Holographic Storage: “Hot Technology for the 21st Century


Many technologies support multimedia computer applications, the need for higher density removable media is accelerating new technical development.  However, the technologies to back up this fixed storage and move large sets of data generated by emerging application like multimedia are not yet available.  According to Martin Banks, “magnetic storage has proved effective in the past, but to meet the increasing demands of corporate databases, holographic technology may offer increased capacity at reduced cost” (1).


Dennis Gabor, a Hungarian physicist, developed the theory of holography in the year 1947 (Heckman, 1986).  His theory was originally intended to increase the resolving power of electron microscopes.  Gabor proved his theory not with an electron beam, but with a light beam (Jeong, 1975).  The result was the first hologram ever made.  The early holograms were legible but plagued with many imperfections because Gabor did not have the correct light to make crisp clear hologram s we can today (2).  In the 1960s two engineers from the University of Michigan, Emmett Leith and Juris Upatnieks, developed a new device which produced a three dimensional image of an object.  Building on the discoveries of Gabor, they produced the diffuse-light hologram (Heckman, 1986).


The size of corporate databases is growing rapidly, increasing demand for data storage.  The number of databases containing over 1 terabyte has more than doubled since 1998, and 17 percent of companies expect their database to increase tenfold in ten years (1).  The advantage of holographic storage is that unlike magnetic technologies, which uses two-dimensional plane using the magnetic coating on a disk platter, holographic technologies store data in three dimensions.  Few characteristics of storages devices include storing information in a form that can be easily manipulated by electronics, safely store huge amounts of information, typically, one to more than a thousand gigabits so that it can be preserved as archives, and any part of the stored information can be read out or changed at any time with the shortest possible delay which, particularly for the fleeting intermediary data occurring in processing, is typically 1 msec or less (Barr, 1993).  Also, low power consumption (1 watt average) and low cost per megabyte of memory (less than one dollar per MB) are prominent characteristics of an efficient storage devised for the multimedia products (Parish, 1990).  However, holographic storage offers exciting possibilities, and the promise of being the most cost-effective solution to the storage requirements of multimedia computing than any existing projected technology.


The new technique enables the storage of digital information as three-dimensional (3D) optical holograms.  Storing and retrieving data as two-dimensional patterns of light, or pages, in a 3D volume of light sensitive crystal, provides the basis for holographic storage technology (2).  Organizing data into pages instead of individual bits, and the use of lasers, provide access to speeds and orders of magnitude faster than the rotating devices of today (Parish, 1990).  Additionally, it has been estimated that 1mm thick holographic medium, the same thickness as a CD-ROM could hold around 100GB of data (1).  For example, the fastest magnetic disk currently available takes over 5 hours to transfer what, theoretically, a holographic storage device could transfer in 1 second (Barr, 1993).  Holographic storage devices would be a good choice for systems that need to provide fast random access for the recording and playback of digital video and high throughput transaction-processing systems (allows quick access to stored information) at the lowest cost.  


In holographic storage, the data is stored in a three-dimensional diffraction grating, which is read by scanning with a laser.  And data is recorded in photo refractive crystals as 3D holograms (2).  Binary data is written as dark or light “dots” in two-dimensional pages, with the pages stacked one on top of the other within a photosensitive crystal.  The stacking of pages creates the third dimension (Parish, 1990).  Storing data throughout the whole volume of the recording medium instead of only on the surface is one of the main characteristics and advantages of holographic data storage technology.  Crystals of a chemical compound called Strontium-barium-niobate are used most often as the recording media because they combine high sensitivity with high speed.  The electronic charge patterns created by the interference of two laser beams are used to create the holograms (Barr, 1993).  Furthermore, optical sensors read the pattern of light and shadow created by the diffraction grating, and these are interpreted as the zeros and ones of binary code(1).  The holographic technology described above, is thought by many in the industry as being ideal for computer storage application, as for use in digital high Definition TV, video, and audio (Barr, 1993).  In a article in PC Magazine spoke on holography as the technique that one day may compete with CD-Rom as a storage medium for masses of communication.


Unlike traditional storage technologies that capture data only at the media surface, such as tape and disk, holographic media store data throughout their volume.  In other words, because holographic images have depth of field, information that is digitized into the computer language of 1’s and 0’s can be layer deep inside a hologram (1).  Multiple holograms can be recorded in exactly the same spot by changing the angle of the laser beams doing the recording (Wullert, 1994).  In addition, data are stored and accessed in large blocks, rather than bit-by-bit, as with magnetic, and other optical storage techniques.  Also, the key elements that make holographic technology s the best storage device are huge capacity, speed, parallelism, and bandwidth (Barr, 1993).


“The next cannibal is the displacement of magnetic and solid-state storage by holographic media…and it is going to happen on or before the millennium.” – G.J. Burr, President, North America, Lucent Technologies, Network Economy Conference Online, October 1996.


“We look towards an exotic improvement called holographic memory, which can told terabytes…in less than a cubic inch” – Bill Gates, Chairman, Microsoft, The Road Ahead, 1995.


These are just some of the many testimonies of individuals that foresee the huge potential of this new technology (2).  Many experts in the industry believe that recent breakthroughs in holographic storage technology will have a profound impact in the personal computer industry.  Holographic technology truly offers low cost, physically small, portable, and easily filed removable storage media as personal computing and consumer electronics merge in the trend toward multimedia.


Several holographic storage systems are currently under development.  Lucent and Imation have formed a joint venture, InPhase , but no launch schedule for products has yet been announced (1).  Also, IBM has invested in holography research but currently no plans for commercial products (1).  For example, the US space agency NASA has been working on an Advanced Holographic Memory system that would be capable of storing 1TB of data and have a data transfer of up to 1 GB/s, with power and consumption of just 0.01 W/GB (1).  The performance of a holographic product for commercial applications depends uniquely on the properties of the material and the skills of the manufacturer.  Holographic technology is look toward a wide range of commercial markets, including, multimedia computing, video-on-demand, high-definition television, portable computers, and consumer video.  If holographic storage is ever going to make it out of the lab and really compete with existing data storage techniques, researcher must come up with practical, cost-effective solutions.  Finally, in order to win a mass market, holographic storage will have to beat the capabilities of magnetic storage.

