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Abstract—The ultimate aim of this paper is in 

designing a communication system based on 

hologram. This paper brings a clear-cut idea on 

information about how the holograms are designed, 

how they are accessed, where they are located and 

how they can be used in communication. Also this 

paper includes some special discussions right from 

the basics of hologram and holography up-to the 

advancements in present day holographic techniques 

used in various fields and applications.  Also the need 

to make this system practical and result that we will 

obtain is explained in this paper.  
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1. Introduction  

1.1. Holography 

 It is a technique which involves three-

dimensional images to be made by  the use of 

a laser, interference, diffraction, light- 

 intensity recording and suitable  illumination of 

the recording. A Change in image occurs as the 

position and orientation of the viewing system 

changes in exactly the same way as if the object 

were still present, making the image to appear in 

more than one dimension say a  3D. 

1.2. HOLOGRAM - TYPES 

Following types of holograms can be made. 

Holograms, those are viewed by shining laser light 

through them and looking at the reconstructed 

image from the side of the hologram opposite to the 

source are said to be “Transmission” types of 

hologram.  The "rainbow transmission" hologram 

that allows more convenient illumination by white 

light rather than by lasers was the later discovery. 

 Rainbow holograms are commonly used for 

security and also for authentication, especially on 

credit cards and product packaging.  

 A related technique for making three-dimensional 

images by controlling the motion of the speculiarity 

on a two-dimensional surface is a specular 

holography. It manipulates the bundles of light 

rays, either reflectively or refractively, where 

Gabor-style holography works by diffractively 

reconstructing wave fronts. 

1.3. Recording a Hologram Requirements  

An object, a laser beam of required type, part of the 

laser beam to be directed so that it illuminates the 

object and another part that   illuminate the 

recording medium directly. The reference beam 

enabling the reference beam and the light which is 

scattered from the object onto the recording 

medium to form an interference pattern. 

The recording medium converts this interference 

pattern into an optical element and modifies either 

the amplitude or the phase of an incident light 

beam. This is done according to the intensity of the 

interference pattern. 
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An environment which provides sufficient 

mechanical and thermal stability that the 

interference pattern should be stable particularly, 

during the time of recording the interference 

pattern. 

All these requirements are inter-related, and it is 

must to understand the nature of optical 

interference. Interference is the variation 

in intensity which can occur when two light waves 

are superimposed. The intensity of the maxima 

exceeds the sum of the individual intensities of the 

two beams, and the intensity at the minima is less 

than this and sometimes may be zero.  This 

interference pattern maps the relative phase 

between the two waves, and if there is any change 

in the relative phases, it will cause the pattern to 

move across the field of view. If the relative phase 

of the two waves changes by one cycle, then the 

pattern drifts by one whole fringe. One phase cycle 

corresponds to a change in the relative distances 

travelled by the two beams of one wavelength. 

Since the wavelength of light is of the order of 

0.5μm, it can be seen that very small changes in the 

optical paths travelled by either of the beams in the 

holographic recording system lead to movement of 

the interference pattern which is the holographic 

recording. Such changes can be caused by relative 

movements of any of the optical components or the 

object itself, and also by local changes in air-

temperature. It is essential that any such changes 

are significantly less than the wavelength of light if 

a clear well-defined recording of the interference is 

to be created. 

The exposure time required to record the hologram 

depends on the laser power available, on the 

particular medium used and on the size and nature 

of the object or objects to be recorded, just like in 

conventional photography. This determines the 

stability requirements. Exposure times of several 

minutes are typical when using quite powerful gas 

lasers and silver halide emulsions. All the elements 

within the optical system have to be stable to 

fractions of the sum over that period. It is possible 

to make holograms of much less stable objects by 

using a pulsed laser which produces a large amount 

of energy in a very short time (μs or less). These 

systems have been used to produce holograms of 

live people. A holographic portrait of Dennis 

Gabor was produced in 1971 using a pulsed ruby 

laser. 

Thus, the laser power, recording medium 

sensitivity, recording time and mechanical and 

thermal stability requirements are all interlinked. 

Generally, the smaller the object, the more compact 

the optical layout, so that the stability requirements 

are significantly less than when making holograms 

of large objects. 

Another very important laser parameter is 

its coherence. This can be envisaged by 

considering a laser producing a sine wave whose 

frequency drifts over time; the coherence length 

can then be considered to be the distance over 

which it maintains a single frequency. This is 

important because two waves of different 

frequencies do not produce a stable interference 

pattern. The coherence length of the laser 

determines the depth of field which can be 

recorded in the scene. A good holography laser will 

typically have a coherence length of several meters, 

ample for a deep hologram. 

The objects that form the scene must, in general, 

have optically rough surfaces so that they scatter 

light over a wide range of angles. A specularly 

reflecting (or shiny) surface reflects the light in 

only one direction at each point on its surface, so in 

general, most of the light will not be incident on the 

recording medium. A hologram of a shiny object 

can be made by locating it very close to the 

recording plate. 

2. RECORDING PROCESS: 

 Basic Recording operation of a hologram.  
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  Holography is a technique that enables a 

light field, which is generally the product of a light 

source scattered off objects, to be recorded and 

later reconstructed when the original light field is 

no longer present, due to the absence of the original 

objects. Holography can be thought of as somewhat 

similar to sound recording, whereby a sound field 

created by vibrating matter like musical 

instruments or vocal cords, is encoded in such a 

way that it can be reproduced later, without the 

presence of the original vibrating matter. 

 

3.  DATA STORAGE: 

 

 

Holography can be put to a variety of uses 

other than recording images. Holographic data 

storage is a technique that can store information at 

high density inside crystals or photopolymers. The 

ability to store large amounts of information in 

some kind of media is of great importance, as many 

electronic products incorporate storage devices. As 

current storage techniques such as Blu-ray 

Disc reach the limit of possible data density, 

holographic storage has the potential to become the 

next generation of popular storage media. The 

advantage of this type of data storage is that the 

volume of the recording recent research into using 

sub-micrometer sized "micro-holograms" has 

resulted in several potential 3D optical data 

storage solutions. While this approach to data 

storage can not attain the high data rates of page-

based storage, the tolerances, technological 

hurdles, and cost of producing a commercial 

product are significantly lower. 

4. COPYING AND MASS 

PRODUCTION: 

An existing hologram can be copied 

by embossing or optically.  

Most holographic recordings (e.g. bleached silver 

halide, photoresist, and photopolymers) have 

surface relief patterns which conform with the 

original illumination intensity. Embossing, which is 

similar to the method used to stamp out plastic 

discs from a master in audio recording, involves 

copying this surface relief pattern by impressing it 

onto another material. 

The first step in the embossing process is to make a 

stamper by electro-deposition of nickel on the relief 

image recorded on the photoresist or photo 

thermoplastic. When the nickel layer is thick 

enough, it is separated from the master hologram 

and mounted on a metal backing plate. The 

material used to make embossed copies consists of 

a polyester base film, a resin separation layer and 

a thermoplastic film constituting the holographic 

layer. 

The embossing process can be carried out 

with a simple heated press. The bottom layer of the 

duplicating film (the thermoplastic layer) is heated 

above its softening point and pressed against the 

stamper, so that it takes up its shape. This shape is 

retained when the film is cooled and removed from 

the press. In order to permit the viewing of 

embossed holograms in reflection, an additional 

reflecting layer of aluminum is usually added on 

the hologram recording layer. This method is 

particularly suited to mass production. 

The first book to feature a hologram on the front 

cover was The Skook (Warner Books, 1984) by JP 

Miller, featuring an illustration by Miller. That 

same year, "Telstar" by Ad Infinitum became the 

first record with a hologram cover and National 

Geographic published the first magazine with a 

hologram cover. Embossed holograms are used 

widely on credit cards, banknotes, and high value 

products for authentication purposes.  

It is possible to print holograms directly 

into steel using a sheet explosive charge to create 

the required surface relief. The Royal Canadian 

Mint produces holographic gold and silver coinage 

through a complex stamping process. 

A hologram can be copied optically by 

illuminating it with a laser beam, and locating a 

second hologram plate so that it is illuminated both 
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by the reconstructed object beam, and the 

illuminating beam. Stability and cohrerence 

requirements are significantly reduced if the two 

plates are lcoated very close 

together.  An index matching fluid is often used 

between the plates to minimze spurious 

interference between the plates. Uniform 

illuminatation can be obtained by scanning point-

by-point or with a beam shaped into a thin line. 

 Media is used instead of just the surface. Currently 

available SLMs can produce about 1000 different 

images a second at 1024×1024-bit resolution. With 

the right type of media this would result in about 

one-gigabit-per-second writing speed. Read speeds 

can surpass this, and experts believe one-terabit-

per-second readout is possible. In 2005, companies 

such as Optware and Maxell produced a 120 mm 

disc that uses a holographic layer to store data to a 

potential 3.9 TB, which they plan to market under 

the name Holographic Versatile Disc. Another 

company, In-Phase Technologies, is developing a 

competing format. While many holographic data 

storage models have used "page-based" storage, 

where each recorded hologram holds a large 

amount of data, more 

5. TYPES OF HOLOGRAM: 

There are three important properties of a hologram 

which are defined in this section. A given hologram 

will have one or other of each of these three 

properties, e.g. we can have an amplitude 

modulated thin transmission hologram, or a phase 

modulated volume reflection hologram. It is made 

up of virtual systems. 

AMPLITUDE AND PHASE MODULATIONS: 

An amplitude modulation hologram is one where 

the amplitude of light diffracted by the hologram is 

proportional to the intensity of the recorded light. 

An example of this is the photographic emulsion on 

a transparent substrate. The emulsion is exposed to 

the interference pattern, and is developed in 

parallel giving a transmittance which varies with 

the pattern’s intensity.  More   the   light that falls 

on the plate at a given point, the darker is the image 

developed plate at that point. 

A phase hologram is made by changing either the 

thickness or the refractive index of the material in 

proportion to the intensity of the holographic 

interference pattern. This is a phase grating and it 

can be shown that when such a plate is illuminated 

by the original reference beam, it reconstructs the 

original object wave front. The efficiency (i.e. the 

fraction of the illuminated beam which is converted 

to reconstructed object beam) is greater for phase 

than for amplitude modulated holograms. 

THIN AND THICK VOLUME HOLOGRAMS: 

A thin hologram is one where the thickness of the 

recording medium is much less than the spacing of 

the interference fringes which make up the 

holographic recording. A thick or volume 

hologram is one where the thickness of the 

recording medium is greater than the spacing of the 

interference pattern. The recorded hologram is now 

a three dimensional structure, and it can be shown 

that incident light is diffracted by the grating only 

at a particular angle, known as the Bragg angle. If 

the hologram is illuminated with a light source 

incident at the original reference beam angle but a 

broad spectrum of wavelengths, reconstruction 

occurs only at the wavelength of the original laser 

used. If the angle of illumination is changed, 

reconstruction will occur at a different wavelength 

and the color of the re-constructed scene changes. 

A volume hologram effectively acts as a color 

filter. 

TRANSMISSION AND REFLECTION 

HOLOGRAMS: 

A transmission hologram is one where the object 

and reference beams are incident on the recording 

medium from the same side. In practice, several 

more mirrors may be used to direct the beams in 

the required directions. 

Normally, transmission holograms can only be 

reconstructed using a laser or a quasi-

monochromatic source, but a particular type of 

transmission hologram, known as a rainbow 

hologram, can be viewed with white light. 

In a reflection hologram, the object and reference 

beams are incident on the plate from opposite sides 

of the plate. The reconstructed object is then 

viewed from the same side of the plate as that at 

which the re-constructing beam is incident. 
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Only volume holograms can be used to make 

reflection holograms, as only a very low intensity 

diffracted beam would be reflected by a thin 

hologram. 

HOLOGRAMS-SPECIALIZED               

FIELDS AND APPLICATIONS 

HOLOGRAPHIC DISPLAYS  

In   holographic   display, the invention of pulsed 

lasers has made it possible to capture images of 

plants, animals and humans as well as inanimate 

objects. 

HOLOGRAPHIC PACKAGING 

Holographic packaging materials have become 

popular and cheap. 

SECURITY 

 

 

 

Using holograms on credit cards and bank-notes 

has reduced the opportunity for forgery and have 

improved security 

INTERFEROMETRY: If a "double exposure" 

hologram is made of an object before and after the 

object is subjected to stress, the change in the shape 

of the object due to that stress is recorded as a 

series of light and dark bands. In industrial 

situations this can be used in component testing 

and quality control. 

 

HOLOGRAPHIC STORAGE: 

Research into and the development of data storage 

devices is a race to keep up with the continuing 

demand for more capacity, more density, and faster 

readout rates. Improvements in conventional 

memory technologies-magnetic hard disk drives, 

optical disks, and semiconductor memories-have 

managed to keep pace with the demand for bigger, 

faster memories. However, there is strong evidence 

that these two-dimensional surface storage 

technologies are approaching fundamental limits. 

An alternative approach for next-generation 

memories is to store data in three dimensions. Here 

are some developments in holographic 3D 

memories, in which high density is achieved by 

superimposing many holograms within the same 

volume of recording material. Holographic storage 

is a promising candidate for next-generation 

storage. Research has demonstrated that 

holographic storage systems with desirable 

properties can be engineered. The next step is to 

build these systems at costs competitive with those 

of existing technologies and to optimize the storage 

media. 

Devices that use light to store and read data have 

been the backbone of data storage for nearly two 

decades. Compact discs revolutionized data storage 

in the early 1980s, allowing multi-megabytes of 

data to be stored on a disc that has a diameter of a 

mere 12 centimeters and a thickness of about 1.2 

millimeters. In 1997, an improved version of the 

CD, called a digital versatile disc (DVD), was 

released, which enabled the storage of full-length 

movies on a single disc. 

 

CDs and DVDs are the primary data storage 

methods for music, software, personal computing 

and video. A CD can hold 783 megabytes of data, 

which is equivalent to about one hour and 15 

minutes of music, but Sony has plans to release a 

1.3-gigabyte (GB) high-capacity CD. A double-

sided, double-layer DVD can hold 15.9 GB of data, 

which is about eight hours of movies. These 

conventional storage mediums meet today's storage 

needs, but storage technologies have to evolve to 

keep pace with increasing consumer demand. CDs, 
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DVDs and magnetic storage all store bits of 

information on the surface of a recording medium. 

In order to increase storage capabilities, scientists 

are now working on a new optical storage method, 

called holographic memory, that will go beneath 

the surface and use the volume of the recording 

medium for storage, instead of only the surface 

area. 

Three-dimensional data storage will be able to store 

more information in a smaller space and offer 

faster data transfer times. In this article, you will 

learn how a holographic storage system might be 

built in the next three or four years, and what it will 

take to make a desktop version of such a high-

density storage system 

 

OTHER APPLICATIONS OF HOLOGRAMS 

Holographic scanners are in use in post offices, 

larger shipping firms, and automated conveyor 

systems to determine the three-dimensional size of 

a package. They are often used in tandem 

with check-weigh to allow automated pre-packing 

of given volumes, such as a truck or pallet for bulk 

shipment of goods. Holograms produced in 

elastomers can be used as stress-strain reporters 

due to its elasticity and compressibility, the 

pressure and force applied are correlated to the 

reflected wavelength, therefore its color.  

 

CONCLUSION:  

This paper gives an overall idea of what actually a 

hologram is and how holography is implemented 

using hologram and also the system can be 

implemented with holographic trends, which in 

turn overcomes the drawbacks in present 

communication systems. Such advantages and 

advancements in using hologram and holographic 

systems, in turn it leads a way to the invention of 

an effective communication system. 
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