CD Technology

Over the last half-century, there have been many major changes in the way we listen to music.  The medium on which the conveyance of music has occurred has most significantly changed.  Take for example just 50 years ago the most popular medium was the record.  This medium offered low quality, very limited amount of space, and was bulky.  Next, came the invention of the 8-track cassette.  This medium offered advantages over the record in that it was much more portable.  However, 8-tracks were still very limited in capacity and the quality was still not up to par.  The next major breakthrough was the invention of the cassette tape.  The cassette tape offered increased capacity, a small size similar to that of the 8-track and increased sound quality.  Although this was a huge improvement over existing technologies, the quality on the cassette was not perfect, and they are expensive to manufacture.  

With the increased use of digital technology, as found in microcomputers, many believed there was a huge sound breakthrough right around the horizon.  Those individuals were right.  In 1980, arguably one of the most important technological advances took place.  In a joint collaboration between Sony and Phillips, they created the first Compact Disc player.  This technology promised to be the next big leap in music media storage.  It offered several huge advantages over any of its predecessors.  First, the format was digital instead of analog.  This means that the quality of the CD was much higher than that of any of the previous formats.  With the ability to store up to seven hundred megabytes (700MB) of data, the capacity of the CD by far surpassed the capacity of previous mediums.  In addition to these two improvements, the CD promised to be much easier to mass-produce than that of the tape systems.  In 1982, Sony put to work this new technology.  Sony released the first portable CD player called the CD-101 along with Billy Joel's 52nd Street as the first musical production.  As expected because of the benefits of this new format, the compact disc caught on and began to take over the market share for portable music.  

In 1984, Sony realized there was another application of the CD technology that was untapped, and began to manufacture car stereo systems equipped with CD players.  The next big advancement in the CD technology was the addition of multiple CD carousel machines.  This allowed listeners to put multiple discs into one player and play them in sequence or in random order.  In 1985, computer users began to see the need for a larger portable data medium for computers; this was primarily because the floppy disc was not large enough to hold sufficient amounts.  This prompted the creation of the CD-ROM medium.  The name CD-ROM stands for compact disc-read only memory, and allows the CD technology to hold data for computers in addition to music.  The new use of the CD-ROM to hold data created a buzz and by 1987, CD manufacturers were designing a new CD format that was capable of holding live motion video.  They called this new format a Video CD.  It looked exactly like a normal CD except that it could hold video in addition to data or music.  

By the early 90’s, the disc manufacturers realized that there would be a market for a disc that users could save data on from home.  The CD-R was the response to that need; it allowed home users to take advantage of the large capacity of the CD format.  Home users could save anything they wanted to these CD’s including music, data, video, images, etc.  The CD-R format had a limit though, the limit of only one recordable session.  Meaning a home user could record data only once.  So if they messed up on the first run, they had to use another disc.  As one can imagine, this is a wasteful process.  CD-RW came shortly afterwards and was a version of writeable CD that allowed the user to save information onto the disc and then to put different data on the same disc.  This is a more economic approach for home users.  Home users could now record on one disc and later add data or rewrite on the same disc.  Many home computers come equipped with either CD-R or CD-RW in addition to their standard CD-ROM drive.

By the early 90’s many companies had began to create hybrid compact disc systems and there was some debate over what format was to be the “standard”.  This prompted manufacturers to convene and develop standards for data storage as to alleviate any problems in the future.  These standards were decided upon and compiled as the coloured-book standards.  This standard set included CD, CD-ROM, Video CD, CD-R, and CD-RW technologies.

As time went on compact disc technology began to reach its limits.  One of the biggest limitations for CD was their ability to show live video.  The Video CD had this capability, however the quality was not great and it did not offer much storage space for this type of data.  In 1996, the Digital Versatile Disc (or Digital Video Disc) hit the market.  This new disc technology offered a huge space capacity and much better sound and video quality.  The primary intention for DVD was to replace the older Video CD, but soon manufacturers saw that their application could be widely used throughout the industry.  In 1997, DVD players hit the market and as did a whole selection of DVD movies ranging from current hits to classic favorites.

Much like the process with CDs, DVD manufacturers realized there would be a large market for home users to write data onto DVDs.  The first DVD-R hit the market in 1998.  Shortly afterwards came the DVD-RW which allows users to write and re-write data onto DVDs.  Both of these technologies are becoming increasingly common in the computer world. In addition, many new computers are coming packaged with either one of these drives.

Digital Media is something that is here to stay.  In the audio industry, CD’s have completely overwhelmed cassette tapes and become the leading media.  Similarly, the newer DVD technology is beginning to make headway on the home movie market by ousting videocassette tapes.  In 2000, DVDs have cut into the mainstream and have replaced VCR tapes as the home movie format of choice.

In order to talk about compact media, we need to learn a little about the CD technology itself.  A compact disc stores data digitally which means that one or zero represents each value on the CD.  These values are stored in ‘pits’ and ‘lands’.  Unlike an analog system, that stores numbers in a certain range.  A CD uses a laser to determine the value of a bit in a particular location on the disc.  The CD is broken up into pits and lands to determine a one or zero from the disc.   CD lasers read data at a Constant Linear Velocity (CLV).  This is very important because the read process will be skewed if the speed changes even in the slightest amount.  The actual capacity of a CD is very large compared to other mediums (around 700 MB of data).  Another huge benefit of compact disc is their ability to correct errors on the disc.  They use complex error correcting algorithms to ensure that it returns the best available data, even if the disc has been lightly scratched.  

Below is a diagram that illustrates basic CD technology:
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This diagram shows the side view of a common CD. 

The Printed Label, or image, on the top of the CD serves more as a “secondary” protection device than anything else. The Protective Lacquer layer protects the CD from scratches and helps reflect the CD player’s laser.  The Aluminum Layer is the reflective layer that primarily bounces the CD player’s laser back.  The Polycarbonate Layer is known in the industry as a very durable substance.  Polycarbonate is a clear covering designed to protect the pits and lands in the CD surface. 

Below is a diagram that illustrates basic CD-R technology:
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This diagram shows the side view of a common CD. 

The Printed Label, or image, on the top of the CD serves more as a “secondary” protection device than anything else. The Protective Lacquer layer protects the CD from scratches and helps reflect the CD player’s laser.  The Aluminum Layer is the reflective layer that primarily bounces the CD player’s laser back.  The Dye Layer is burned into CD.  This layer is used to trick the drive/player into thinking it is passing over real pits and lands, when in actuality it is merely passing over light and dark spots in the dye.  Imitates lands and pits.  
The Polycarbonate Layer is known in the industry as a very durable substance.  Polycarbonate is a clear covering designed to protect the pits and lands in the CD surface. 
Error Correction is also very important in all CD technology.  It is inevitable that CDs are going to get scratched no matter how well you take care of them.  Sony and Philips realized this and came up with a way to ‘help’ out.  Disc errors can come from a variety of things, the main one being scratches.  Thought it is very rare, discs can also come from the manufacturer with defects.  

There are two forms of error correction, Cross Interleaved Read-Solomon Code, or CIRC for short, and Eight to Fourteen Modulation, EFM for short.  CIRC correction is mainly used to help out with the scratches.  CIRC can correct scratches up to 3,500 bits (2.4 mm) in length.  EFM correction is used to ensure that Pits and Lands are no less than three channel bits and no more than eleven channel bits.  This is useful in portable CD players to help reduce ‘skipping’ and distortions.

DVD Technology

After reading about CDs, and how versatile they are, you are probably wondering, why there was a need for manufacturers to develop the DVD.  In its time, CDs were extremely powerful and cutting edge.  However, as the demand for live video and better surround sound emerged, the CD just was not able to make the grade.  Although, Video CDs were capable of displaying live video, they did not have a sufficient data storage capacity.  Moviemakers were also not pleased with the graphics resolution on Video CDs.  Therefore, there was a great need for a new disc to pick up where Video CD left off.  That new disc was the Digital Versatile Disc (or Digital Video Disc), and for now, it has an almost endless capacity.

The DVD features vastly increased capacity, with the ability to present an entire movie in high-quality digital video on one side of the disc.  It also has the ability to store advanced surround sound formats such as Dolby Digital 5.1 and DTS.  Both of these formats supply solid audio signals to six different speakers connected to your DVD player or amplifier.  This allows for a movie theater experience from the comfort of your own home.  The total capacity of a CD is 700 MB where the total capacity of the DVD is roughly 4.7 GB.  That means the DVD can hold nearly seven times the capacity of a single CD.  Part of that difference comes from using both sides of the DVD and using multiple layers on the DVD (to be discussed later).

To understand how a DVD can hold more information requires understanding the basics of a CD.  A DVD is similar to a CD using pit and land combinations to determine ones and zeros from the disc.  On a DVD however, the pit and land dimensions are much smaller allowing more bits to be stores on a single side of the disc.  This requires the laser used to be much more accurate than the lasers required for CD technology.  In addition to smaller pit and land dimensions, the tracts on which the laser scans (track pitch) are also much smaller.  Again, this requires a laser with extreme precision.  The laser required to read from a DVD is on a much shorter wavelength than for a CD laser.  This property helps add in the precision for the laser.

The laser’s wavelength is the key to being able to read from a DVD. Without the shorter wavelength, the DVD technology would not be nearly as reliable.  DVD lasers emit a high intensity red laser in the 650 and 635-nanometer ranges.  This is much shorter than the CD laser that uses a laser operating in the 780-nanometer range.  The shorter wavelength is better at picking up the smaller, densely packed pits and lands.  The engineering of the laser for DVD produces a much more tightly focused laser beam. 

Another very important innovation with the new DVD technology is the ability to have multiple layers on a disc.  A layer is like having a disk stacked on top of another disk.  If you have two layers on a single sided DVD then you can have double the storage capacity of a single sided DVD.  Among many of the other properties we have talked about concerning the DVD laser, it also has the ability to change its focal point.  This allows the laser to “see through” the top layer onto the lower layer and read information from it.  This is the whole idea behind multiple layers.

By using the multiple layer configurations, it is possible to have four different types of DVDs.  The types are single side/single layer, single side/dual layer, dual side/ single layer, and dual side/dual layer.

The first type of DVD has a single data side and only one layer on that side.  This type of DVD is the most common because of its relative price and capacity.  It holds 4.7 GB of data, which is roughly seven times that of a 700 MB CD.  For most movies, the capacity of a SS/SL DVD is more then enough for all of the storage needs.  On a typical DVD of this type you may find, one feature film, multiple movie extras, multiple language subtitles, and one basic soundtrack.
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A diagram of a Single-Sided, Single Layered DVD

Another type of DVD has a single side but instead of having a single layer, it incorporates two layers of data.  By having a disc like this, you have access to 8.5 GB of data on the one side.  This gives you an additional 3.8 GB on the second layer.  The second layer makes the disc have roughly twelve times the capacity of a normal CD.  DVDs like this are becoming more common with the usage of high-quality surround sound formats such as Dolby Digital 5.1 and DTS.  Having that second layer allows you to have a second version of the soundtrack, so instead of having a basic Dolby surround, you can have your choice of several different versions of the sound.
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A diagram of a Single-Sided, Dual Layered DVD


The third type of DVD on the market has two sides and on each side of the disc and there is only one layer per side.  This DVD has an increased storage capacity over the single side/dual layer.  It can hold 9.4 GB, which gives you an extra 4.7 over the standard single side/single layer.  Typically, if you want a disc to feature two different versions of the same movie you can use this type.  For instance, some people prefer to watch the movie in letterbox format as opposed to standard.  Letterbox format is similar to what you see at the movies in a 16:9 aspect ratio, it is wider and does not sacrifice any picture on the sides.  Standard is what you see on a normal television.  Characterized by a 4:3 aspect ratio; standard only fills up the whole screen because they have modified it and cut from the sides of the movie.  Many movie manufacturers decide that they will give the home movie watcher a choice as to which type they can watch. For this case, a double sided/single layer disc is ideal.  In order to see the second side of the disc, you need to have a DVD player that can read from both sides, or you need to manually flip it.
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A diagram of a Single-Sided, Single Layered DVD


The last kind of DVD on the market has two sides and on each side of the disc, there are two layers on each side.  This is the most expensive of all DVDs and is the most rare.  The capacity of this disc is a staggering 17 GB.  Typically, if you want to have multiple screen versions of the movie and multiple sound versions of the movie, this type is ideal.  Very view DVDs are in this format because it is the most expensive to create.  In order to see the second side, again, you need to be able to read from both sides or you must flip it manually.
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A diagram of a Single-Sided, Single Layered DVD

CD vs. DVD

Even with all of the major differences between CDs and DVD we have discussed, if you approach an average person on the street and hand them an unlabeled CD and an unlabeled DVD, chances are they would have a hard time telling them apart.  CD and DVD are two technologies that are very different but also very similar.  Physically, CDs and DVDs are both one hundred and twenty millimeters in diameter and one point two millimeters thick (120 mm diameter & 1.2 mm thickness
).  The fact that these discs are physically the same in size allows for manufacturers to create DVD drives that also play CDs.  This makes DVD technology a very easy upgrade for most users because it is not a huge jump from one media to another, the old media can still be used.  These two technologies are easily combined into a single drive that reads both media because the manner in which CDs and DVDs are read is just about the same.  Both of these discs are manufactured using the same basic technology and the same basic production process.  This allows for DVDs and CDs to be manufactured in the same production facilities.  Since companies do not have to make major changes to their production process in order to utilize DVD technology many companies adopt it quite quickly and easily.


DVDs being a newer technology do differ in several ways.  DVD media holds anyway from four point seven to seventeen gigabytes whereas CDs only hold six hundred and fifty megabytes.  DVDs are able to hold much more information because they are a higher density media when compared to CDs.  The pits and tracks on a DVD are much smaller than that of a CD; this is why more data can be fit within the same physical size.  DVDs also are able to store more data because they have less overhead when compared to CDs.  DVDs have a more advanced error-correction scheme called RS-PC.  This takes up less space than the error correction used on CDs, which is called CIRC. The formatting of a DVD takes up less space than the formatting on a CD.  All of these differences are a reason why DVDs can store more data than CDs but perhaps the largest difference is the fact that DVDs are double-sided.  DVDs are made of two bonded substrates where CDs are only made of a single substrate.  With all the extra data that DVDs can store it must be able to get to this information quicker.  The scanning speed of DVDs therefore is increased to be more than twice as fast as CDs.  This allows the drive to search through the larger amounts of data faster to find what you are looking for.  The table below gives a breakdown of all the similarities and differences that we have talked about thus far. 
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The comparisons of CDs and DVDs

Now that we have looked at the differences and similarities between CD and DVD technology we have to determine what will become of these technologies.  There are several applications where DVD looks as though it would be better than CD.  Audio is one area where DVD might eventually be used over CD.  CDs currently can hold eighty minutes of music whereas if DVDs are used they can hold up to seven hours of music at the same quality.  The question is how many music artists out there can produce an album that contains seven hours of music.  It has also been proposed that DVDs be used in the record business but instead of being used to hold more data they can be used to hold the same amount of data but at a higher quality.  The reason DVD is able to produce a higher quality sound is because DVDs can be recorded at a higher sampling rate and a higher quantization level.  It has been proven that DVD audio is of much higher quality.  One area where DVD audio is being used is in DVD movies.  DVDs are capable of outputting to six channels opposed to two channels like CDs and VHS.  Sound coming from six channels at a higher quality gives a much greater listening experience.  DVD audio players would also be capable of playing CDs so the change from one technology to another is not really a big step.  One of the main restrictions preventing DVD from taking over the audio industry is the price of DVDs but as DVD becomes more popular and more DVDs are being produced the price will drop low enough for DVD to prevail.  A comparison of the technical specifications between DVD and CD audio can be seen in the chart below.
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Sampling Rates of CDs and DVDs

As we briefly mentioned before DVD is being used for video.  DVD is well suited to play video because of its ability to show a higher resolution picture than previous technology.  The reason DVD can show this better picture is because its uses MPEG-2 format for its encoding while CD video is only encoded in MPEG-1.  CD video never really took a major force on the market because its quality was not as good as VHS.  DVD is of a higher quality than both VHS and CD.  The amount of data capacity that DVD technology has is just too high for other technologies to compete with.  DVD is highly popular with movie industry officials because it contains encryption that CD and CHS do not contain.  This encryption prevents users from copying DVDs and it also only allows users to play their DVDs in a specified region.  DVD is slowing taking over VHS but the process will take a little bit of time because DVD and VHS are not backward compatible.  Another restriction is that the selection of DVD movies at this point in time is not as good as the selection of movies on VHS.  As the prices of DVD movies and DVD players come down and the amount of movies available on DVD increases we will see DVD take over the movie industry.

We have talked about several areas where DVD looks to be of great use now and in the future but we do not think that CD technology is done yet.  CD technology has been around for several years now and since most DVD players are backward compatible we think that CDs will be in use for several more years before DVD totally takes over.  In computing CD recordable media is very popular right now because of its extremely low price for the media itself.  While DVD recordable is slowly coming into the market it will not replace CD-R for quite some time because of the fact the CD-R can be played almost anywhere, where DVD-R are not universally read.  The price of DVD-R is just too high right now for it to overcome the market.  As programs become larger and the amount of data that people need increases DVD will become more popular but it will take a couple years for that to occur.  It will also take a couple more years for DVD to take over the audio industry because as of right now CD technology is plenty capable for the music that is being produced.  The two areas that DVD is taking over and will continue to thrive on are DVD movies and video game systems.  More people are upgrading from a VHS player to a DVD player and people are being to collect DVD movies instead of VHS movies.  Video game systems are almost all going to be run using DVD technology within the next year or two.  The new Playstation Two uses DVD and so will Microsoft’s upcoming game system, XBOX, as will Nintendo’s upcoming system.  While right now DVD is competing with previous technologies eventually it will have to compete with newer technologies that will come out in the future but until then look for DVDs to lead the industry in several areas.
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