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                                              BLUE  RAY DISC

ABSTRACT

The standards for 12-cm optical discs were established in 1982(CDs), 1996(DVDs) respectively. When these standards were decided, the important issue was their recording capacity. For CDs the requirement was 74 minutes of recording audio signals(2-channel) and a capacity of about 800MB and for DVDs, the requirement as a video disc was 2hr &15 min using the standard definition with MPEG-2 compression & considering image quality the capacity was determined to be 4.7 GB

Now, in this millennium, High Definition video is demanding a new solution. History proved that a significant 5to 10 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 will 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. Further more, the key concepts of Blu-ray standard such as reason for employing 0.1 mm thick transparent layer, the high image quality, the planning of a Read-only and Write-once system& the introduction of new functions which are indispensable for the spread of the next generation package media.  

The physical format of the Blu-ray disc system, which follows the 780nm CD and the 650nm DVD will be the last optical disc system 

using visible light. Based on this information we decided to use basic optical disc parameters, in order to maintain the expectation of future progress.

INTRODUCTION

BLU-RAY DEVICES:-

   1. Blu-ray Format:
1.1 Physical Format:

                  In the physical format of the Blu-ray disc system, usage of the following basic optical disc parameters, knowing that the development wasn’t complete, was done in order to maintain the expectation of future progress:

The shortest wavelength is 400nm (keeping in view of durability problems caused by plastics), the highest value of NA is 0.85, the reasonable substrate thickness of 0.1mm, and the wavelength is 400 nm (blue-violet).

Why only 400nm??

  Many plastics used in optical discs or optical devices suddenly show a poor transmission factor when under 400 nm. Furthermore, some are deteriorated by a phenomenon similar to sunburn.

           Blu-ray Disc     
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The wavelength fluctuation during production must be considered. The tolerance is set so that the wavelength does not fall below 400 nm. In conventional cases, the wavelength is temperature dependent

(For 780 nm the dependency is 0.3 mm/deg.; for 650 nm is 0.25mm/deg.) In particular, when recorded on a film with a pigment series recording sensitivity dependent on wavelength, a number of developments were needed. However, a 400 nm GaN laser seems to have a wavelength with a very small temperature dependency compared with 780 nm and 650 nm lasers.

Numerical aperture NA

The diameter of the concentrated beam is defined by  the  NA value of the objective  lens  and the wavelength, as in the following expression:

Beam Diameter = (α * λ)/NA

λ = wavelength, α = a constant

As seen in the above expression, the larger NA is, the smaller the beam diameter, although NA does not exceed 1.0 in the atmosphere. The largest NA values of CDs and DVD obtainable during mass production were 0.45 and 0.6, respectively. For Blu-ray, an objective lens with an NA value of 0.85 was first made by laying two lenses, which can be manufactured with the technique for the 0.6 class NA, one on top of another. The working distance of this lens can be guaranteed at 0.14 mm at most, and it was often said that the lens would hit the disc, unlike CDs or DVDs. Howewer,it was 

only in the early stages of the CD that using a lens with a diameter as large as 4.5 mm was possible and that the lens never physically hit the disc considering its moving distance. Because of the present compact designs, the lens can sometimes hit the disc both for CDs and DVDs. Therefore, we can’t ignore the fact that the smaller the working distance, the higher the probability of a hit. However, some preventive measures can be taken by the hardware to sense danger and activate a protection circuit to prevent a hit, or a damper can be attached in case. In addition, JVC and

other manufactures have recently started to design and prototype a stemma lens that can secure a working distance of approximately 0.5 mm. In all practicality, this distance will not cause any problem.

As described later, due to this large value of NA, the margin in the focus direction, which is affected by the square of NA, for optical recording, a large NA value is an advantage. Because of smaller spot size, it can be plainly said that the power necessary for recording by a Blu-ray system with a400 nm wavelength and 0.85 NA is only 1/4 of a DVD system with a 650 nm wavelength and 0.6 NA

Reason for less power consumption

 Comparison in the beam size

A comparison of diameter and intensity distribution of a concentrated beam on a disc between a CD and a DVD is shown in the figure. The diameter used in the comparison is the first ring diameter when the Rim condition is satisfied at 100%. Since the integral of this waveform is the recording energy on an optical media, the energy is supposed to be input to the objective lens. Assuming the recording on the media begins with the same energy,  the smaller  the  diameter (that is, the  higher the density), the less the necessary laser power. This is one of reasons why Blu-ray requires only 5 mW for recording while CDs and DVDs require several tens of mW for a similar recording speed.

This will make room for recording power when multi-layer recording or high-speed recording is developed in the future.

Thickness of the Cover layer:

There is a reason why the cube of NA was not discussed above. With optical discs, the cube of NA is referred to as ""skew"", and it dominates the margin for the shift from 90 degrees of the angle between the disc surface and optical axis of pickup. For Blu-ray discs, this quantity was set to around ±0.75 degrees, the same as for DVDs. This is the reason why the cover layer of Blu-ray is 100 µm thick.

As described before, one of the Blu-ray features is its applicability to multi-layer discs. Blu-ray discs are so designed from the beginning so that the format can be adapted to multi-layer discs
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In  this case, L1  is  defined  by  the  L0 plane  sandwiched  around  a 25  µm thick buffer  layer, and  the thickness of  the cover layer L1 is around 75 µm. This policy is  still unchanged today, and the basic thickness of a Blu-ray layer is 100 µm, a thickness that will be kept if multi-layer is adopted.

Since Blu-ray employs different wavelengths, 

NA values, and cover layer thicknesses from CDs and DVDs, it will be necessary to design and develop a compatible pickup for a system interchangeable with CDs and DVDs for recording and playing back. This is the same problem encountered for reading and writing CDs when a recording/playing back device for DVDs was planned. Some successful studies have already been released.

Groove Format:

Physical structure of a Blu-ray disc is a groove recording as shown the following figure

There were many opinions and study results concerning this, and it would be one of reasons why several recording formats were defined for DVDs. Fortunately, all the of the companies which dealt with the three DVD recording systems have joined the Blu-ray development group; all the studies have been reexamined and  one  physical  format  has  been  established.  Furthermore, it was quite helpful that the most comprehensive erasable system was introduced first, unlike the cases for the CD and DVD in which the ROM came first and the other systems had to be adapted to it. It was natural that the master design of blue-ray was 

made compatible for both home-use devices and computer peripheral devices. Therefore, the structure of the data unit arrangement was made, leaving a gap between blocks as with DVD-RAM. In addition, as in the past, to include ROM and R media into the vision, the groove recording system was employed instead of land/groove recording in order to respond to these three kinds of recording media. This idea had also been adopted for CD-R, RW, DVD-RW, and +RW systems. One of reasons why discs of different track pitch coexist in the family is to prevent losing the freedom of the optical pickup design. At first, the mastering seemed to be extremely difficult for a 0.32 µm track pitch; the groove itself must be formed with about a half the precision of 0.32 µm. Besides, since it would be necessary in the future to make a ROM type  disc whose  pit 

must be formed  by embossing, intensive developments  have been carried out. As a result, mastering by electron beam (EB) was enabled first, and subsequently mastering by deep UV was enabled in the 25 GB class of Blu-ray. Furthermore, the mastering technology for Blu-ray using a beam with a wavelength of 400 nm was even developed, removing all obstacles against groove recording. A stamping technology for this density has already been established.

Furthermore, taking a high NA value such as 0.85 into account, the on-groove method was selected instead of in-groove. Although it is not easy to explain this in a scalar field, on-grove was selected based on simulation results shown in the figure and actual experiments.      

In groove or on groove?

As seen in the in-groove figure for these parameters, the power of the recording beam runs off in a radial direction. A narrow track pitch will make the land/groove recording system, which records both on groove and in groove, difficult.

At first, there were doubts whether or not the R media could respond to an on-groove system. However, as explained in Part 4, an R media that could respond to such a structure has already been developed, and an on-groove system can be applied to derivative formats such as CD and DVD.

Addressing Method:

Blank addressing, when groove recording is adopted, is formed only by the wobble method. This concept is close to that employed for +RW. Although addressing with a pit was first  examined, an addressing system without a pit was finally chosen considering that the recording density must be increased to make room for the header with the pit and that in a multi-layer disc, the pit address has a great influence on the recording in  other layers.  The modulation technique wobbling in the radial direction is based on MSK(minimum shift keying) and formatted in blocks of 64 kB. The basic Wobble frequency is around 5 µm, and0 and 1 are expressed as the position where the sinusoidal wave is modulated by the MSK rule. Although the modulation energy of MSK is large, it is easily influenced by defects because information is localized. For that, a signal called STW (Saw Tooth Wobble) is used in form of multiplying to MSK. The STW adds secondary harmonics to all sinusoidal waves of Wobble, and 0 and 1 of the address data correspond to the polarity of added secondary harmonics. Since the energy of the STW signal is distributed in space unlike that of MSK, and detected by integration, it is robust against partial defects. The detection of an address in the Blu-ray system is robust because of the use of both MSK and STW.

Error Correction Method:

An error correction method must be designed in accordance with the error distribution of a cover layer thickness of 100 µm. This operation started by statistically treating the error distribution when the actual disc structure was subjected to a dust test and played back, and by modeling the distribution. As a result, what came out were short bursting errors by dust or scratches, and so-called picket codes with a structure matching long bursting errors that sometimes occur. This is made by combining a deep interleave to a long distance code, a kind of Reed-Solomon Code with a size of 64 kB, and then adding a burst indicator called BIS

Recording Medium and Writing Strategy

Blu-ray uses phase change film as a recording media. Phase change film is classified into two types: a familiar example is what’s called the GST (GeSbTe stoichiometrical composition) type used for DVD-RAM and the other is the eutectic type used for CD-RW, DVD-RW, and +RW. Each type has its advantages in repeat recording characteristics and high-speed recording. For Blu-ray, the recording pattern was devised to allow the application of both types of phase films. Both media were also improved so that a recording pattern of the same type can be used with a predetermined density and a range of almost the same power

In BD-RE, the largest recording power at 36  Mbps is 5.2 mW (10.4 mW for dual layers). This was explained previously where a high NA value suppressed the power at this level, even for 36 Mbps.

1.2 Outline of the File System Application Format
               The BD-RE standard consists of three parts: Part 1 (Physical), Part 2 (File System), and Part 3(Application). Abstracts are explained here on the application and the file system.

1.2.1Application Format

First, the function of the application format is described.

Digital Broadcasting Direct Recording Function

This  recording  function  enables  the  recording  of  not  only  digital  broadcast  image  data  without destroying the image quality, but also of data broadcast data and multi-channel sound data altogether. To this end, this format employs the MPEG-2TS (Transport Stream), used by digital broadcasts, as a stream type for recording.

Random Access High-speed Playback Function

To achieve a function that enables random access to a desired scene in MPEG-2TS and high-speed playback, tables to obtain the record position of data corresponding to a playback time requested by the user are provided for each Clip AV stream file. 

Editing and Marking Function

The Play list file is provided for removing unnecessary scenes without copying or transferring recorded data like tape media, and editing material recorded on the disc without processing the original image.

** The Play list file also holds bookmark information to enable direct access to a favorite scene.

Contents Search Function

In each thumbnail related file .1, thumbnails (representing a scaled-down version of picture) of the Play list file and bookmarked scenes are stored. This enables the search for recorded contents and bookmarks by viewing thumbnail images.

1.2.2 File System Format

Main functions of the file system are 

High-speed Response

To shorten the response as much as possible from the time the disc is inserted until recording/playing back becomes ready, files other than Clip AV stream files are stored closely in certain area on the disc.

High Reliability

Even if stored data becomes impossible to read due to scratches or dust, cases of lost recorded contents should be avoided as much as possible.

Therefore, the file system has a mechanism that always copies the Play list files, part of the thumbnail related files, Clip Information files, etc. to another recording area for backup.

2.COMPARISION OF TECHNOLOGIES:

2.1 BLU-RAY DISC & D.V.D:

                   Just as DVD meant a 5 to 10 times increase in storage capacity compared to CD, Blu-ray Disc will increase DVD capacity by 5 to 10 times. This is due 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.

                    Due to the fact that the data layer on a Blu-ray Disc is placed much "closer" to the laser lens than in DVD, 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, 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.

DVDs which are mainly used for standard definition video and data storage applications that require average room. Most Blu-ray Disc products will be compatible with DVDs. 
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. 

2.2 BLU-RAY DISC & HD D.V.D

   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.

2.3 The Next Format War

First came the war between VHS & BETA MAX for home video

We are now in the midst of another format war, this time over the future of in-home high-definition media. On one side is HD-DVD, a format created by Toshiba and NEC; on the other side is Blu-Ray, created by Sony, Matsushita, and Philips.

HD-DVD format, which holds less data but is cheaper to produce.

Blu-Ray, with the potential for exponentially more capacity and durability, but with a significant manufacturer cost increase.

 3. Conclusion

            Blu-ray is expected to replace VCRs and DVD recorders over the coming years, with the transition to HDTV. The format is also likely to become a standard for PC data storage and HD movies in the future. So we have understood that scope is left in the areas where there is further development, like the power consumption for recording i.e. The Blu-Ray disc requires only 5mw for recording. This will make a room for recording power when multi layered recording or hi-speed recording is developed in future.  We decided to use the basic optical disc parameters, knowing that the development wasn’t complete, in order to maintain the expectation of future progress.

            Blu-ray is facing a tough competition from HD DVD and the recent Holographic discs. Progress can also be achieved in the fields of 3-dimensional storage with out violating the basic dual layered structure.
            Even when the new video standard begins to replace current technologies, consumers won't have to throw away their DVDs, but they will need to invest in a new player. The industry is planning to market backward-compatible drives with both blue and red lasers, which will be able to play traditional DVDs and CDs as well as Blu-ray discs. 
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