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ABSTRACT

This paper or topic gives the details of the “THREE DIMENSIONAL DATA STORAGE”. 
There are two types of 3-D storage technology 

 1) Holographic Storage Technology

 2) Multi –layer Storage Technology

Both technologies are currently in developing phase. In the Holographic Storage technology there is a description about it which can show how it is superior from the other recent technologies, such as CD/DVD. Paper also includes the mechanism for reading and writing the data in the storage media and also the requirement for the storage material that used for storage the data. Also include the description of the some of the institutes. While in the Fluorescent material multi-layer technology, paper include that how the production of the storage media is done in this storage technology and the current development status of the storage technology. Also include the mechanism for read/write head.  
CHAPTER-1

INTRODUCTION 

How do you increase data storage capacity? This is a question for all large companies, associated with developing and manufacturing Data storage devices and technologies. Data storage is the primary area of research because of   unprecedented hike in data worldwide. Companies such as IBM, Hitachi, Seagate, are actively engaged in innovating and implementing new ways to store maximum data in minimum space.
                   In the process of finding new technologies, different innovations have been discovered to solve the problem of increased data storage capacity. In may this year, the tech giant proved that 1 terabyte-1trillion bytes of data –to a linear digital tape cartridge also can be managed. That figure, according to company is nearly 10 times the storage of any other tape cartridge currently available.

                   Tape storage is less susceptible to hacking and data theft problem. The latest technology puts high data storage in a form that makes it easily portable. It is expected, to reduce overall costs for storage.

                   Holographic storage is a breakthrough technology that stores information within its volume. Current generation storage media store digital information on layers of platters either magnetically or optically. Holographic storage utilizes the space within special types of crystals with optical characteristics, which are very similar those used to create 3D holograms. Holographic storage incorporates the use of laser, optics, images sensors and special crystals that respond to laser light.

                    The concept of multi-layer reflective optical discs has been proposed by Philips and IBM, and has been demonstrated up to several layers. The concept of multi-layer, fluorescent cards/disc (FMD/c) is a unique breakthrough, solving the problems of signal degradation associated with reflective optical disc technologies of CD and DVD. With FMD/C technology, each storage layer is coated with a transparent fluorescent material rather than metallic layer of CD or DVD.  
CHAPTER-2
THREE DIMENSIONAL DATA STORAGE


It has long been recognized within the data storage scientific community that two –dimensional carriers are insufficient for future generations of memory devices. Research efforts have therefore focused on ways to develop three-dimensional storage including holographic technology and multi-layer storage technology.   
                   Now we know that the currently available data storage technology such as CD/DVD and floppy are not capable of storing large amount of the data. They all are called the one dimensional devices or two-dimensional devices.

                   Floppy and CD are called one dimensional storage devices because there is only one head which can read/write only on the one surface of the storage medium .While the DVD is called the two dimensional device. Because it head can read/write in the storage on the two layer of its.                   In the 3-D storage devices, the storage of the data can be done on the more than two layers of the single storage media.

                   Now, at this moment the Question that arise in your mind that why we can’t tell the hard disc the three dimensional data storage ? And Your argument is that hard disc can also store data on the different surfaces simultaneously. But your thinking is wrong. Because the storage material used in hard disc and 3-D storage devices are different. In case of hard disc there are several cylindrical surfaces of the magnetic fields which are physically separated from each other and also available separated head for each surface for read/write. But in case of 3-D storage material only one head for read and write in the different layers of the storage media. These layers are not physically separated from each other.

There are two 3-D storage technologies describe 

1) Holographic storage technology

2) Fluorescent multi-layer storage technology  
CHAPTER-3
HOLOGRAPHIC TECHNIQUES
 

3.1 INTRODUCTION OF THE TECHNIQUE 

Consider the maximum data storage limits we have reached today 15.9G.B on a double-layer, doubled sided DVD.180 GB on hard disk. Think about a system that can store about a terabyte of information (that’s over 15,000 CDs!) on the crystal the size of a sugar cube! Holographic storage is a breakthrough technology that literally goes beneath the surface of media and store information within its volume. Current generation storage media store digital information on layers of platters either magnetically or optically. Holographic storage utilizes the space within special types of crystals with optical characteristics, which are very similar those used to create 3D holograms. Holographic storage incorporates the use of laser, optics, images sensors and special crystals that respond to laser light.

                   The main advantage of this technology is the speed of retrieving the data such systems will able to retrieve data in tens of microseconds as compared to a data access time of almost 10 milliseconds offered by the fastest hard disk today. Scientists say holographic system could transfer an entire DVD movie in under 30 seconds!  Another very important advantage is that of information search and retrieval. Consider the case of large databases that are stored on hard discs today. To retrieve a piece of information, you first provide some reference data the data is then search by its address, track, sector and so on ,after which it is compared with the reference data. In holographic storage, entire pages can be retrieved where the contents of two or more pages can be compared optically without having to retrieve the information contained in them.
                   The success of holographic storage lies in the ability to accurately focus the reference laser on the exact position within the crystal to retrieve that page of information. You would be able to locate the data if there is an error of even a thousand of inch. The good news is that scientists indicate that holographic storage system should be available in next five years and have ability to store vast amount of information in the form of light.  

                   Holographic storage is an optical technology that allows 1 million bits of data to be written or read in a single flash of light. Thousand of holograms can be stored in the same location throughout the entire depth of the medium. Unlike other technologies that record one data bit at a time, holography allows a million bits of data to be written and read in parallel with single flash of light. This enables transfer rate significantly higher than current optical storage devices. Imagine 2GB of data on a postage stamp, 20GB on a credit card, or 200 GB on a disk. And that is just beginning.

3.2 HOW IS DATA RECORDED? 
Light from a single laser beam is split into two beams, the signal which carries the data and the reference beam. The hologram is formed where these two beams intersect in the recording medium. The process for encoding data onto the signal beam is accomplished by a device called a spatial light modulator (SLM). The SLM translate the electronics data of 0’s and 1’s into an optical “checkerboard” pattern of light and dark pixels. The data is arranged in an array or page of around a million bits. The exact number of bits is determined by the pixel count of the SLM. At the point of intersection of the reference beam and the data carrying signal beam, the hologram is recorded in the light sensitive storage medium. A chemical reaction occurs in the medium when the bright elements of the signal beam intersect the reference beam, causing the hologram stored. By varying the reference beam angle, wavelength, or media position many different holograms can be recorded in the same volume of material.   
3.3 HOW IS DATA READ?

In order to read the data, the reference beam deflects off the hologram thus reconstructing the stored information. This hologram is projected onto a detector that reads the data in parallel. This parallel read out of data provides holography with its fast transfer rates.

3.4 WHAT ABOUT STORAGE MEDIUM?

The major challenge to implementing holographic storage has been the development of a suitable storage medium. With three dimensional recording and parallel readout, holographic memories can outperform existing optical beams. One of the beams usually carries spatial information and is labeled the “object” beam. The other is distinguished by labeled   “reference” beam. As the holographic material becomes thicker, the reconstruction becomes very sensitive to the particular angle of incidence of the reference beam, which allows multiple objects to be recorded in the same volume and accessed independently by using an appropriate set of associated reference beams (see fig.1).
                   A holographic data storage system is developed by Rockwell for avionics application. In practice, the number of holograms that can be stored on common volume of material is limited to less than 10,000 so that spatial multiplexing techniques must be used. Although solid-state designs are possible, it is easiest to envision a storage material formed as a value disc in which hologram in a particular cell are stored and retrieved by angular multiplexing and where random access to arbitrary cells enabled by rotation of the disk.(see fig.2.)

3.5 DEMONSTRATION SYSTEMS    
The holographic 3-D disc being developed at the California Institute of Technology is example of such a system. The 3-D disc shown in figure.2 has a 100-micron –thick photopolymer laminated onto a glass disc substrate. By superimposing 32 holograms each hologram consisting of 590,000 bits-in area 1.77 mm^2, an areal density greater than 10bit/mm^2 has been demonstrated. No errors were detected in the reconstruction. 
                   Holographic data-storage systems use devices that are currently being refined by displaying and electronic imaging applications so cost reductions and performance improvement can be expected in markets. Some of the key component, such as the spatial light modulator and the electronic detector array which converts the holographic data reconstruction into an electrical signal.

FUTURE WORK 

The application for the ‘FE’ semiconductor optical read/write head is evolving more data storage. Thomas has many future concepts on holographic storage peripheral products. The FE semiconductor read/write head for ferroelectric molecular electrostatic field can be used for many more application than data storage, example might be, high speed imaging and offset printing, lithography, copiers and printers. Future integrated circuits could be made and verified that have ferroelectric wiring molecule with the ability to polarize the wire for new switching, molecular optical wire, logic state definitions, and I/O Data Transfer state. Ferroelectric interconnects can do it cheaper, with less power, and in much higher densities.

CONCLUSION  
The future ‘FE’ holographic optical drive will offer symmetrical infinite double sided disc or tape to read and writes for the retention of data storage for ten-years or more with drive densities of 200terabits/sq.in.and up. This will allow the holographic optical nanotechnology drive to hold more data than any other type of drive and delivered data much faster. The patents on a semiconductor read/write head for ferromagnetic optical storage raise data storage densities by a factor of 100 or more and will add at least 1000 times the data storage capacity per peripheral storage footprint and data transfer rates over 100 G bits/sec. 
CHAPTER-4
MULTI-LAYER FLUORESCENT TECHNIQUE

4. DIGITAL DATA STORAGE
4.1 Mass Storage Products

Data storage devices currently come in a variety of different capacities, access time, data transfer rate and cost per Gigabyte. The best overall performance figures are currently achieved using hard disk drives HDD, which can be integrated into RAID systems (reliable arrays of inexpensive drives) at costs of $10 per G Byte (1999). Optical disc drives (ODD) and tapes can be configured in the form of jukeboxes and tape libraries, with cost of a few dollars per G Byte for the removable media. Most information is still stored in non-electronic form, with very slow access and excessive costs (e.g., text on paper, at a cost of $10 000 per G Byte).
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Figure1. Basic Component of Different Recording Technique

4.2 Technologies

Figure 1 shows the basic components of different recording technologies. Magnetic disk heads fly on a slider at a distance of approximately 0.1 µm above the surface of the storage medium. During the writing process small magnetic domains are written, the magnetic fields of these domains are detected during the read process. The information can be overwritten indefinitely. Devices with 10 G bit/sqi are currently in production 30 G bit/sqi have been demonstrated. In optical disc drives such as CD, DVD and the storage layer to perform writing/reading. The storage layer is protected through the disc substrate or a thick overcoat, making this technology well suited for removable media. The achievable storage density is determined by the size of the recording spot, which in turn is determined by the wavelength of the laser light. Advanced optical techniques using magneto-optic expected to achieve capacities up to 100 G Byte per disk possible on CD/DVD sized 120-mm diameter, 1.2-mm thick disks. These systems will need to use blue lasers. Areal densities of various techniques are shown in Figure 2.
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Figure2. Areal Density of Various Technologies

4.3 Volumetric Recording

As can be seen from the above, the storage density of media using current HDD and ODD technologies is limited due to the need to store data within a thin layer near the surface of the media.

4.3.1 Holographic Storage

With the use of lasers in the 1960s, storage in 3D has been proposed by using holographic techniques.

4.3.2 Multi-layer Storage

In a multi-layer card or disc, several layers are integrated into the media, separated from each other by distances 15 micrometers. A recording laser beam is focused onto one layer at a time, writing and reading the layers separately.
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Figure 3 Multi-layer storage
4.3.2.1 Reflective Multi-layer

The concept of multilayer optical discs has been proposed by Philips and IBM, and has been demonstrated up to several layers. The DVD is an implementation of this concept with two layers. However, for many layers the coherent nature of the probing laser beam causes interference, scatter and intra-layer cross talk–the combination of which results in a signal that is degraded to unacceptable levels. Research in way of producing a 6-layer optical disc, IBM announced that it would not proceed to production of such devices due to the many difficulties involved in its implementation and thus commercialization.

4.3.2.2 Fluorescent multilayer

The concept of multi-layer, fluorescent cards/discs (FMD/C) is a unique break through, solving the problems of signal degradation. Here, the storage layer is coated with a fluorescent material. When the laser beam hits the layer, fluorescent light is emitted. This emitted light has a different wavelength from the incident laser light–slightly shifted towards the red end of the light spectrum and is in coherent in nature, in contrast to the reflected light in current optical devices. The emitted light is not affected by data or other marks, and adjacent layers remain undisturbed. In the read-out system of the drive the light is filtered, so that only the fluorescent light is detected, thus reducing the effect of stray light and interferences. In fluorescent read out systems, quality degrades much more slowly with each additional layer. Research has shown that media containing up to a hundred layers are currently feasible, thereby increasing the potential capacity of a single card or disk to hundreds of Gigabytes. Use of blue lasers would increase the capacities to over 1 Terabyte.
4.4 fmd/c Advantages

The main advantages of multilayer fluorescent read out are:

1) The multi-layer system is optically transparent and homogeneous

2) Low absorption in each layer

3) No absorption for the emitted signal fluorescent light

4) The emitted fluorescent light from any given layer is non - coherent,     eliminating the problem of parasite interference 
5) In the case of FMD/C, this two-fold improvement over three (3) dimensions, results in an eight-fold improvement in achievable data density 
6) FMD technology is compatible with current CD and DVD formats, having the capacity to handle the same data rates over each of its layers. 

                   The above qualities make FMC capable to produce a multiplayer optical card, in any form factor including Smart-Media, credit card sized ClearCard™r. The capacity and speed of reading from these cards can be enormous. For instance existing technology ClearCard™ of 16 cm2 of area with 50 layers have 1 terabyte storage capacity and, through parallel access to all its layers, allow over 1 gigabit/s speed of reading. Another major advantage, for both cards and discs is the ability to read data on every layer of the media in parallel, thereby allowing the potential of much greater data transfer rates compared with single layer media. This can be combined with parallel reading from multiple sectors of the same layer to increase data speeds still further, producing 3-dimensional data transfer.
4.5 Status of Development
A principal obstacle to the development of small portable appliances with large data storage capacity is the lack of inexpensive small size memory carriers that can store Gigabytes of information in a media allowing fast data transfer rates. Constellation 3D’s fluorescent multilayer technology enables the production, in a wide variety of form factors, of storage media satisfying these criteria.

4.5.1 Media

The FMD/C media consist of several plastic substrates, bonded together. The substrates contain surface structures (“pits”) that are filled with a proprietary fluorescent storage material. A major design goal in the development of CD/DVD using this technology was to allow a simple and cost-effective upgrade for existing manufacturers of optical devices. FMD technology enables the use, with only relatively minor changes of existing components and processes from high volume products such as CDs/DV Ds, and avoids the need for new infrastructure for media and drive production. For the individual layer of a multi-layer disc, metal stampers containing the digital content are produced in a process that is similar to CD or DVD processes. For FMD/C, two replication processes have been developed:

1. Hot-embossing: In this process, thin sheets of polycarbonate are embossed on both sides with the metal stampers at elevated temperatures. The embossed pits are then filled with the fluorescent dye. After the dye is cured, the individual sheets are bonded together under pressure, resulting in a storage media having multiple layers. Figure 4 shows a 7-layer media.
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Figure 4   7-layer fluorescent disc
2. Photo-Polymerisation (2P) process: In this method, layers are replicated one after the other the formation of “thin replicas”. This technology has been demonstrated for up to ten layers.

4.5.1.1 Fluorescent Material

Perhaps the most critical component of the storage media is the fluorescent material that converts the incident (incoherent) laser light into incoherent fluorescent light. The materials and associated drives for read-only cards and discs (ROM) are currently the most mature FM technology. Recordable materials and associated drives have also been developed and demonstrated, and improvement of this FM technology layer storage continues. FMD/C write/read technology based on proprietary photochromic substances has been demonstrated in Constellation 3D’s laboratories during write/read/erase/re-write experiments.

4.5.1.2 fmd/c Rom (read only) Devices

There are several requirements for the fluorescent materials:

1. The fluorescent ROM material has to be compatible with the substrate material

2. The absorption wavelength should be the same wavelength as commercially available, low-cost semiconductor lasers used in CD players

3. The emitted fluorescent light should be wavelength shifted by at least 50 nm, to allow easy separation of the incident and signal light

4. The material should have a high conversion efficiency

5. The material should have a refractive index close to that of the polycarbonate

6. The material should remain stable over a reasonable time

7. Fast response – 1ns 

4.5.1.3 fmd/c Recordable (write once read many) Devices

In addition to the requirements for ROM media, RECORDABLE media require the following:

• A writing process where the writing light is able to turn on or off the fluorescence 
• A threshold level above which the fluorescent material is changed by the power level of the write, and below which the material is unchanged during any subsequent read-out  
Currently technique has been developed:
4.5.1.4 Results

10-layer discs with CD type density have been demonstrated (650 M byte per layer).The above mentioned requirements have been fulfilled:

• 650-nm laser, 680-nm peak of the fluorescent light

• Stable media, no degradation during read-out

• The conversion efficiency is more than 90%

• The time response is approximately one nanosecond

• The saturation level is with 1 MW/cm2, above the read power intensity

4.5.2 FMC “CLEARCARD” READER
Figure 5 shows the device for retrieving data from a fluorescent multi-layer card (FMC)–“ClearCard”™.A semiconductor laser produces a beam, which is then focused on a selected layer of the card. A cylindrical lens forms a 5002 m line, which, by means of a scanning mirror, scans across a page area of the card. The induced fluorescent light is imaged to a CCD array. A “frame grabber” receives data from the CCD. In the subsequent image processing step the image is aligned, distortions are corrected, the image is thresholded” and digital data is generated. 
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       Figure 5 Drive for reading data from a fluorescent multi-layer card
4.5.3Fmd Disc Drive
A schematic diagram of a FMD drive is shown in Figure 6. The drives have most components in common with C D / DVD systems: Laser, beam-forming optics, spindle, tracking/focusing actuators, control electronics, data channel, data interface. The only additional components are filters to separate the fluorescent light from the laser light, and an optical element to correct for different optical path lengths in the storage medium, depending on the selected layer. Modifications in the electronics include detector circuit with higher sensitivity and the addition of servo electronics to address different layers within the multi-layer disc
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Figure 6 Schematic diagram of a FMD drive

50-GB DISC PROJECT
Principle Scheme of Disc and Reading System

The principle scheme of a 50-GB disc is shown in Figure 8.
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Figure 8 Principal scheme of 50-Gb disc
DISC

• Disc diameter – 130 ±0.3 mm

• Substrate width from objective side – 0.6 m

• Number of layers – 12

• Distance between layers – 25 ±5 m

• Total width of information area – 275 m

• Format – modified DVD

• Distance between tracks – 0.8 m

• Channel bit length – 5/4 of that of DVD

• Pit width – 0.5 m

• Pit depth – 0.5 m

• Information capacity – 50.8 GB

• Amount of data reads is 10 7

READING SYSTEM

• Laser – single-mode diode pumped CW with stabilisation

• Laser power – 10 mW

• Wavelength – 532 nm

• Aspheric objective with NA = 0.5

• Objective lens is designed for 810-m thickness of substrate

• Lens and compensator have wideband antireflection coatings for 500–700 nm

PRINCIPAL DIAGRAM OF READING HEAD

The principle diagram of the head is shown in Figure 9.

• Single lens objective with NA = 0.5

• Parallel beam

• Spatial filtration by means of matching of pit image and photo-detector size
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Figure 9 Principal diagram of the head

Parallel Read Out

Using a CCD array as a photosensitive element opens up new opportunities for parallel reading with high data rate. Mega-pixel CCD arrays with frame rate of several kHz provide data rates up to G bit/s. The CCD-array-based on time delay integration (TDI) technology is capable of reading a low-intensity signal with data rates of about several tens of MHz. For average data density the Corresponding data rate is 10 Mb/s. Note that the mechanical velocity is 450 times less than in a DVD player. Standard demand for reading in DVD format SNR > 20 dB is satisfied even for velocity of 100 mm/s with corresponding data rate of 0.1 G bit/s. The imaging of fluorescent marks provides the spatial resolution twice that for the reflected signal because of the non-coherent nature of fluorescence.
The Snr Analysis

• The individual fluorescent marks can provide a signal of about 1 W. This level of signal is acceptable for reading by a PIN diode with data rate corresponding to 1DVD format

• For data rate corresponding to 2, 4VD and higher data rates the electronics noise is dominant. The application of an ADP photo-sensor with amplification 10–40 times is highly advantageous

• Parallel and sequential-parallel reading by using CCD matrices of different types provides the high data rate and higher spatial resolution, as compared with reflective technology. 

                   For parallel and sequential-parallel reading the dominant part of the noise is so-called shot noise. Generally, and practically, the data rate transfer for parallel reading can be much higher. The relatively simple extension to parallel and sequential parallel reading (and writing) is one of the main advantages of fluorescent memory.
4.6 PRODUCTION PROTOTYPES
Constellation 3D, Inc. has developed and proven the basic technology and will continue to develop fully functional prototypes of end-user products. With respect to each of the following products, the company will seek and establish joint ventures with strategic partners having an established market share and manufacturing capability in the relevant product market.

4.6.1Fmc Clearcard™- rom

The planned initial production model is a credit card – sized ClearCard™–ROM with up to 20 layers, 400 MB/cm2 data density and up to 10 GB capacity, twice the current single-sided DVD disc, but at a fraction of the cost and size. The design of the reader will be simple, with virtually no moving parts, making them resilient to all kinds of shocks. The potential number of applications for which these cards could be used is almost limitless–from e-books and home entertainment systems to e-books and   archival and navigational systems. The ClearCard ™ could also be used in many applications where CD/DVD discs are currently used. The cost of production of these cards is less than $10.

4.6.2Fmc Clearcard™ Recordable

The card is a compact version of the FMC ClearCard ™ that enables the user to record the initial information to be stored. The planned initial production model is a credit card sized 10-layer disk with a 1 Gigabyte capacity. It is designed to fit into devices such as laptop and handheld computers, digital cameras, cellular phones and video recorders and players, for which it will offer lightweight, high capacity storage and quick access to data. The next generations of Recordable cards will have nearly as much capacity read-only cards. For cameras and video players, the Clear Card ™ – RECORDABLE will not only offer the same gains as for laptop and hand-held computers but also offer higher quality video. This technology will be ideal for downloading information from the Internet.

4.6.4Fmd rom

This disc takes the CD-ROM and DV D-ROM concept to the next level. The planned initial production model is a 120-mm 10-layer disk with 140 Gigabyte capacity, compared to less than 18 Gigabytes for a maximum capacity DVD, giving it the capacity to store up to 20 h of compressed HDTV film viewing. As mentioned above, existing CD and DVD 120-mm disc and drive manufacturing equipment will be adaptable with minimal re – tooling to accommodate the new technology. The new FMD drives will also be backward compatible with (i.e. capable of reading) existing CD and DVD media. However, it is anticipated that the majority of users will, at an early stage, decide to take advantage of the much larger capacities and superior performance characteristics of the new FMD discs and make it their media of choice for future data storage applications.

4. 7 Media Manufacturing Technology

The fluorescent media manufacturing process described here utilises many processes that are typical for CD and/or DVD manufacturing. However, fluorescent media requires many proprietary polymers and compositions that were exclusively developed by Constellation 3D Inc. The company intends to make these materials available to media manufacturers through its selected industry affiliated partners. The media manufacturing process described in this article relies on Well-known optical disc replication process. Further developments related to increase of data storage capacity to the level of multi-hundreds of gigabytes per disc, will require adoption of other disc manufacturing technologies currently under internal development:

• Pre-mastering and mastering process
Pre-mastering and mastering processes are very similar to those utilised by CD or DVD industry. However, certain modifications of the mastering process will be required (namely glass master and stamper preparation) .These modifications are mainly related to pit geometries that are designed to facilitate reliable pit replication and pit filling.

• Pit filling

During pit filling, the fluorescent dye-polymer evenly spreads over the entire replica’s informational side by utilizing the spin-coating process. After the dye-polymer is UV-cured, a certain chemical bleaching process is applied to achieve the desired signal contrast ratio of pits and lands.

• Replica inspection

Each replica is optically inspected to verify proper dyepolymer filling of pits. Such inspection is achieved by observing the emitted light from the entire area of data pits by utilizing a CCD camera. At this stage each replica is optically inspected for various physical defects such scratches, inclusions, etc.

• Disc decoration

After multiple replicas are bonded on the top of optical spacer (see above), an additional support/protection substrate is bonded on the stack top. These decorated elsewhere substrates are made of solid colour inexpensive plastic materials.

CHAPTER-5
 CONCLUSION


Thus the Three Dimensional Data Storage Technology is the fast evolving and in the feature generation it is the most important for the large amount of the data storage. It is the technology that out form the latest and currently used technology such as CD and DVD.

              
Constellation 3D’s fluorescent multi layer optical data storage technology can be utilised to produce compact, removable, inexpensive, rugged, ultra-high capacity data storage devices, having data transfer speeds in excess of 1 G bit/s. The company wishes to maintain its focus on research and development in the field of Fluorescent multi-layer optical storage, with the intention of continually expanding the limits and capabilities of this technology. Having successfully demonstrated prototype multi layer cards and discs incorporating FMC/D technology, the way is now open, through joint ventures with industry leaders, to commence industrial production of these devices and take them into the mainstream.

                   The future ‘FE’ holographic optical drive will offer symmetrical infinite double sided disc or tape to read and writes for the retention of data storage for ten-years or more with drive densities of 200terabits/sq.in.and up. This will allow the holographic optical nanotechnology drive to hold more data than any other type of drive and delivered data much faster. The patents on a semiconductor read/write head for ferromagnetic optical storage raise data storage densities by a factor of 100 or more and will add at least 1000 times the data storage capacity per peripheral storage footprint and data transfer rates over 100 G bits/sec. 
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