no limit to number of packets that can travel in the photonic circuits.

15. DRAWBACKS

· Today's materials require much high power to work in consumer products, coming up with the right materials may take five years or more.

· Optical computing using a coherent source is simple to compute and understand, but it has many drawbacks like any imperfections or dust on the optical components will create unwanted interference pattern due to scattering effects. Incoherent processing on the other hand cannot store phase information.

16. SOME CURRENT RESEARCH

· High performance computing has gained momentum in recent years , with efforts to optimize all the resources of electronic computing and researcher brain power in order to increase computing throughput. Optical computing is a topic of current support in many places , with private companies as well as governments in several countries encouraging such research work.

· A group of researchers from the university of southern California , jointly with a team from the university of California , los angles , have developed an organic polymer with a switching frequency of 60 Ghz . this is three times faster than the current industry standard , lithium niobate crystal baswed device. Another groupe at brown university and the IBM , Almaden research center has used ultrafast laser pulses to build ultra fast data storage devices . this groupe was able to achivie ultra fast switching down to 100 picosecond .

· In japan , NEC has developed a method for interconnecting circuit boards optically using VCSEL arrays .Another researchers at NTT have designed an optical backplane with free-space opical interconnects using tunable beam deflectors and mirrors. Theproject achieved 1000 interconnections per printed circuit board;with a throughput ranging from 1 to10Tb/s.

17. FUTURE TRENDS

The Ministry of Information Technology has initiated a photonic development program. Under this program some funded projects are continuing rt fiber optic high-speed network systems. Research is going on for developing r.sw laser diodes, photodetectors, and nonlinear material studies for faster sv. Itches. Research efforts on nanoparticle thin film or layer studies for display devices are also in progress. At the Indian Institute of Technology (NT), Mumbai, efforts are in progress to generate a white light source from a diode-case based fiber amplifier system in order to provide WDM communication channels.

18. CONCLUSION

Research in optical computing has opened up new possibilities in several fields related to high performance computing, high-speed communications. To design algorithms that execute applications faster ,the specific properties of optics must be considered, such as their ability to exploit massive parallelism, and global interconnections. As optoelectronic and smart pixel devices mature, software development will have a major impact in the future and the ground rules for the computing may have to be rewritten.
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