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STANDARDI

There are actually three different standards for DVD recordables, 
DVD-R/RW, DVD+R/RW and DVD-RAM.

All three different formats come in the 4.7 GB (single sided, single layer : DVD-5) format, although DVD-RAM come in double sided form factor (DVD-9). DVD-RAM is the only format that requires a cartridge/caddy, which means that many drives are not able to read this format. More information about the different DVD recordable standards can be found on the next page. The three different formats also makes things more complicated, since the different standards also have different compatibility problems (for example, a DVD video player may read one format, but not the other).



Many first generation DVD recorders did not support CD-R/RW writing, or used smaller 3.9 GB media. New generation drives pretty much all support CD-R/RW writing (although usually at lower speeds than dedicated CD-R/RW writers).

	Three Standards and a Caddy 


The biggest single reason why DVD recording has not taken off as quickly is perhaps what the press bills as the "Format Wars".

There is big money to be made in terms of licensing of recordable media standards. This is why several different companies have formed two different groups to promote their own DVD recordable format.

The compatibility of these formats are discussed further on in this article.

DVD-R/RW, created by Pioneer, is support by the DVD-Forum industry group. DVD+R/RW, created by Sony and HP, is the format of choice of the DVD+RW Alliance industry group. Despite what you may hear from both camps, neither groups are "official" groups. And to add to the confusion, DVD-RAM, which is supported by the DVD-Forum, is also being promoted, although it is mainly intended for data storage and has the least compatibility with DVD-ROM and DVD-Video. The DVD-Forum does sound the most official, since they were responsible for mapping out the DVD-ROM and DVD-Video formats, and are also behind the now familiar DVD logo that you see plastered everywhere these days. Despite what you may have read, compatibility for DVD-R/RW and DVD+R/RW with existing DVD devices is quite similar, and nowhere near 100%.


DVD-R/RW :
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DVD-R was the first format to be introduced. At that time, a SCSI DVD-R burner would set you back well over $10,000. DVD burners these days retail for less than $300. While you may think that this is a huge price drop, it actually isn't. Professional DVD-R burners still costs $10,000, mainly because these can be used in the duplication of DVD movies (hence, a favorite of DVD pirates). The type of DVD-R burners that are retailing for the lower cost use "General Use" DVD-Rs, which cannot be used to duplicate DVDs, because they cannot duplicate CSS encrypted DVDs (and pretty much all commercial DVD movies use CSS encryption) - although this does not mean you can't still copy a DVD movie to one :)

DVD-RW is the re-writable version of DVD-R. DVD-RW can [image: image122.png]OVO-R



be written only about 1000 times. More precisely, each sector on the DVD media can be written 1,000 times.

DVD-R media is probably the cheapest on the market right now, mainly because it was released earlier than DVD+R, and this is the only reason for the price differences at the moment (there aren't any technological or production reasons why one format is cheaper or more expensive than the other). DVD-R media (standard 2x) can be found for $US 1.50, and DVD-RW can be found for $US 3 (as of January 2003). Double sided DVD-R media (9.4 GB) are also available, with an added cost, of course.

The maximum writing speed of DVD-R recorders is 4x (5,540 KB/s). DVD-RW are written to at 2x (2,770 KB/s).


DVD+R/RW :

DVD+R/RW, as mentioned earlier, is the brain child of the DVD+RW Alliance [image: image123.png]e s



group. DVD+RW was actually the first released format, with DVD+R coming in later to compete with DVD-R. Both formats are similar to their DVD- counterparts, and so the only real difference that separates these formats is the fact that they are being supported by different industry groups.

DVD+ media costs more than DVD- media at the moment, mainly because it was released at a later date - current prices (as of January 2003) for DVD+R media is between $US 2 and 3, while DVD+RW can be found for between $US 3 to 4. Prices should drop to around the same level as DVD- within this year.
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DVD+RW media supports random read and write, allowing Windows drag and drop type of file copying. It also supports defect management - more about that later on. DVD+RW media, like DVD-RW, can only be written to about 1000 times.

The maximum writing speed of DVD+R recorders is 2.4x (3324 KB/s). DVD+RW are also written to at 2.4x. Note that a 4x DVD+R drive will be released in Q1 2003.
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DVD-RAM :

DVD-RAM was the very first re-writable format on the market. Unlike DVD-RW and DVD+RW, DVD-RAM relies on a cartridge/caddy system, which instantly makes them physically incompatible with many existing DVD devices. DVD-RAM comes in either single sided variety (4.7 GB) or double sided (9.4 GB).

DVD-RAM media are the most expensive, costing more than $US 7 per 4.7 GB disc.

DVD-RAM media also supports random read and write and defect management. DVD-RAM media can be over-written about 100,000 times, much better compared to the 1000 times that DVD-RW and DVD+RW supports.


The Best of Both Worlds :

There is, however, a simple solution to the problem of deciding the format of your choice - get a DVD recorder that supports all of them. While such a recorder doesn't actually exist at the moment, there are however DVD recorders that support more than one standard.

Take Sony's new DRU500A drive - this DVD recorder drive supports the DVD+R/RW standard (which is understandable, since Sony was one of the companies behind the creation of this standard), but a little more surprisingly, it also supports the competing DVD-R/RW.

There is also Panasonic's new Multi Drive, which supports both DVD-R/RW and DVD-RAM.


Comparison Table :

The below is a table that compares the attributes of the various DVD recording formats discussed on this page. Note that we have yet to discuss in detail performance and compatibility attributes of these standards, and our opinion of which format is best will not be made until the end of this article.

	 
	Cost Per (4.7GB) Media
	Writing Speed
	# of Re-writes
	Random Read
and Write
	Defect Management

	DVD-R
	$1.50 (2x)
$3 (4x)
	4x
	-
	-
	-

	DVD-RW
	$2 - 3
	2x
	1,000
	No
	No

	DVD+R
	$2 - 3
	2.4x
	-
	-
	-

	DVD+RW
	$3 - 4
	2.4x
	1,000
	Yes
	Yes

	DVD-RAM
	$7 - 8
	2x
	100,000
	Yes
	Yes


	The Fast and the Format-less 


This section looks at the performance issues of the three DVD recording standards.

The DVD+ standards (both DVD+R and DVD+RW) used to have faster writing speeds, and at 2.4x, this amounts to 3,324 KB/s. However, the new Pioneer A05 drive now adds 4x burning for DVD-R and 2x burning for DVD-RW (2x burning is equivalent to 18x CD burning). To put it into perspective, 2x writing, or 2,770 KB/s will mean that for writing to a full 4.7 GB DVD, a 2.4x drive will be some 5 minutes faster than a 2x drive. Burning a full 4.7 GB DVD will take around 25 minutes for a 2.4x drive. A 4x drive will burn the full 4.7 GB in about 15 minutes. Note that a 4x DVD+R drive will be released in Q1 2003.

Raw burning speed is not the only factor when it comes to performance though. DVD+RW design ensures shorter lead-in and lead-out times - this will mean it takes shorter to finalise than DVD-RW media. Formatting for DVD-RM or DVD+RW media can be done on-the-fly, although some older software for DVD-RW may not support this feature.


CLV and CAV Burning :

There are also two different recording methods, CLV (Constant Linear Velocity) and CAV (Constant Angular Velocity). CLV is mainly used in streaming video applications where high transfer speed is required. CAV has better random access times, and hence better for computer storage/applications.

DVD-R/RW uses CLV, which makes them good for DVD-Video applications. DVD+R/RW can use both CLV and CAV.

DVD-RAM uses Zoned CLV, which is a combination of CLV and CAV and similar to how a hard-disk works.


CD Burning :

CD burning speeds for DVD recorders are usually slower than compared to dedicated CD burners. However, CD burning speeds are already at super fast speeds (48X!!), and differences in speed can now be measured in terms of seconds, rather than minutes.


Comparison Table :
	 
	Maximum
Burning Speed
	Burning Time (full 4.7 GB)
	Burning Method

	DVD-R
	4x
	15 Minutes
	CLV

	DVD-RW
	2x
	30 Minutes
	CLV

	DVD+R
	2.4x
	25 Minutes
	CLV and CAV

	DVD+RW
	2.4x
	25 Minutes
	CLV and CAV

	DVD-RAM
	2x
	30 Minutes
	Zoned CLV


Kratka istorija DVD-a  [Na vrh] 
  

Kada su se Philips i Sony udružili da bi razvili CD, oni su bili samo dve od mnogih kompanija koje su prevashodno tražile zamenu za LP ploče. Odluke o tome kako sistem treba da radi su bile donete od strane inžinjera i prošle su bez većih teškoća. Specifikacije naslednika CD-a su išle potpuno drugim smerom, sa prepirkama, konfuzijom, poluistinama i Makijavelijanskom intrigom iza scene. Postojala su dva nekompatibilna formata: Matsushita, Toshiba i Time Warner sa jedne strane, sa njihovom SD (Super disc) tehnologijom i Sony i Philips sa druge strane sa njihovom MMCD (Multimedia CD) tehnologijom. Pod pritiskom kompjuterske industrije, naročito giganata kao što su Microsoft, Intel, Apple i IBM, najveći proizvođači su formirali DVD konzorcijum da bi stvorili jedinstven standard. DVD-ROM standard, nastao 1995. godine, je bio kompromis između ove dve tehnologije, koji se ipak više oslanjao na SD tehnologiju. Najveći proizvođači, 11 njih, stvorili su savez pod imenom DVD Forum, gde se raspravlja o svakom poboljšanju ili novoj tehnologiji koja treba da se inkorporira u finalnu specifikaciju. 

Slično kao i kod CD-a postoji više različitih formata DVD-a: DVD-ROM (Digtal Video Disc Read Only Memory), DVD-Video, DVD-Audio, DVD-R (DVD-Recordable) i DVD-RAM (DVD-Random Access memory). Sa veličinom diska kao i kod CD-a, tj. 120mm prečnik, 1.2mm debljina, na DVD disk može da se uskladišti do 17GB podataka sa brzinom transfera većom nego kod CD-ROM-a i sličnim vremenima pristupa. Postoje četiri standarda za kapacitet DVD-a: DVD-5 za jednostrani-jednoslojni disk sa kapacitetom od 4.7GB, DVD-9 za jednostrani-dvoslojni disk sa kapacitetom 8.5GB, DVD-10 za dvostrani-jednoslojni disk kapaciteta 9.4GB i DVD-18 za dvostrani-dvoslojni disk kapaciteta 17GB. 
  

Zbog ogromne rasprostranjenosti CD formata, jedan od glavnih zadataka projektanata je bio da na jednom uređaju omoguće upotrebu i CD i DVD diskova. To je zahtevalo dizajniranje specijalne optike koja može da podesi veličinu fokusa i za tanke (0.6mm) nosioce DVD formata i za stare 1.2mm lejere CD-a. Najjednostavnije rešenje se svodi na montiranje dva sočiva u jednoj optičkoj glavi - jedno za CD format, a drugo za DVD format. Zatim se mehaničkim putem aktivira jedno od njih zavisno od tipa diska. Elegantnije rešenje podrazumeva upotrebu specijalnog sočiva u čiji centar je utisnut hologramski element. Laserska svetlost koja prolazi po obodu sočiva, van holograma, fokusirana je tako da na površini diska stvara dovoljno malu tačku pogodnu za čitanje DVD formata. Jedna trećina zraka prolazi kroz hologram u centru i reaguje sa njim tako da je takav zrak fokusiran i sočivom i hologramom i na površini diska stvara tačku pogodnu za čitanje CD formata. 

DVD-ROM (DVD-Read only memory)  [Na vrh] 
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Slično kao kod DVD i CD diskova, teško je razlikovati CD-ROM i DVD-ROM uređaje kada se gleda od spolja - jedino što odaje DVD-ROM-ove je DVD logo na prednjem delu uređaja. Čak se i u unutrašnjosti CD-ROM-ovi i DVD-ROM-ovi ne razlikuju mnogo: oba koriste SCSI ili ATAPI interfejse, mehanika je ista, kao i funkcionalni sitemi, a deo za čitanje podataka je sličan sa tom razlikom što se kod DVD-a koristi drugačiji laser i već opisan sistem sočiva. Zbog toga nećemo ulaziti u detalje, koji se mogu pogledati u delu o CD-ROM-u, već ćemo dati kratak pregled osobina DVD-ROM-ova. DVD-ROM uređaji su sposobni za čitanje i CD i DVD diskova i podržavaju (uglavnom) sve formate koje podržavaju CD-ROM-ovi uz dodatak DVD-Video i DVD-Audio formata. 

  

DVD-Video [Na vrh] 
  

Iako se na DVD diskovima zbog velikog kapaciteta može distribuirati bilo koja vrsta digitalnih podataka, prva i najvažnija upotreba DVD diskova je za smeštanje filmova. Kako i samo ime (Digtal Video Disk) sugeriše DVD je prvi digitalni medijum specijalno napravljen za video reprodukciju i kao takav ima mnoge prednosti u odnosu na VHS sistem, Video CD i laserske diskove. 

Prva i najvažnija prednost je kvalitet. Video materjal sa DVD-a je odličnog kvaliteta koji je neuporedivo bolji u odnosu na ostale: oštra i čista slika sa zasićenim bojama uz neverovatno dobar kvalitet zvuka. 

MPEG-1 (ili ISO/IEC 11172-2 standard), koji se koristi kod VideoCD-a, propisuje rezoluciju od 352x240 sa 30 slika u sekundi, univerzalan je i radiće na bilo kojoj mašini. Standard je prihvaćen iz dva razloga: prvi razlo je što je kvalitet slike i tona poznat i prihvaćen u okviru VHS standarda, a drugi što se celovečernji film može smestiti na dva CD-a, što je prihvatljivo. Prednosti standarda su bile to što korisnik nije bio ograničen teritorijom, tj. nebitno je da li se u njegovoj zemlji koristi PAL, SECAM ili NTSC sistem, dok su mane to što je kvalitet slike u apsolutnom smislu nezadovoljavajući, a zvuk je najčešće 11kHz, što baš i nije impresivno. 

DVD se ovde pojavio kao sjajno rešenje. On koristi novi format MPEG-2 (ISO/IEC 13818-2), koji podržava osvežavanje slike do 60Hz, dok se rezolucija penje do 720x480 sa 29.97 sl/s (za NTSC) ili 720x576 sa 25 sl/s (za PAL/SECAM). NTSC sistem se pretežno koristi u SAD, Kanadi i delu Dalekog Istoka, a PAL/SECAM je pretežno evropski standard koji i mi koristimo. Zapelo je oko standarda zvuka - Amerikanci su hteli Dolby Digtal, poznat i kao Dolby AC-3, a Evropa je htela MPEG-2 audio. Nekakav dogovor bi se verovatno postigao, ali je stvar zapela zbog firme Philips, koja je bila angažovana u promociji MPEG-2 zvuka i koja ni do dan danas nije ispunila obećanje da će isporučiti potreban set čipova za kodiranje/dekodiranje MPEG-2 zvuka. MPEG-2 zvuk je nudio isto što i Dolby Digital, ali i korak više u vidu 7.1 formata (7 umesto 5 surround kanala plus infrabas), koji je radio na svim mogućim nivoima od mono, preko stereo i 3Stereo pa do maksimalnih 7.1. DVD takođe uključuje opciju za linearni PCM (pulse code modulation) digital audio zapis, koji nudi uzorkovanje na 48 ili 96kHz, 16/20/24 bita, brzinu protoka do 6.144MB/s i osam kanala, a koristi se za DVD-Audio. Zvučni efekti su privukli i dve dodatne firme koje se bave zvukom mahom po bioskopima i sudijima - DTS (Digital Theatre System) i SDDS. 

Podaci na DVD-Video disku su drugačije organizovani nego na CD-u, jer nisu više kontinualni na spirali koja kreće od centra diska, već su podeljene na podatke o navigaciji i sam sadržaj. Podaci o navigaciji osim skoka na bilo koji deo diska omogućuju i dodatne opcije kao što su: odabir jezika za titl ili sinhronizaciju (do 8 audio traka digitalnog audia i do 32 titla - subtitle/karaoke tracks), odabir formata slke (aspect ratio), kontrola toka filma kroz roditeljsku zaštitu (parental control) ili direktno učešće u radnji (npr. film sa više završetaka u kome vi donosite sve važne odluke) i promena jednog od (do devet) uglova posmatranja. Sve ovo omogućava veliku interaktivnost, koja predstavlja jednu od važnih prednosti u odnosu na ostale formate. 

Tradicionalni format TV slike koji danas gledamo je prevaziđen jer se format od 4:3 (širina:visina) razlikuje od onoga koga gledamo u bioskopima, tj. onoga koji je reditelj originalno zamislio za film. Format 16:9 predstavlja svetski trend jer je mnogo bliži onome što gledamo na bioskopskom platnu. DVD i ovaj problem rešava skoro perfektno omogućavajući sve kombinacije formata slike i formata televizora: Full Frame (4:3 video za 4:3 displej), Letterbox (16:9 video za 4:3 displej), Pan and Scan (16:9 video za 4:3 displej) i Widescreen (16:9 video za 16:9 displej). Ovo je omogućeno ogromnim kapacitetom DVD-a, pa na jednom DVD disku mogu da se uskladište četiri verzije istog filma (koji traje ispod dva sata) u sva četiri formata. 

Popularnost DVD-a u velikoj meri zavisi od filmova i drugih naslova koje kontroliše Holivud, koji neće ni da čuje za piratska izdanja, pa zahteva efikasne mere zaštite autorskih prava od ilegalnog presnimavanja. Zaštita od neovlašćenog kopiranja je jedan od osnovnih razloga kašnjenja DVD medijuma na tržištu. Proizvođači su se dugo dogovarali i sporili oko zaštite od presnimavanja i kao rezlutat toga DVD je najzaštićeniji format do sada. Naravno, stepeni zaštite su ostavljeni proizvođaču na izbor, ali kada se sve uzme u obzir mogućnosti su fenomenalne. 

Na samom vrhu zaštite je regionalno kodiranje. Kompanije koje distribuiraju i proizvode filmove su se složile da se mora obezbediti da naslovi koji se pojave na nekom tržistu ne mogu biti prenosivi na neko drugo tržište bez dozvole. Svet je tako podeljen na šest regiona (zona): Kanada i SAD (1. zona); Evropa, Japan, južna Afrika i Srednji istok (2. zona); jugoistočna i istočna Azija (3. zona); Australija, Novi Zeland, Pacifička ostrva, Karibi, Centralna i Južna Amerika (4. zona); zemlje bivšeg SSSR, indijski subkontinent i Afrika (5. zona); i Kina (6. zona), a postoje i DVD diskovi zone 0. koji se mogu gledati na svim DVD plejerima. DVD plejeri se prodaju sa ugrađenim kodom regiona u kome se prodaju, a DVD naslovi imaju na sebi bajt koji signalizira regionalni kod. Ako se kodovi ne poklope plejer će odbiti da čita podatke. Računarski DVD-ROM uređaji su nešto manje otporni jer se kod njih regionalni kod može softverski promeniti maksimalno 5 puta, posle čega promena ostaje trajna. Međutim, za skoro sve DVD-ROM-ove sa našeg tržišta se mogu naći hakovani tzv. zone-free BIOS-i (tj. firmware-ovi), koji uklanjaju ova ograničenja. 

Sledeća zaštita je makrovizija (Macrovision 7), zaštita od presnimavanja koja se sastoji od emitovanja posebnih signala u delu slike koji se ne vidi na ekranu, a koje plejeri (i noviji videorekorderi) raspoznaju. Kada dobiju ovakav signal, oni sprečavaju funkcionisanje kola za automatsko prilagođenje (AGC - Automatic Gain Control) uređaja koji snima, što dovodi do prezasićenja koje rezultira crnim ekranom, pa nema ništa od kopiranja sadržaja čak i legalno kupljenog DVD-a na video kasetu. 

Za one koji imaju Macro-killer, tu je CGMS (Copy Generation Management System) sistem, digitalna zaštita koju poseduju i mnogi (ali ne i svi) noviji videorekorderi. To je modifikacija makrovizije, koja omogućava zaštitu i od digitalnog, a ne samo analognog kopiranja, ali podrazumeva da je i u videorekorder ugrađen isti sistem. 

Sledeći zid zaštite je CSS (Content Scrambling System), koji onemogućava čisto digitalno kopiranje filmova. Ovo je sistem baziran na ključevima, gde DVD disk i uređaj koji ga čita moraju uspešno razmeniti ključeve da bi se podaci dešifrovali i uspešno prikazali. 

Na kraju, tu je i DivX ili DVE (Digital Video Express) sistem koji omogućava vremensko ograničenje trajanjamogućnosti prikazivanja naslova na disku. Za razliku od prethodnih metoda DivX zahteva posebne plejere koji koriste posebnu telefonsku liniju za registraciju diska; konsultujući bazu podataka, oni će onemogućiti gledanje diska nakon 48h od prvog umetanja diska u plejer. 

Kada se sve ovo sabere očigledno je da je DVD dobro zaštićen, ali vremenom pada jedna po jedna zaštita i već sada postoje načini za presnimavanje DVD-a na video kasetu, CD ili na hard disk. Pojavim jeftinih DVD snimača situacija će se verovatno još više pogoršati za proizvođače i distributere filmova, ali će oni tada izmisliti neki novi "neprobojan" format i priča će krenuti ispočetka. 
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Pioneer began development of a new digital video disc format in 1991, with the goal of recording two or more hours of high-quality video on one disc, as a next-generation replacement for the LaserDisc.

In 1994, Pioneer introduced to the market an industrial model called the [image: image2.png]


Karaoke System, which could store and play back 2.1 GB of MPEG-1 data from a one-sided, 1.2 mm thick disc, using a 680 nm laser. In 1994, Pioneer also developed another digital video disc system which used an SHG blue laser. In response to Hollywood's desire to have this kind of new system enter the market before multi-channel satellite broadcasting, Pioneer worked with Toshiba to propose a disc specification called SD, which used a red laser, at the end of 1994. Around the same time, Sony and Philips were promoting the MMCD specification. The major difference between the SD and MMCD specifications were whether the discs should use two 0.6 mm substrates bonded together, or a single 1.2 mm substrate, as an extension of the CD format. At the end of 1995, agreement was finally reached on a specification that combined the two-substrate approach of SD with the 8/16 modulation of the MMCD specification. At this point the DVD Consortium was formed, and DVD truly got started.

In August 1996 the DVD Video Book was published, and the first DVD video players went on sale in November of the same year. The 3.95 GB Write-Once DVD-R Book, and the 2.6 GB rewritable DVD-RAM Book, were published in 1997. A DVD-RW Book and DVD-RAM Book, which define 4.7 GB rewritable formats, were published in 1999. A specification for 4.7 GB DVD-R was introduced in 2000. Two application specifications, the DVD Audio and the DVD Video Recording specification, were introduced in 1999. Following these specifications, DVD audio players, which provide high-quality multi-channel audio, and DVD video recorders, which allow recording to and playback of DVDs, were introduced to the market.

Chapter 1 DVD Overview 

	1.2 Concepts and Structure of the DVD Format 



A basic concept behind the DVD format is that, regardless of application, the physical format and file format should be common to all DVDs. (In the CD arena, formats differ between audio and data CDs.) 

Structure of the DVD Format
The following table shows the relationship between the application format and the corresponding disc file format (as of 4/26/2001).
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	*
	See Chapter 3 for more information on the UDF Bridge file format

	*
	Video Recording is a real-time video recording format, which gives attention to editability




Read-only DVD discs have the same logical and file format, regardless of application. These formats are defined by the DVD-ROM Book. Read-only discs for computer use fall into this category. 

The video format for read-only discs is defined by the DVD-Video Book. Similarly, the audio format is defined by the DVD-Audio Book; however, this specification also includes a subset of the video format.

The DVD-R format is a write-once format. Because one application of DVD-R is to test read-only disc software in the authoring process, DVD-R uses the same UDF Bridge format as read-only discs. A key feature of DVD-R is that after it has been recorded, it has essentially the same characteristics as a read-only disc. There are two specifications which define the 4.7 GB DVD-R format: the DVD-R for General, and the DVD-R for Authoring, specifications.

There are two formats for rewritable discs, DVD-RAM and DVD-RW. DVD-RAM uses a physical format which is designed primarily for random access. For this reason, its format utilizes zone CAV with pre-addressing. DVD-RW, on the other hand, is an extension of DVD-R, and uses a physical format designed primarily for sequential recording. This format makes it easy to achieve physical compatibility between DVD-RW and read-only discs.

The Real-Time Video Format allows these rewritable discs to be used for real-time video recording without an authoring step, and allows editing after recording. This format is different than the video format for read-only discs, which assumes that the content will be edited before recording. All these rewritable disc formats incorporate copyright protection systems to prevent illegal copying.

The video specification was revised in December 2000, making it possible for the video format to be used with DVD-R for General and DVD-RW, as well as for ROM. This is an extension of the video format for use in consumer recording applications, and allows recording only of non-protected content. This application was specified for DVD-R for General and DVD-RW while preserving format compatibility with DVD-ROM, in both the file system and application levels. Further, a new recognition method was defined for distinguishing DVD-R or DVD-RW from DVD-ROM disc applications (DVD video discs). (Supporting playback of DVD-R / DVD-RW discs with this type of content is optional for manufacturers of DVD playback devices; there are DVD-Video players, DVD-ROM drive equipped PCs, and other DVD playback devices that do not play DVD-R or DVD-RW discs recorded in Video Mode.)

Application of this video specification to the DVD-RAM format is under consideration. (As of July 2001) 
Chapter 1 DVD Overview 

	1.3 The Future of DVD 



Next-generation optical disc systems using blue lasers (with wavelengths around 405 nm) are under investigation. It is anticipated that such systems would be able to record two or more hours of high-definition video stream, as from digital satellite broadcast. This requires capacities of 20 GB or more. To achieve this high capacity, discs and pickups with different structures than those used in DVD are under investigation. For instance, lenses with NA of 0.85 (DVD uses NA of 0.6) and a transparent layer 0.1 mm thick (DVD uses 0.6 mm) may be required.

Some types of discs, such as dual-layer DVD discs, are just not compatible with the blue wavelengths. This will require optical systems with two wavelength light sources to maintain compatibility with current DVD discs (three wavelengths to maintain compatibility with CDs). How next-generation optical disc systems will maintain backward compatibility with the current DVD specification is still an open technical issue.

Pioneer is energetically pursuing the development of a blue laser system. Below is a list of documents which publish the successes achieved at Pioneer in the development of a blue laser system. 


Pioneer presentations regarding next-generation DVD development:
	1.
	High Density Optical Mastering Using Photobleachable Dye (JSAP, Fall 1996)

	2.
	High Density Optical Mastering Using Photobleachable Dye, Part 2 (JSAP, Spring 1997)

	3.
	High Density Optical Disk Mastering Using Photobleachable Dye (ISOM, 1996)

	4.
	Process Margin of 15 GB Disk Mastering Using Photobleachable Dye (ISOM, 1998)

	5.
	Investigation of High Density Mastering Using Electron Beam (JSAP, Fall 1996)

	6.
	Investigation of High Density Mastering Using Electron Beam (II) (JSAP, Spring 1997)

	7.
	Investigation of High Density Mastering Using Electron Beam (III) (JSAP, Fall 1998)

	8.
	High Density Mastering Using Electron Beam (MORIS/ISOM'97)

	9.
	Investigation of High Density Mastering Using Electron Beam (IV) (JSAP, Spring 2000) 

	10.
	High Density Recording Using Electron Beam Recorder (ODS, 2000)

	11.
	High Density Recording Using Electron Beam Recorder (ISOM, 2000)

	12.
	25 GByte Read-Only Memory Disk Fabrication Process (ODS, 2001)

	13.
	27.4 GByte Read-Only Dual Layer Disk for Blue Laser (ISOM/ODS, 1999)

	14.
	Super High Density Optical Disk by Using Multi-Layer Structure (ODS, 2000)

	15.
	50 GByte Read-Only Dual-Layer Disk for the High-NA Objective Lens and Blue-Violet Lasers (ODS, 2001)

	16.
	High Resolution NROO Detection in Ultra-High Density Mastering Equipment (JSPE, 2001)

	17.
	Relationship Between Developing Time and Bit Form in an Electron Beam Mastering Process (JSAP, Spring 2001)

	18.
	Investigation of Warping Reduction in Thin Substrates Using Quick-Cool Molds (JSAP, Spring 1997)

	19.
	Investigation of Warping Reduction in Thin Substrates Using Quick-Cool Molds (II) (JSAP , Fall 1998)

	20.
	Investigation of High-Density Signal Replication Using a UV Sheet (JSAP, Spring 2000)

	21.
	Optical Disc Processing, One Step Ahead (JSPP, 2000)

	22.
	Improved Characteristics of Optical Disc Substrate Forming Using Ultrasonic Injection Moulding (Part 2) (JSPP, 2000)

	23.
	Analysis of Causes of Warp in Optical Discs (Plastic Forming and Processing Conference, 2000)

	24.
	Investigation of Birefringence Control in Thin Substrates (II) (JSPP, 2000)

	25.
	25 GByte ROM Disk by Injection Moulding (ISOM, 2000)

	26.
	Large Capacity ROM Disk by Conventional Injection Molding Process (ODS, 2001)

	27.
	High Density Phase Change Optical Disk Using Limit Equalizer (PCOS, 2000)

	28.
	First Trial of the Groove Recording Disk for High-NA Objective Lens Using Electron Beam (ODS, 2001)

	29.
	Disk Tilt Compensation Using Liquid Crystal (JSAP, Spring 1996)

	30.
	Disk Tilt Compensation Using Liquid Crystal (II) (JSAP, Fall 1997)

	31.
	Tilt Servo Using Liquid Crystal (JSAP, Fall 1997)

	32.
	DVD/CD Compatible Pickup with Aberration Compensation (JSAP, Fall 1997)

	33.
	Pickup Astigmatism Compensation Using Liquid Crystal (JSAP, Fall 1998)

	34.
	Application of Liquid Crystal to Optical Discs (OSJ, 2000)

	35.
	Tilt Servo Using a Liquid Crystal Device (ISOM/ODS, 1996)

	36.
	15 GByte DVD System Using a Liquid Crystal Panel (ISOM, 1998)

	37.
	New Liquid Crystal Panel for Spherical Aberration Compensation (ODS, 1999)

	38.
	Photo-Polymer Objective Lens for Blue Laser Disk System (ISOM, 2000)

	39.
	Investigation of New Servo Error Detection Methods (Part 2) (JSAP, Fall 1999)

	40.
	High North America Objective Lens for Blue Laser Disk System (ISOM, 2000)

	41.
	Objective Lenses for Red and Blue Lasers (ODF, 2000) 

	42.
	Signal Simulation of 25 GB Read-Only Optical Disk System Using High-NA Objective Lens (ISOM, 2000)

	43.
	Analysis of Jitter for Land/Groove Phase Change Disk (ISOM, 2000)

	44.
	The Path from DVD (Red) to DVD (Blue) (MORIS/ISOM, 1997)

	45.
	High-Density Reproduction System Using a Cross-Talk Canceler (MORIS/ISOM, 1997)

	46.
	A New Equalizer to Improve a Signal-to-Noise Ratio (ISOM, 1998)

	47.
	High-Density Optical Disc Playback Equipment Using a Cross-Talk Canceler (JSAP, 1998)

	48.
	Signal Processing for 15 / 27 GB Read-Only Disk System (ISOM/ODS, 1999)

	49.
	Tolerance of 3 Beam Cross-Talk Canceler (ODS, 2000)

	50.
	25 GB Read-Only Disk System Using the Two dimensional Equalizer (ISOM, 2000)

	51.
	Next-Generation DVD System (LSJ, 2001)


Chapter 2 Physical Format of Read-Only Discs 
	2.1 Design Concept of the Physical Specification 



2.1.1 DVD design target 

The basic design of the DVD began with the goal of media for movies as content. Therefore, a basic goal was for a playback time of about 133 minutes, which is long enough to allow most movies to fit on a single disc.

However, since DVD was intended as a technology to replace LaserDisc (LD), DVD needed to provide at least equivalent video quality. As the result of many rounds of video quality evaluation, and with the assumption that DVD would use variable-rate video compression, it was determined that a data rate of 3.5 Mbps was the minimum requirement. Then, considering audio quality, flexibility for international use, and multimedia capability, it was decided to provide capacity for Dolby AC-3 audio in three languages (384 kbps x 3) and subtitles in four languages (10 kbps x 4), resulting in the design of a specification which required a disc capacity of 4.7 GB.

The difference between the DVD specification and the CD specification is not just the move from a near-infrared laser to a red laser; the difference is that the entire specification is designed to achieve a disc capacity of 4.7 GB, based on the evolution in technology in the ten-plus years since the CD was introduced in 1982. For instance, requirements for parameters such as disc eccentricity (radial run-out) and tilt have become considerably more strict than in the CD specification. This recognizes evolution in disc manufacturing technology, as well as the fact that the recording density has increase proportionally more than the laser wavelength decreased, reducing total system margin.

For example, the standard CD track pitch is 1.6 microns. Reducing this by the ratio of DVD to CD laser wavelength (650/780) would result in a 1.33 micron track pitch. However, DVD actually requires a track pitch of 0.74 microns, meaning that tracks are considerably more packed than one might expect. As the track pitch decreases, crosstalk increases, and the radial tilt margin is severely reduced. In order to achieve the required density the average track pitch variation was tightened to [image: image4.png]


0.01 microns. To reduce crosstalk the maximum allowed variation was also tightened to [image: image5.png]


0.03 microns.

To satisfy this specification, of course, it is necessary for the disc mastering equipment to be sufficiently precise, and the variability in playback device mechanisms and pickups must also be more tightly controlled than in CD players.

The specification known as DVD Book Part 1 describes the physical characteristics of a ROM disc needed to achieve such a system design. That is, the specification describes such things as the required disc mechanical properties, optical properties, and properties of the signal generated upon playback, as well as things like the modulation methods and error correction required to design DVD hardware. The DVD specification also allows dual layer discs and small ([image: image6.png]


8 cm) discs; these definitions are also contained within this specification.

Note:
This information is based on DVD Specifications for Read-Only Disc: Part 1 PHYSICAL SPECIFICATIONS, version 1.03. Disc and equipment designers should refer to the most recent versions of the relevant specifications. Pioneer makes no warranty concerning the accuracy of information presented in this article, and is not liable for any damages suffered as a result of any inaccuracies contained herein. 



2.1.2 UV-LBR and the use of 0.6 mm substrates 

Simply put, the difference between a 4.7 GB DVD and a CD is in the recording density. Below are electron microscope photographs of features called "pits" recorded on CD and DVD media. 

[image: image7.png]



From these photos, it is easy to see how much smaller the DVD pits are. The problem is how to record and play back the information from these tiny pits.

CD and LD cutting is done with a mastering machine called a Laser Beam Recorder (LBR). These machines use light sources consisting of argon lasers with 457 nm wavelengths, or helium-cadmium lasers with wavelengths of 442 nm. To increase the recording density for DVD discs, LBRs have been developed which use argon or krypton lasers with near-ultraviolet wavelengths of 351 nm. 
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For playback, DVDs require a more tightly concentrated light than CDs do. The playback beam size is proportional to [image: image8.png]


/NA, so DVD players need the numerical aperture (NA) to be large and the wavelength ([image: image9.png]


) to be small in order to realize the tiny playback beam necessary. However, a problem arises when the disc is inclined, or tilted, with respect to the light source. A tilted disc surface cause an optical degradation known as coma aberration, which causes the light spot to be distorted and interferes with correct playback. The degree of coma aberration is proportional to d x NA3/[image: image10.png]


, where d is the disc substrate thickness. DVDs use a substrate that is 0.6 mm thick, compared to 1.2 mm used in CDs, thus reducing the effect of this degradation due to disc tilt by a factor of 2.
The figure above shows the relationship of disc tilt to coma aberration. 



2.1.3 Issues with 0.6 mm substrates 

A 0.6 mm substrate is not physically strong enough, and so it is necessary to bond two 0.6 mm substrates together to form a 1.2 mm substrate. This adds a bonding step in addition to the steps that are required to form the 1.2 mm substrate used in CD media. This extra step tends to increase substrate cost. However, since the substrate is thinner, the cooling time needed in injection molding is shorter. This reduces the cycle time required between injecting the disc material and removing the formed disc. Since a large percentage of the disc cost is the amortization of the manufacturing equipment, the shorter cycle time makes up for the addition of the bonding step, allowing a DVD to be produced for about the same cost as a high-density 1.2 mm substrate.

Further, the DVD specification provides for dual layer discs, which are extremely well-suited to this bonding process, which in turn leads to additional added value.

The next issue that arises is compatibility with CDs. CDs use 1.2 mm substrates while DVDs use 0.6 mm substrates, and the pickup must account for the difference in spherical aberration resulting from this difference in thickness. This can be accomplished using devices which have already been announced, such as dual-focus pickups, dual-lens pickups, or pickups which use liquid crystal devices to provide variable apertures.

Finally, 0.6 mm substrates are at a disadvantage when it comes to surface dirt and damage. Since the pickup beam diameter at the disc surface is only one-half that of the diameter for the 1.2 mm substrate, the DVD pickup is twice as sensitive to surface dirt and damage. This disadvantage is compensated for by using powerful error correction schemes. The CD format provides correction for error bursts up to 2.29 mm long, while the DVD format can correct for error bursts as long as 6.0 mm & more than twice as long. And when it comes to scratches, the CD information layer is covered only by protective lacquer and the printed surface, making the information layer quite vulnerable to scratches on the label side. The DVD, on the other hand, is actually composed of two bonded substrates. Since the information layer is protected by a full 0.6 mm substrate, it is much less vulnerable to label-side scratches than a CD. 

[image: image11.png]7






2.1.4 Design for margin 

The DVD design target is that when the worst-case disc allowed by the specification, considering the economics of production, is played using the worst-case pickup that can be produced in volume economically, the byte error rate after error correction will still be 1 x 10--20, which is good enough to be acceptable for computer applications.
Since the above target is for "after error correction," the error correction capability must be calculated. Considering the tradeoff between error correction capability and the overhead of the added redundancy, the DVD format was set to one ECC block per 32 kB. This requires a byte error rate before correction of 1 x 10-2.
In order to achieve good economy on both the part of the discs and the playback mechanisms, and many experiments were performed. The current disc tilt specification was determined as a result of the efforts on both sides.
As will be explained hereafter, it is difficult to make the error rate a specification of the disc itself. Therefore, a jitter standard is set by the DVD specifications. A simple calculation based on a normal distribution requires that the jitter rate be under 15.4%, and experimental results indicate that jitter must be under 16%, to achieve the required error rate. Since the disc tilt varies within a revolution, it was decided to adopt the design concept that jitter must remain within 16% at the instantaneous peak value of tilt. Since it is actually very difficult to measure the peak value, the concept became to measure the average jitter at under 15%, and the byte error rate at under 5 x 10-3.
The basic concept of system margin is shown in the figure below. In the figure the horizontal axis indicates tilt, while the vertical axis represents jitter.
First, let's consider the best results obtained from many experiments. If there is no tilt, then the jitter value includes components from light source noise, circuit noise, disc noise, standard interference between symbols (inter -symbol interference), and some small amount of crosstalk from the neighboring tracks. 

Next, let's find the minimum jitter level due to disc manufacturing variations other than tilt. Experimental results indicate that 8% is a reasonable value, based on the DVD specification.
Next we consider manufacturing variation in the circuitry. 
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Variation due to the disc and the circuitry have noise-like characteristics, and increase the minimum jitter level, but are thought to have a very small effect on tilt margin. Factors such as offset in the servo circuit, however, both increase the jitter level and decrease tilt margin. The figure shows the components of the reduction in margin, based on experimental results and past volume manufacturing experience. The remaining components are allocated to disc tilt and pickup tilt (including aberrations), resulting in the current specification. 



2.1.5 Tracking error signal 

The pits on CDs are typically about [image: image12.png]


/6 deep. This enables the use of both a push-pull tracking error scheme, which works best at a pit depth of [image: image13.png]


/8, and three-beam and differential phase tracking methods, which work best at a pit depth of [image: image14.png]


/4. In the DVD specification, however, the top priority was to increase recording density, and so the specification was developed assuming the [image: image15.png]


/4 pit depth necessary to obtain optimal signal quality. A push-pull signal is too small to be usable at a [image: image16.png]


/4 pit depth, but the push-pull scheme has problems with offset due to lens shift and disc tilt anyway, so it was decided that support for that scheme was not important.

The differential phase tracking method, however, met all the requirements for compatibility, including handling dual layer discs and different track pitches. Further, this method was felt to be well suited to future recording density increases, and thus it was chosen as the standard tracking method for DVD. The differential phase tracking method does have the weakness of producing an offset in regions where there is strong correlation in bit pattern with the neighboringtracks , but this can be avoided by scramblingthe signal. 

Dual layer discs 

[image: image129.png]


The DVD specification provides for dual layer discs, in a such a manner that either layer can be played without the need to turn over the disc. This gives rise to problems such as increased spherical aberration due to different substrate thickness when reproducing a signal from the different layers, and a decrease in signal-to-noise ratio due to reflected light from the surface not being played (inter-layer crosstalk). Track density is reduced by about 10% in dual layer DVD discs as a means of increasing margin.

The two layers need to be far enough apart that inter-layer crosstalk is small for standard pickups, but close enough that spherical aberration doesn't become fatal. With this in mind experiments were performed, and the inter-layer distance was specified to be 55 [image: image17.png]


15 microns. The substrate thickness specification for dual layer discs was able to be made thin because the thinner the substrate, the easier it is to control coma aberration, thus giving plenty of margin. 

Chapter 2 Physical Format of Read-Only Discs 
	2.2 Features of the DVD Physical Specification 



2.2.1 Standard evaluation specifications 

The table below shows a comparison of the basic specifications used in evaluating specification compliance for CD and DVD discs. As shown in the table, the NA value is considerably larger for DVD. Since these are standard evaluation specifications, the limits on variability are quite tight. Further, there are specifications for items which were not specified for CDs, such as servo characteristics and transfer characteristics of playback system elements like laser diodes and waveform equalizers. Since the recording density is higher in DVD, the shortest mark is shifted toward the high range of the MTF low-pass optical system transfer function. The DVD has an MTF of 68%, compared with 50% for a CD system. As a result, the system requires waveform equalization for demodulation. Because the waveform equalization function changes the error rate and jitter value, the playback system transfer characteristics are set, including the waveform equalization function of a standard test device. As a result, it is possible to indirectlyspecify the performance of the LBR master recording device. The DVD specification also defines standard servo characteristics. These are closely related to the disc mechanical characteristics, which will be described later. For CDs, disc surface deviation and radial deviation are specified as accelerations. However, it is difficult to measure acceleration and produce repeatable measurement values. This issue was investigated during the work on the ISO 3.5" disc. The result was to specify standard servo characteristics and to specify disc mechanical properties with the residual error after servo compression. The key feature of this method is the ability to generate repeatability of data. The DVD specification uses the same method. In specifying servo characteristics, open-loop specifications were avoided, as they are subject to wide variation; instead, closed-loop parameters were specified. Please refer to the DVD specification for playback system transfer characteristics and servo characteristics.
Further, the detector size is specified for measurement of dual layer discs. This is done with the intent of limiting the amount of inter-layer crosstalk. Care must be taken, as use of a larger detector will introduce obstacles to other measurements, particularly to reflectivity measurements, due to inter-layer crosstalk. As a side note, detectors usually utilize PIN photo diodes, and electrons excited by light entering from other than the detector portion can result in a considerable DC offset. Therefore, during measurement the detector should be shielded from stray light, or grounded to bleed off the stray electrons. 

	Comparison of standard evaluation specifications

	
	DVD
	CD

	wavelength
	650[image: image18.png]


5 nm
	780[image: image19.png]


10 nm 

	NA
	0.60[image: image20.png]


0.01
	0.45[image: image21.png]


0.01

	polarization
	circular
	-

	light intensity 
at the rim 
(of the pupil of 
the abjective lens)
	RAD:60-70%
TAN:90% or more
	50% or less

	surface aberration
	0.033 [image: image22.png]


RMS or less
	0.07 [image: image23.png]


or less

	laser diode noise
	-134 dB/Hz or less
	-

	measuring scanning velosity
	3.49 [image: image24.png]


0.03 m/s (single layer)
3.84 [image: image25.png]


0.03 m/s (dual layer)
	-

	disc clamping force
	2.0[image: image26.png]


0.5 N
	1-2N

	circuit characteristics
	standard servo, equalizer, PLL, 
CLV servo, slicer characteristics
	-




2.2.2 Jitter specification 
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The DVD specification includes a standard for jitter, which is not found in the CD specification. The logical format specifies disc mechanical and optical characteristics, but specifications for sources of degradation, like inter-symbol interference introduced in the disc cutting step, are not included in the current CD specification. There are also items which cannot be expressed by parameters listed in the current CD specification, such as degradation introduced by the mastering machine or unevenness in pit replication.
These effects can't be ignored in DVDs with their higher recording density, and thus it is necessary to specify such factors. There was an error rate specification in the CD specification, but this is impossible to measure unless there are defects or degradation due to the playback device.
The disc specification for Pioneer's [image: image27.png]


Karaoke System specified an error rate using a tilted pickup, but this was a difficult measurement to make, and certainly not efficient. In the DVD specification it was decided to add a jitter specification, as jitter is a parameter where degradation can be measured numerically. Jitter is measured in the absence of tilt, which is an ideal disc specification, but it isn't practical to compensate for tilt at all points. Since the effect of jitter due to the varying component of surface tilt is small, it was decided to measure across one full revolution and measure the average value of tilt variation. As a result, it is only necessary to compensate for the average radial tilt when taking measurements. 



2.2.3 Tilt specification 

[image: image131.png]


The disc tilt limit is [image: image28.png]


0.8[image: image29.png]


in the radial direction, and [image: image30.png]


0.3[image: image31.png]


in the tangential direction. The specification for the radial direction is larger in consideration of the fact that it's easy for the disc to curve into a bowl shape. 

Note that the tilt angle defined by the specification is not just the physical angle of inclination, but rather the angle between incident and reflected light ([image: image32.png]


), measured optically.

Of course, the specification defines characteristics of discs when shipped from the factory; but it also requires guaranteed disc characteristics after being subject to conditions in the marketplace. However, there are a wide variety of environmental conditions in the marketplace, making that very difficult to specify. Therefore, an Informative Annex to the DVD specification describes the minimum environmental tests. Care must be taken, for example, not to use adhesives that will degrade at the specified high temperatures.

As a side note, there have been reports of degradation due to disc tilt resulting from the use of improper cases and packing. 



2.2.4 Reflectivity specification 

For CDs, the reflectivity specification is for a disc with a reflective surface only, with no information recorded on the disc; practically speaking, this is very difficult to test. The DVD specification takes into account the player design, and specifies reflectivity in terms of the maximum playback signal level I14HThis is very easy to measure. In this case there are effects from disc birefringence, so the specification defines values for both polarizing and non-polarizing optical systems.

There are actually two sets of reflectivity specifications, as reflectivity differs between single layer and dual layer discs. For the polarizing optical system, the specified values are 45-85% for single layer discs, and 18-30% for dual layer discs. However, note that there are specifications for I14Hvariations across the surface and around a revolution, for the purpose of limiting variation in servo gain.

Further note that the minimum I14Hreflectivity value for DVD-RAM discs is about 10%. For more detailed information, please refer to the DVD-RAM specification. Ordinarily, the detection of whether or not a disc is loaded in a tray is done by attempting to focus on the disc. This means that the focussing mechanism must handle discs with a reflectivity of only 10%. 



2.2.5 Tracking specification 

The DVD specification adds an item for a crosstalk signal which expresses the contrast when cutting across a track, and which is used in pulling in of tracking and disc access. Since the track pitch is narrow and crosstalk noise is high, the crosstalk signal is specified to be measured after running through a 30 kHz low-pass filter. 



2.2.6 Other disc parameter specifications 

The table below shows the difference in some other parameters between the CD and DVD specifications. When playing video from a DVD, the disc spins at a rate which provides a linear speed of 3.49 m/s. (The linear speed of a CD is 1.2 to 1.4 m/s.) If disc warpage and eccentricity is the same for a DVD disc as for a CD, it would require a high bandwidth actuator to allow the pickup to follow the disc movement. This would raise the further complication of increased heat generation. This must be avoided to enable portable applications, and so the DVD specifications for disc eccentricity and surface deviation were made more strict than for CDs. Note that for dual layer discs the layer closest to the pickup is aligned during the clamping process. Therefore, the maximum eccentricity value is large, considering the de-center that can occur during bonding with the other bonded layer. 

	
	DVD
	CD

	track pitch
	0.74 [image: image33.png]


0.01 [image: image34.png]


m (average)
0.74 [image: image35.png]


0.03 [image: image36.png]


m (instantaneous) 
	1.6[image: image37.png]


0.1[image: image38.png]


m

	eccentricity 
(radial runout)
	100[image: image39.png]


m peak to peak
	140[image: image40.png]


m peak to peak

	warpage 
(surface deviation)
	[image: image41.png]


0.3mm
	[image: image42.png]


0.5mm



Since the DVD medium is a bonded disc, there must be a specification for the maximum allowable de-center in the bond. Since the specification includes variation in mass, a specification item for dynamic balance was created.

Further, so that the back side of the tapered cone used during clamping doesn't contact the inside diameter of the disc, and so that no problems occur if a DVD is accidentally loaded into a CD player, the inside diameter is specified to not be less than 15.0 mm when viewed through both surfaces.

To maintain bonding strength, the maximum value of the depression on the inside of the clamping area was changed to 0.1 mm, from the CD value of 0.2 mm. And, considering LD and DVD compatible players, the maximum value of the stack ring thickness variability area protrusion on the outside of the clamping area was changed to 0.25 mm, from the CD value of 0.4 mm.

The program start radius of a CD is 25 mm. This was reduced to 24 mm for DVD to increase the disc capacity. The lead-in start radius is 22.6 mm. The maximum radius of the program region is 58 mm, followed by a lead-out of at least 0.5 mm width. Further, in order to insure that there is some region with program recorded, the minimum value of the outer radius of the information region is required to be 35 mm.
Chapter 2 Physical Format of Read-Only Discs 
	2.3 The DVD Data Format 



2.3.1 ID, IED, and EDC 

The figure below shows the process used in encoding.
First, two bytes of error correction code are added to a four-byte ID. This is done to enable fast access by making it easy to read the ID using only the ID's error correction code, without having to calculate and check the error correction code which is later added to the entire data block. To this ID is added six bytes of control data, 2048 bytes of main data, and a four-byte EDC code. This EDC code is used for checks such as determining whether scrambling has been performed correctly, and whether error correction has occurred after the error correction code is calculated and checked. 



2.3.2 Scrambling 

After the EDC is appended, the data is scrambled. This is done to randomize the data and prevent problems like interference from a repeating pattern in the neighboring track, or a repeating pattern in the data resulting in a large DC component which affects the data slicing or servo. Note that the data used in the scrambling process will not have any fixed pattern, but will be comprised of 16 values, based on four bits in the ID, in a manner chosen to also be effective in recording. The initial value is taken from the four bits beginning with the fifth bit from the end of the ID, to provide the same scrambling to 16 sectors of data. Therefore, the scramble pattern makes one complete cycle in 16 x 16 = 256 sectors. This scrambling is done for the purpose of randomizing the data, which is particularly important for differential phase tracking. In differential phase tracking, a proper error signal cannot be generated if the pit arrangement in the adjacent track is in some particular pattern. At the inner circumference of the disc there are about 29 sectors around one complete revolution. Since the same scrambling continues for 16 sectors, the necessary condition has been met at the inside circumference. At the outer circumference there are about 70 sectors in one complete revolution. This is less than a full cycle of 256 sectors, so again the necessary condition has been met. The conditions will still be met a blue laser is used to increase recording density by a factor of 1.5. ECC encoding is done on the scrambled 16 sectors, using product codes.
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2.3.3 ECC (Error Correction Code) block and interleaving 
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The figure above shows the data in block structure after ECC has been added, with 10 bytes of Reed-Solomon check code (182, 172, 11) added to each row of 172 bytes, and 16 bytes bits of Reed-Solomon check code (208, 192, 17) added to each column of 192 bytes . 
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After the ECC has been added, each of the bottom 16 rows is interleaved with the data so that there are 12 rows of data followed by one row of parity check code, as shown in the figure at right. This block of 13 rows of 182 bytes each comprises one recording frame, before the addition of modulation and synchronization signals. 



2.3.4 Sync Code 

Each row of a recording frame is divided into two equal parts, and a 32-bit synchronization (SYNC) Code is added to each group of 91 bytes(91 x 16 channel bits= 1456 bits). The pattern of this SYNC Code field is
AAA*******0001000000000000010001
The latter part of this field is a combination of 14T and 4T. The Tmax in the data is 11T, so adding 3T to make a pattern of 14T in the SYNC field means that even if 11T becomes 12T due to an edge shift, and if 14T becomes 13T due to an edge shift, it will still be possible to distinguish them. After the 14T comes a fixed 4T, and with the previous having a gap of at least 4T, it is prevented from having symbol interference with the 14T. The AAA portion is chosen to be either 000, 001, or 100, depending on the relationship with the previous word (defined by the condition and the (d, k) limitation). The seven bits indicated by ******* are used in combination with the three AAA bits to form one of 32 different patterns, and assigned one of two different codes with different edge transition numbers for eight types of SYNC Codes ranging from SY0 through SY7. Utilizing the two codes with different edge transition numbers for each SYNC Code allows look-ahead DC control. (DC control is done by choosing the the one of the two types of SYNC Code which will result in a smaller DSVuntil the point where DC control is next performed.) 
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The figure at right shows the combination of the SYNC Codes for the 13 rows in a sector. Each sector begins with SY0, and each row is uniquely identifiable by the pattern of cyclically repeating SY1 through SY4 and SY5 through SY7 codes. Error correction codes are generated over 16 sectors. The ID information following the SY0 at the beginning of the block is read and recognized as an address which is divisible by 16. SY0, that is to say, the beginning of the sector, plays an important role in decoding the data.
Since the individual rows are uniquely identifiable in the sector structure, several rows can be read and the location of a coming SY0 can be calculated from the periodicity of the rows' SYNC Codes. This makes it possible to interpolate and read the next ID, even if for some reason the SY0 code is unreadable. Key features of this sector block structure are the large error correction code block and the ability to determine the sector head even if the actual pattern is unreadable.
The SYNC Codes were defined to realize in just 32 bits the features described above, namely a 14T length SYNC pattern that is 3T longer than the Tmax in the data region, DC control, and the identification of the sector start.
The synchronization frequency of a standard test unit is based on the 27 MHz clock of the video system, and is divided down by (512 x 3) to 17.578125 kHz. Since the channel clock is one SYNC frame interval, or (91 + 2) x 16 = 1488 bits, the channel clock frequency becomes 27 MHz x 1488 / 512 / 3 = 26.15625 MHz.
The ID information added to each sector is comprised of four bytes. The lower-order three bytes contain the sector number. The upper byte provides a bitmap of information which the drive requires in real time, namely the sector format (ROM or RAM), tracking method (pit tracking or groove tracking), reflectivity (greater or less than 40%), disc region (lead-in, lead-out, or middle data), and layer information (layer 0, layer 1, other). Note that the layer information is contained in the lowest-order bits of the byte, putting it in a position to be considered as the upper bits of the sector number. 



2.3.5 Lead-in, middle, and lead-out regions 

The CD's table of contents information is contained in the lead-in area, and contains a table of information used to access the rest of the disc. The DVD specification, however, adopts the concept that all information about the data content is contained within a file system, and exists within the data itself. Therefore, the information written in the lead-in (middle region) is information necessary only for the drive itself, such as disc compatibility and drive control information. (There are also regions for manufacturer information or related to copying.)
This information is called control data, and is written in the 17.5 to 105 tracks located inside the data region start radius of 24 mm. One block of the control data is an ECC block (16 sectors), and is written across 192 blocks, or in other words, is repeated 192 times. The first sector of the control data contains physical format information. The physical format information describes what type of disc it is, conforming to what revision of the specification. It also describes the disc size, the maximum transfer rate with consideration for portable players, number of layers, track path type, whether the disc is all ROM or partial ROM, recording linear density, track density, and start and end sector numbers.
Starting 16 tracks inside of the control tracks and covering two blocks of length is recorded a reference code used for equalizer calibration. Inside of this, ROM discs also contain a region of all-zero data extending inward to a radius of 22.6 mm. 
Chapter 4 Video Format 
	4.3 Presentation Data 



Within the presentation data, video, audio, and sub-picture data are multiplexed with a portion of the navigation data in conformance with the MPEG-2 program stream specification. The structure of pack and packet comply with this specification, and each pack contains 2048 bytes. The multiplex rate (mux_rate) is 10.08 Mbps. 

4.3.1 Video 

	data compression method
	MPEG2, MPEG1

	bit rate
	9.8 Mbps max. (MPEG-2)
1.856 Mbps max. (MPEG-1) 

	GOP size
	36 fields max.

	screen display
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TV systems
	525/60, 625/50
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aspect ratios
	4:3, 16:9
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modes
	pan & scan, letterbox
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user data
	closed captions



Video data exists as one stream of data compressed according to the MPEG-2 video format. The maximum bit rate is 9.8 Mbps, and the stream supports variable bit rate to provide high-quality video.
DVD-Video is compatible with both NTSC and PAL formats, and supports both 4:3 and 16:9 aspect ratios. The title creator can specify either "pan & scan" (cutting off a portion of the image) or "letterbox" (showing then entire image with black bands at the top and bottom of the screen) format to provide output of 16:9 aspect ratio video content at an aspect ratio of 4:3. 



4.3.2 Audio 

	
	Linear PCM
	Dolby Digital*
	MPEG Audio

	Fs
	48kHz, 96kHz
	48kHz
	48kHz

	Qb
	16 / 20 / 24 bits
	Compressed
	Compressed

	Bit-rate
(per 1stream)
	MAX 6.144Mbps
	MAX 448kbps
	MAX 912kbps


* Trademarks of Dolby Laboratories Licensing Corporation 

Three audio formats are allowed by the DVD specification: linear PCM, Dolby Digital, and MPEG audio. Each title can have up to eight audio streams. The streams are distinguished by attributes such as language. Each stream is comprised of multiple channels. For instance, the Dolby Digital format supports 5.1 channels. 

When using the linear PCM format, DVD audio can support a sampling rate of up to 96 kHz with up to 24 bits per sample, providing audio quality which far surpasses that of CDs. For Dolby Digital or MPEG audio, the sampling rate is 48 kHz. MPEG audio supports MPEG-2 audio with multi-channel capability. 



4.3.3 Sub-picture 

	data format
	run-length encoding, two bits per pixel

	data size per picture
	52 kB max.

	resolution
	720X480 (525/60)
720X576 (625/50)

	display color
	16 colors (specified per PGC)

	display control
	change pixel contrast and color
change display area (move)
change display data (scroll up/down)
force display 


Sub-picture data is a concept peculiar to DVD, and consists of defining data, such as subtitles, menus, and karaoke lyrics, which is overlaid as a bitmap onto the main video content. This data is compressed using run-length encoding. Up to 32 streams of sub-picture data can exist for each title. Sub-picture streams are distinguished by attributes such as language. 

Sub-picture data can be displayed in up to 16 different colors. For applications such as subtitles, the user controls the display of sub-picture data. DVD also supports the forcing of sub-picture data display, for example if the title creator wants to force a menu to be displayed at a particular point in the content stream. 
	5.2 Overview of the DVD-Audio Specification 


	DVD-Audio Design Concept 
· Pure Audio: Linear PCM and Packed PCM (lossless encoding)
- extremely high quality
(192 and 176.4 kHz sampling frequencies, in stereo)
- multi-channel (scalable, up to six channels) 

· Maintains compatibility with the DVD-Video format 

· Many added features
- still image features
- video features (a subset of the DVD-Video format)
- centralized text, real-time text 

· Access features suitable for audio systems
- access units leverage the familiar paradigm of conventional
audio media album (Volume), group (Title Group), track (song), 
index (Cell)
- continuation of the basic concepts behind DVD-Video
- TOC-style access method (two-channel content) 


	




5.2.1 DVD-Audio and DVD-Video formats 
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The DVD-Audio specification was established as the second ROM application format for the DVD family. In formulating the design concept, compatibility with the DVD-Video specification was given high priority, in addition to striving to meet the needs of next-generation audio discs. To this end, the physical format and file format were made common with the DVD-Video standard, but this is not all; the DVD-Audio specification also aims to share much in common with DVD-Video in its application format. The specification for audio data, the core of playback data for DVD-Audio, is comprised of portions compliant to the DVD-Video specification, portions which are extensions of the DVD-Video specification, and portions which were newly defined for DVD-Audio. The specifications for compressed audio and video are a subset of the DVD-Video specification & complying with that specification but with some additional restrictions added & thus maintaining complete data compatibility. Some portions of the specification for still images, menus, and text data follow the DVD-Video specification, but most portions are newly defined to provide more appropriate features for audio discs. 



5.2.2 Discs and players 
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With the emergence of the DVD-Audio specification, it is anticipated that the DVD-Video players on the market will be joined by Audio-only players, which focus on providing the best possible sound quality; compatible players, which can play both DVD-Audio and DVD-Video discs; and many other specialized players to meet users' needs, such as portable players and car audio devices. The DVD-Audio specification provides the capability for discs to include not only pure audio content but also video or still image content which can be played along with the audio content. The specification allows the audio portion of such video content to be played on Audio-only players, while the video can also be reproduced by pre-existing DVD-Video players.
	
	Audio Object
	Video Object

	Encoding methods
(mandatory)
	  Linear PCM(Scalable)

  Packed PCM (lossless encoding) 
	  Linear PCM

  Dolby AC3 

	Encoding methods
(optional)
	none
	  MPEG Audio

  DTS

  SDDS 

	Audio specifications for Linear PCM and Packed PCM encoding schemes

	Sampling frequency
	48/96/192 kHz
44.1/88.2/176.4 kHz 
	48/96 kHz

	Quantization depth
	16/20/24 bits
	16/20/24 bits

	Maximum number of channels
	6ch (fs: 48/96/44.1/88.2 kHz)
or
2ch (fs: 192/176.4 kHz)
	8ch
(2ch for Stereo 
+ 6ch for Multi channel) 

	Maximum bit rate
	9.6 Mbps
(Linear PCM / Packed PCM) 
	6.144 Mbps
(Linear PCM) 

	Frame rate
	1200Hz
( fs: 48/96/192 kHz)
1102.5Hz
(fs: 44.1/88.2/176.4 kHz) 
	600Hz
(fs: 48/96 kHz) 


As with DVD-Video, audio data in DVD-Audio is combined with header information and management information to form audio packets, which are then combined into 2048-byte packs. These packs are multiplexed with other packs to form Objects and are recorded to the disc. Two types of objects are specified by DVD-Audio. Audio Objects (AOB) are intended for use in main audio playback, while Video Objects (VOB) are used for playback of images and audio. The encoding methods defined for the two kinds of objects are different. The encoding method for VOB follows and is identical to the DVD-Video specification, to maintain compatibility with that format. The AOB format, however, uses a new Linear PCM (Scalable) and Packed PCM to provide higher audio quality.

In order to satisfy various requests from the music industry, the audio specifications for Audio Objects are based on the DVD-Video specification, with extensions to provide further capabilities.

Sampling rates that are multiples of 44.1 kHz were added to allow the recording of currently-existing music assets with perfect transparency and no processing required. Sampling rates of 196 kHz and 176.4 kHz were added to meet the ultra-high bandwidth demands of next-generation audio discs. The bit rate was expanded to 9.6 Mbps to support specification extensions for multi-channel audio, in addition to providing ultra-high bandwidth.

Lossless compression (Packed PCM) was added as a means to achieve 96 kHz, 24-bit, 6-channel (13.824 Mbps) recording and a greater than 74 minute recording length. 



5.3.3 Data rate and recording time 
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DVD-Audio takes advantage of the large (4.7 GB) capacity and high (10.08 Mbps) transfer rate of the DVD format to make it possible to record extremely high quality audio content and multi-channel audio content that just wasn't possible with previous media. On the other hand, DVD-Audio also makes it possible to record over 400 minutes of CD-quality audio. The use of lossless compression further expands the recording time and effective transfer rate (to a maximum of 13.842 Mbps before compression). 



5.3.4 Scalable multi-channel 
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One major benefit provided by the Linear PCM encoding used in the DVD-Audio specification is scalability. Even in actual multi-channel recording, the surround channel signals, which consist primarily of echo, typically have much lower levels than the front channel signals and also require less bandwidth. In such cases, it is possible to improve efficiency by recording the surround channel signals with lower sampling frequencies and quantization bit depths.

In this context, scalability is the concept of grouping the channels into multiple channel groups according to various parameters of the source data, and then setting the optimal sampling frequency and quantization bit depth for each channel group. A channel group is simply a set of channels which are encoded with a common sampling frequency and bit depth. For example, the front three channels could be encoded at 96 kHz, 24 bits per sample, while the rear two channels and LFE (Low Frequency Effect) channel could be encoded at 48 kHz and 16 bits per sample. Or front right and left channels and rear channels could be encoded at 96 kHz, 20 bits per sample, while the center and LFE channels could be encoded at 48 kHz with 20 bits per sample. The following restrictions apply to channel group audio specifications in DVD-Audio. 

· There may be at most two channel groups. 

· 192 kHz and 176.4 kHz sampling frequencies may not be used in conjunction with scalability. 

· The sampling frequencies must have common factors. 

· The sampling frequency and quantization bit depth for channel group 2 must be less than or equal to those of channel group 1. 

There are 21 allowable configurations of channels assigned to channel groups, and the relationship between channels, groups, and speaker position is also specified. Even if the sampling frequency and bit depth are common to all channels, the channels must be assigned to two channel groups if there are three or more channels. 
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	Note 1: must include left and right front channels
Note 2: channel group 1 only, two channels max.
Note 3: if the sampling frequency differs between the channel groups, sample timing must be synchronized to the timing of the lower-frequency channel 

For LPCM audio sources.
-
Two groups max. ([image: image54.png]


 9.6 Mbps)
-
Sampling frequency, quantization bit depth of channel group 1 [image: image55.png]


Sampling frequency, quantization bit depth of channel group 2
-
May be changed on a per-track (song) basis
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5.3.5 Downmixing 
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In addition to conventional stereo playback, DVD-Audio also supports multi-channel audio to provide new kinds of sound stages. These new sound stages, wherein each channel provides audio quality which far surpasses that of CD audio, should make music a more powerful experience for the listener than ever before possible. Practically speaking, however, all users may not have an environment which allows them to reproduce multi-channel sound. Further, there will be different kinds of listening environments, such as listening outdoors. For these reasons, the DVD-Audio specification was designed to provide robust support for both multi-channel audio and two-channel stereo, and thus provides for various ways to reproduce multi-channel content in two-channel environments.

One of these methods is called downmixing. Each disc which contains multi-channel audio content can have recorded on the disc the relationship between the various channels and the left and right channels (Lmix and Rmix) of a mixed-down two-channel audio stream. When such content is played, the player performs the downmix processing according to the following formulas. 
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The downmix coefficients [image: image83.png]
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may only be set for Linear PCM data in the AOBs, and the values may be different for each track. The coefficients may be set in extremely fine steps, with a minimum step size of 0.2 dB. This allows the artist to provide audio playback with the exactly the desired feel. 



5.3.6 Bit shifting 

[image: image85.png]during recording

on the disc

during playback.

FIE e

i evel -

CHoRi_onoRz
: + = = = :
== = = + =F3
== = : = =
: =y S sanitortvosic EX =

[reve—
o

V—L‘ EETETEET





When the quantization bit depths of the channel groups are different in a multi-channel audio stream the player treats both digital full scale values as the same signal level. As a result, when reproducing the multi-channel audio the channels with less bit depth will have quantization noise that is relatively greater, and thus has a larger influence on the total dynamic range. The DVD-Audio specification incorporates a method called bit shifting to reduce this influence.

For instance, if the peak signal level for channel group 2 is less than -12 dB, the upper three bits will always have the same value as the MSB. This means that the signal can be shifted upward by two bits, which allows 18 bits of data to maintain the original 20 bits of precision. After channel group 2 signals are shifted upward, data for channel group 1 is recorded to the disc at 20 bits per sample, while the lower four bits of the channel group 2 signals are truncated and the signals are recorded at 16 bits per sample. At the same time, information indicating that channel group 2 has been recorded with a two-bit upshift is also recorded to the disc. During playback, the channel group 2 signals will be downshifted by two bits. That is, the MSB of the 16-bit data is expanded to add two high-order bits that are the same as the MSB, while two bits of zeros are added to the low-order end of the samples, producing 20-bit data for playback. This allows the precision of an 18-bit sample to be preserved, thereby increasing the dynamic range by 12 dB over what would be obtained by simply truncating the channel group 2 signals to 16-bit samples, and thus reducing the overall noise level. This bit shifting is done to increase the efficiency of sample usage and expand the dynamic range of Linear PCM multi-channel audio. It cannot be used with Packed PCM, and may only be applied to Linear PCM channel group 2 signals. Samples may be shifted by one to four bits, and the shift amount may be changed on a per-track basis. Bit shifting may not be used when both channel groups are using the same quantization bit depth. In combination with the scalability features, bit shifting provides efficient data transfer while maintaining maximum bit resolution for channel group 2 signals. 



5.3.7 Audio Selection 
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	Audio selection playback example 

	Note:
AVTT = Audio Video Title (an audio title recorded in Video Format)
AOTT = Audio Only Title (an audio title recorded in the new Audio Format; LPCM, Packed PCM)


The DVD-Audio specification defines a feature called Audio Selection which allows support for audio data in two different formats in the same track. The user first sets up his system according to the playback capabilities of his player and playback system, and the player can then automatically select the correct audio data to play back between the two formats. The user may also specify the data to be played back, at playback time. Audio Selection is applicable to the following combinations of the two types of data (objects or streams). 

· A combination of different numbers of channels (stereo, multi-channel) 

· A combination of different encoding methods 

· A combination of different numbers of channels and different encoding methods

Chapter 6 DVD-R and DVD-RW 

	6.1 History of Specification Publications 



The specification for the write-once DVD-R disc, DVD-R (3.95 GB) Book version 1.0 was released in 1997, and Pioneer began selling industrial DVD-R discs and drives that same year. A preliminary specification for a 4.7 GB disc, Book version 1.9, was released in November 1998. However, as a result of discussions about issues related to copy protection, the 4.7 GB DVD-R specification was divided into two specifications, DVD-R for Authoring version 2.0, and DVD-R for General version 2.0, which were published in February and May of 2000, respectively. Following that, supplemental information documents were published as addendums to the General specification in September and December of 2000, bringing the DVD-R specification to the form in which it exists today.
The specification for the rewritable DVD-RW disc, on the other hand, targeted a 4.7 GB capacity from the start. Version 1.0 of that specification was published in November 1999. In September of 2000 revision information was released to bring the specification to version 1.1, with a supplemental information addendum also published in September and December, bringing that specification to the form in which it exists today.
The content of those specifications will be described later in this chapter. A broad range of DVD-R discs, DVD-RW discs, DVD recorders, and DVD-R/RW drives based on these specifications are now being introduced to the market. 
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Figure 1 History of DVD-R/RW disc specification publications
Chapter 6 DVD-R and DVD-RW 

	6.3 Basic Specifications 



This section will describe the basic specifications that are common to 4.7 GB DVD-R and DVD-RW discs.
As explained previously, the basic playback specifications of DVD-R and DVD-RW discs after recording are the same as those for DVD-ROM discs. As shown in the table below, the reflectivity of DVD-RW discs differs from that of single-layer DVD-ROM discs (but is the same as that of dual-layer DVD-ROM discs). With that exception, other parameters such as recording capacity, density (track pitch, minimum pit length), and recorded signal playback quality follow suit with the parameters of single-layer DVD-ROM discs. 
Table 1 Comparison of Basic Playback Specifications with Those of DVD-ROM Discs
	DVD standard
	single-layer
DVD-ROM
	DVD-R
	DVD-RW
	dual-layer
DVD-ROM

	Laser Wavelength
	635 / 650 nm

	Objective lens NA
	0.60

	Reflectivity
	45 to 85 %
	18 to 30 % 

	Modulated amplitude
	0.60 min.

	Data track form
	Single spiral track

	Track pitch
	0.74 [image: image88.png]




	Tracking method
	DPD (Differential Phase Detection)

	Minimum pit length
	0.40 [image: image89.png]



	0.44 [image: image90.png]




	Data modulation
	8 / 16, RLL(2,10)

	Error correction
	RS-PC (Reed-Solomon Product Code)

	Channel bit rate
	26.16 Mbps

	Scanning velocity
	3.49 m/s (CLV)
	3.84 m/s 
(CLV)

	User data capacity
	4.70 Gbytes / side
	4.25 
Gbytes/layer



As shown in Figure 3, the recording tracks (grooves) "wobble" at a fixed frequency, and address pits called Land Pre-Pits are positioned between the recording tracks. (The details of this structure will be explained later.) These two types of addressing are used during recording to control disc rotation and generate the recording clock, as well as providing information such as recording address, which is necessary in the recording process.
After recording, the disc Information Area, the playback region, has exactly the same structure as that of a DVD-ROM disc, and the data format is also exactly the same. Closer to the center of the disc than the Information Area is another region, called the R-Information Area, which is peculiar to DVD-R and DVD-RW discs. This area contains an area called the PCA (Power Calibration Area), which is used for laser power calibration, and an area called the RMA (Recording Management Area), which contains recording management information necessary for the recording device. This information is provided to prevent problems in playing these writable discs in ordinary players and drives. 
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Figure 3 Disc Structure Common to DVD-R and DVD-RW


6.3.1 Preformat and addressing 
DVD-R and DVD-RW discs use groove wobble and land pre-pits as a means for providing pre-format. As shown in Figure 3, the disc substrate contains grooves which are used to guide the laser beam, and the data is recorded in these grooves. The areas between adjacent grooves are called lands. Groove wobbling means that the grooves wander back and forth with a fixed amplitude and spacial frequency. Land pre-pits are isolated pits formed on the lands in a fixed pattern. The major uses of these two features are as follows:
	 
	 
	Groove wobbling

	 
	-
	generation of a spindle motor control signal

	 
	-
	generation of a gate signal used in detection of the land pre-pits

Land pre-pits

	 
	-
	high-precision positioning when writing data

	 
	-
	acquisition of recording address and other information necessary for recording


The combination of these two features provides a high precision, highly reliable pre-format.
This pre-format signal is obtained through differential detection of the laser light reflected from the disc during tracking, but is designed so as not to be detected in the overall signal ordinarily used to obtain user data from an optical disc. That is, the pre-format signal used during recording is designed so that it has no effect on the playback of data the user has recorded to the grooves.
Figure 4 shows a basic diagram of the detected signal. As seen in the figure, the groove wobble signal is detected as a sine wave, while the land pre-pit signal is coincident with the first three peaks of the wobble signal in each synch frame (an odd or even frame). These three pulses make up one set. These three pits are assigned in a fixed pattern. The first bit always exists, and the sync pattern in the recorded data is synchronized with this pre-pit. This method of recording user data while providing phase compensation to the recording clock based on the pre-pit position makes it possible to append data or write data with much greater precision than is possible with CD-R and similar format.
Today, there are three types of linking loss area (the loss of user data which accompanies appending or rewriting of data), with magnitudes of 32 kB, 2 kB, and 0 bytes. Use of the above-described method makes it possible to do "lossless linking" (in DVD-R for General and DVD-RW). 
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Figure 4 Pre-format Detection Signals


6.3.2 Write strategy 
As one means of increasing recording performance when actually writing a signal to the disc, the DVD-R and DVD-RW specifications define a type of laser output multi-pulse modulation called write strategy, which rely on the fact that DVD-R and DVD-RW use heat for recording. Figure 5 shows the basic write strategy for these two types of disc. For both media types, the laser pulse for a single recording mark is divided into a top pulse and a series of multiple pulses, which provides control of distribution of heat generated in forming the mark. DVD-R uses two levels of laser power, while DVD-RW uses three levels to enable overwriting. For the latter in particular, the series of pulses is ended with a cooling pulse. 
This method alleviates heat interference between adjacent and the heat accumulation at the trailing edge of the formed mark, and makes it possible to obtain a playback signal with good characteristics.
The DVD-R and DVD-RW specifications also provide the option of encoding the optimal pulse width for a particular media type and embedding that information in the land pre-pit, as a mechanism for further increasing system margin. 
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Figure 5 Write Strategy 
Chapter 6 DVD-R and DVD-RW 

	6.4 Features of the Specifications 



As mentioned above, the 4.7 GB DVD-R specification was divided and published as two specifications (DVD-R for Authoring version 2.0 and DVD-R for General version 2.0), out of concern for copy protection issues. The former specification is restricted to professional authoring applications, while the latter specification is available for general consumer applications. The DVD-RW specification was also designed for consumer applications, and was revised from version 1.0 to version 1.1 to perfect its copy control mechanisms. At the same time, playback compatibility with DVD-ROM was also improved.
This section will describe the commonalities and differences between these three specifications. 



6.4.1 Blank disc structure 
Figure 6 shows the specified characteristics of the different types of blank discs. From the figure we can see that the DVD-R for General, for consumer applications, and the DVD-RW discs have the same structure. That is, the recording laser wavelength and distribution of recording addresses included in the land pre-pit data are the same, and both require playback-only areas (areas which cannot be written) for use in preventing the recording of copy-protected data. Further, these discs contain an area near the center of the disc for (optional) NBCA copy generation management data (the details of which will be explained below).
The main difference between these and DVD-R for Authoring is in whether or not copy management mechanisms physically exist on the disc. The professional and consumer discs also use different laser wavelengths and addressing schemes so that the each types of disc is not compatible with the other style of recorder.
The means of creating a read-only region on the surface of the recording disc is currently different for DVD-R and DVD-RW. Since DVD-R for General is a write-once medium, the disc manufacturer creates the read-only area by writing to that area as part of the manufacturing process. DVD-RW, on the other hand, is a rewritable medium. In DVD-RW, the read-only area is pre-recorded with embossed pits. The quality of the signal read from the embossed pits was not specified in the DVD-RW version 1.0 specification. In revising the specification to version 1.1 it was determined that to complete the copy management mechanism that signal quality should follow suit with that of the DVD-ROM specification. As a result, the modification to the specification also helped maintain compatibility with DVD-ROM discs. 
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Figure 6 Structure of Blank Discs


6.4.2 Copy management technology 

As described in the previous section, consumer-oriented DVD-R for General discs and DVD-RW version 1.1 discs are provided with a copy management mechanism that exists physically on the disc.
The details of the copy management mechanism are described in Figure 7.
To begin with, each DVD specification provides a mechanism for recognizing the recording media, and this is common to the entire DVD family. That is, each disc contains a flag called Book Type which indicates to which specification the disc is compliant. Recordable DVD media have a particular wobbling track, which is used as a means to recognize the recordable media. Detection of this wobbling track allows the player to reject media with an illegal Book Type; that is, media that has been recorded improperly.
Besides this, discs also are specified to have a read-only area, as has was described above, as another mechanism for preventing the recording of copy-protected information.
In DVD-R for General and DVD-RW version 1.1, by recording specified data (a Media Block Key, or MKB) to this read-only area, and by further adding a bar code style signal (called NBCA) to the disc's inner tracks, allows the disc to support a copy generation management scheme (with support for copy-once media) called Content Protection for Recordable Media, or CPRM. This additional generation management information is placed on the disc by the disc manufacturer, and is an optional feature of the specifications. 
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Figure 7 Copy Management Structure for the Writable DVD Specifications
	6.5 Conclusion 



DVD-R and DVD-RW are recordable and re-recordable DVD standards recognized by the DVD Forum, defined in accordance with the basic concept of providing compatibility with read-only discs.
As applications for these recordable media, the DVD Forum has established the Video Recording format, which provides excellent support for features such as video editing, and the DVD Video format (for non-copy-protected data only), which is primarily concerned with providing compatibility with the existing DVD-Video specification. These specification are available today for use in certain applications.
The DVD-R and DVD-RW specifications were promulgated somewhat later than the read-only specification, and as a result there are some compatibility issues with some of the earlier DVD players and drives. (For example, some players cannot recognize DVD-R/RW discs because the aforementioned Book Type flag is different from those of ROM discs, or because DVD-RW discs are single-layer discs but have the same reflectivity as dual-layer discs.) Recently, however, as a result of increased recognition of these specifications, standardization efforts such as RWPPI (the RW Products Promotion Initiative), and due to continuing efforts by manufacturers to improve product quality, compatibility problems and user inconveniences in the market should be considerably reduced.
Hand in hand with the increasing popularity of DVD video, audio, and ROM, we anticipate that DVD-R and DVD-RW will also quickly establish a large recordable DVD market.
Chapter 7 DVD-RAM 

	7.1 Background of the DVD-RAM Specification 



With the increasing performance of PCs in recent years, there has also been a dramatic increase in the quantity of data they handle. This increase is expected to continue with the increase in video usage, the move to broadband, and the increase in multimedia applications. Along with the increasing capacities of hard disks to store this data, there has also been increasing demand for high-capacity rewritable storage media. Users and computer makers have said they want a rewritable disc which is compatible with ROM discs. The rewritable disc DVD-RAM specification was created to meet these requests.
Rewritable disc technologies currently on the market include magneto-optical (MO) and phase-change. Magneto-optical discs work by using laser light and an external magnetic field to record data in changing directions of magnetic regions on the disc. Discs in use today include 130 mm and 90 mm diameter data discs, 300 mm diameter video file discs, and MiniDiscs for recording music. These discs use a signal detection method involving rotation of a polarizing plane via the magneto-optical effect.
Phase change technology, on the other hand, utilize the ability of laser light to change the recording material from a crystalline to an amorphous state, and back again. A pulse of high-power laser light heats the recording surface to above the melting point, and the material is cooled quickly to cause it to enter an amorphous state. On the other hand, an amorphous region can be heated by medium-power laser light to above the temperature for crystallization to cause it to enter a crystalline state. The signal is encoded in the difference in reflectivity due to the different optical indices of the amorphous and crystalline regions. This technology was later coming to market than magneto-optical, due to the effort required to develop sufficient rewrite durability, but 120 mm and 130 mm diameter data discs and associated hardware are available today.

Phase change technology was chosen for DVD-RAM for the following reasons. 

1. The use of changing reflectivity to reproduce the signal makes it easy to achieve compatibility with read-only players. 

2. The use of laser power modulation makes it easy to achieve direct overwrite capability. 

3. The optical system is simpler than the magneto-optical system required to detect rotated polarized surfaces, and there is no need for a magnetic head to apply the external magnetic field. 

4. A relatively large signal can be obtained even from the smaller recording marks resulting from increasing disc density, and the technology can also be made compatible with shorter wavelength blue light that is anticipated for future use. 

	7.2 2.6 GB DVD-RAM Specifications 


	Recording media
	phase change disc

	disc dimensions
	120 mm diameter, bonded 0.6 mm thick substrates

	laser wavelength, NA
	650nm, 0.6

	modulation method
	8/16 encoding

	sector size
	2kB

	ECC block size
	32kB

	error correction method
	RSPC

	capacity
	2.6 GB (one sided)

	disc format
	ZCLV (Zoned Constant Linear Velocity)

	number of data area zones
	24zone

	addressing method
	CAPA (Complimentary Allocated Pit Addressing)

	recording bit length
	0.41[image: image96.png]


m/bit

	recording method
	mark edge recording

	track pitch
	0.74[image: image97]m, land and groove

	tracking method
	push-pull

	file system
	ＵＤＦ

	user data rate
	11.08Mbps


Table 1 Basic Specifications of DVD-RAM version 1.0 



Table 1 shows the basic specifications of the DVD-RAM specification version 1.0. These specifications achieve the key goals of compatibility with DVD-ROM discs and a large capacity of 2.6 GB per side.
The disc dimensions are the same as for DVD-ROM, with discs 120 mm in diameter composed of bonded 0.6 mm thick substrates, and the standard pickup also has a wavelength of 650 nm and a numerical aperture of 0.6.
Further, the encoding method, sector size, ECC block size, and error correction method were specified to be 8/16 encoding, 2 kB, 32 kB, and Reed-Solomon Product Code; these are all the same as DVD-ROM, to facilitate compatibility with DVD-ROM players.
The data rate is also the same as DVD-ROM, at over 11 Mbps. The file system was also specified for compatibility with ROM, as DVD-RAM uses the Universal Disc Format (UDF) defined by the Optical Storage Technology Association (OSTA). This file system is designed to support both the random access needed for data file applications, and the sequential access needed for video recording.
Chapter 7 DVD-RAM 

	7.3 4.7 GB DVD-RAM Format 


	Recording media
	phase change disc

	disc dimensions
	120 mm diameter, bonded 0.6 mm thick substrates

	laser wavelength, NA
	650nm, 0.6

	modulation method
	8/16 encoding

	sector size
	2kB

	ECC block size
	32kB

	error correction method
	RSPC

	capacity
	4.7 GB (one sided)

	disc format
	ZCLV

	number of data area zones
	35zone

	addressing method
	CAPA (Complimentary Allocated Pit Addressing)

	recording bit length
	0.28[image: image98.png]


m/bit

	recording method
	mark edge recording

	track pitch
	0.615 [image: image99.png]


m,  land and groove

	tracking method
	push-pull

	file system
	UDF

	user data rate
	22.16Mbps


Table 1 Basic Specifications of DVD-RAM version 2.0
(changes from version 1.0 highlighted with bold text)

After the release of the DVD-RAM version 1.0 specification, version 2.0 for 4.7 GB discs was created. The major differences between version 1.0 and version 2.0 are given below. 
1. 4.7 GB capacity
Version 2.0 increases the capacity of a single disc side from 2.6 GB to 4.7 GB, the same as for DVD-ROM. This was accomplished by decreasing track pitch from 0.74 [image: image100.png]


m to 0.615[image: image101.png]


m and recording bit length from 0.41 [image: image102.png]


m/bit to 0.28 [image: image103.png]


m/bit.
2. 22.16 Mbps standard data rate
VThe data rate of version 1.0 is the same as DVD-ROM, at 11.08 Mbps. Version 2.0 doubles the standard data rate to 22.18 Mbps to improve data recording capability.
3. Defect management method
Version 2.0 incorporates a new defect management method to support real-time recording of audio and video data.
	7.4 1.46 GB (8 cm) DVD-RAM Format 


	Recording media
	phase change disc

	disc dimensions
	80 mm diameter, bonded 0.6 mm thick substrates

	laser wavelength, NA
	650nm, 0.6

	modulation method
	8/16 encoding

	sector size
	2kB

	ECC block size
	32kB

	error correction method
	RSPC

	capacity
	1.46 GB (one sided)

	disc format
	ZCLV

	number of data area zones
	14zone

	addressing method
	CAPA (Complimentary Allocated Pit Addressing)

	recording bit length
	0.28[image: image104.png]


m/bit

	recording method
	mark edge recording

	track pitch
	0.615 [image: image105.png]


m, land and groove

	tracking method
	push-pull

	file system
	UDF

	user data rate
	22.16Mbps


Table 1 Basic Specifications of the DVD-RAM 8 cm Specification
(changes from version 2.0 12 cm specification highlighted with bold text) 


The DVD-RAM version 2.1 specification was based on the 4.7 GB DVD-RAM version 2.0 specification to define an 8 cm disc. The major differences between the 8 cm disc and the 4.7 GB, 12 cm disc are as follows.
1. 8 cm diameter
The disc size was reduced from 12 cm to 8 cm. In addition, an 8 cm case is also provided.
2. 1.46 GB capacity
The recording capacity dropped from 4.7 GB to 1.46 GB as a result of the decrease in size. The track pitch is 0.615 [image: image106.png]


m, and the recording bit length is 0.28 [image: image107.png]


m/bit, the same as with the 4.7 GB disc.
3. 14 zones
The number of zones was reduced from 41 in the 4.7 GB disc to 14.
All the remaining specifications are the same as for the 4.7 GB disc.
Chapter 7 DVD-RAM 

	7.5 Land and Groove Format 


[image: image108.png]



The figure above shows a typical DVD-RAM structure. A DVD-RAM disc holds 2.6 GB per side (5.2 GB for both sides), or 4.7 GB (9.4 GB for both sides). This high recording density was achieved through the use of mark edge recording, along with the use of land and groove recording, which is effective for use with narrow track pitches. Previous optical discs used continuous groove recording, in which data is recorded only within the tracking grooves. Land and groove recording increases recording density by writing data both in the grooves and on the lands between the grooves. There is a limit to how much track pitch can be reduced as a means of increasing recording density, as narrow track pitch tends to weaken the tracking servo signal and increase crosstalk. The solution is land and groove recording. In phase change discs the groove depth is designed to be [image: image109.png]


/6n, where [image: image110.png]


is the pickup laser wavelength and n is the optical index of the substrate. This reduces crosstalk between the lands and the grooves, and allows conventional tracking signal schemes to be used with narrow track pitches.
The reduction in crosstalk with the land and groove method is a result of the fact that the reduction in reflected light due to interference with a neighboring track when in crystalline state is approximately the same as decrease in reflectivity when in amorphous state at a particular depth. That depth is about [image: image111.png]


/6n, which is about 70 nm for a 650 nm laser wavelength.
DVD-RAM uses this kind of land and groove recording, with a track pitch of 0.74 [image: image112.png]


m (the same as in DVD-ROM) in the 2.6 GB version 1.0, and 0.615 [image: image113.png]


m in the 4.7 GB version 2.0. 

	7.6 CAPA (Complimentary Allocated Pit Addressing) 


[image: image114.png]Trackpiteh  Embossed Pits

0.74um

Header(caPA)
Chddress nfomtion)

Recorded marks

Viobbed Land & Groove,





The address signal uses a method called CAPA (Complimentary Allocated Pit Addressing) as a Physical ID (PID), and is recorded once per sector. In CAPA, the pits which record the PID are offset by one-half track from the data recording track (land or groove), to form a structure like that shown in the figure above. When groove tracking the address may be obtained from the CAPA signal behind, and when land tracking the address is obtained from the CAPA signal ahead. In each zone, the CAPA is aligned radially to allow CAV operation. The data recording area (land or groove) between each CAPA header is wobbled. Counting the number of wobbles allows the drive to accurately know the position of the next CAPA header.
Chapter 7 DVD-RAM 

	7.7 Sectors 
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Sectors are comprised of CAPA headers, where the address is recorded using embossed pits, and a data recording area on a land or in a groove. The data recording area has a structure as shown in the figure above. Reading is performed by extracting the clock in the VFO area and determining a binary slice level. The PS field allows detection of the start point, and data is read. This data area contains one DVD-ROM sector of data. The buffer areas ahead and behind are there to prevent influence on data reading due to degradation of the recording layer. Further, to help prevent surface degradation, the recording position is moved about at random, to prevent degradation of the recording layer at any particular point.
Sixteen sectors of data make up one ECC block, with error correction performed on the entire block. 

	7.8 ZCLV (Zoned Constant Linear Velocity) Format 
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Figure 1 2.6 GB DVD-RAM Zone Structure
(The structures of 4.7 GB and 1.46 GB, 8 cm discs are essentially the same, with the exception of the number of zones.)

The ZCLV (Zoned Constant Linear Velocity) method divides the disc into regions with different numbers of sectors, based on radial distance. This method provides for recording at a constant data rate via zone-based rotational control, and provides high recording density and easy rotational control and signal processing.
A version 1.0 2.6 GB disc is divided into 24 zones, with 17 sectors per rotation in the innermost zone, and 41 sectors per rotation in the outermost zone.
As shown in Figure 1, a DVD-RAM is divided into a lead-in area, a data area, and a lead-out area. The lead-in area is divided into an embossed pit area and a rewritable area. The embossed pit area contains control data such as the disc type, format, and recording method. The rewritable portion of the lead-in area use used for disc or drive testing, data for processing defects in a disc, etc.
STANDARDI

STRUKTURA
ORGANIZACIJA

TEHNOLOGIJA  

Na prvi pogled DVD disk se lako može pobrkati sa CD diskom: oba su plastični diskovi prečnika 120mm i debljine 1.2mm i oba koriste lasersku svetlost za čitanje podataka uskladištenih u formi jama i reflektivnih površina sa spiralnih traka na disku. Iako se čini da se sličnosti tu završavaju, takođe je tačno i da je sedmostruko povećanje kapaciteta DVD-a uglavnom zasluga smanjenja tolerancija CD-ROM sistema. 

Postoji više osnovne fizičke razlike između CD i DVD diskova. Pre svega, trake su smeštene bliže jedna drugoj čime se povećava gustina zapisa, a ukupna dužina razvijene spirale je 11 kilometara, duplo više nego kod CD-a. Razmak između dve trake kod DVD-a iznosi 0.74 mikrona što je više nego duplo manje od tog razmaka kod CD-a (1.6 mikrona). Prečnik najmanje rupice kod DVD formata je 0.4 mikrometra, dok je kod CD-a dva puta veći (0.83 mikrona). Da bi pravilno pročitao informacije uprkos manjim tačkama DVD mora da postigne bolji fokus laserske svetlosti, što se postiže primenom crvenih lasera talasne dužine od 635nm do 650nm (CD format koristi infracrvene lasere talasne dužine 780nm), a očekuju se još bolji rezultati primenom plavih lasera sa talasnom dužinom od 460nm do 520nm. Zumirane površine CD-a i DVD-a su date na slikama dole: 
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Druga važna razlika je u tome što DVD specifikacija podržava čitanje podataka sa dvoslojnih (prvi i drugi informacioni sloj) DVD diskova promenom fokusa lasera za čitanje. Umesto korišćenja reflektivnog sloja za prvi informacioni sloj, za njega je moguće koristiti providni sloj (translucent layer), a za drugi (unutrašnji) informacioni sloj se koristi reflektivni sloj i na njega može da se uskladišti više podataka. Ova tehnika ne povećava kapacitet jednoslojnog diska za 100%, ali dozvoljava da na takav, dvoslojni, disk stane 8.5GB podataka. Još jedna interesantna osobina DVD-a je da se drugi (unutrašnji) informacioni sloj može čitati ili od centra diska ka obodu (kao kod CD-a) ili od oboda ka centru. 

Treća važna razlika je u tome što DVD dozvoljava dvostrane diskove. Da bi se omogućilo preciznije fokusiranje lasera na manje jame i smanjila osetljivost na neravnine, proizvođači su odlučili da smanje debljinu zaštitnog plastičnog sloja kroz koju laser mora da prođe da bi dospeo do informacionih površina. Korišćenje tanjeg plastičnog supstrata nego što je to slučaj ko CD-a je rezultiralo diskovima debljine od samo 0.6mm, ali pošto su ovakvi diskovi bili ipak isuviše tanki da bi ostali ravni i zbog smanjene izdržljivosti diskova (lakše su se lomili i krivili) odlučeno je da se dva ovakva diska zalepe "leđa o leđa", pa da se na taj način opet dobije 1.2mm. Ovo "lepljenje" efektivno za 100% povećava kapacitet u odnosu na jednoslojni disk. Zanimljivo je primetiti da i jednoslojni DVD diskovi imaju dva supstrata, ali je samo jedan sposoban da skladišti podatke. 
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I, konačno, DVD efikasnije iskorišćava ukupni kapacitet diska, uz povećanu izdržljivost i pouzdanost. Naime, pored korisnih bitova na disk se memorišu i podaci koji služe isključivo za korekciju grešaka koje nastaju pri čitanju. Kada je napravljen prvi CD bilo je neophodno ugraditi kompleksne i glomazne sisteme za detekciju i korekciju grešaka da bi disk ispravno radio. DVD diskovi imaju ugrađen mnogo efikasniji i efektivniji algoritam za korekciju grešaka (ECC - Error Corection and Control), koji može da ispravi grešku koja se javila na 2000 uzastopnih bajtova podataka (dužina od oko 4mm trake). Primenom tog, novog, algoritma kod DVD-a, ECC podaci zauzimaju 13% kapaciteta diska, što je mnogo manji procenat zauzeća nego kod CD diska.
DVD-ČITAČI

Savremeni DVD-ROM drajvovi okreću diskove manjom brzinom nego današnji CD-ROM diskovi, ali pošto je veća gustina zapisa podataka ukupni protok podataka je značajno veći nego kod CD-ROM uređaja ekvivalentne brzine rotacije. Na primer, dok 1x CD-ROM ima maksimalni protok od 150KB/s 1x DVD-ROM ima protok od oko 1.3MB/s, što bi otprilike odgovaralo brzini 9x CD-ROM-a. 

DVD-ROM uređaji su postali komercijalno dostupni u 1997. godini i sa DVD brzinom od 1x bili su sposobni za čitanje CD-a 12x brzinom. Kao i kod CD-ROM-ova, DVD-ROM-ovi sa više brzina su se pojavljivali kako je tehnologija sazrevala, tako da se danas mogu kupiti 16x DVD-ROM-ovi, koji CD diskove čitaju 48x brzinom. Takođe treba napomenuti da su DVD-ROM-ovi znatno tolerantniji prema "problematičnim" CD diskovima koje mnogi CD-ROM čitači uopšte ne mogu da pročitaju. 

KAPACITET
