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Introduction to DVD Technology 
 
Introduction  

DVD initially stood for Digital Video Disc but now stands for Digital Versatile 
Disc.  Like a CD, DVD is an optical storage system for read-only, recordable 
and rewritable applications. But, being similar to a CD in many ways, DVD is 
considered to be a CD future replacement.   
 

The main features of the DVD formats can be summarized as follows:  
 

• Backwards compatibility with current CD media (at least the newest models of DVD 
drives)  

• Physical dimensions identical to compact disc with total thickness equal to 1.2 mm, 
but with capacity at least 7 times larger than that of CD.  

• Capacities of 4.7 GB, 8.54 GB, 9.4 GB, and 17.08 GB, depending on the disk 
structure.  

• Single-layer/dual-layer and single/double sided options.  
• DVD replication process is similar to that used for compact disks.  
• A disc-based format means fast random access like in hard drives and CDs and unlike 

tapes.  
• Designed from the outset for video, audio and multimedia. Meets the requirement for 

133 minutes of high quality video on one side of a disk.  
• DVD-ROM for enhanced multimedia and games applications.  
• DVD-Video for full length high quality movies on one disc.  
• DVD-Audio for higher quality music, surround sound and optional video, graphics 

and other features.  
• All formats use a common file system.  
• Copy protection built into standard (unless it is broken...)  

 
DVD Configurations and Basic design  
CD Players and CD-ROM drives use an infrared laser working at a wavelength of 780 
nanometers. Since the wavelength is one of the parameters responsible for the beam diameter, 
which translates into smaller and denser bits, the new DVD Players and DVD-ROM drives 
use the red laser working at 650 nm and 635 nm wavelengths.  
  
DVDs are of the same diameter and thickness as CDs, and they are made using some of the 
same materials and manufacturing methods. Like a CD, the data on a DVD is encoded in the 
form of small pits and bumps in the track of the disc.  
 
A DVD is composed of several layers of plastic, totaling about 1.2 millimeters thick. A DVD 
is a bonded disc, made of two 0.6 mm substrates joined together. Each layer is created by 
injection molding polycarbonate plastic. This process forms a disc that has microscopic 
bumps arranged as a single, continuous and extremely long spiral track of data. 
 
Once the clear pieces of polycarbonate are formed, a thin reflective layer is sputtered onto the 
disc, covering the bumps. Aluminum is used behind the inner layers, but a semi-reflective 
gold layer is used for the outer layers, allowing the laser to focus through the outer and onto 
the inner layers. After all of the layers are made, each one is coated with lacquer, squeezed 
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together and cured under infrared light. For single-sided discs, the label is silk-screened onto 
the non-readable side. Double-sided discs are printed only on the non-readable area near the 
hole in the middle. Cross sections of the various types of completed DVDs look like this:  
 

 
 

DVD Formats 
 
Each writable layer of a DVD has a spiral track of data. On single-layer DVDs, the track 
always circles from the inside of the disc to the outside. That the spiral track starts at the 
center means that a single-layer DVD can be smaller than 12 centimeters if desired.  
 
What the image below cannot impress upon you is how incredibly 
tiny the data track is -- just 740 nanometers separate one track 
from the next (a nanometer is a billionth of a meter). And the 
elongated bumps that make up the track are each 320 nanometers 
wide, a minimum of 400 nanometers long and 120 nanometers 
high. The following figure illustrates looking through the 
polycarbonate layer at the bumps.  
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You will often read about "pits" on a DVD instead of bumps. They appear as pits on the 
aluminum side, but on the side that the laser reads from, they are bumps.  
 
The microscopic dimensions of the bumps make the spiral track on a DVD extremely long. If 
you could lift the data track off a single layer of a DVD, and stretch it out into a straight line, 
it would be almost 7.5 miles long! That means that a double-sided, double-layer DVD would 
have 30 miles (48 km) of data! To read bumps this small you need an incredibly precise disc-
reading mechanism.  
 
Types of discs 
A DVD disc is comprised of two 0.6 mm discs bonded together. Each of these discs has two 
sides. It is possible to use both sides of a disc for storing information. The DVD format 
provides several configurations of data layers, moving from 2D storage towards 3D storage. 
Each configuration is designed to provide additional storage capacity: 
 

Name Media structure Capacity (GB) 
DVD-5 Single Side / Single Layer 4.7 

DVD-9 Single Side / Dual Layer 8.54 
DVD-10 Double Side / Single Layer 9.4 

DVD-18 Double Side / Dual Layer 17.08 

DVD-R Single or Double Side / Single Layer 3.95 / 7.9 

DVD-RAM   Single or Double Side / Single Layer    2.6 / 5.2 
 
 

 
 
DVD-R, D-RW or RAM  
Recordable and rewritable DVD drives are clearly more complex than the DVD-ROM drives, 
since they require lasers with different power levels for reading, erasing, and writing.  DVD-
R media operates on a principle similar to the CD-R principle. The laser burns marks in a 
special dye layer and locally changes its reflectivity. Since the DVD-R uses a shorter-
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wavelength laser, it is incompatible with the green recordable media of CD-R, and another 
laser is required to solve this problem.  
 
With the rewritable DVD, compatibility problems occur with the laser power-levels, since the 
drive needs different laser powers to record, read and erase for both DVD and CD media. 
Some of today's DVD players can read all of the most important formats, such as DVD-
RAM, DVD-ROM, DVD-Video, DVD-R, CD-Audio, CD-ROM, CD-R, CD-RW, and video 
CD but are, understandably, quite expensive. 
 
DVD-ROM  
Like a CD, a DVD-ROM is a pre-recorded disk. DVD-ROM is used to store general data, as 
well as video and audio information needed for multimedia applications and computer games. 
DVD-ROM satisfies the following requirements:  
 

• Backward compatibility with CD-ROMs  
• Forward compatibility with the future recordable (R) and rewritable (RW) disks  
• Single format for computer and TV applications  
• Single file system for all data types and media types  

 
The backward compatibility of the DVD drives means that it will read both CD-ROM and 
CD-audio, which makes them a great replacement for CD-drives.  Because of higher bit 
density and other advantageous features, even a 5x-speed DVD drive will read the CD at the 
rate equivalent to about 40x for the regular CD drive. For now, DVD drives are, in general, 
more expensive, and require special MPEG-2 hardware or software decoders to read the 
compressed data.  To have the best video quality, the hardware approach is better unless the 
fastest processors are used. This clearly makes DVD-ROM a computer storage of the near 
future, especially for databases, multimedia, games, interactive video, etc.  
 
DVD-Video and DVD-Audio  
One of the reasons for the success of DVD technology is the DVD-Video formats. DVD 
video application is strongly dependent on data compression, since at the bit rate of 167 
Mbps, the 4.7 gigabyte capacity of a standard DVD would be enough to store roughly 4 hours 
of digital video.  This provides for the nominal 133 minutes of playing time for DVD-5. 
Longer movies should use a dual-layer technology (DVD-9). The data on the first layer start 
at the inside of the disk and end at the outside, where the data on the second layer start thus 
providing uninterrupted playback. 
  
Two types of video compression standards could be used for DVD: MPEG-1 and MPEG-2, 
but only MPEG-2 video data can be copy protected and region coded (MPEG stands for the 
Moving Picture Experts Group). Therefore, the same techniques of copy protection as are 
currently used for CDs are being adopted for DVD.   
 
Like all compression algorithms, MPEG-2 analyzes repetition in the video signal, called 
redundancy, and tries to get rid of it. MPEG-2 is capable of 'filtering' about 97% of the data 
in the video signal without significantly degrading the quality of the picture. This allows 
recording of 133 minutes on a 4.7 GB disk at a much lower bit rate than required by the 
digital video standard.  
 
DVD's direct data access allows interactivity and direct access to the movie episodes or other 
information of the disk.  On the other hand, to provide additional copy protection, most 
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DVDs have so-called regional coding, making it impossible to play the same disk in different 
regions, since most DVD-Videos are made for a specific region or country and not for free 
world-wide use.  There are 6 regions used for DVD-Video coding:  
 
   Region codes     Countries / Geographic regions 
     1      USA, Canada 
     2      Europe, Japan, Middle East, South Africa Southeast Asia, Taiwan 
     3      Australia, New Zealand, Central and South America, Mexico 
     4      Russia, India, Pakistan, Part of Africa 
     6      China 
 
Denser Data 
The increased capacity of DVD discs is not only a result of more layers. The information on a 
DVD disc is recorded more densely than on a conventional CD. By narrowing the track pitch 
– the width of the track which contains the pits – it is possible to fit more data on the disc. In 
developing DVD technology, the track pitch could be reduced to 0.74 micrometres from 1.6 
micrometres of a conventional CD – less than half the previous width. Equally important was 
the shortening of the minimum pit length. On CDs, the minimum pit length is slightly more 
than 0.8 micrometres. On DVDs, it is 0.4 micrometres. In short, the three major 
developments for increasing data capacity are multi-layer capability, a narrower track width 
and a shorter pit. 
 

 
 
Dual-layer Structure 
The dual-layer structure allows data to be recorded on 2 layers of each disk side. The 
uppermost layer is semitransparent, allowing it and the lower fully reflective layer to be read 
using only one laser pickup. In order to read the lower layer the laser pickup is focused 
through the semi-transparent upper layer onto the lower layer. 
 
To read the data on the upper layer, the laser pickup is simply refocused once more onto the 
upper layer. To achieve the maximum storage capacity, two dual layer discs are bonded 
together. Since both discs can store up to 8.5 GB, a total of 17 GB can be stored. 
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Dual Lens System 
In order to read the tighter track widths on a DVD disc, lasers that produce a shorter 
wavelength beam of light are required. More accurate aiming and focusing mechanisms are 
also needed. DVD uses a red-light laser with a wavelength of 640 nanometres that not only 
reads the pits but also guides the laser on the pitch track. Conventional CD technology 
utilizes an infrared laser with a wavelength of 780 nanometres. 
 
Backward compatibility with CDs means that one device must read and interpret both CDs 
and DVD discs. In order to solve the problem of reading differing track widths and pit 
lengths, a dual lens system was developed. 
 
Different lenses must be used to achieve the optimum focus characteristics necessary for 
these different standards. The two lenses are rotated horizontally to read signals for each disc. 
In fact, the focusing mechanism is the technology that allows data to be recorded on two 
layers. To read the second layer, the reader simply focuses the laser a little deeper into the 
disc, where the second layer of data is recorded. 
 
Of course, all of this is done automatically when different disc are put in the drives or 
players. The whole system is electronically controlled for maximum precision. 
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Red laser vs. Blue laser   
Current DVD drives use red lasers (630 to 650 nm), and the "easiest" way to increase aerial 
density is to switch to shorter-wavelength lasers, i.e. blue or violet lasers with wavelengths as 
low as 400 nm.  This will make possible about 15 GB of data per layer per side.  To achieve, 
say, 45 GB of data per side per layer, even shorter, UV (Ultra Violet) range lasers will be 
needed.  Still, compact, reliable, and inexpensive short-wavelength lasers are hard to make.   
 
Three primary blue-laser technologies are available now:   

• ZnSe lasers - ZnSe lasers brought the first success to the field, but these lasers have 
problems with relatively short life-time at the required power levels, and also are at 
the green end of the blue range (460 to 520 nm).  

• GaN lasers - GaN In-doped lasers have already demonstrated high reliability at 
wavelengths as short as 370 nm and are considered to be a very promising future 
technology.  

• Second-Harmonic Generation (SHG) lasers - SHG lasers offer the best durability at 
the moment.  This technology either doubles the frequency of a given infrared laser or 
directly generates a second harmonic in the blue portion of the spectrum.  For 
example, for a given infrared laser with a wavelength of 850 nm, this technology will 
double the laser light frequency (using a so-called distributed Bragg reflector or 
DBR), and produce blue light at 425 nm. 

 
Advantages of DVD 
When it was developed, the only serious competition of DVD was from 3.5 inch floppies. 
The floppies had been in existence for quite a long time and had slowly been coming down in 
size from 10 inch to 5.5 inches and then to the standard 3.5 inches. 
 
High density advantage of DVD: The capacity of floppies remained at a measly 1.44 MB, 
whereas the CD could store 700 MB and the DVD could store initially 4.5 GB and now you 
can have double sided double layer storing up to 17 GB. This had the advantage of storing 
11000 times more data at just double the size of floppy. 
 
Cost advantage of DVD: The cost of blank DVD is just 4 to 10 times that of the floppy or the 
audio CD, but the data storage capacity is huge and thus the cost per bit of data stored comes 
down considerably. With the costs coming down rapidly, the cost advantage of DVD 
becomes further obvious. 
 
Duplication advantage of DVD: With DVD writers becoming just as cheap as the CD writers, 
the cost of carrying of data with you has reduced considerably. You can carry the data as 
cheaply and easily as the floppies themselves. You can do this without bothering about the 
costs. 
 
This makes transfer of data quick and easy. Imagine sending 17 GB of data over 256 KBPS 
modem or through floppies and you will understand the advantage immediately. You might 
require remaining connected over the internet for more than one year or sending 11000 
floppies instead of just one DVD 
 
DVD format compatibility  
As you may know it, not all DVD recorders are compatible with each other.  And some of 
them have compatibility issues with your home DVD player.  
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Format Capacity/side Write 
cycles Advantages Disadvantages 

DVD-
RAM 

4.7GB 100,000 

Rewritable;  
Longer durability;  
Well tested technology;  
Improving improving.  

Slow when used for data 
storage;  
Still incompatible with 
most DVD drives and 
players;  
Relatively expensive 
disks.  

DVD-R 4.7GB 1 

Cheaper discs than rewritable 
media;   
High compatibility with older 
DVD-ROM drives and 
players.  

Not rewriteable (like CD-
R).  

DVD-RW 4.7GB 1000 
Rewritable;  
Compatible with many current 
DVD drives and players.  

Often incompatible with 
older drives and players.  

DVD+R 4.7GB 1 

Has potential for greater 
compatibility with older drives 
and players than +RW.  
Cheaper discs than rewritable 
discs.  

Not rewriteable (like CD-
R);  
Has compatibility issues;  

DVD+RW 4.7GB 1000 

Rewritable;   
Compatible with most current 
DVD drives and players.  
Fast;   

Largely incompatible with 
older DVD drives and 
players.  

 
CD vs. DVD 
The main differences between the CD and DVD are summarized in the following table:  
 

Feature DVD CD-ROM 
Substrate diameter / thickness (mm)  120 / 1.2 120 / 1.2 

Sides 1 or 2 1 

Layers per side 1 or 2 1 

Capacity (GB) 4.7, 8.54, 9.4, or 17 ~ 0.7 
Track pitch (microns) 0.74 1.6 

Min pit length (microns) 0.4 - 0.44 0.83 

Linear velocity used for scan (m/s)  3.5 - 3.84 1.3 

Laser wavelength (nm) 635 or 650 780 

Numerical aperture 0.6 0.45 

Modulation 8 to 16 EFM (8 to 17) 
Error correction code (ECC) RSPC CIRC 

Durability and dust/scratch same as that of CD high 
  


