CHAPTER-1
INTRODUCTION
Tokyo  Japan,  February   19,   2002:   Nine   leading   companies announced   that   they   have jointly established   the  basic specifications for a next generation large capacity optical disc  video recording format called "Blu-ray Disc". The Blu-ray Disc enables the  recording,  rewriting   and play  back  of   up   to  25 gigabytes (GB)  of  data  on  a  single  sided  single layer 12cm CD/DVD size disc using a 405nm blue-violet laser. 

Because   the   Blu-ray   Disc   utilizes   global   standard   "MPEG-2 Transport Stream" compression technology highly compatible with digital broadcasting for video recording, a wide range of content can be recorded. It is possible for the Blu-ray Disc to record  digital  high definition  broadcasting  while   maintaining high quality and other data simultaneously with  video data if they  are  received  together. In  addition,   the   adoption   of   a unique   ID  written on a  Blu-ray  Disc  realizes  high  quality copyright protection functions. 

The Blu-ray Disc is a technology platform that can store sound and video while maintaining high quality and also access the stored content in an easy-to-use way. This will be important in the  coming  broadband  era  as content distribution  becomes increasingly  diversified. The  nine  companies  involved   in  the announcement will respectively develop products that take full advantage of Blu-ray Disc's large capacity and high-speed data transfer   rate. They  are  also aiming  to  further  enhance  the appeal of the new format through developing a larger capacity, such as over 25GB on a single sided single layer disc and over 50GB on a single sided double layer disc. Adoption of the Blu-ray Disc in a variety of applications including PC data storage and high definition video software is being considered.

1.1History of Blu-ray Disc :
When the CD was introduced in the early '80s, it meant an enormous leap from traditional media. Not only did it offer a significant improvement in audio quality, its primary application, but its 650 MB storage capacity also meant a giant leap in data storage and retrieval. For the first time, there was a universal standard for pre-recorded, recordable and rewritable media, offering the best quality and features consumers could wish for themselves, at very low costs.

Although the CD was a very useful medium for the recording and distribution of audio and some modest data applications, demand for a new medium offering higher storage capacities rose in the '90s. These demands lead to the evolution of the DVD specification and a 5-10 x increase in capacity.This enabled high quality, standard definition video distribution and recording. Furthermore, the increased capacity accommodated more demanding data applications. At the same time, the DVD spec used the same form factor as the CD, allowing for seamless migration to the next generation format and offering full backwards compatibility.

Now, in the next millennium, high definition video demands a new solution. History proved that a significant 5-10 x increase in storage capacity and the ability to play previous generation formats are key elements for a new format to succeed. This new format has arrived with the advent of Blu-ray Disc, the only format that offers a considerable increase in storage capacity with its 25 to 50 GB data capacity. This allows for the next big application of optical media: the distribution and recording of high definition video in the highest possible quality. In fact, no other format can offer the data capacity of Blu-ray Disc, and no other format will allow for the same high video quality and interactive features to create the ultimate user experience. As with DVD, the Blu-ray Disc format is based on the same, bare disc physical form factor, allowing for compatibility with CD and DVD.
1.1.1 Generations :
1.First Generation :When the CD was introduced in the early 80s, it meant an enormous leap from traditional media. Not only did it offer a significant improvement in audio quality, its primary application, but its 650 MB storage capacity also meant a giant leap in data storage and retrieval. For the first time, there was a universal standard for pre-recorded, recordable and rewritable media, offering the best quality and features consumers could wish for themselves, at very low costs.
2.Second Generation: Although the CD was a very useful medium for the recording and distribution of audio and some modest data-applications, demand for a new medium offering higher storage capacities rose in the 90s. These demands lead to the evolution of the DVD specification and a five to ten fold increase in capacity. This enabled high quality, standard definition video distribution and recording. Furthermore, the increased capacity accommodated more demanding data applications. At the same time, the DVD spec used the same form factor as the CD, allowing for seamless migration to the next generation format and offering full backwards compatibility.
3.Third Generation: Now High Definition video is demanding a new solution. History proved that a significant five to ten time increase in storage capacity and the ability to play previous generation formats are key elements for a new format to succeed. This new format has arrived with the advent of Blu-ray Disc, the only format that offers a considerable increase in storage capacity with its 25 to 50 GB data capacity. This allows for the next big application of optical media: the distribution and recording of High Definition video in the highest possible quality. In fact, no other proposed format can offer the data capacity of Blu-ray Disc, and no other format will allow for the same high video quality and Interactive features to create the ultimate user experience. As with DVD,the Blu-ray Disc format is based on the same, bare disc physical form factor, allowing for compatibility with CD and DVD. The Blu-ray Disc specification was officially announced in February 2002. Blu-ray Disc recorders were first launched in Japan in 2003.
• 1982 -First working CD player developed by Philips. Philips and Sony  developed CD standard 12cm disk, 74 minutes on a single spiral
• 1983 -First CD players sold
• 1985 -CD-ROM introduced – not popular at first. More powerful PCs lead to demand for   multimedia, image processing and larger applications. Growth in sales brings prices down.
• 1990’s - CD-R and CD-RW introduced – big success.
• 1996 -DVD introduced 
• 1999 -DVD becomes mainstream  
• 2003 -BD introduced

1.2What is blu-ray disc?
 Blu-ray disc is a next-generation optical disc format jointly developed by a group of leading consumer electronics and PC companies called the Blu-ray Disc Association (BDA),which succeeds the Blu-ray Disc Founders (BDF). The format was developed to enable recording, rewriting and playback of high-definition video (HD), as well as storing large amounts of data. The format offers more than five times the storage capacity of traditional DVDs.Because it uses blue lasers, which have shorter wavelengths than traditional red lasers, it can store substantially more data in the same amount of physical space as previous technologies such as DVD and CD.
      A current, single-sided, standard DVD can hold 4.7 GB (gigabytes) of information. That's about the size of an average two-hour, standard-definition movie with a few extra features. 
The advantage to Blu-ray is the sheer amount of information it can hold :
• A single-layer Blu-ray disc, which is roughly the same size as a DVD, can hold up to 25 GB of data — that's more than two hours of high-definition video or about 13 hours of standard video.
• A double-layer Blu-ray disc can store up to 50 GB, enough to hold about 4.5 hours of high-definition video or more than 20 hours of standard video. And there are even plans in the works to develop a disc with twice that amount of storage.

1.3Why the name blu-ray?
The name Blu-ray is derived from the underlying technology, which utilizes a blue-violet laser to read and write data. The name is a combination of "Blue" and optical ray "Ray". According to the Blu-ray Disc Association, the spelling of "Blu-ray" is not a mistake. The character "e" is intentionally left out because a daily-used term cant be registered as a trademark.
The correct full name is Blu-ray disc,not Blu-ray disk ( incorrect spelling). The correct shortened name is Blu-ray,not Blu-Ray ( incorrect capitalization ) or Blue-ray ( incorrect spelling ).The correct abbreviation is BD,not BR or BRD ( wrong abbreviation ).

1.4Who developed Blu-ray?
The Blu-ray Disc format was developed by the Blu-ray Disc Association ( BDA),a group of leading consumer electronics and PC companies with more than 130 members from all over the world. The Board of Directors currently consists of :
1. Apple Computer
2. Inc. Dell Inc.
3. Helewlett Packard Company
4. Hitachi Ltd.
5. LG Electronics Inc.
6. Matsushita Electric Industrial Co. Ltd.
7. Mitsubishi Electric Corporation
8. Pioneer Corporation
9. Royal-Philips
10. Electronics
11. Samsung Electronics Co. Ltd
12. Sharp Corporation
13. Sony Corporation
14. TDK
15. Corporation
16. Thomson
17. Multimedia Walt
18. Disney Pictures
1.5Structure of BD :
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Fig 1.1:Structure of BD
The structure of the BD is as shown. The 0.1mm transparent cover layer is made of a spin-coated UV resin. It is formed by sandwiching a transparent layer between a protective coating and a bonding layer. This layer offers excellent birefringence. Beneath, there is a layer of Antis layer acts as a heat sink,dissipating the excess heat during the write process. A spacer layer made of ZnS- SiO2 comes next.Then, the recording layer made of Ag, In, Sb, Te, Ge comes. Grooves are formed on this layer for recording reflective layer of Ag alloy falls beneath and finally a plastic substrate comes.

The key features of the technology are introduced as follows:
1.Highly flat and smooth cover layer :
At the high speed recording rate involved, the linear velocity of the disc reaches 20m/s or more and as a result accurate focus control becomes difficult. Various experiments showed that flatness and smoothness of the transparent cover layer have a marked influence on the focus control capability. This end is achieved by using the spin coating method for obtaining the transparent cover layer. Thus stable record ability at high speed recording is secured.

2.Phase change film for high speed recording:
The phase change film should have high re-crystallization speed to enable direct recording at the high linear velocities involved. A recording layer made of Ag, In, Sb, Te, Ge meets this purpose.

3.Super advanced rapid cooling structure:
The excess heat from the LASER irradiation causes distortion of the recorded mark edge. So, to diffuse the remaining excess heat, a transparent di‐electric film of high thermal conductivity,
for example, AlN is used.

1.6Configuration of SL and DL Discs :
Figure shows the outline of a Single Layer BD Read-Only disc and Figure shows the outline of a Dual Layer BD Read-Only disc.To improve scratch resistance, the cover layer can optionally be protected with an additional hard coat layer. One of the features that differentiate Blu-ray Disc from DVD recording systems is the position of the recording layer within the disc.
For DVD, the recording layer is sandwiched between two 0.6-mm thick layers of plastic –typically polycarbonate.
The purpose of this is to shift surface scratches, fingerprints and dust particles to a position in the optical pathway where they have negligible effect - i.e. well away from the point of focus of the laser. However, burying the recording layer 0.6 mm below the surface of the disc also has disadvantages.
Due to the injection molding process used to produce them, disc substrates suffer from stress induced birefringence, which means that they split the single incident laser light into two separate beams. If this splitting is excessive, the drive cannot read data reliably from the disc. Consequently, the injection molding process has always been a very critical part of CD and DVD production. Another critical manufacturing tolerance, particularly for DVDs, is the flatness of the disc, because the laser beam becomes distorted if the disc surface is not perpendicular to the beam axis - a condition referred to as disc tilt. This distortion increases as the thickness of the cover layer increases and also increases for higher numericalTo overcome these disadvantages, the recording layer in a Blu-ray Disc sits on the surface of a 1.1-mm thick plastic substrate, protected by a 0.1-mm thick cover layer. 
With the substrate material no longer in the optical pathway, birefringence problems are eliminated. In addition, the closer proximity of the recording layer to the drive's objective lens reduces disc tilt sensitivity. This only leaves the problem of surface scratching and fingerprints, which can be prevented by applying a specifically.

1.6.1Single –Layer Disc :
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Fig 1.2:Single layer disc
1.6.2Dual Layer Disc :

Figure shows the outline of a Dual Layer BD Read-Only disc. To improve scratch resistance, the cover layer can optionally be protected with an additional hard coat layer. The different layers are shown. A spacing layer is used to separate the two information discs.Also The different transmission stack are shown.
[image: ]Fig 1.3:Dual layer disc







CHAPTER-2
BLU-RAY DISC SPECIFICATION
2.1Technical detail :

	Recording capacity:
	23.3GB/25GB/27GB (single layer)

	Laser wavelength:
	405nm (blue-violet laser)

	Lens numerical aperture
(NA):
	0.85

	Data transfer rate:
	36Mbps

	Disc diameter:
	120mm

	Disc thickness:
	1 .2mm (optical transmittance protection
layer: 0.1 mm)

	Recording format:
	Phase change recording

	Tracking format:
	Groove recording

	Tracking pitch:
	0.32um

	Shortest pit length:
	0.160/0.149/0.138um

	Recording phase density:
	16.8/1 8.0/1 9.5Gbit/inch2

	Video recording format
	MPEG2 video

	Audio recording format:
	AC3, MPEG1, Layer2, etc.

	Video and audio
multiplexing format:
	MPEG2 transport stream

	Cartridge dimension:
	Approximately 129 x 131 x 7mm



2.2Different formats for BD :
Unlike DVDs and CDs, which started with read-only formats and only later added recordable and re-writable formats, Blu-ray is initially designed in several different formats.Blu-ray plans to provide a wide range of formats including ROM/R/RW.The following formats are :
BD-ROM   : A read only format developed for prerecord content.
BD-R          : A write once format developed for PC storage.
BD-RW      : A rewritable format developed for PC storage.
BD-RE       : A rewritable format developed for HDTV recording.

There's also plans for a BD/DVD hybrid format, which combines Blu-ray and DVD on the same disc so that it can be played in both Blu-ray players and DVD players.

Concept of the format establishment :
· To realize the large capacity with 12cm disc
- More than 2-hour high definition video recording
- High capacity of more than 4-hour recording by double layer technology.
· To cope with digital broadcasting
- High compatibility with digital broadcasting
- To prevent illegitimate duplication of contents
· To enhance the Blu-ray Disc world
            -Adoption of the Blu-ray Disc in variety of media and applications

Main Features of physical format: 
· Large recording capacity up to 27GB: 
By adopting a 405nm blue-violet semiconductor laser, with a 0.85NA field lens and a 0.1mm optical transmittance protection disc layer structure, it can record up to 27GB video data on a single sided 12cm phase change disc. It can record over 2 hours of digital high definition video and more than 13 hours of standard TV broadcasting (VHS/standard definition picture quality, 3.8Mbps).

·  Easy to use disc cartridge:
An easy to use optical disc cartridge protects the optical disc's recording and playback phase from dust and fingerprints.

·  High-speed data transfer rate 36Mbps: 
It is possible for the Blu-ray Disc to record digital high definition broadcasts or high definition images from a digital video camera while maintaining the original picture quality. In addition, by fully utilizing an optical disc's random accessing functions, it is possible to easily edit video data captured on a video camera or play back pre-recorded video on the disc while simultaneously recording images being broadcast on TV. 

·          Recording format:
Like the DVD, the Blu-ray disc uses phase change recording. This must be good news for those who plan to make the new format compatible with its wildly popular predecessor. This recording format will also makes a two-sided disc easily realizable because both writing and reading can be executed by a single pickup.

·         Multiplexing: 
 Blu-ray disc utilizes global standards like MPEG-2 Transport Stream compression technology      for video and audio multiplexing. This makes it possible for a Blu-ray Disc to record high  definition broadcasting and other data simultaneously with video data if they are received  together. Data captured on a video camera while recording images being broadcast on TV can also  be edited simultaneously. 

Main Features Of Logical format :
· Highly compatible with digital broadcasting  :
MPEG2 transport stream compression technology for video recording can record digital broadcasting including HDTV while maintaining its original picture quality.

· Best data structure for disc recording :
Achieving improvement of searching, easy editing functions and play a list playback functions by adapting logical data structure making the best use of  random accessing.

· File system for HDTV real time recording :
Adapting the file system which can achieve high bit rate recording and playback of HDTV and best use of disc space.

2.3DATA RATE :
For high-definition movies a much higher data rate is needed than for standard definition. With the BD format’s choices for both NA and wavelength we have been able to realize a format with 5X higher data rate while only doubling the rotation rate of DVD-ROM discs. The following numbers offer a comparison: 

Data bit length: 111.75 nm (25GB) (267nm for DVD) 
Linear velocity: 7.367 m/s (Movie application) (3.49 m/s for DVD).
 User datatransfer rate: 53.948 Mbit/s (Movie application) (10.08 Mbps for DVD) 

The BD system has the potential for future higher speed drives.The BD-RE (rewritable) standard is now available; to be followed by the BD-R(recordable) and BD-ROM formats in mid-2004, as part of version 2.0 of the Blu-ray specifications.BD-ROM pre-recorded media are to be available by late 2005. Looking further ahead in time, Blu-ray Discs with capacities of 100GB and 200GB are currently being researched, with these capacities achieved by using four and eight layers respectively.


2.4CODECS :
The BD-ROM format will likely include 3 codecs: MPEG-2 (the standard used for DVDs), MPEG-4's H.264/AVC codec, and VC-1 based on Microsoft's Windows Media 9 codec.

The first codec only allows for about two hours of storage on a single layer Blu-ray Disc, but with the addition of the latter two more advanced codecs, a single-layer disc can hold almost four hours. Highdefinition MPEG-2 has a data rate of about 25Mbps, while the latter two have data rates of about 15Mbps for video and 3Mbps for audio.BD-RE (and by extension BD-R) does not currently support any advanced codecs beyond MPEG-2. Because MPEG-2 is currently used to broadcast HDTV, recorders write this HD stream directly to a disc. Since there are no consumer level recorders capable of real-time transcoding from the MPEG-2 used for broadcasting and any other codec that might be used for BDRE,MPEG-2 is the only format supported by BD-RE.

Encoding methods for the audio stream include Linear PCM, Dolby Digital,DTS and dts++ (loss less compression). The Blu-ray Disc Association is known to be looking into other codecs superior to those supported by the DVD specification.

2.5 COMPATIBILITY :
The BDA announced that, while it was not compulsory for manufacturers, Blu-ray lasers and drives are capable of reading the various DVD formats, ensuring backward compatibility. This makes the upgrade more attractive to consumers as it does not require replacing their collections of DVDs.

2.6VARIATIONS :
An 8 cm BD specification has been finalized and approved. A one-sided, single layer 8 cm BD can hold 15 GB, giving it the capacity of one and a half regular sized (12 cm) single sided double layer DVDs. This would be an ideal format for small, portable devices, such as portable movie players and digital video cameras. A new hybrid Blu-ray / DVD combo disc has been developed by JVC and is awaiting acceptance by the Blu-ray Disc Association. This would allow both normal DVD players and Blu-ray players to utilize the disc .Users would be able to purchase a single disc that can play at either high definition or standard DVD quality, depending on the hardware utilized. Users that do not have a Blu-ray disc player can view the video content at standard definition using their current DVD player, and enjoy the same content at high definition resolution when upgrading to a Blu-ray disc player in the future.

2.7 RECORDERS :
The first Blu-ray recorder was unveiled by Sony on March 3, 2003, and was introduced to the Japanese market in April that year. On September 1, 2003, JVC and Samsung Electronics announced Blu-ray based products at DFA in Berlin, Germany. Both indicated that their products would be on the market in 2005.

In March 2004,both Sony and Matsushita announced plans to ship 50 GB Blu-ray recorders the same year. The Matsushita product is to ship in July 2004 in the Japanese market under the Panasonic brand. Sony is to follow by the end of 2004 and has announced that the Play station 3 will be shipped with a special Blue-ray drive. Meanwhile ,LG Electronics is expected to ship a recorder equipped with a 200GBhard disk into the U.S. market by Q3 2004. These products are to support single-sided, dual-layer rewriteable discs of 54GB capacity , Sony’s machine will also support BD-ROM pre-recorded media, which are expected to be available by Christmas 2005.

2.8The BD Technology :
2.8.1How does blu-ray disc works? 
History of Technology :
The   challenge   to   write   more   information   on   disk  Shiju Nakamura is credited with inventing the blue diode laser and blue, green, and white LEDs. 
Nakamura was working at Nichia Chemical Industries in Japan when he developed the blue laser in 1995. 

Description of how this technology works :
Blue lasers have a wavelength of 405 nanometers, shorter than that  of  red  lasers, which  have  a wavelength  of   around  650 nanometers and are used for reading and writing DVD and CD discs. The   shorter   wavelength   means   that   the   laser   can register smaller dots on a disc and more data can be stored. 

As a   result,   blue   laser   technology   has   been   adopted   for   the  development of next-generation optical discs.
1. Using double infrared frequency to create the wavelength for  blue light.
2. A blue laser operates in the blue range of the light spectrum, ranging from about 405nm to            470nm.
3. Most  blue  laser  diodes use indium,  gallium nitride  as the material to create the laser light.
4. Blue laser  beams have a smaller  spot size  and  are  more precise  than red laser beams,  which  lets data  on  blue laser optical storage discs be stored more densely.
5.  The  spot  size  of  a  laser  beam  is one  determining factor, along with the materials in  the optical disc and the way the  laser  is applied to the disc, in the size of the pits the laser makes on an optical disc.
6. Laser  beams with larger spot sizes typically create  larger pits than those with smaller pit sizes.

2.8.2The Blue Laser :
A blue laser operates in the blue range of the light spectrum, ranging from about 405nm to 470nm. Most blue laser diodes use indium gallium nitride as the material to create the laser light, although the amount of indium included in the material varies. (Some blue laser diodes use no indium.) Some manufacturers create blue LEDs (light-emitting diodes), which create light in a manner similar to lasers with silicon carbide.

Blue laser beams have a smaller spot size and are more precise than red laser beams, which lets data on blue laser optical storage discs be stored more densely. The spot size of a laser beam is one determining factor, along with the materials in the optical disc and the way the laser is applied to the disc, in the size of the pits the laser makes on an optical disc. Laser beams with larger spot sizes typically create larger pits than those with smaller pit sizes. Blue lasers are desirable because blue light has the shortest wavelength among visible light.
A blue laser operates at a shorter wavelength of about 405nm than a red laser at about 650nm. A nanometer (nm) is one-billionth of a meter, one-millionth of a millimeter, and one-thousandth of a micron. One inch is equal to about 25.4 million nanometers. A human hair  is about 50,000nm wide.

2.8.2.1Blue Laser Development :

Shiju Nakamura is credited with inventing the blue diode laser and blue, green, and white LEDs. Nakamura was working at Nichia Chemical Industries in Japan when he developed the blue laser in 1995. It’s a technology many large corporations had been trying to develop for  several years.

Nakamura had worked with LEDs and lasers for several years before tackling blue lasers in the late 1980s. Because most research at the time focused on using zinc selenide as the laser material, Nakamura decided to work with gallium nitride. He spent two years perfecting a technique for growing high-quality gallium nitride crystals, something other researchers had been unable to achieve.
Finally, Nakamura had the materials necessary to create blue LEDs, which he did in 1993. He followed with green LEDs and a blue laser diode in the next few years. He says the biggest commercial use for blue lasers should be DVD players.


2.8.2.2Putting Blue Lasers to Work :
Blue lasers could appear in a variety of business applications, including high-density DVDs, laser printers, and lighting situations. 

HD DVDs : HD (high-definition) DVDs using blue laser light could lead to five or six  times the storage capacity possible using red laser light on a DVD. Blue laser light could create HD CDs, too.
Because blue lasers can increase the capacity of optical discs by five-fold or more, they give manufacturers a few options for their digital files. Manufacturers could choose to burn additional data onto the disc while keeping the same digital quality, potentially making CDs containing 50 to 75 songs. Manufacturers also could choose to use blue laser to increase the quality level of the video or audio recording. Keep in mind that nearly all DVDs using the MPEG-2 standard automatically contain some compression of the video file, which allows the file to fit on the disc. With an HD DVD, manufacturers could choose to use no compression on the video file, which should improve file quality.

Light bulbs : With green and red lasers already available, development of a blue laser would be the final piece of the laser puzzle among primary colors. By using all three colors of lasers, a researcher could create a device that would mix the laser light and create white light, which, at some point, could replace the common light bulb. If you combine red, green, and blue laser light, you can produce light with greater brilliance and greater efficiency than currently is available with fluorescent lights.

Creating LEDs in this manner can be of particular help in areas where light bulbs are expensive and difficult to replace. An LED can burn for several times as long as a light bulb for about one-fourth the operating cost because most of the LED’s energy is involved in creating light, rather than creating heat energy. Traditional light bulbs create a lot of heat along with the light. 

LEDs already are used in many traffic lights, where traditional bulbs usually last less than one year, can be tough to see in sunlight, and fail suddenly. LEDs in a traffic light should last at least five years, remain highly visible in sunlight, and gradually fade in intensity rather than failing suddenly. 

Medicine : Scientists already are experimenting with blue lasers in discovering certain types of cancer. Using an endoscope, researchers have had some success finding tumors using a blue laser light inside the patient’s stomach and intestinal tract. 

Printing : Laser printers using blue laser light would be smaller and more precise than today’s laser printers, which use red laser light. Because of blue laser light’s smaller wavelength, the laser mechanism inside a printer that uses blue laser light could be smaller, leading to smaller printers. Print resolution using blue lasers would be at least double that of today’s top laser printers, too; some researchers estimate resolution as sharp as 2,400dpi in a blue laser printer. Blue laser could play a role in full-color scanners and fax machines, too.

Security : After the terrorist attacks of Sept. 11, fears have increased over additional attacks using biological or chemical weapons. However, blue laser light causes some chemical and biological agents to give off light, even though those agents are invisible to the naked eye, which might let security screening personnel spot a biological agent during a routine search or as the agent comes through customs. 
2.9Two Versions of Recording :
2.9.1 One Time Recording : Making permanent changes to a disc. If we use BD‐R the material on the disc itself is changed forever. There is no way to get the material back into its old state. The recording material is crystalline in nature. As scan spot falls on the surface it changes to amorphous. We cannot change it back to crystal state.
2.9.2 Record Many Times :If we use a BD‐RW the material on the disc itself changes, but can be changed back again .We can do this as long as the material doesn’t get worn out. By heating up the crystals, they change form. Now when we quickly cool them, they stay in that form itself. That is the material is changed from crystal state to amorphous state. Now, if we want to erase the BD‐RW, we have to make sure that we lose all the data. So we want to get rid of that amorphous state. By heating up the material again, but this time taking more time and less heat, the material graduall wants to take its old form again, and thus the information is erased. This state is called the crystalline state.So, by very quickly heating it and very quickly cooling it, give the crystal another state (Amorphous state) which thus contains the data and by very quite slowly heating it and cooling it, we can give the crystals their old form back (crystalline state) which contains no more data. It’s a constant change of phases. And so it is called as phase change recording.
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Fig 2.1:change in temp.of material

Data is stored in the form of grooves, on an optical disc. Next to the grooves, there are lands. Lands are the borders between the grooves. Grooves and lands have a sinus form. This is called a wobbled groove. In the groove, pits are formed to store data.
2.10Comparisons of other storage technology :
2.10.1Current storage devices :Some of the popular storage devices that are available in the market include:
Analog Storage Technology
• VHS

Digital Storage Technology
• Floppy Disc
• Compact Disc (CD)
• Digital Versatile Disc (DVD)

2.10.2BLU-RAY Vs VCR :
VCRs don't support recording of HDTV programming consumers will soon need to replace them. Blu-ray recorders combined with hard drives offer a very flexible alternative for those that want to record HDTV. While HD-DVRs already allow consumers to record HDTV, the amount of HDTV programming that can be recorded and archived is limited by the size of the hard drive. Blu-ray recorders will offer a solution to this problem as they allow consumers to record the video to Blu-ray discs and then free up the hard drive. This should make them popular among people that want to archive a lot of their HDTV recordings. The Blu-ray recorders will also offer a lot of compelling new features not possible with a traditional VCR: 
• Random access, instantly jump to any spot on the disc
• Searching, quickly browse and preview recorded programs in real-time
• Create play lists, change the order of recorded programs and edit recorded video
• Automatically find an empty space to avoid recording over programs
• Simultaneous recording and playback of video (enables Time slip/Chasing playback)
• Enhanced interactivity, enables more advanced programs and games
• Broadband enabled, access web content, download subtitles and extras
• Improved picture, ability to record high-definition television (HDTV)
• Improved sound, ability to record surround sound (Dolby Digital, DTS, etc)

2.10.3BLU-RAY Vs Other storage devices:
The storage capacity of different digital storage technology varies a lot. A usually used version of floppy disc has a capacity of 1.44MB while that of a CD is 700 MB & for DVD it is 4.7 GB. Also they have varying shell lives out of these DVD has the maximum. A DVD is very similar to a CD, but it has a much larger data capacity. A standard DVD holds about seven times more data than a CD does. This huge capacity means that a DVD has enough room to store a full-length, MPEG-2-encoded movie, as well as a lot of other information. DVD can also be used to store almost eight hours of CD-quality music per side. DVD is composed of several layers of plastic, totaling about 1.2 millimeters thick. Each layer is created by injection molding polycarbonate plastic.
While current optical disc technologies such as CD, DVD, DVD-R, DVD+R, DVD-RW and DVD+RW use a red laser to read and write data, the new format uses a blue laser instead, hence the name Blu-ray. The benefit of using a blue laser is that it has a shorter   wavelength   (405 nanometer)   than   a  red   laser   (650 nanometer), which means that it's possible to focus the laser beam   with   even   greater   precision.   This   allows   data   to   be packed more tightly on the disc and makes it possible to fit more data on the same size disc. Despite the different type of lasers used, Blu-ray Disc  Recorders will  be made compatible with current red-laser technologies and allow playback of CDs and DVDs.The following diagram  shows  the comparison between   different   storage   Technologies.
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Fig 2.2:generations
2.10.4BLU-RAY Vs DVD :
Just as DVD meant a five to ten time increase in storage capacity compared to CD, Blu-ray Disc will increase DVD capacity by five to ten times. This is due, among other reasons, to the usage of a blue instead of a red laser and improved lens specifications, allowing for a much smaller focus laser beam which enables the recording of much smaller and higher
density pits on the disc.
[image: http://www.blu-raydisc.com/Assets/Picture/dvd1-15223.gif]
Fig 2.3:comparision of CD.DVD & BD
Due to the fact that the data layer on a Blu-ray Disc is placed much "closer" to the laser lens than in DVD (or even the HD-DVD proposal), there is less distortion resulting in significantly improved tolerances. Hence, more precision and ultra high storage densities are made possible.
As a result of Blu-ray Disc being manufactured as a single substrate disc comparable to CD, but unlike DVD (and the HD-DVD proposal), the manufacturing process does not involve the bonding of two substrates, resulting in less production material, a shorter production time and hence lower production costs per disc.
[image: http://www.blu-raydisc.com/Assets/Picture/dvd2-15224.gif]Fig 2.4: storage capacity
Blu-ray Disc has the same physical characteristics as DVD and CD, and like its predecessors, it also does not require a cartridge. This makes it possible to create Blu-ray Disc products that are backwards compatible with CD and DVD, allowing for a seamless transition to the new technology. Likewise, the technology is perfectly suitable for integration in small form factor equipment, like notebook computers.
	Parameters
	Blu-ray
	DVD

	Storage capacity 
	25GB (single-layer)
50GB (dual-layer)
	4.7GB (single-layer)
8.5GB (dual-layer)

	Laser wavelength 
	405nm (blue laser) 
	650nm (red laser) 

	Numerical aperture (NA) 
	0.85 
	0.60 

	Disc diameter
Disc thickness
	120mm
1.2mm
	120mm
1.2mm

	Protection layer
Hard coating
	0.1mm
Yes
	0.6mm
No

	Track pitch
	0.32µm
	0.74µm

	Data transfer rate (data)
Data transfer rate (video/audio)
	36.0Mbps (1x)
54.0Mbps (1.5x)
	11.08Mbps (1x)
10.08Mbps (<1x)

	Video resolution (max)
Video bit rate (max)
	1920×1080 (1080p)
40.0Mbps
	720×480/720×576 (480i/576i)
9.8Mbps

	Video codecs 
	MPEG-2
MPEG-4 AVC
SMPTE VC-1
	MPEG-2
-
-

	Audio codecs 
	Linear PCM
Dolby Digital
Dolby Digital Plus
Dolby TrueHD
DTS Digital Surround
DTS-HD
	Linear PCM
Dolby Digital
DTS Digital Surround
-
-
-

	Interactivity
	BD-J
	DVD-Video



2.10.5Blu-ray Disc and HD-DVD :
The HD‐DVD format, originally called AOD or Advanced Optical Disc, is based on much of today’s DVD principles and as a result, suffers from many of its limitations. The format does not provide as big of a technological step as Blu‐ray Disc. For example, its pre‐recorded capacities are only 15 GB for a single layer disc, or 30 GB for a double layer disc. Blu‐ray Disc provides 67% more capacity per layer at 25 GB for a single layer and 50GB for a double layer disc. Although the HD‐DVD format claims it keeps initial investments for disc replicates and media manufacturers as low as possible, they still need to make substantial investments in modifying their production equipment to create HD‐DVDs. But what’s more important is that HD‐DVD can be seen as just a transition technology, with a capacity not sufficient for the long term. It might not offer enough space to hold a High Definition feature along with bonus material in HD quality and additional material that can be revealed upon authorization via a network. When two discs are needed, this will degrade the so‐called cost benefit substantially. It is even possible that the HD‐DVD specification will be followed up by a renewed version of the technology within a few years, requiring media manufacturers to upgrade their existing production lines again, and consumers to replace their existing playback/recording equipment. On the other hand, the Blu‐ray Disc format was designed to be a viable technology for a period of at least 10 to 15 years. Also on the application layer, the HD‐DVD format incorporates many compromises. As the capacity is not likely to be sufficient to encode a full‐length feature plus additional bonus materials using the MPEG‐2 format, different and stronger encoding formats need to be used.Although Blu‐ray Disc offers these advanced codec as well, the disc has such high capacity that publishers can still use the MPEG‐2 encoding format at bit rates up to 54 Mbit/sec. As MPEG‐2 is the de‐facto standard used in almost any industry involved in digital video (DVD, HDTV,digital broadcast), many authoring solutions are available.Chances are high that a full line MPEG‐2 encoding suite is already available, which can be used with no or minor adaptations to encode High Definition content for Blu‐ray Disc.But perhaps the most important factor for the success of Bluray Disc is its overwhelming industry‐wide support. Almost all consumer electronics companies in the world (combined market share of about 90%) and the world’s two largest computer companies support the Blu‐ray Disc format. This ensures a large selection of Blu‐ray Disc players, recorders, PC drives, Blu‐ray Disc equipped PCs and blank media will become available. A competing format will not have the manufacturing power to penetrate the market in a level even approaching that of Blu‐ray Disc.
	Parameters
	Blu-ray
	HD-DVD

	Storage capacity 
	25GB (single-layer)
50GB (dual-layer)
	15GB (single-layer)
30GB (dual-layer)

	Laser wavelength 
	405nm (blue laser) 
	405nm (blue laser) 

	Numerical aperture (NA) 
	0.85 
	0.65 

	Disc diameter
Disc thickness
	120mm
1.2mm
	120mm
1.2mm

	Protection layer
Hard coating
	0.1mm
Yes
	0.6mm
No

	Track pitch
	0.32µm 
	0.40µm 

	Data transfer rate (data)
Data transfer rate (video/audio)
	36.0Mbps (1x)
54.0Mbps (1.5x)
	36.55Mbps (1x)
36.55Mbps (1x)

	Video resolution (max)
Video bit rate (max)
	1920×1080 (1080p)
40.0Mbps
	1920×1080 (1080p)
28.0Mbps

	Video codecs 
	MPEG-2
MPEG-4 AVC
SMPTE VC-1
	MPEG-2
MPEG-4 AVC
SMPTE VC-1

	Audio codecs 
	Linear PCM
Dolby Digital
Dolby Digital Plus
Dolby TrueHD
DTS Digital Surround
	Linear PCM
Dolby Digital
Dolby Digital Plus
Dolby TrueHD
DTS Digital Surround



CHAPTER-3
ISSUES OF BD
3.1Characteristics of BD :
3.1.1Life span :
The Blu-ray Disc format is designed to stay relevant for at least 10 to 15 years. Its high storage capacity of 25 to 50 GB allows for the best-possible High Definition video quality and satisfies even the most demanding data storage needs. As we have seen with DVD in the past, most premium titles require two discs. This is why Blu-ray Disc incorporates the additional storage space that is required for a High Definition feature film including bonus bonus material in the new standard from the beginning. Formats with a lesser capacity are only suitable as interim solutions, requiring them to be replaced much sooner than a format that takes tomorrow's data storage needs into account from day one. 

3.1.2Large Recording Capacity :
The Blu-ray disc enables the recording, rewriting and playback of HD video unto 27 GB of data on a single sided single layer. It is enough to put 2.5 hours of HDTV recording on it. It also can record over 13 hours of standard TV broadcasting using the VHS/ standard definition picture quality.

3.1.3High Speed :
It has a data transfer rate of 36 Mbps. Because of this high speed transfer rates it can also record the data in very little time. In a perfect environment it would take about 2.5 hours to fill the entire BD with 27 GB of data. More than enough transfer capacity for real time recording and playback.

3.1.4 Resistant to Scratches and Fingerprints :
The protective layer is hard enough to prevent accidental abrasions and allows fingerprints to be removed by wiping the disc with a tissue.

3.1.5Content protection :
Blu-ray Disc provides some of the strongest copy protection methods ever developed for any consumer format. It makes Blu-ray Disc the best choice for any content publisher wanting assurance that their valuable assets are protected from piracy. Based on feedback from the content industry and taking a cue from the lessons learned by other formats, the Blu-ray Disc format incorporates a robust copy protection mechanism, which not only relies on implementation at the playback device, but which also includes precautions at replicator level, which will be strictly controlled. 

3.1.6Cost :
Blu-ray Disc is developed to offer the best long-term profitability model for content providers. Although it might require a nominal investment in advance, it provides greater and longer-term profit potential. This is because the format is designed to last for a period of at least 10 to 15 years. Due to its enormous storage capacity, short-erm replacement of the technology is unnecessary, unlike other format proposals that might require less investment in advance, but higher investments in the long term due to the replacement of the technology when it becomes outdated. At comparable volumes, Blu-ray Disc production costs are within 10% of DVD production costs, although a Blu-ray Disc offers 5-10 x the capacity. It is by far the cheapest format measured in cost per GB. Since Blu-ray Disc requires fewer slots in a replication line compared to other formats, it will bring costs on par with DVD, or even cheaper, much sooner. 

3.1.7Capacity : 
The Blu-ray Disc format offers the highest capacity of any consumer media format to date, also greatly surpassing the capacity of other format proposals. Blu-ray Disc's huge capacity allows not only for the highest quality High Definition video to be recorded at large bitrates (thereby eliminating the need for tight compression that could affect picture quality), it also opens the doors to new and existing applications. Think of extra sessions on a disc that could be unlocked when a user's Blu-ray Disc player connects to the Internet to validate authorization. Or what about bonus material and special features that will eventually also be recorded in High Definition quality? With Blu-ray Disc's large capacity, these extras can be included in high quality on the same disc, so there is no need for separate bonus discs to accompany the movie title. Only Blu-ray Disc will be able to offer these value-added options.
3.1.8 Broadest Industry Support :
History has shown that unified industry support for a particular format is most likely to lead to success. Therefore, the participation of the world's most renowned consumer electronics manufacturers and IT companies are leading in the success of the best standard for next-generation storage: Blu-ray Disc. Blu-ray Disc is supported by leading hardware manufacturers across the CE and IT fields from the U.S., Europe, Japan and Korea, including Dell, HP, Hitachi, LG Electronics, Matsushita (Panasonic), Mitsubishi, Pioneer, Philips, Samsung, Sharp, Sony and Thomson/RCA. Finally, major blank media manufacturers including TDK are supporting the Blu-ray Disc format as the successor of DVD. This broad industry support will lead to a broad selection of Blu-ray Disc products, including home video decks, PC drives, PCs line-fitted with Blu-ray Disc drives and blank media, to be available when the format is launched in the various regions in the world.
3.1.9Robustness of disc :
As the result of recent breakthroughs in the development of hard coating for Blu-ray Disc, the discs offer much stronger resistance to scratches and fingerprints than other existing and proposed formats. Hard-coated Blu-ray Discs do not require a cartridge and can be used as a bare disc, similar to DVD and CD. This avoids extra production costs, and allows for small form factor applications, such as the implementation of Blu-ray Disc drives in a notebook computer. The hard-coating technology is used for BD ROM discs, giving them the same bare disc look and feel consumers know from DVD, and it can be applied to rewritable and recordable Blu-ray Discs as well.

3.2Advantages of BD :
1.More storage capacity on a disc of the same size :
The data storage capacity on a Blu-ray disc is 27GB on a single layer and 54GB on dual layer, which is about five to six times the capacity of a DVD. It would mean about 2.5 hours of HDTV video and about 13 hours of SDTV video.

2.High data transfer rate :
The basic data transfer rate in Blu-ray disc is about 36Mbps which is about three times that of a DVD and thirty times that of a CD.

3.Available in different versions like ROM, R and RE :
The BD is available in different versions like the ROM (write once), R (read only), RE (rewritable).

4 Backward compatible :.
The BD drives are designed to be backward compatible, i.e. CDs and DVDs work equally well with the BD drives.

5.Strong content protection :
The features of the content protection system are :
• Format Developed with Input from Motion Picture Studios.
• Strong Copy Protection. 
• Renewability with Renewal Key Block and Device Key.
• Enhanced Encryption Algorithm: AES 128 bit.
• Physical Hook against Bit by Bit Encrypted Content Copy.
• Title-based Expandable Content Control File.
• Production Process Control Works against Professional Piracy.

6.Compatible with analog and digital transmission :
The BD fares well with analog as well as digital transmission. It offers the only means to the recording and reproducing of digital HDTV video. Format for encoding analog signals also,  called SESF (Self Encoded Stream Format) is also incorporated into the BD.

7.Higher disc life :
In the case of ordinary discs, the disc life is less fir the rewritable versions, as re-writing is done repeatedly to one area of the disc most probably, the inner perimeter. This limits the disc life. But, the BDFS(Blu-ray Disc File Structure is designed so as to avoid this problem, by using a system that uses free disc spaces with equal frequency.

3.3Characteristics of ideal communication :
1. Speed: 
The blue laser technology will allow DVD recording devices to record data at a speed of 36Mbps.Developing companies such a TDK also stated that they will be able to increase the recording speed up to 72Mbps and144Mbps. Developing companies such as Toshiba and NEC have been working on this technology and have already developed the blue laser standard.

2. Reliability: 
Storage mediums used by blue laser burners will provide high reliable backup at affordable prices. Media types will provide a 50 year data life. They will also employ a new dual shutter cartridge to minimize contamination and protect valuable data stored on a disc.

3. Quality: 
Media storage devices using this technology will have a quality similar to the quality of red laser storage devices. Optical discs have to be used in a safe way. They should be in the case they come in or in the device using it. This is to avoid scratching of the discs which can cause data on a disc to be unreadable. Laser printers would me more precise than regular laser printers that use red laser, because of the shorter wavelength that blue laser has.

4. Ease of Use: 
DVD recording devices are very simple to use. Even children can use them. There are no complexities to the use of blue laser recording devices. They are used just like any regular red laser DVD recording device. An easy to use optical disc cartridge protects the optical disc's recording and playback phase from dust and fingerprints.

5. Cost: 
The price of an optical disc recording device using blue ray will start off with a high price tag around $1700. Just like any computer related devices that are new the price will decrease as time passes. It has a high storage capacity which is up to 60 GB on a dual sided DVD.

6. Safety and Security: 
Blue laser light helps in detecting some chemical and biological weapons because it causes them to give off light. So it could be used in airports and other places that have security screening to detect such a weapon.

3.4Applications of BD :
The Blu-ray Disc format was designed to offer the best performance and features for a wide variety of applications. High Definition video distribution is one of the key features of Blu-ray Disc, but the format’s versatile design and top-of-the-line specifications mean that it is suitable for a full range of other purposes as well.

3.4.1High definition telephone recording :
High Definition broadcasting is vastly expanding in the US and Asia. Consumers are increasingly making the switch to HDTV sets to enjoy the best possible television experience. The Blu-ray Disc format offers consumers the ability to record their High Definition television broadcasts in their original quality for the first time, preserving the pure picture and audio level as offered by the broadcaster. As such it will become the next level in home entertainment, offering an unsurpassed user experience. And since the Blu-ray Disc format incorporates the strongest copy protection algorithms of any format or proposal to date, the format allows for recording of digital broadcasts while meeting the content protection demands of the broadcast industry.

3.4.2High definition vedio distribution :
Due to its enormous data capacity of 25 to 50 GB per (single sided) disc, the Blu-ray Disc format can store High Definition video in the highest possible quality. Because of the huge capacity of the disc, there is no need to compromise on picture quality. Depending on the encoding method, there is room for more than seven hours of the highest HD quality video. There is even room for additional content such as special features and other bonus material to accompany the High Definition movie.
Furthermore, the Blu-ray Disc movie format greatly expands on traditional DVD capabilities, by incorporating many new interactive features allowing content providers to offer an even more incredible experience to consumers.An Internet-connection may even be used to unlock additional material that is stored on the disc, as there is enough room on the disc to include premium material as well.

3.4.3Digital asset management and professional storage :
Due to its high capacity, low cost per GB and extremely versatile ways of transferring data from one device to another (because of Blu-ray Disc’s extremely wide adoption across the industry), the format is optimized for Digital Asset Management and other professional applications that require vast amounts of storage space. Think of medical archives that may contain numerous diagnostic scans in the highest resolution, or catalogs of audio visual assets that need to be instantly retrieved in a random access manner, without the need to “restore “  data from a storage carrier. One Blu-ray Disc may replace many backup tapes, CDs, DVDs or other less common or proprietary storage media. And contrary to network solutions, the discs can be physically stored in a different location for backup and safekeeping.

3.4.4High definition camrecoder archiving :
As the market penetration of High Definition TV sets continues to grow, so does the demand of consumers to create their own HD recordings. With the advent of the first HD camcorders, consumers can now for the first time record their own home movies in a quality level unlike any before. As these camcorders are tape-based, consumers cannot benefit from the convenience and direct access features they are used to from the DVD players and recorders. Now, the Blu-ray Disc format, with its unprecedented storage capacity, allows for the HD video recorded with an HD camcorder to be seamlessly transferred to a Blu-ray Disc. When the HD content is stored on a Blu ray Disc, it can be randomly accessed in a way comparable to DVD. Furthermore, the Blu-ray Disc can be edited, enhanced with interactive menus for an even increased user experience and the disc can be safely stored for many years, without the risk of tape wear.


3.4.5 Mass storage :
In its day, CD-R/RW meant a huge increase in storage capacity compared to traditional storage media with its 650 MB. Then DVD surpassed this amount by offering 4.7 to 8.5 GB of storage, an impressive 5 to 10 times increase. Now consumers demand an even bigger storage capacity. The growing number of broadband connections allowing consumers to download vast amounts of data, as well as the ever increasing audio, video and photo capabilities of personal computers has lead to yet another level in data storage requirements. In addition, commercial storage requirements are growing exponentially due to the proliferation of e-mail and the migration to paperless processes. The Blu-ray Disc format again offers 5 to 10 times as much capacity as traditional DVD resulting in 25 to 50 GB of data to be stored on a single rewritable or recordable disc. As Blu-ray Disc uses the same form factor as CD and DVD, this allows for Blu-ray Disc drives that can still read and write to CD and DVD media as well.

3.5Future developments :
Despite the impending tug-of war, the industry is excited about the future prospects of this technological innovation. The industry is of the view that Blu-ray has the potential to replicate, if not better, the DVD success story. The expected upswing in high-definition television adoption and broadband implementation could act as the catalyst. Aware that the recession in economies across the globe could come in the way of high-definition television broadband penetration, major players are exploring the ways to make Blu-ray compatible with DVDs. Cost can dampen the sales in the first year. Owing to the patent and the technology involved, Blu-ray is likely to cost more than DVDs. But sooner than later, it will move towards commodity pricing. Once that happens, Blu-ray holds the promise to steal a march over its immediate predecessor.
Waiting for HD DVD :
The unfortunate news is that all of these applications and developments concerning blue lasers remain in the earliest stages. Some of the applications we’ve mentioned here could take until the next decade to become commercially viable. You aren’t going to be able to buy an HD DVD player for a while for several reasons.

 First, blue laser devices—like most new types of technology—aren’t cheap to manufacture. It took several years for red and infrared laser devices to become as easily and inexpensively manufactured as they are today; blue laser devices almost certainly will follow that trend in the next few years.

 Second, the reliability and durability of blue lasers, at least when compared to red and infrared lasers, is a little shaky. The materials used to create lasers inevitably break down at some point. Although the material in red and infrared lasers, usually gallium aluminum, can last 10,000 hours or more, material in blue lasers, usually indium gallium nitride, typically lasts less than 1,000 hours. Researchers expect to iron out the problem with materials relatively soon, though. Cree claimed in February 2002 that it had created a blue laser with a 10,000-hour lifespan at room temperature. Cree also says its blue laser should be compatible with the Blu-ray Disc standard.

 Third, the exacting current specifications for creating optical discs will become even more stringent to account for the smaller pits blue lasers make. Even the tiniest imperfections will be magnified in an optical disc with blue laser technology. Optical disc manufacturers will need some time to improve manufacturing processes.

 Finally, consumer demand just isn’t there yet. Only a fraction of the population is using DVD players or CD burners. Why would someone who’s still using a VCR and videotape suddenly begin clamoring for an HD DVD? Such changes in the tastes and demands of consumers just take time. 

 Some experts say consumers will be wary of HD DVD, especially those who’ve spent hundreds or thousands of dollars switching their movie collections from videotape to DVD. Some movie studios might be wary of HD DVD initially, too, waiting for improved copy protection before adopting the new technology. 

Regardless of the reasons, most experts say any form of HD DVD probably is five to 10 years away from mainstream consumer acceptance. (After all, it might take consumers that long to restock their DVD-purchasing bank accounts.) You can be sure blue laser technology won’t sit around waiting for consumer tastes to turn, though. Blue laser has enough potential applications available to keep researchers busy for the next several years. 




CONCLUSION
In conclusion the Blu-ray Disc is a technology platform that can store sound and video while maintaining high quality and also access the stored content in an easy-to-use way.  Blue lasers have a shorter wavelength, which means the laser beam can be focused onto a smaller area of the disc surface. In turn, this means less real estate is needed to store one bit of data, and so more data can be stored on a disc.  This will be important in the coming broadband era as content distribution becomes increasingly diversified.  Companies involved in the development will respectively make products that take full advantage of Blue-ray Disc's large capacity and high-speed data transfer rate. They are also aiming to further enhance the appeal of the new format through developing a larger capacity, such as over 30GB on a single sided single layer disc and over 50GB on a single sided double layer disc. Adoption of the Blue-ray Disc in a variety of applications including PC data storage and high definition video software is also being considered.  There is a lot of talk about blue-laser-based systems being focused around high-definition television, which has heavy data needs. But Blue-ray Disc groups are also considering development of write-once and read-only formats for use with PCs.
	Prototype blue-laser-based optical disc systems have been around for more than a year. However, one problem has hampered development of commercial systems: cost. A sample blue-laser diode currently costs around $1000, making consumer products based on the parts unrealistic. However, Nichia, the major source for blue lasers, is expected to begin commercial production this year and the price of a blue-laser diode is expected to tumble once the company begins turning them out in volume.  The DVD forum may or may not invite the blue-ray light into is era but the 27GB disc is not far off in practically disturbing the DVD wave.
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