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In the present scenario of information explosion nobody can demur that data is unquestionably the most indispensable thing in the modern

world. Without this data, the whole technological development would come to a standstill. Data can be defined as string of meaningful and

valuable information. This data should be assembled and stored properly in a media so that it can be accessed anytime, anywhere. The media first

opted was paper. But paper has an unfortunate propensity to damage and updation and correction of data was too onerous. This exhorted the

need for an alternative.  Computer in this case has been a real bliss. Data is now stored digitally in an enormous amount at a less expense,

efficiently and impeccably. The extraordinary ultra high density storage technologies that are emerging today have excessive and indubitable

contribution to the future of distributed information networks.
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INTRODUCTION

Data, these days, is the fastest growing component on the network1.

All the data are stroed in storage devices. Various techniques have

been used from time to time to store data efficiently, and to provide

fast and smooth access. There are two levels of storage, live storage

and backup. Live storage has been the major concern for organizations

and backup is becoming more vital.

The most basic and simplest method of data storage, direct attached

storage (DAS) consists of  a single hard disk or a collection of

independent hard disks called just a bunch of disks or JBOD or an

array of hard disks popularly known as redundant array of

independent disks(RAID). DAS use different media and protocols

like SCSI, fibre channel, etc. It is easy to implement and less expensive.

DAS is directly connected to the server. Hence if  the server is down,

users can not access their data.2

NETWORKED STORAGE

Networked Storage can again be subdivided into two heads.

Network Attached Storage

The problems associated with DAS have been removed in networked

attached storage (NAS). Any user can access NAS devices and it

supports network protocols, such as, network file system (NFS) for

UNIX, common internet file system (CIFS) for Microsoft, file transfer

protocol (FTP), and hyper text transfer protocol (HTTP). It consists

of a number of hard disk drives, which has own operating system

(OS) and management software. To increase storage capacity one  can

add another NAS device. 1

Storage Area Network

Storage area network or SAN is a network on its own, which is

connected to the central network by a fibre channel or SCSI. A SAN

has its own storage systems and servers connected through a high

speed interface, such as fibre channel or SCSI and are therefore much

faster than a NAS system. All SAN components are controlled using

SAN management software, which allows users and system

administrators to remotely control it's functioning.1

MAGNETIC STORAGE

It is the oldest technology and has been an important storage system

for quite long time.

Tape Storage

Magnetic tape is the oldest technology, which has dominated storage

for about 50 years. The reason for the longevity of tape in data

storage is that it has provided the lowest cost solution for the required

performance, however with the introduction of new storage

techniques this storage is being threatened of extinction.1

Hard Disk Drive

The most common storage device, the hard disk drive can now store

anywhere up to 100 GB of data. With the prices of hard disks

coming down, one can easily get a fast, high capacity drive at a decent

price. There are various factors that affect the performance of the

drive, such as the seek time, spindle speed, data transfer rates, central

processing unit (CPU) utilization and latency.

OPTICAL STORAGE

Optical recording is the technology by which light is used for digital

information recording. Optical disks are usually removable. Compact

disk (CD) and digital video disks (DVD) detect changes in the light

intensity, while magneto optical (MO) drives detect changes in the

light polarization. All optical storage systems work with reflected

light.

MAGNETO OPTICAL STORAGE

Magneto-optical recording is a hybrid storage method using an optical

stylus for writing and reading to and from a medium having both

magnetic and optical properties. CD-ROM and DVD-ROM are the

most popular optical removable storage technology today where

drives and media are inexpensive and reliable.
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PHASE CHANGE RECORDING

Phase change is a type of CD recording technology that enable the

disks to be written, erased, and rewritten through the use of a layer

of a special material, called phase change layer, that can be changed

repeatedly from an amorphous (formless) to a crystalline state, or

phase-through exposure to variably powered laser beams. The

technology is used in rewritable CD (CD-RW) and DVD (DVD-

RW) formats.

HOLOGRAPHIC DATA STORAGE

Holographic data storage records information in the form of

volumetric gratings within the volume of the recording medium.

Unlike conventional storage techniques, holographic data storage

uses the entire volume, rather than just the surface, of the recording

medium, greatly increasing potential data density.

MICRO ELECTRO MECHANICAL SYSTEM (MEMS)

BASED INTEGRATED CIRCUIT DATA STORAGE

Present storage market’s tendency is to make smaller, lighter, and

more efficient devices for handy applications. The introduction of

electronics in this field gave rise to very small devices. This idea leads

to the research and development of MEMS, which is going to

revolutionize data storage technology also.

NETWORKED STORAGE

Benefits of Networked Storage

Networked storage reduces wasted capacity, the time to organize new

storage, and backup inconveniences. It also simplifies storage

management techniques, increases data availability, and enables the

allocation of data among clients.3

Disadvantages of Networked Storage

The principle disadvantages of networked storage are owing to the

increased complication in systems spread across a network. Machines

have to function appropriately to get work done, network protocol

processing is pricier than local hardware device access, data integrity

and privacy are more susceptible to malevolent users of the network.

Requirements of Emerging Systems

Network storage systems must provide resource consolidation, rapid

use, central supervision, convenient backup, high accessibility, and

data allocation.

Geographic Separation of System Components

Online commerce is becoming gradually more universal and viable,

so remote data must be continuously available Hence all data must

have remote copies, which are to be updated frequently to protect

against local disasters.

Increasing Risk of Unauthorized Access to Storage

Security is a crucial storage problem as online commerce becomes

important and as electronic crime (hacking) becomes increasingly

sophisticated and widespread.

Need for Performance to Scale with Capacity

Performance is measured either as accesses per second or megabytes

per second and it should be scaled with storage capacity to

accommodate the increasing power and number of client machines,

as well as the increasing size of data sets.

Network Attached Storage Architecture

Storage area network and network attached storage are two possible

approaches to network storage. Network attached storage is designed

to separate storage resources from network and application servers,

in order to simplify storage management and improve the reliability,

performance and efficiency of the network, thus increasing the overall

productivity of the organization.

Network Attached Storage

A NAS device is typically a dedicated, high performance, high speed

communicating, single purpose machine or component. NAS devices

are optimized to stand-alone and serve specific storage needs with

their own operating systems and integrated hardware and software4

Figure 1 represents the description of network attached storage. NAS

devices also known as filers, focus all of their processing power

solely on file service and file storage. As integrated storage devices,

filers are optimized for use as dedicated file servers. They are attached

directly to a network, usually to a local area network (LAN), to provide

file level access to data. Filers are platform-independent.

Benefits of Network Attached Storage

Streamlined Architecture

Network attached storage appliances have a streamlined architecture

designed for one function, to serve data files to clients in

heterogeneous network environments. The result is improved data

access times for network clients.5

Reduced Server I/O Bottlenecks

The server processor spends on the average 25% of its time in serving

file I/O requests. Separating storage from the server reduces the file

serving activity and I/O bottlenecks and increases server bandwidth.

Increased Reliability and Data Availability

Separating storage resources from the server, reduces the probability

of  server downtime and increases the reliability of  the network and

application servers.
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Figure 1  Description of network attached storage
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Storage Area Network

A storage area network is a dedicated, centrally managed, secure

information infrastructure, which enables any to any interconnection

of  servers and storage systems as given in Figure 2. Fibre channel is

a high speed storage networking technology that serves as the

backbone for SANs.A SAN allows all storage devices to be available

to all servers on a LAN  2.

Benefits of a SAN

• Facilitates universal access and sharing of resources;

• Using fibre channel connections, SANs provide the high speed

network communications and distance needed by remote

workstations and servers to easily access shared data storage pools.

• Simplifies and centralizes resource management.

• Improves information protection and disaster tolerance.

Comparision between  NAS against SAN

SANs are simply storage devices and servers connected together the

way that computers are connected on local area networks or LANs.

A SAN uses fibre channel as its backbone while ethernet usually

serves as the backbone for LANs. The file system is located at the

application server. On the other hand, network attached storage

connects to the network instead of having a separate network devoted

solely to storage.  A NAS appliance is not tied to a server like a SAN

because it acts like a server itself, as an appliance linked to a network

by an ethernet card.  This appliance usually consists of a group of

hard disk drives, a processor, and its own operating system. The file

system is located at the storage. 5

Converging of NAS and SAN

NAS and SAN systems provide solutions to the same set of customer

problems. However, they are also converging in another way, the

degree to which their implementations are specialized for storage is

increasing in NAS systems and decreasing in SAN systems.

More Specialized NAS Systems

Here PC clusters are used, which are interconnected , based on network

interface cards with protocol processing from each machine's main

processor. Such network specialized cluster approaches also require

extensively specialized software.

Less-specialized SAN Systems

SCSI has been the leading protocol for block servers with multiple

disks. With the advancement of  technology, SCSI's lower levels have

been replaced by faster, more flexible technologies like fibre channel

and gigabit ethernet.2

A prime investment in storage systems is becoming vital asset in e-

commerce and it is leading to the development of storage as a tactical

business problem and a major business prospect for storage vendors.

MAGNETIC STORAGE

With the development of semiconductor technology huge volumes

of data can be stored in a secondary storage of any modern computer

system. Nowadays, both secondary and primary memories make

use of a magnetic medium to store the binary information.  Magnetic

recording is the leading data storage technology today and continues

to make rapid advances in data density.

Recording Physics

For any digital recording, the data to be stored in a magnetic medium

are presented as a stream of pulses. Logic circuit and magnetic head

of the device convert the pulses into tiny magnets in a magnetic

medium placed in a contact or in the vicinity of the magnetic head.

There are different schemes for recording data on a magnetic medium.

The magnetic medium for tape/ disk based memory is built of iron,

cobalt, and nickel alloy.2

Digital Recording Methods

The digital data is supplied to write coil of the heads as stream of

pulses. Two signals are generated first due to the recording of  the

signal as a tiny magnet and second for the regenerated wave for

playback due to change of flux density at start and end point of the

tiny magnet. The original data bit can be reconstructed out of these

two signals.

There are two different types of magnetic storage, which are

extensively used in nowadays. They are: (i) magnetic tape storage

and (ii) magnetic disk storage.

Magnetic Tape Storage

Magnetic tape is the oldest technology in the current storage hierarchy.

It has dominated program storage and data backup in large computer

systems for a long time. The reason for this is simply that it has

provided the lowest cost solution for the required performance. Heads

and media that were developed for the consumer market were

integrated into storage systems with comparatively small additional

effort and at a low cost.

Future Tape Technology

The improvements that are particularly required in tape storage are

track density and tape thickness which should be reduced to about

4 µm while still maintaining sufficient mechanical properties to be

transported reliably.6

Head Technology

There has been an enormous improvement in read heads for HDDs

due to the introduction of magneto resistive (MR) heads in 1991

and more recently in 1998 by the introduction of giant magneto

resistive (GMR) heads. All the developments in future tape systems
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will depend on progress in HDD heads for the design and

manufacture of  GMR heads. Tape systems will also develop read/

write electronics from HDDs, incorporating them into more complex

chips required for better recording.6

New Media

For high density storage, the leading candidates are acicular metal

particle (MP) tape and metal evaporated tape (ME). ME appeared in

the early 1990s to have a significant advantage. ME, after its

introduction in the market was found to have significant advantages

but later on it was found that particulate tape was cheaper to produce

and more durable. But the performance of MP has been lessened by

its availability.

Components of Magnetic Media

Magnetic tape consists of a thin layer, which is used to record a

magnetic signal, also called topcoat. It consists of a magnetic pigment

suspended within a polymer binder as given in Figure 3. This layer is

responsible for recording and storing the magnetic signals, which is

written to it.  The binder holds the magnetic particles together. The

binder does the function of providing a smooth surface to facilitate

transportation of the tape through the recording system during the

record and playback processes. A lubricant is added to the binder to

reduce friction and tape wear. A head cleaning agent is mixed with

the binder to diminish the occurrence of head jams. The backing

film, or substrate, is also considered necessary to support the magnetic

recording layer, which is excessively thin and weak to exist as a stand

alone film layer.

The problems that can happen to the media are:

Binder Degradation

If the binder loses integrity due to softening, loss of cohesiveness

and lubrication, then the tape becomes unplayable.

Lubricant Loss

If the lubricants are used up and worn down then the tape will

become insecure and it will lose its essential lubrication properties

with time.

Magnetic Particle Instabilities

The magnetic particle is responsible for storing recorded information

magnetically as changes in the direction of the magnetism of particles.

If there occurs any change in the magnetic properties of the pigment

then the recorded signals can be permanently lost.7

Recording of  Information

Helical Scan Recording

In this case, a moving tape is wrapped 180° around a cylindrical

drum, which is rotated at high speeds. The rotating head is tilted at a

slight angle to the tape so that the tracks are written by the small

recording head embedded in the surface of the rotating drum which

run diagonally across the tape from one side to the other.

Longitudinal Scan Recording

In a longitudinal tape system, the heads are arranged along a permanent

head stack with one head per track, and the tracks always remain

parallel to the edge of the tape. So mistracking problem is not found

in longitudinal recording but quite common in helical scan recording.

Magnetic Hard Disk Drive Storage

The process of layering several metallic films and a protective overcoat

layer on top of a plane glass substrate forms present magnetic thin

film disks as given in Figure 4. Glass has been chosen due to its

smoothness. The protective overcoat is covered with a thin lubricant

layer so as to improve the stability of the head disk interface. Using a

load/unload mechanism head friction is avoided and this also

prevents the head from resting on the disk when it is not rotating.

Head Disk Interface

Consistent function of a high performance magnetic disk drive

depends on maintaining a fixed amount of space between the magnetic

recording head and the recording medium. The recording heads are

situated on the end of small ceramic sliders with air bearings that are

self pressurized by the airflow generated by the fast rotating disk. Air

bearings design provides a space between the head and disk of less

than one tenth the wavelength of visible light. This design of the

head disk interface should provide adequate strength for many years

of operation.

The future high density magnetic disk drives will need head disk

interface technology that can support smaller head to disk spacing

and can operate in high temperature, humidity, and altitude.8

Giant Magneto Resistive Head (GMR)

The GMR effect was discovered in 1988.The GMR heads are highly

sensitive to magnetic fields from the disk. This makes it possible to

detect smaller recorded bits and to read these bits at higher data rates.

Larger signals from GMR heads also assist in overcoming electronic

noise.9

Magnetic
Particle

Lubricants

Binder

Top Coat

Substrate

Back Coat

Figure 3 Cross section of a magnetic tape

Probe Tip

Lubricant

Over Coat

Magnetic Layer

Under Layer
Glass Substrate

Figure 4 Magnetic thin film disk



54 IE(I) Journal-CP

Merged Read/Write Head

Head design consists of a write element and a read element. The read

element has a MR or GMR sensor between two magnetic plates,

which reduce unwanted magnetic fields coming from the disk. In

case of separate read and write elements both elements can be

separately optimized. A merged head is less expensive to produce,

requires less process steps and performs better because the distance

between the read and write elements is less.9

The new mechanical technologies will emerge in the field of magnetic

storage only after the old technologies gains have been exhausted,

and the new technology deficiencies have been resolved.

OPTICAL DATA STORAGE

Present day optical data storage refers to storage systems that use

light for recording and retrieval of information. Photography was

the first example of optical data storage.

An Overview of  the Field of  Optical Data Storage

An optical storage system is chiefly attractive because it provides data

access times in between a hard disk drive and a tape drive. Access

time is the time, including latency, required to start retrieving a random

block of data. The most important quality of optical storage is the

removability of the storage medium. The recording surface and the

optical head are separated by few millimeters, and servomotors do

the focusing and tracking.6

Recording and Readout of  Information on Optical Disks

An optical disk is a plastic or glass substrate that has one or more

thin film layers coated upon its surface. The manufacturer may

prerecord the information on the surface of the substrate, or the

user can record it. The basic elements of an optical disk drive is laser,

usually a semiconductor laser, whose beam is collimated by a well

corrected lens and directed towards an objective lens through a beam

splitter. The objective lens then focuses the beam on the disk and

collects the reflected light. This reflected light is directed towards the

detectors, which produces a data readout signal as well as servo signals

for automatic focusing and tracking. Figure 5 represents the

description of the process.

The Light Source

All optical recording technologies depend on lasers as their source of

light. The lasers used in optical disk and tape storage are semiconductor

laser diodes of the shortest possible wavelength that can provide

sufficient optical power for read, write or erase operations over a

phase of several hours.

The Objective Lens

The disk and tape optical recording systems use moulded glass lenses

for focusing the laser beam to a spot. These lenses consist of two

aspheric surfaces on a single piece of glass, and also have large

numerical apertures free from aberrations.

Automatic Focusing

An optical disk consists of a plastic substrate that is not perfectly flat

so when it is mounted on a drive, small tilts of the axis could cause

vertical motions of the disk surface during operation. Hence without

an auto focus mechanism the disk cannot be continually maintained

in focus.

Automatic Track Following

The information on an optical disk is recorded either around a series

of concentric circular tracks or on a continuous spiral. The push-pull

tracking mechanism depends on the presence of grooves of data on

the media. In the case of CD and CD-ROM, the data are prerecorded

along a spiral on the substrate, and the series of marks along the

spiral comprises a type of  irregular groove structure.  Writable media

such as CD-R, MO need a tracking mechanism dissimilar from the

data pattern, because prior to the recording of data, the write head

must be able to follow the track before it can record anything. Once

the data are recorded, the system will have choice to follow the original

tracking mechanism or to follow the recorded data pattern.6

Disk Substrates

Polycarbonate is a reasonably strong, economical, mouldable plastic,

which is presently in use in optical disk fabrication. The pattern of

pits and grooves is easily impressed on the surface of this substrate.

The transparency of polycarbonate causes focused beam of light to

reach the storage layer through the substrate without any difficulty.1

Optical Media Drives

The hardware device that reads CDs is the CD-ROM drive. Data can

be read once the CD-ROM disk spins and the operating system

locates and identifies the CD-ROM drive.

Rotation Speed and Data Transfer Rates

Rotation speed indicates the revolutions per minute or RPM range

that the drive can produce. Data transfer rate refers to the speed at

which data can be read from a optical media drive.

Multi-beam CD-ROM Drives

The multi-beam CD-ROM drive uses seven laser beams instead of

one where six beams are used for reading data and one is used for

error correction. The compact disk has revolutionized the way

information is stored. CDs have become one of the cheapest and

most convenient ways to distribute digital information.

DVD-ROM Drives

The progress in optical data storage has been the latest
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○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

○

○

○

○

Objective Lens Collimators
Laser

Detector

Figure 5 Description of optical disk recording and read out
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commencement of read only  DVDs. This new generation of DVDs
can store 4.7 GB of data, which is seven times more than a
conventional compact disk. Since storage densities of DVDs are
more, they are susceptible to defects, so a more powerful error
correction scheme was introduced.10

Optical Media Drive Interfaces

Tracks

On a CD-ROM disk notch or pit represents a bit of information.
On a audio CD (CD-DA) , these are arranged in a pattern along the
track. In hard drives and floppy disks, there are numerous concentric
tracks. The CD-ROM has only one spiral track that begins at the
centre and ends at the outermost edge of the disk.

Track Pitch

The distance between two rows of data pits that is measured from
the centre of one track to the centre of the next track is referred to as
track pitch.

Sectors

The smallest addressable section of a CD-ROM that can be accessed
separately from other addressable sections of the recorded area.

Logical Blocks

Smaller segments within a sector that can only be accessed by the
logical block number (LBN) and is recognized by the header bytes
that hold this address.

Burning of   a CD

In 1990 CD-ROMs were duplicated through a process that is known
as burning. A drive like a usual CD-ROM drive, denoted as CD-
burners, was developed that would write on special CD-ROM disks.
The drive is constructed with a temperature sensing layer that can be
changed. CD-R can only be altered once. CD-RW can burn many
times on the same disk surface. A new drive type that can adjust the
laser beam to match the current media is called a multiread drive, is
required to read the CD-RW.

The two main advantages of optical storage media are greater data
density and increased stability. Data can be more densely packed on
optical media than on magnetic media. Also, the life span of  optical
media is more than twice that of magnetic media. Optical storage is
here to replace traditional cassette recorder with a system based on
optical disks.

MAGNETO OPTICAL STORAGE

Magneto optical (MO) data storage represents a combination of
optical data storage techniques and magnetic storage media. MO is
the rewritable optical recording method appropriate for high
performance, extended lifetime, high density applications. MO storage
material is a thin magnetic film similar to magnetic disks. The
recording process is thermally assisted magnetic recording, which is a
fast and reliable process.

Optical Storage Context

The MO recording is done by focusing a light beam which writes a
track of information on a moving optical storage medium. This

writing is carried out by changing the optical power sent to the focusing
lens, resulting in local physical change in the recording material. The
substrate material carrying the recording medium may be a disk,
tape. The recording is done serially, because the recorded marks are
created sequentially on a track as a medium moves under the focused
beam. This scheme is called bit-by-bit recording, whereas parallel
method record multiple data streams concurrently.

Magneto-Optical Recording and Readout

Magnetic recording uses magnetized media. Perpendicular recording
is used where individual magnetic domains recorded on the storage
layer are oriented with their north poles next to their neighbouring
south poles and vice versa. This is a more encouraging pattern than
the head-to-head domains of magnetic recording, and thus is more
stable.  The media used in magnetic recording is ferromagnetic alloy
TbFeCo, where the Tb sub network is oriented opposite to that of
the FeCo sub network. Hence the net magnetization is very small,
and the destabilizing effects are negligible. Readout of MO media is
not hampered by the ferrimagnetic nature of the material, because
the laser beam used for information retrieval interacts mainly with
the FeCo sub network.

The writing and erasure of data on MO media is done by a focusing
laser beam which generates heat to raise the material's temperature to
the neighbourhood of its Curie point. A small magnetic field is
applied which decide the direction of magnetization of the heated
spot after the laser has been turned off and the material has cooled
down. Writing of  the information is done by continuous wave laser
beam and a magnetic field. This method is known as the magnetic
field modulation recording scheme. Otherwise, a reverse magnetizing
magnetic field is applied to the region concerned of an erased track.
Laser power is modulated to record the information along the track.
This is known as the laser power modulation recording or light
intensity modulation (LIM) scheme. The laser power modulation
scheme does not permit direct overwrite of the pre-existing data on
the track. The data should be erased during one revolution of the
disk, and recorded in a following revolution. Erasure is quite similar
to writing, because it uses the heat generated from the laser beam
and needs magnetic field to decide the direction of magnetization
after cool down. Since erasure is applied to a complete sector it is
enough to constantly leave the laser beam and apply a magnetic field
in the preferred track. Readout and writing on optical disk drives are
done with the same laser. To prevent abolition of  the recorded data,
the power of the read beam must be substantially below that of the
write beam.1

New Applications

Some of the most notable developments in this field area are as
follows:

High density MO Drive

This drive uses focusing optics with a solid immersion lens made of
moderately high refractive index lens placed in close proximity to the
disk recording.

Flying MO Head Technology

Here micro optics and micro coil are attached to a flying slider along

with the optical fibre light delivery system to achieve a low mass, low

cost means for MO recording.
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Hybrid Schemes

In this method there is incorporation of laser light into the recording

and readout processes. Momentary heating of the recording medium

is an effective way to alleviate a looming problem of writablility in

ordinary magnetic recording by using the thermo magnetic-recording

concept from MO technology.

The union of optical storage with magnetic storage is a thrilling new

progress. MO recording offers the key technology of thermo magnetic

recording and patterned media. MO technology is well positioned to

provide the users with an unquenchable desire for storing huge

amount of  information in a single DVD-R or DVD-RW.

PHASE CHANGE RECORDING

A metallic alloy is heated to its melting point, and then solidified to

an amorphous state within a few nanoseconds while recording a bit

on rewritable CD in a CD writer, or burner. This process is called

phase change recording.

In CD systems, a semiconductor laser generates a convergent light

beam that enters transparent plastic substrate on the surface opposite

to the one carrying the information layer. The substrate protects the

information layer from scratches and wear. This technique is known

as substrate indent read out, and it is important because it enables

media removability and simplicity of  managing.

New Applications

A rewritable CD based on phase change media was introduced in

1996 and denoted as CD-RW. The drives that are used for recordable

and rewritable CDs are similar to their read-only equivalent. CD-RW

is the disk format first made by using phase change recording method.

After recording is done, a CD-RW disk meets all condition of the

CD-ROM standard.

Principal of Phase Change Recording

Some alloys can exist in dissimilar phases. In the crystalline phase,

the atoms are arranged sporadically. In the amorphous phase, atoms

are arranged haphazardly. The amorphous phase is a state, which

may be stable or unstable. At a particular temperature this state can

continue for a long time. When the amorphous material is heated to

a certain temperature it goes to crystalline state. To bring the material

back to its amorphous phase, the alloy is heated more and more

beyond its melting point and then cooled rapidly. So alloy has very

little time to return back to its normal configuration and goes to

polycrystalline state. Phase change recording utilizes this

phenomenon.

A phase change disk is a blank disk consisting of a pile of films. One

of these films is an alloy in polycrystalline state. In a CD-Rewriter a

pulsed laser beam (the write level) is focused on the position where

the data is to be written.  That part melts and goes to amorphous

state. Thus by creating amorphous dots on the polycrystalline alloy

the data is recorded.6

Direct Overwrite

In phase change recording, previously written data on the alloy can

be erased very easily. In this case, the laser beam is powered to a

temperature just below the melting point of the alloy (the erase

level). The amorphous dots return back to its crystalline state. In this

way, an earlier written data can be directly overwritten. After many

such rewrites the material gets worn out.

The data recorded, as a pattern of amorphous marks on the disk is

readout using the same laser beam maintained at the read level. The

amount of reflected light depends on the phase (amorphous or

crystalline) of the recording material. The detector detects this.

On Track and on Time

The laser beam should be focused with accuracy on the alloy for

proper writing, erasing, or reading the data. The reflected laser beam

gives rise to the focusing and tracking error signals. In case of CD-

ROM, the tracking signal results from the marked pits. In rewritable

and recordable disks, tracking error signal is generated from previously

marked pits on the surface of  the alloy. Those pits generate timing

signals called a wobble. If the focused beam cannot track the wobble,

the detector generates the tracking error signal. In this way appropriate

synchronization of laser power and velocity of the disk is maintained

to write, erase and read out data.

Land and Groove Recording

The open space between the grooves or pits is called lands. The laser

beam is focused both on the grooves as well as on the lands as well

to increase storage capacity. This is called land-groove recording and

this method is used in DVD-RAM. But the net density gain is only

15%-20%, because, in land groove recording, the track pitch has to

be noticeably wider to prevent cross talk between adjacent tracks.

The Spot Size Effect

Rewritable phase change materials can be divided in two classes,

which are nucleation determined materials and growth determined

materials, respectively.

In both, writing happens in the same way in which the laser beam

heats the material above the melting temperature, then it is cooled

very fast, bringing it back to amorphous state. One type of material

(nucleation determined) grows to form small crystallites. In the other

type of material growth, determined materials is quick. In practice,

crystallization of an amorphous written mark proceeds by growth

from its edged inward. CD-RW and DVD-RW use growth

determined materials, whereas DVD-RAM employs nucleation

determined materials.

The reason for success of the phase change recording is simple disk

structure, use of simple optical detection, allowing a high read-data

rate, and direct overwrite in optical drives. We are now moving

towards fourth-generation optical recording medium, which has high

aerial density, and provide a very durable interface across the disk

surface.

HOLOGRAPHIC DATA STORAGE

The storage technologies must improve in order to keep pace with

the rapidly increasing demand for storing more amounts of data in

the storage media. In both magnetic and optical data storage
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individual bits are stored as distinct magnetic or optical changes on

the surface of a recording medium. Storing information throughout

the volume of  a medium can increase the data storing capacity.

Holographic data storage is a volumetric approach, which is providing

us with noteworthy results from longstanding research efforts.

Major Challenges in the Field of Holographic Data Storage

Previously the suitable system components were not available, and

holographic storage strategies were highly complex, again proper

recording materials were not there. But now with the advent of new

technologies and components, market is expected to lead to low

cost, reliable holographic data storage.

New Multiplexing Methods

Formerly, multiplexing methods have needed large optical systems

and moving optical parts. But now a method known as correlation

multiplexing has been developed where a reference optical beam is

created by a fixed set of optics that denotes the position of the

hologram in the recording medium. Large numbers of holograms

can therefore be multiplexed in essentially the same volume of the

recording medium. This fixed optics method enables construction

of a simple holographic storage system based on a rotating disk

structural design and is used widely.

Ways to Record and Read Data

In holographic data storage, an entire page of information is stored

promptly as an optical interference pattern within a thick,

photosensitive optical material. The light emerging from a coherent

laser source is split into two beams known as signal (data carrying)

and reference beams. The data to be stored are embossed on the

object beam with an input device called a spatial light modulator

(SLM), which is a liquid crystal panel resembling those on laptop

computers. The digital data that is to be stored are encoded on the

signal beam by means of a spatial light modulator. The data bits are

first arranged into pages. The 0’s and 1’s of  the data pages are translated

into pixels of the spatial light modulator that either block or transmit

light. The light of the signal beam traverses through the modulator

and is therefore encoded with the "checkerboard" pattern of the data

page. This programmed beam then interferes with the reference beam

through the photosensitive recording medium, storing the digital

data pages.11

Associative retrieval is an inimitable feature of holographic data

storage. Here the data pattern to be searched out is embossed on the

object beam and all the stored holograms are illuminated, there by

reconstructing all of the reference beams that were used to store

data. The reference beam is used during readout, reconstructing the

stored array of bits. The reconstructed array of bits is projected on a

detector that reads the data in parallel. This parallel readout of data

provides holography with its fast data transfer rates. The readout of

data depends upon the characteristics of the reference beam. By varying

the reference beam, such as by changing its angle of incidence or

wavelength, many different data pages can be recorded in the same

volume of material and read out by applying a reference beam identical

to that used during writing. This process yields the massive storage

capacity of  holography.

Hardware for Holographic Data Storage

The main hardware components in a holographic storage system are

the SLM used to imprint data on the object beam, two lenses for

imaging the data onto a detector, a storage material for recording

volume holograms, and a reference beam intersecting the object beam

in the material.12

Holographic Digital Data Storage Testers

In order to study the recording physics, materials, and system issues

of holographic digital data storage in depth, three precision

holographic recording testers are made. The three testers, are called

the PRISM tester, the DEMON I platform, and the DEMON II

platform.

PRISM Tester

The PRISM tester was designed to allow the rigorous evaluation of

a wide variety of holographic storage materials. This tester was

designed for extremely low bit error rate performance, flexibility, and

high stability for both long recording exposures and experimental

repeatability.

DEMON I

While PRISM was designed to handle any conceivable material testing

requirement, the DEMON I platform was built to be a platform for

evaluating coding and signal processing techniques.

DEMON II

The DEMON II holographic storage platform was designed to

achieve high density holographic data storage using short focal length

optics, while including aspects of the previous two test platforms.12

Recording Materials

Materials and Media Requirements for Holographic Data Storage

Properties of foremost importance for holographic storage media

can be broadly characterized as optical quality, recording properties,

and stability. These affect the data density and capacity that can be

achieved, the data rates for input and output.   Holography is a

volume storage method, and the capacity of a holographic storage

system increases along with the thickness of the medium. Stability is

also an issue because materials are often subject to aging processes

after recording Erasure may occur because the molecules which record

the hologram, diffuse thermally.

Applications of Holography

Holographic storage is an emerging candidate for the next generation

of data storage systems. It could potentially lead to new devices,

including fast, erasable holographic memory, write once 3-D disks,

pre-recorded 3-D disks and holographic content addressable database

machines.

Holographic data storage has several characteristics that are quite

uncommon. In this case the potential for data densities and data

transfer rates exceeds those of magnetic data storage and other optical

data Holographic data storage has also shown the capability of rapid
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parallel search through the stored data. Scientists are studying the
technical practicability of holographic storage. Whether this research
will one day lead to products is yet to be perceived.

MICROELECTROMECHANICAL SYSTEMS (MEMS)

BASED INTEGRATED CIRCUIT DATA STORAGE

Previously the disks were rotated and recording heads were positioned
on it to write, read or erase data. But nowadays, simple small
microelectromechanical systems are used to position probe tips over
the storage media. This technique has created a new generation of
non volatile rewritable mass storage devices, called
microelectromechanical systems (MEMS) data storage. Along with

the incessant growth rate of semiconductor memories, the data
capacity of the MEMS based data storage has also increased. If the
disk drive access time is minimized a little more, then this new
technology will rule the world of storage in future days

MEMS based Probe Storage Architecture

The MEMS based system, like disk drives, has recording heads and
a recording media surface that moves. However, the heads are actually

MEMS probe tips made up in a parallel wafer level manufacturing
process. This model uses magnetic storage media but the media
surface does not spin, instead, it moves linearly in the X and Y
directions to find the appropriate data. Data access is done by moving
the media at a constant velocity in the Y direction while data is read
or written by stationary probe tips in X direction. This design helps

to prevent the potential wear and tear of the MEMS bearings which
otherwise may have short life spans, arising when micromechanical
surfaces come into contact with the probe tips. The media for the
model is deposited on a large square plate called media sled and is
held above the probe tip array by a group of springs. A force is
applied to the plate using electrostatic actuators but the reciprocating
motion is usually limited to a small fraction of the size of the

structure. However, by using a large array of probe tips, all of the
media area can be addressed, as long as the media sled moves in X
and Y direction. A large array of probe tips also provides a significant
increase in the data rate and reliability of the whole scheme.2

Probe Tip Positioning

The media surface is not perfectly flat, and hence individual probe tip
heights can vary across the probe tip array due to both built up

variations and the bend of the probe tip wafer. Thus all MEMS
based storage must have tip height control. In some cases probe tip
to media separation is larger than these variations. This large
separation controls the choice of media type, reading and writing
mechanisms but reduces system complexity. When tips are brought
into contact with the media, the cantilevers bend a different amount

to make up for variations. But this mechanical contact decreases the
precision of the tip position control and may degrade the system's
reliability and longevity. So research is going on to find new ways for
no-contact approaches.

Media Positioning

The media can be used effectively by moving the media sled in X
and Y directions. The system’s current targets are a probe tip array

with 100 µm centres in X and Y, hence, the media must move at
least ±50 µm.

Storing, Reading and Writing Bits

There are two different approaches to store, read and erase the data

bits on MEMS based mass storage systems.

In the first approach different types of probe tip and media
combinations are used in writing and reading bits in MEMS based

storage systems. Data is written by melting polymers and creating
pits using tip heating. The probe tips are always in contact with the
media, so this may cause the wear and durability of both the tips and
the media. Data is erased from the media by heating to melt the
surface again and thereby removing the pits created. It is also possible
to erase either the complete media or parts of a media by this heating

technique. But there is a limit to the maximum numbers of rewrite
cycles that would be allowed.

In the second approach the media is converted from a crystalline
state to an amorphous one. Hence it is called phase change media.

This media is used widely in rewritable CDs. Small permanent magnet
probe tips are used to store data in magnetic thin films using a
technique called ‘magnetic force microscopy’ (MFM). This method
detects magnetic information with diameters less than 30nm. Writing
can be done in MFM-mode merely by changing the material properties
in such a manner that a field is magnetized when the tip is almost in

contact with the media. This writing format can be modified by
applying additional external fields or by locally heating the sample.
With this new technique it is possible to write bits without physical
contact between tip and medium, thus increasing the system's
consistency and durability.

Though the second method seems very promising but there are
certain disadvantages, firstly separate oppositely magnetized probe
tip must be used to erase the media before it can be rewritten, and
secondly data rate is restricted by the rate at which the cantilever
moves up and down the Z axis.2

Integrating MEMS into Computer Systems

The consumer market will accept MEMS based data storage devices
only if their price and performance is better than disk drives, which
are now in use, in terms of data rate, power, and access time.

Performance of MEMS based Systems

The average service time of  this system is better than the other disk
drives. The spring that supports the media plate influences seek
time.

Similarity and Differences between Conventional Disks and MEMS based
Storage Systems

Like conventional disks, MEMS based storage system has to change
tracks when media transfers cross track margins. But unlike
conventional disks, whose turning velocity is independent of seek
arm positioning, a MEMS based storage device’s track switching
time depends directly on access velocity. That is the media sled must

rotate each time a media crosses a track border. This increases the
access velocity, and thereby increasing the turn around time.

Future Opportunities

There are many opportunities for MEMS devices in the storage
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hierarchy. MEMS based storage devices will replace the existing disk

drive storage, could absorb data written at superior speed than

conventional disk drives. MEMS based data storage devices will also

be able to store a huge bulk of data for embedded computers. And

this can solve data archival problems, including capacity, access time,

and long term data retrieval and can be used in as a temporary storage

for micro satellites in very low earth orbit. MEMS based storage

devices could also add huge databases to single chip continuous

speech recognition systems and be incorporated in low cost consumer

or mobile devices.

Thus MEMS based storage systems are potentially a whole new

storage technology competent enough to remarkably turn down

cost, access time, volume, mass, power dissipation, failure rate, and

shock sensitivity. More important, these devices can integrate

computation with storage, creating complete system on chip solution,

which includes mass storage.

CONCLUSION

Digital data storage is one of the great technological success stories

of  the past century. After its invention by IBM researchers almost 50

years ago, it has facilitated information technology to flourish in

every possible field like computers, automobiles, electronic consumer

devices, all kinds of engines, that require local data storage to permit

them to carry out fundamental functions. The storage systems have

been organized in a hierarchical fashion called data storage pyramid.

At the top are the solid-state memories, the fastest and the costliest

devices. Then comes the magnetic storage providing relatively less

performance and lower cost. Below that, at the pyramid's lowest

level is the optical disks and tape drives.

This representation of the data storage hierarchy has recently

undergone considerable alteration as a result of our increasing trust

on the internet. Thus came up network attached storage. To take

advantage of this budding demand for storage, research is going on

for new technologies . All storage devices need to be economical and

easy to maintain, that allow distant control, distribution of content

and processing power.

After going through all the data storage technologies presently

available it can be concluded that as the technology advances, someday

we will find that all the information that a common man may learn

in his life can be stored effortlessly on a disk drive at a very economical

price that fits pretty comfortably in his shirt pocket.1
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