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About DaTARIUS 
 

DaTARIUS Technologies GmbH designs high-tech tools for quality control and process 
management and has an established reputation within the optical media industry. Key 
players of the replication scene check their CD and DVD stampers and replicas with 
DaTARIUS test equipment and belong to our major customers. 

 

Producing optical media is a matter of high-precision, something we at DaTARIUS are 
highly aware of. Optical media have to be produced according to specifications that are 
defined in the corresponding ´Books´. Using our equipment, manufacturers can find out 
how well they are performing, i.e. whether the measured parameters are within the 
specifications or not, in other words they are able to locate mistakes as soon as possible 
and to adjust the process before time and money are lost. 

 

The quality standards for optical media are getting stricter every day. The number of 
replication sites that produce optical media is getting larger and larger every year, which 
leads to severe price battles. Now the race is on quality: good quality means a good 
reputation: customers will come back and will also spread the news. In this industry, one 
cannot afford losing a deal because the quality of a previous one was rather poor. 
  
Why quality control? 

 
Quality control is no longer an option, it has become a must for every replication site. If a 
disc does not meet certain specifications, it might play in some players, and not in others, 
which means that the product is unstable and unreliable. The art of replicating optical 
media is described in the so-called ´Books´, which are the guidelines and the standard for 
the entire industry. Using DaTARIUS test equipment, you are sure that your product does 
meet the industry’s standard. We will offer you a complete overview of your production’s 
performance and provide you with all the tools and knowledge needed to become even 
better. 
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Quality Control and Calibration 
 
Production management decisions based on Quality Control need the right measuring 
equipment and limits for the quality criteria. In the case of CDs and DVDs the quality 
criteria and limits are described as a worldwide valid standard. The DVD Forum has 
defined the so called DVD books1, which contain all criteria and limits, according to 
which a disc has to be produced, which a disc has to respect to be playable on consumer 
players worldwide. 

 

The most critical issue in production is to manufacture discs within or close to the limits 
defined in the above-mentioned books. Depending on the results, the production batch will 
be playable and sellable on the consumer market or will be just waste-batch. The closer 
the signal gets to the specified limits, the more important the accuracy of the measurement 
is. 

 

DaTARIUS testers are developed to perform measurements according to the above-
mentioned specifications. They are designed to withstand intense usage and to perform 
well in the environment of a production area: shifting temperature, dust, vibrations, and so 
on.  

 

Calibration 
 
“Calibration is the checking of a measuring instrument against an accurate 
standard to determine any deviation and correct for errors.” 
 

In order to deliver highly accurate measurements, professional and regular calibration is 
required to precisely settle the measured and displayed value to the defined standard. Site 
conditions and time will have an impact on the testers’ performance. 

Some examples: 

•   ageing of parts like laser diodes and mechanical components (swing arm, sled)  

•   distorting of optical pick-up head (influencing spot size and shape and orientation 
of wave front) 

•   malfunctioning of components like pick-up head due to contamination and 
temperature changes 

•   drifting of servo electronics 

 
 

                                                 
1 Philips has defined the Red Book for CDs. 
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The DaTARIUS calibration approach 
 
Calibrating a tester must be an easy, precise, and automated process, which should be 
performed on site. As no industry standard was available, DaTARIUS took the initiative to 
design its own calibration method and media. An important issue in DaTARIUS’ approach 
was to design a software tool to adapt without difficulty any calibration to the future 
official standard. 

During several months, a team of DaTARIUS engineers concentrated on the DVD/CD 
calibration issue in cooperation with major companies like Sonopress, Technicolor, 
Philips, Warner, and Pulstec. They conducted an in-depth analysis to determine the real 
needs of the industry: which signals need to be calibrated? Which calibration methods suit 
the best for these signals? What is the behaviour of a signal over the radius, on different 
layers?... 

In cooperation with major replicators and certified laboratories, this team developed 
calibration media according very strict mastering and production criteria. These discs were 
tested in different laboratories to define the “absolute” values needed to reference the 
calibration process. DaTARIUS calibration media (one DVD-5 and one DVD-9) consist of 
differently mastered areas. This leads to a very wide signal range on the discs, which is 
essential to design a highly accurate calibration. Another challenge was to avoid variations 
among the discs. The DaTARIUS calibration media satisfy very well this criterion. 

Due to site conditions, even not all laboratory reference testers measure exactly the same, 
which means that there can be differences between the values measured on DaTARIUS 
testers and those measured on a laboratory tester. Aware of this need, DaTARIUS 
developed the MdC Editor. With this calibration tool the user is able to match his own or 
DaTARIUS calibration to a specific reference test system on site. 
 
The outcome of DaTARIUS approach: 
 

� Multi Dimensional calibration method for an automatic calibration, 
which can regularly performed on-site, 

� a set of two calibration discs (DVD-5 and DVD-9),  
� the Multi Dimensional calibration Editor (MdC Editor) software to 

customise or create calibration files. 
 

The benefits of the multi dimensional calibration and MdC Editor 
 
Multipoint Calibration 
Multipoint calibration means that an unlimited number of points can be used as 
reference points for calibration, covering a wide range of signals. The more points 
are used to calibrate, the closer the calibration curve gets to the actual response 
(multiple reference points spread at different values). 
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Multidisc Calibration 
With the new DaTARIUS Calibration Tool, up to eight discs per step (any discs) 
can be used to compose a reference file, which means that users are no longer 
limited to one disc per signal or measurement. Now, for instance, the calibration 
for different signals can be divided over a set of different discs, allowing showing 
the complete range of possible results within the specifications.  

 

Radius dependent calibration 
Due to the design of the optics and of the mechanical structure of test players, 
measurements of the same signal can be different if measured on the inner, centre, 
or outer part of the disc. In order to cover these non-linear variations, the 
DaTARIUS calibration tool also allows users to compose a calibration that takes 
measurements at different radii on the disc (called reference radii) into account. 
So different calibrations can be performed at different positions on the disc. This 
results in more accurate measurements over the entire disc. 

 

Layer dependent calibration 
This is a very important feature for calibrating tester to measure multilayer 
DVDs, because there are considerable differences in player characteristics for 
specific signals like TPP, I14N, RES, JC, when measuring on different layers e.g. 
on layer 0 or layer 1. The main reason for that are different optical properties 
between layer 0 and layer 1. Layer dependent calibration allows you to calibrate 
signals both for layer 0 as well as for layer 1 in order to counteract such 
differences in player characteristics. 

 

Medium dependent calibration 
With the MdC Editor testers can be calibrated for various kinds of media: 

 

 CD DVD-5/-10 DVD-9/-18 
OTP 

DVD-9/-18 
PTP 

SACD 

Stamper X X X X X 

Master X X    

Replica X X X X X 
 

Speed dependent calibration 
Single and double speed paths and calibrations. The MdC Editor offers separate 
paths and calibrations for 1X and 2X speeds to ensure compatibility with 
standards. 
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Official references 

Recently, the “reference DVDs” released by Philips were recognized by the DVD Forum 
as the worldwide reference for DVD measurements. This is a great progress for the DVD 
testing industry. As a major player in the DVD industry, DaTARIUS through the OMDA’s 
Electrical Measurement Committee was involved in the development of the reference 
discs. 

Intense analyses at DaTARIUS have proven that the results delivered by players calibrated 
with DaTARIUS media and method are extremely close to the values delivered with the 
certified Philips discs. For companies, which want to use the Philips discs for calibration, 
the MdC Editor is the perfect tool to design easily your own calibration. 

 

For more and updated information visit www.datarius.com 
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1  Analogue Signals 
With CD and DVD, the data structure is based on time period or “T”. On the High-
Frequency (HF) signal of the CD, we can find pits and lands whose length ranges from T3 
to T11. It means that the shortest information element (T3) has a length three times the 
length of one period, where T has a length of 231 nanoseconds (ns). 

In order to achieve a higher data rate, DVD uses “T” or period of 38.2 ns. This equals an 
approximate data rate increase of six times that of the audio CD. The HF signal of DVD 
presents T3 to T11 pits and lands, but also T14 (T12 and T13 are not used).  
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1.1 I14H – Reflectivity 
Reference Page Paragraph 

DVD Specifications for Read-Only Disc - Part 
1 Physical Specifications ver. 1.0 21 2.5.7 

Standard ECMA-267 - 120mm DVD Read-Only 
Disc 2nd ed. 15 12.6 

1.1.1 CD equivalent 

ITP 

1.1.2 Description 

This continuously measured signal, reported for every megabyte 

� Is the highest possible reflection measured on a T14 land, 

� Is the highest level (DC2 coupled) the HF signal can reach in case the 
focused laser beam tracks along a T14 land. 

 

Figure 1: Eye-pattern I14H 

 

 

                                                 
2 Direct Current. See glossary. 
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I14H displays the DC signal level from the optical photodiode of the I14 land 
areas measured from DC zero (zero level) to the peak of the I14 land. 

The I14H-signal is proportional to: 

� The reflection of the information level, 

� The transmission of the substrate, 

� The optical laser power. Moreover, this parameter influences the absolute 
I14H value. 

Due to differences in pit geometry, there can be influences from adjacent tracks. 
Reasons are diffraction appearances and the fact that the optics are able to capture 
also the 1st order. 

1.1.3 Interpretation 

The signal value has to be within specification, otherwise there will be read-out 
difficulties. A low or abnormal HF level means that there is a problem with one 
or more of the following parameters:  

� Pit-forming, 

� Metallisation layer, 

� Laser power, 

� Polycarbonate properties. 

1.1.4 Specifications 

 DVD Book DaTARIUS CS-4 
Limits DVD-5 Min 0.45 0.448 
 Max 0.85 0.852 
Limits DVD-9 Min 0.18 0.180 
 Max 0.30 0.300 
Measured* From / 0.000 
  To  / 1.000 
Resolution / 0.004 

Decimal places shown / 2 
Unit / / 

* where 1.00 represents 100 % 

DaTARIUS CS-4/WIN Software works with a 0.004 resolution for its calculation. 
This may cause small deviations between the specified limits and the limits used 
in DaTARIUS CS-4 Test Equipment. 
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1.2 I14N – I14H Normalised 
Reference Page Paragraph 

DVD Specifications for Read-Only Disc - Part 
1 Physical Specifications ver. 1.0 29 2.7.1b 

Standard ECMA-267 – 120mm DVD Read-Only 
Disc 2nd ed. 18 13.1 

 

1.2.1 CD equivalent 

I1T 

1.2.2 Description 

Formula: 
HI

INI
14
1414 =  (Normalised I14) or ( )

HI
LIHI

14
1414 −=  

This continuously measured value, reported for every megabyte, represents the 
normalised I14 amplitude.  

 

Figure 2: Eye-pattern I14N 

 

The I14 amplitude is detected by measuring the level difference of the HF signal 
in the moment the laser beam is passing a T14 land or T14 pit. Due to 
normalising, influences from the drive (different laser power) are being 
compensated. Through normalising, the value gets dimensionless. 
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1.2.3 Interpretation 

The amount of the signal ratio reveals information about the shape of pits and 
subsequently of the quality of the pit replication on the substrate. Values below 
(above) the required level would lead to high error rates. 

See also I14H. 

1.2.4 Specifications 

 DVD Book DaTARIUS CS-4 
Limits DVD-5 Min 0.6 0.6 
 Max / / 
Limits DVD-9 Min 0.6 0.6 
 Max / / 
Measured* From / 0.00 
  To  / 1.00 
Resolution / 0.004 

Decimal places shown / 2 
Unit / / 

* where 1.00 represents 100 %. 
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1.3 I3N – I3H Normalised 

1.3.1 CD equivalent 

I3T 

1.3.2 Description 

Formula: 
HI

INI
14

33 =  (Normalised I3) ( )
HI

LIHI
14

33 −=  

This continuously measured value, reported for every megabyte, represents the 
normalised I3 amplitude. 

The I3 amplitude corresponds to the level difference of the HF signal in the 
moment the laser beam is passing a T3 land or T3 pit. 

The normalising of the signal has the same reasons as for I14N. 

 
Figure 3: Eye-pattern I3N 
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1.3.3 Interpretation 

I3N should not be:  

� Too low = low resolution3. 

� Too high = the I3 signal could have an amplitude similar to the next higher 
signal (I4). Jitter problems4 could also occur. 

1.3.4 Specifications 

 DVD Book DaTARIUS CS-4 
Limits DVD-5 Min / / 
 Max / / 
Limits DVD-9 Min / / 
 Max / / 
Measured* From / / 
  To  / 1.000 
Resolution / 0.004 

Decimal places shown / 2 
Unit / / 

* where 1.000 represents 100 %. 
 

                                                 
3 See also paragraph 1.12 RES – Resolution. 
4 For more information about jitter, please refer to chapter 2 Time Based Parameters. 
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1.4 R14H – Reflectivity 
Reference Page Paragraph 

DVD Specifications for Read-Only Disc - Part 
1 Physical Specifications ver. 1.0 21 2.5.7 

Standard ECMA-267 - 120mm DVD Read-Only 
Disc 2nd ed. 15 12.6 

 

1.4.1 CD equivalent 

ITP 

1.4.2 Description 

The signal R14H is equal to the signal I14H but only measured on the eight basic 
sequence positions5. Even one of the eight positions can be defined to be outside 
of the program area (lead-in, lead-out, middle and data area). 

1.4.3 Interpretation 

See I14H. 

For example, this signal is useful to get the reflectivity at radius 24 mm6 on layer 
1 of opposite track path DVDs. 

1.4.4 Specifications 

See I14H. 

                                                 
5 This is a test mode in CS-4/WIN Software. See glossary. 
6 This radius refers to the layer change from layer 0 to layer 1. 
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1.5 I14V – I14H Variation within one revolution 
Reference Page Paragraph 

DVD Specifications for Read-Only Disc - Part 1 
Physical Specifications ver. 1.0 29 2.7.1b 

Standard ECMA-267 - 120mm DVD Read-Only 
Disc 2nd ed. 19 13.1 table 2 

 

1.5.1 CD equivalent 

ITV  

1.5.2 Description 

This signal reflects the I14H variation within one revolution. 

Formula: ( )
max14

min14max1414
HI

HIHIVI −=  

 

 

Figure 4: Eye-pattern I14V 

1.5.3 Interpretation 

This continuously measured value was introduced to verify the variations in the 
metallisation layer along one revolution. 
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1.5.4 Specifications 

 DVD Book DaTARIUS CS-4 
Limits DVD-5 Min / / 
 Max 0.15 0.15 
Limits DVD-9 Min / / 
 Max 0.15 0.15 
Measured* From / 0.00 
  To  / 1.00 
Resolution / 0.004 

Decimal places shown / 2 
Unit / / 

* where 1.00 represents 100 %. 

Measurement done with a pick-up head (PUH) equipped with a polarized beam 
splitter (PBS7). 

The DaTARIUS CS-4/WIN Control Management Software works with a 0.004 
resolution for its calculation. This may cause small deviations between the 
specified limits and the limits used in CS-4 Test Equipment. 

                                                 
7 See glossary. 
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1.6 IVD – I14H variation over the disc 
Reference Page Paragraph 

DVD Specifications for Read-Only Disc - Part 
1 Physical Specifications ver. 1.0 29 2.7.1b 

Standard ECMA-267 - 120mm DVD Read-Only 
Disc 2nd ed. 19 13.1 table 2 

1.6.1 CD equivalent 

None 

1.6.2 Description 

This signal reflects the I14H variation within one disc. IVD equals I14V but 
reflects the HF-variations over the whole disc.  

IVD is a single value, which represents the maximum of I14V. 

1.6.3 Interpretation 

The signal reflects the variation in the metallisation layer for the entire disc. 

1.6.4 Specifications 

 DVD Book DaTARIUS CS-4 
Limits DVD-5 Min / / 
 Max 0.33 0.33 
Limits DVD-9 Min / / 
 Max 0.33 0.33 
Measured* From / 0.00 
  To  / 1.00 
Resolution / 0.004 

Decimal places shown / 2 
Unit / / 

* where 1.00 represents 100 %. 

Measurement done with a pick-up head (PUH) equipped with a polarized beam 
splitter (PBS). 

The DaTARIUS CS-4/WIN Software works with a 0.004 resolution for its 
calculation. This may cause small deviations between the specified limits and the 
limits used in DaTARIUS CS-4 Test Equipment. 
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1.7 ASYd – Asymmetry 
Reference Page Paragraph 

DVD Specifications for Read-Only Disc - Part 
1 Physical Specifications ver. 1.0 29 2.7.1c 

Standard ECMA-267 - 120mm DVD Read-Only 
Disc 2nd ed. 19 13.2 

 

1.7.1 CD equivalent 

ASY 

1.7.2 Description 

The asymmetry signal (ASYd) reflects the relation of the position of I3-signal’s 
mid-value to I14-signal’s mid-value. 

Formula: ( ) ( )
( )min14max14*2

min3max3min14max14
HIHI

HIHIHIHIASYd
−

+−+=  

 

Figure 5: Eye-pattern asymmetry 
This signal is continuously measured value and reported for every megabyte. 
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1.7.3 Interpretation 

In theory the decision level of I3 and I14 should coincide. In practice, a deviation 
is tolerated: 

I3 Decision Level > I14 Decision Level � ASYd < 0. 

I3 Decision Level < I14 Decision Level � ASYd > 0. 

1.7.4 Specifications 

 DVD Book DaTARIUS CS-4 
Limits DVD-5 Min -0.05 -0.05 
 Max 0.15 0.15 
Limits DVD-9 Min -0.05 -0.05 
 Max 0.15 0.15 
Measured* From / -0.25 
  To  / 0.25 
Resolution / 0.2 

Decimal places shown / 1 
Unit / / 
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1.8 IBVd – I Bottom Variation 
 

1.8.1 CD equivalent 

IBV 

1.8.2 Description 

This signal reflects the I bottom variation within one revolution. This signal is 
similar to I14V, which reflects the I top variations. 

 

 

Figure 6: Eye-pattern IBVd 

 

 

1.8.3 Interpretation 

The IBVd signal gives information about the pit structure to find out whether the 
pits are not too deep, not too shallow. When the pit depth does not correspond to 
lamda/4, light is reflected but not in the opposite phase, needed to put to zero the 
signal coming out of the photo-detectors. 
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1.8.4 Specifications 

 DVD Book DaTARIUS CS-4 
Limits DVD-5 Min / / 
 Max / / 
Limits DVD-9 Min / / 
 Max / / 
Measured* From / 0.00 
  To  / 1.00 
Resolution / 0.004 

Decimal places shown / 2 
Unit / / 

* where 1.00 represents 100 %. 
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1.9 HFVd – HF Variation 
 

1.9.1 CD equivalent 

  HFV 

1.9.2 Description 

The HFVd signal is the variation of the amplitude of I14 within one revolution. 
This signal is continuously measured and reported for every megabyte. 

 

 

Figure 7: HFVd 

 

 

1.9.3 Interpretation 

This parameter should be constant otherwise it means there are abnormal 
variations in the HF top and/or bottom signals. Reasons are the pit structure or 
metallisation layer. 
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1.9.4 Specifications 

 DVD Book DaTARIUS CS-4 
Limits DVD-5 Min / / 
 Max / / 
Limits DVD-9 Min / / 
 Max / / 
Measured* From / 0.00 
  To  / 1.00 
Resolution / 0.004 

Decimal places shown / 2 
Unit / / 

* where 1.00 represents 100 %. 
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1.10 I14D- I14H difference between layers 

1.10.1 CD equivalent 

None 

1.10.2 Description 

The I14D-signal reflects the I14H difference between layers. This continuously 
measured value was introduced to find out the reflectivity difference between the 
semi reflective layer 0 and the full reflective layer 1 of dual layer discs. 

Measurement on the same position of the I14H on layer 0 and on layer 1.  

Formula: ( ) ( )( )0_141_1414 layerHIlayerHIDI −=  

The optimum should be 0: same readability on both layers. Consumer players 
expect the same amount of energy from each layer. 

1.10.3 Interpretation 

Layers should have the same reflection level, if not there may be a problem: 

� In the reflective layer of layer 1, 

� In the semi-reflective layer of layer 0, 

� In the bonding layer, 

� In the pit geometry. 

1.10.4 Specifications 

 DVD Book DaTARIUS CS-4 
Limits DVD-5 Min / / 
 Max / / 
Limits DVD-9 Min / / 
 Max / / 
Measured* From / -0.50 
  To  / 0.50 
Resolution / 0.004 

Decimal places shown / 2 
Unit / / 
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1.11 I3Ud & I1Ud 

1.11.1 CD equivalent 

I1U I3U 

1.11.2 Description 

These are continuously measured values, reported for every megabyte. 

They tell us the amount of modulation of the total light, which was transmitted. 
Normally, I14 and I3 make sense only if they are measured relatively to I14H. 
That means, relatively to the total light, which could be reflected. So I14N 
actually means I14 / I14H, but in some cases you may want to see its value 
directly, before normalisation. So the un-normalised I14 can be seen as I1Ud and 
the I3 un-normalised as I3Ud. 

 

 

Figure 8: I3Ud & I1Ud 

1.11.3 Interpretation 

Low signal values mean that the laser is aging. 
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1.11.4 Specifications 

 DVD Book DaTARIUS CS-4 
Limits DVD-5 Min / / 
 Max / / 
Limits DVD-9 Min / / 
 Max / / 
Measured* From / 0.00 
  To  / 1.00 
Resolution / 0.004 

Decimal places shown / 2 
Unit / / 

* where 1.00 represents 100 %. 
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1.12 RES – Resolution 
Reference Page Paragraph 

DVD Specifications for Read-Only Disc - Part 
1 Physical Specifications ver. 1.0 29 2.7.1b 

Standard ECMA-267 - 120mm DVD Read-Only 
Disc 2nd ed. 18 13.1 

 

1.12.1 CD equivalent 

None 

1.12.2 Description 

The RES-signal is the relation of the amplitude of I3 to I14. 

Formula: 
14
3

I
IRES =  

 

Figure 9: Eye-pattern resolution 
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1.12.3 Interpretation 

A high resolution is preferred in order to make a good distinction between I3 and 
I14 signals. 

 

Figure 10: Resolution 

 

1.12.4 Specifications 

 DVD Book DaTARIUS CS-4 
Limits DVD-5 Min 0.15 0.15 
 Max / / 
Limits DVD-9 Min 0.20 0.20 
 Max / / 
Measured* From / 0.00 
  To  / 1.00 
Resolution / 0.004 

Decimal places shown / 2 
Unit / / 

* where 1.00 represents 100 %. 
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1.13 TCS – Track Crossing Signal 
Reference Page Paragraph 

DVD Specifications for Read-Only Disc - Part 
1 Physical Specifications ver. 1.0 29 2.7.1d 

Standard ECMA-267 - 120mm DVD Read-Only 
Disc 2nd ed. 19 13.3 

 

1.13.1 CD equivalent 

The corresponding signal for CD is cross talk or XT. The only difference is that 
XT has no low pass filter and on the contrary TCS has one. 

1.13.2 Description 

This signal is evaluated in the "open loop mode8", this happens while the DVD is 
spinning and the focused laser beam passes the track right-angled.  The HF signal 
is fed through a low pass filter, at the same time the modulation of the signal is 
detected. The modulation results in the fact that the average reflection between 
the tracks is higher as right on the track. 

This means that the modulation of the signal is a value for the cross talk of 
adjacent tracks. 

 

    Figure 11: Pick-up movement for TCS measurement 
                                                 
8 See glossary. 
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  Figure 12: TCS output signal 

 

1.13.3 Interpretation 

The corresponding signal for CD is in some ways cross talk (XT) or radial 
contrast. 

This signal represents the space between the tracks. If the tracks are too close to 
each other, there is a risk that the pick-up head follows the wrong track or 
interference in the read-out signal from the other track. 

 

1.13.4 Specifications 

 DVD Book DaTARIUS CS-4 
Limits DVD-5 Min 0.10 0.10 
 Max / / 
Limits DVD-9 Min 0.10 0.10 
 Max / / 
Measured* From / 0.00 
  To  / 1.00 
Resolution / 0.004 

Decimal places shown / 2 
Unit / / 

* where 1.00 represents 100 %. 
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1.14 HFL – HF Low 
Reference Page Paragraph 

DVD Specifications for Read-Only Disc - Part 
1 Physical Specifications ver. 1.0 31 2.7.3b 

Standard ECMA-267 - 120mm DVD Read-Only 
Disc 2nd ed. 19 13.4.3 

 

1.14.1 CD equivalent 

None 

1.14.2 Description 

This signal reflects abnormal deviations in the HF signal. These deviations do not 
cause problems for consumer players and happens when I14H-signal gets smaller 
than 70 %9 of the maximum value of I14H-signal. 

 

 

Figure 13: HFL 

 

 

 

                                                 
9 Adjustable in DaTARIUS CS-4/WIN Software. 
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1.14.3 Interpretation 

This signal is used for the detection of “missing pits”, scratches and other local 
defects through abnormal behaviour of HF signal. 

Each megabyte the longest drop-out is reported in mm. This signal is a local 
defect indicator (air bubbles, black spots, scratches…). It does not specify which 
type of defect is present on the disc, but indicates the location and length of the 
present defect (in millimetres). 

1.14.4 Specifications 

DVD Book: maximum diameter specified for 

� Air bubbles: 100 µm, 

� Black spots causing birefringence: 200 µm, 

� Black spots not causing birefringence: 300 µm. 

 

In the DaTARIUS CS-4/WIN Software there no specified limit for this signal, 
which is measured in mm with a resolution of 0.01. 
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1.15 DO – HF Drop-Out 
Reference Page Paragraph 

DVD Specifications for Read-Only Disc - Part 
1 Physical Specifications ver. 1.0 31 2.7.3b 

Standard ECMA-267 - 120mm DVD Read-Only 
Disc 2nd ed. 19 13.4.3 

 

1.15.1 CD equivalent 

None 

1.15.2 Description 

This signal reflects abnormal deviations in the HF Signal. These deviations cause 
read-out problems for consumer players. These deviations indicate situations 
where the I14H-signal gets fewer than 30 %10 of the maximum value of I14H. 

 

 

Figure 14: DO 

1.15.3 Interpretation 

Detection of scratches and other local defects through abnormal behaviour of HF 
signal. Each megabyte the longest drop-out is reported in mm. This signal is a  

                                                 
10 Adjustable in DaTARIUS CS-4/WIN Software. 
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local defect indicator (air bubbles, black spots, scratches…). It does not specify 
which type of defect is present on the disc, but indicates the location and length of 
the defect (in millimetres). 

1.15.4 Specifications 

DVD Book: maximum specified for 

� Air bubbles: 100 µm in diameter, 

� Black spots causing birefringence: 200 µm in diameter, 

� Black spots not causing birefringence: 300 µm in diameter. 

 

In the DaTARIUS CS-4/WIN Software there no specified limit for this signal, 
which is measured in mm with a resolution of 0.01. 
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2 Time based parameters 
In theory, pits and lands have a specific length. Due to technical imperfections, these 
specific lengths are not respected: we can observe deviations. Pits/lands are shorter or 
longer than their specified length. If theses deviations are above a specific level, read-out 
failures will be generated because of a wrong decision on the nature of a pit/land. Jitter is 
the expression of these deviations. 

With DVD, jitter uses the data-to-clock comparison method. 

To achieve the lowest JC jitter possible value, parameters, like Focus Offset, Slicing 
Level, and Tilt Compensation are specified to be modified. Through these modifications 
the resulting value of jitter will be not match the jitter a consumer player would have. But, 
this is helpful to isolate effects having an influence on jitter: 

� Focus offset gives indication on the thickness of the disc (moulding), 

� Slicing level gives indication on the quality of the pit geometry (stamper quality, 
mastering, moulding, filling factor….), 

� Tilt compensation gives indication on eventual deformation of the disc (dishing, 
skew (moulding)). 
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2.1 JC – Jitter Combined 
Reference Page Paragraph 

DVD Specifications for Read-Only Disc - Part 
1 Physical Specifications ver. 1.0 29 2.7.1a 

Standard ECMA-267 - 120mm DVD Read-Only 
Disc 2nd ed. 19 13.4.1 

 

2.1.1 CD equivalent 

None 

2.1.2 Description 

Combined jitter relative to PLL clock. The PLL is a pulse, whose period length is 
equal to T or 38.2 ns, and is regenerated from the digitised data stream. The 
digitised data stream will be compared to this PLL Clock. All present length 
effects in the data stream are used to form a histogram (JCH) from which the jitter 
value is being calculated. The standard deviations or “jitter” of the measured 
values are normalised to the PLL clock. The jitter generated by the variance from 
a DVD to the reference plane11 is compensated with the equivalent tilting of the 
pick-up optical axis. 

JC is a combination of JR (jitter rising) and JF (jitter falling): JR is formed by 
comparing the RISING edges of the data stream to the PLL clock. JF illustrates 
the same but using the FALLING edges. 

  

   Figure 15: Jitter data-to-clock 

                                                 
11 The reference plane is a plane, which is 90° to the pick-up optical axis. 
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JC is the standard deviation of the falling and rising edge of the digitized & 
equalized HF signals in respect to the PLL clock.  

 

 

   Figure 16: Jitter histogram 

2.1.3 Interpretation 

A high jitter value means that pits/lands are shorter or longer than their specified 
length. If these deviations are above a specific tolerance, read-out failures will be 
generated because of a wrong decision on the nature of a pit/land. 
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2.1.4 Specifications 

 DVD Book DaTARIUS CS-4 
Limits DVD-5 Min / / 
 Max 0.08 0.08 
Limits DVD-9 Min / / 
 Max 0.08 0.08 
Measured From / 0 
  To  / 25 
Resolution / 0.1 

Decimal places shown / 1 
Unit / / 
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2.2 JIT 
Reference Page Paragraph 

DVD Specifications for Read-Only Disc - Part 
1 Physical Specifications ver. 1.0 29 2.7.1a 

Standard ECMA-267 - 120mm DVD Read-Only 
Disc 2nd ed. 19 13.4.1 

 

2.2.1 CD equivalent 

None 

2.2.2 Description 

This parameter is similar to the JC parameter, but JIT is measured and issued as a 
continuously measured signal. Also in this case the standard deviation (jitter) of 
the measured values is normalised to the PLL clock. 

2.2.3 Interpretation 

See point 2.1.3. 

2.2.4 Specifications 

 DVD Book DaTARIUS CS-4 
Limits DVD-5 Min / / 
 Max 0.08 0.08 
Limits DVD-9 Min / / 
 Max 0.08 0.08 
Measured From / 0 
  To  / 25 
Resolution / 0.1 

Decimal places shown / 1 
Unit / / 
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2.3 SLE – Slicing Level Adjustment 

2.3.1 CD equivalent 

None 

2.3.2 Description 

 

  Figure 17: Slicing level 

This value was introduced to verify the setting of the slice level, which creates the 
digital data signal from the analogue HF-signal. Auto-slicer is a servo loop that 
ensures the slice level to maintain 50% duty cycle in data. The default in the 
system configuration parameters for Time Based Evaluation (TBE) will 
automatically adjust the player to optimise jitter measurements. 
 JC=f(slicing level)

Slicing Level

Jitter 

 

  Figure 18: Slicing level adjustment 
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Under normal conditions the slicing level or decision level is adjusted 
automatically in order to achieve an EFM signal, which has no DC component12. 
This guarantees the “best” or lowest jitter in most cases. There are some special 
pit profiles where a modification of the slicing level gives a lower jitter value. 

 

2.3.3 Interpretation 

 

The pit should be like this  

 

In reality the edges are more rounded 

 

Decision level between pit and land? 

 

With some special pit profiles an adjustment of the slicing level leads to a lower 
jitter value. 

 

2.3.4 Specifications 

This parameter is not specified in the DVD Book but this adjustment is specified 
for jitter measurement. 

In the DaTARIUS CS-4/WIN Software the adjustment range of this parameter is 
from 45 to 55 % (with a resolution of 0.04). 

                                                 
12 See glossary. 

Slicing level 
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2.4 FOF – Focus Offset Compensation 

2.4.1 CD equivalent 

None 

2.4.2 Description 

This scaled radially measured value was introduced to verify the player’s setting 
of the focus offset compensation level. The default value in the system 
configuration parameters for TBE will automatically adjust the player to optimise 
jitter measurements. 

 

   Figure 19: Focus offset compensation 

The nominal substrate thickness for polycarbonate (PC) is 0.600 mm. A deviation 
from the nominal thickness will result in a spherical aberration of the spot. As a 
consequence the jitter will increase. In order to compensate for this the offset of 
the focused spot can be adjusted. In this way the influence of the deviation of the 
substrate thickness can be compensated. 

2.4.3 Interpretation 

Focus offset - (lower) = disc (+ glue layer13) too thin = data track is too close to 
PUH. 

Focus offset + (higher) = disc (+ glue layer14) too thick = data track is too far to 
PUH. 

                                                 
13 Concerning the layer 1 In the case of DVD-9 
14 same as note 12 
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2.4.4 Specifications 

This parameter is not specified in the DVD Book but this adjustment is specified 
for jitter measurement. 

In the DaTARIUS CS-4/WIN Software the adjustment range of this parameter is 
from –500 to 500 µm (with a resolution of 4). 

 

  Figure 20: Influence of FOF on jitter 
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2.5 TLC – Tilt Level Compensation 
 

2.5.1 CD equivalent 

None 

2.5.2 Description 

 

   Figure 21: Tilt compensation  

Ideally the optical axis of the systems should be perpendicular to the information 
layer. A tilt of the disc will result in a deformation of the spot known as coma. 
Tilting the optical axis can compensate this imperfection of the disc.  
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A warped disc can contribute to the tilt in two directions: 

1. the radial tilt, 

2. the tangential tilt. 

2.5.3 Interpretation 

The need for tilt compensation can be caused by dishing/skew, a warped disc. 

2.5.4 Specifications 

This parameter is not specified in the DVD Book but this adjustment is specified 
for jitter measurement. 

In the DaTARIUS CS-4/WIN Software the radial adjustment range of this 
parameter is from –2.5 to 2.5 degrees (with a resolution of 0.02). 

  

  Figure 22: Influence of TLC on jitter 
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3 Servo & Tracking Parameters 
The task of the servo electronics is to ensure that the laser spot follows and is centered on 
the middle of the pit structure/track. 

The pit pattern on the disc can be seen as a grating structure in both radial and tangential 
directions. Just like most conventional CD players, a DVD player is equipped with a four-
quadrant photo-detector, on which an image of the spot on the disc is formed, including 
the 0th orders and partially the 1st orders. The overlap of the 1st and 0th order generates 
the operational signal. 

 

Figure 23: Laser spot and photo-detector 

The DPD Tracking is based on the following principles: The diagonal quadrants are 
summed by pair. Then the resulting diagonal signals are compared in phase. As showed on 
figure 2515, if the scanning spot is on one side of the track, one diagonal will be slightly 
ahead of the other. The situation is reversed on the other side of the track.  

The output of a phase comparator will generate a saw tooth-like signal. This signal is 
perfect for a tracking servo designed to track the fine pit pattern on the disc. 

 

Figure 24: DPD saw tooth-like output signal 

 

                                                 
15 See page 49 
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3.1 DPT - Differential Phase Tracking error signal 
amplitude 

Reference Page Paragraph 

DVD Specifications for Read-Only Disc – Part 
1 Physical Specifications ver. 1.0 30 2.7.2a 

Standard ECMA-267 - 120mm DVD Read-Only 
Disc 2nd ed. 20 14.1 

 

3.1.1 CD equivalent 

None 

3.1.2 Description 

The differential phase tracking error signal amplitude is measured in the open 
loop mode. The serrated signal results of the phase difference signals of the 
quadrants of the diode, which are located diagonally to the track direction and 
after a special preparation of the signals.  

On figure 25, you can see the radial movement of the spot over the tracks and the 
resulting signal on the photo-diode. At the bottom of the picture, you can see the 
difference between the 2 halves of the photo-detector. 
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   Figure 25: DPD Tracking & DPT analysing direction 
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On figure 26, you can see how the signal coming out of the photo-detector is used 
by the player’s electronics. At the bottom, you can see the phase difference 
(component of time difference) 

 

  Figure 26: Processing of the tracking signal on photo-detector 
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  Figure 27: Calculation of the Differential Phase Tracking signal 

As you can see on the figure 27, the laser spot is moving in radial direction over 
two consecutive grooves. Below you will find an overview of some specific 
positions of the laser spot over the grooves. 

� Position 1: The spot is coming to the 1st groove. This results in a positive 
voltage on the photo-diode. As the spot comes closer to the groove's middle, 
the voltage declines and gets closer to zero as the tracking error signal 
decreases. 

� Position 2: The spot is on the middle of the groove. This results in a zero 
voltage (no tracking error) 

� Position 3: The spot is leaving the groove; the tracking error signal, and 
hence also the voltage increases. 

� Position 4: The spot has left the groove, no more influence and gets 
influenced by the next groove (groove+1). As the spot is coming to the 
groove+1, the voltage on the photo-diode is positive. 

� Position 5: The spot is on the middle of groove+1; this means again a zero 
voltage. 

 

The distance between two grooves' middle (positions 2 & 5) is defined as Track 
Pitch, and is specified in the DVD Book as 0.74 µm. 

The DPT signal level is measured at 100nm (outgoing) from the middle of the 
groove. 
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On this position the voltage level will be measured and a factor (as described in 
DVD Book chapter I.3.b Annex I) will be applied. 

The resulting value is the DPT value. 

 

3.1.3 Interpretation  

 

DPT returns information about the pit geometry in the radial direction. 

� A high DPT value means that the radial flank of the pits have a steep slope. 

� A low DPT value means that the radial flanks of the pits have a gentle slope. 

 

To avoid tracking problems in consumer players, the DPT signal is specified to 
range from 0.5 until 1.1. 

Too steep or too gentle flanks don’t offer a better tracking. There is an optimal 
slope for pits. Therefore, to stay as close as possible to the optimum, DPT has to 
stay between the specified limits. 

 

3.1.4 Specifications 

 DVD Book DaTARIUS CS-4 
Limits DVD-5 Min 0.5 0.5 
 Max 1.10 1.10 
Limits DVD-9 Min 0.5 0.5 
 Max 1.10 1.10 
Measured From / 0.00 
  To  / 1.25 
Resolution / 0.005 

Decimal places shown / 2 
Unit / / 

 

This DPT value represents the slope of the differential phase tracking signal 
(figure 27). This slope must stay between the specified limits (0.5 and 1.25). 
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3.2 DPA – Differential Phase Tracking error signal 
asymmetry 

Reference Page Paragraph 

DVD Specifications for Read-Only Disc - Part 
1 Physical Specifications ver. 1.0 30 2.7.2a 

Standard ECMA-267 - 120mm DVD Read-Only 
Disc 2nd ed. 20 14.1 

 

3.2.1 CD equivalent 

None 

3.2.2 Description 

This value is a measure of the DPT signal position in relation to the zero level. 

3.2.3 Interpretation 

An asymmetry in the DPT signal means the radial flanks of the same pit do not 
have the same slope. 

 

  Figure 28: Asymmetric DPT signal 
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Formula:
21

21

TT

TT
DPA

+

−
=  

Where T1 is the positive peak value of T
t∆  

Where T2 is the negative peak value of T
t∆  

 

  Figure 29: DPA measurement 

 

3.2.4 Specifications 

 DVD Book DaTARIUS CS-4 
Limits DVD-5 Min -0.20 -0.20 
 Max 0.20 0.20 
Limits DVD-9 Min -0.20 -0.20 
 Max 0.20 0.20 
Measured From / -0.25 
  To  / 0.25 
Resolution / 0.2 

Decimal places shown / 1 
Unit / / 
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3.3 TPP – Tangential Push Pull 
Reference Page Paragraph 

DVD Specifications for Read-Only Disc - Part 
1 Physical Specifications ver. 1.0 30 2.7.2b 

Standard ECMA-267 - 120mm DVD Read-Only 
Disc 2nd ed. 20 14.2 

 

3.3.1 CD equivalent 

None 

3.3.2 Description 

Continuously measured value reported every megabyte, referred to as the 
tangential push pull signal. This signal reflects the difference of the diode pairs, 
which are located in direction of the track (front and back side of the detector). 

 

 

Figure 30: Tangential Push Pull 
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3.3.3 Interpretation 

TPP gives us information about the pit geometry (pit depth) in tangential direction. 

 

When TPP is high, the pits’ flanks have a steep slope, which can cause 
tracking problems. 

When TPP is low, the pits’ flanks have a gentle slope.  

There is an optimum, which means that the pits’ flanks have a specific 
angle. This angle offers perfect conditions for tracking. 

 

3.3.4 Specifications 

For TPP an upper limit is specified, but logically also should be specified for a 
lower limit. 

 DVD Book DaTARIUS CS-4 
Limits DVD-5 Min / / 
 Max 0.9 0.9 
Limits DVD-9 Min / / 
 Max 0.9 0.9 
Measured From / 0.00 
  To  / 1.25 
Resolution / 0.005 

Decimal places shown / 2 
Unit / / 
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3.4 RPP – Radial Push Pull 

3.4.1 CD equivalent 

PPC – Push Pull Circular 

3.4.2 Description 

Difference of the signals, which are build of the diodes on the left and the right 
side of the track. 

 

Figure 31: Radial Push Pull 

3.4.3 Interpretation 

Gives information about the symmetry of the pit geometry over the track and is 
interesting for recordable and re-writable DVDs because they will use a PP-based 
tracking. 

3.4.4 Specifications 

This parameter is not specified in the DVD Book. 

The DaTARIUS CS-4/WIN Software has no specified limit for this signal. RPP is 
measured from 0.000 to 0.125 with a resolution of 0.0005. 
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3.5 RNSd – Radial Noise 
Reference Page Paragraph 

DVD Specifications for Read-Only Disc - Part 1 
Physical Specifications ver. 1.0 26 2.6.15c 

Standard ECMA-267 - 120mm DVD Read-Only 
Disc 2nd ed. 14 10.9.2 

 

3.5.1 CD equivalent 

RN1 - Radial noise 

3.5.2 Description 

This continuously measured value, reported for every megabyte, is measured 
according to the DVD specifications. 

This signal reports the deviations, which have a frequency between 1.1 and 10 
kHz. 

The centre of the pits on a track is not really on the same line. The PUH has to 
move (to the left or to the right) to centre itself and follow the pits. The radial 
movements from nominal positions of the pick-up head are expressed in 
nanometers. 

 
   Figure 32: Radial noise 
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Short deviation  

 

Figure 33: RNSd 

 

3.5.3 Interpretation 

Peaks in the radial noise signal means that the PUH has to make an abnormal 
radial deviation, which can be caused by a black spot, a scratch, a bump, a dot… 

3.5.4 Specifications 

 DVD Book DaTARIUS CS-4 
Limits DVD-5 Min / / 
 Max 0.016 16 
Limits DVD-9 Min / / 
 Max 0.016 16 
Measured From / 0 
  To  / 25 
Resolution / 0.1 

Decimal places shown / 0 
Unit µm nm 
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3.6 RAD1 – Radial Error 
Reference Page Paragraph 

DVD Specifications for Read-Only Disc - Part 1 
Physical Specifications ver. 1.0 26 2.6.15.b 

Standard ECMA-267 - 120mm DVD Read-Only 
Disc 2nd ed. 14 10.9.2 

 

3.6.1 CD equivalent 

None 

3.6.2 Description 

This continuously measured value, reported for every megabyte, is measured 
according to the DVD specifications. 

This signal is comparable to RNSd, but only reports the deviations, which have a 
frequency, lower than 1.1 kHz. This kind of deviation represents a long 
succession of pits whose position is abnormally far from the default position of 
the pick-up head. 

3.6.3 Interpretation 

See RNSd.  

 

 

Figure 34: RAD1 versus RNSd 
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3.6.4 Specifications 

 DVD Book DaTARIUS CS-4 
Limits DVD-5 Min -0.022 / 
 Max 0.022 22 
Limits DVD-9 Min -0.022 / 
 Max 0.022 22 
Measured From / 0 
  To  / 50 
Resolution / 0.2 

Decimal places shown / 0 
Unit µm nm 
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3.7 VDEV – Vertical Deviation 
Reference Page(s) Paragraph 

DVD Specifications for Read-Only Disc - Part 
1 Physical Specifications ver. 1.0 26 2.6.14b 

Standard ECMA-267 - 120mm DVD Read-Only 
Disc 2nd ed. 13-14 10.9.1 

 

3.7.1 CD equivalent  

None 

3.7.2 Description 

Continuously measured, this signal reflects the axial/vertical deviation of the 
pick-up. 

The distance between the PUH and the surface of the disc is variable. When the 
deviation is greater than the deviation specified/allowed, the spot is not optimally 
focused on the track and can result in read-out/tracking problems. 

The player’s laser beam must stay focused on the disc’s information layer within 
a small tolerance. As a disc is not perfectly flat, the player’s auto-tracking system 
has to refocus continuously in order to compensate the varying distance between 
the disc’s surface and the player’s optical pick-up. This varying distance can be 
regarded as acceleration in axial direction along the circular data tracks. Vertical 
deviation on the other hand, designates the vertical distance variation between the 
disc information layer and a reference plane. 

This signal reports the deviations, which have a frequency below 10 kHz. 

3.7.3 Interpretation 

Axial deviations can be caused by bumps or dishing/skew. 
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3.7.4 Specifications 

 DVD Book DaTARIUS CS-4 
Limits DVD-5 Min -0.23 / 
 Max 0.23 230 
Limits DVD-9 Min -0.23 / 
 Max 0.23 230 
Measured From / 0 
  To  / 500 
Resolution / 2 

Decimal places shown / 0 
Unit µm nm 
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4 Digital Error Parameters 
In order to make an error correction possible redundant data has to be added to the user 
data. With DVD, the user data are organised to form a matrix. The width of the matrix is 
172 columns and the length of each data sector is 12 lines (172 x 12). All together are 16 
data sectors dedicated to this matrix, which results in a total of (12 x 16) = 192 lines. 

With the assistance of a special algorithm, two sections of parity data are computed out of 
the original data and added to the original data. First of all, to each of the 172 columns 16 
bytes PO parity data are generated through which the matrix is enlarged from 192 to 208 
lines. Again of each of the 208 lines 10 bytes PI parity data are generated. The matrix is 
now 182 columns wide. 

This enables a player to correct at least 5 defective bytes in each line and at least 8 
defective bytes of each column. With the assistance of various alternating calculations 
over the lines and the columns it is possible to correct more defect bytes.  

For the evaluation of the following error flags a summary of 8 matrix or ECC blocks is 
used. 

 

Figure 35: ECC Block 
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4.1 PIE – Parity Inner code Error 
Reference Page Paragraph 

DVD Specifications for Read-Only Disc - Part 
1 Physical Specifications ver. 1.0 31 2.7.3 

Standard ECMA-267 - 120mm DVD Read-Only 
Disc 2nd ed. 19 13.4.2 

 

4.1.1 CD equivalent 

312111 EEEBLE ++=≈  

4.1.2 Description: 

Formula: 2111 EEPIE +=  

The parity inner code error is a continuously measured value, reported for every 
megabyte. This is the number of error corrections made in the first pass of the 
decoder using the inner parity correction code. Incoming rows of data are being 
corrected. 

4.1.3 Interpretation 

Such errors can be caused by all optical defects, which interfere with the normal 
data read-out procedure (scratches, dots, black spots, bubbles, etc). Local defects 
can deteriorate the data contents. Others causes can be jitter problems, stamper 
defects or a bad HF signal. 

4.1.4 Specifications 

 DVD Book DaTARIUS CS-4 
Limits DVD-5 Min / / 
 Max 280 280 
Limits DVD-9 Min / / 
 Max 280 280 
Measured From / 0 
  To  / 500 
Resolution / 2 

Decimal places shown / 0 
Unit / / 

The measurements are performed over 8 ECC blocks (=256 kilobyte or ¼ 
megabyte). Per megabyte, four measurements are made and only the maximum 
value will be displayed. 
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4.2 APIE – Average Parity Inner Code Error 

4.2.1 CD equivalent 

ABE 

4.2.2 Description 

Average parity inner code error. PIE is similar to BLER, which is known as a CD 
parameter. This static value reported once per disc was introduced for limit 
checking separated from PIE maximum. 

4.2.3 Interpretation 

See point 4.1 PIE. 

4.2.4 Specifications 

This parameter is not specified in the DVD Book. 

In the DaTARIUS CS-4/WIN Software there is no specified limit for this signal, 
which is measured from 0 to 500 with a resolution of 2. This value has no unit. 

The measurements are performed over 8 ECC blocks (=256 kilobyte or ¼ 
megabyte). Per megabyte, four measurements are made and only the maximum 
value will be displayed. 
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4.3 PIF – Parity Inner Code Fail 
 

4.3.1 CD equivalent 

E31 

4.3.2 Description 

The PIF-signal or parity inner code first level fails is a continuously measured 
value, reported for every megabyte. PIF is the number of error correction fails 
that occurred in the first pass. 

4.3.3 Interpretation 

Such errors can be caused by all optical defects, which interfere with the normal 
data read-out (scratches, dots, black spots, bubbles, etc). Local defects can 
deteriorate the data contents. 

Others causes can be jitter problems, stamper defects or a bad HF signal. 

4.3.4 Specifications 

This parameter is not specified in the DVD Book. 

The DaTARIUS CS-4/WIN Software has no specified limit for this signal but is 
measured from 0 to 500, with a resolution of 2. This value has no unit. 
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4.4 POF – Parity Outer Code Fail 
Reference Page Paragraph 

DVD Specifications for Read-Only Disc - Part 
1 Physical Specifications ver. 1.0 31 2.7.3 

Standard ECMA-267 - 120mm DVD Read-Only 
Disc 2nd ed. 19 13.4.2 

 

4.4.1 CD equivalent 

E32 

4.4.2 Description 

Parity outer code non-correctable fail is a continuously measured value, reported 
for every megabyte. This happens when the decoder is unable to correct the data 
using the outer parity codes in the first pass. The wording “first pass” is of 
importance because the decoder may be designed to do several passes of error 
correction. There is the possibility that the error may be corrected in one of the 
following passes. Compared to the CD, this can be related to E32 but the DVD 
has the possibility to run several passes of error correction so the error might not 
necessarily be incorrigible. 

4.4.3 Interpretation 

Such errors may not be correctable and should be avoided on a DVD, since the 
data integrity is damaged. 

Such errors can be caused by all optical defects, which interfere with the normal 
data read-out (scratches, dots, black spots, bubbles, etc). Local defects can 
deteriorate the data contents. 

Others causes can be jitter problems, stamper defects or a bad HF signal. 
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4.4.4 Specification 

 DVD Book DaTARIUS CS-4 
Limits DVD-5 Min / / 
 Max 0 0 
Limits DVD-9 Min / / 
 Max 0 0 
Measured From / 0 
  To  / 250 
Resolution / 1 

Decimal places shown / 0 
Unit / / 

The measurements are performed over 8 ECC blocks (=256 kilobyte or ¼ 
megabyte). Per megabyte, four measurements are made and only the maximum 
value will be displayed. 
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5 Mechanical Parameters 
On the following pictures, you can see the basic data structure of a DVD-5 and –9. Some 
mechanical parameters, which will be introduced in this chapter, are represented. 

 

 

Figure 36: DVD's basic data structure 
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5.1 ECC0 ECC1 – Eccentricity layer 0, 1  
Reference Page Paragraph 

DVD Specifications for Read-Only Disc - Part 
1 Physical Specifications ver. 1.0 26 2.6.15.a16 

Standard ECMA-267 - 120mm DVD Read-Only 
Disc 2nd ed. 14 10.9.2 

5.1.1 CD equivalent 

ECC - eccentricity 

5.1.2 Description 

This static, radial value reported once per disc reflects the DVD’s eccentricity in 
micrometer and is included in the report list of static parameters. 

Eccentricity is the offset of the centre hole from the centre of a circular track. 

 

 

  Figure 37: Eccentricity 

 

                                                 
16 Eccentricity is described as Radial Runout 
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5.1.3 Interpretation 

Basically the eccentricity value has to be low for good performance in high-speed 
drives. The better the eccentricity the less the pick-up has to move in radial 
direction and the better the playability of the disc gets. 

In the case of high eccentricity, the servo and pick-up have to move fast. The 
inertia of the pick-up can limit the reaction speed of the servo and then cause 
problems to follow the track. 

5.1.4 Specifications 

 DVD Book DaTARIUS CS-4 
Limits DVD-5 Min / / 
 Max 100 50 
Limits DVD-9 Min / / 
 Max 100 50 
Measured From / 0 
  To  / 250 
Resolution / 1 

Decimal places shown / 0 
Unit µm(diameter) µm (radius)  
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5.2 BLI 0 BLI 1 – Begin Lead-In layer 0, 1 
Reference Page Paragraph 

DVD Specifications for Read-Only Disc - Part 
1 Physical Specifications ver. 1.0 25 2.6.6 

Standard ECMA-267 - 120mm DVD Read-Only 
Disc 2nd ed. 12 10.6.1 

 

5.2.1 CD equivalent 

BLI – Begin Lead-In 

5.2.2 Description 

This signal reflects the begin radius of the lead-in of layer 0/1. 

5.2.3 Interpretation 

The electronics of a player are so designed that they expect to find data at the 
specified positions. If the data is not at the right location, playability problems can 
arise. 

The cause of deviations in these positions can be: 

� Wrong stamper punching,  

� Wrong stamper mounting, 

� Inadequate moulding temperature, 

� Bonding problems in the case of DVD-9. 

5.2.4 Specifications 

  DVD-5 DVD-9 PTP DVD-9 OTP 

  Min Max Min Max Min Max 

Unit 

BLI0   22.6   22.6   22.6 mm 

BLI1       22.6 ELO0 - 0.5 ELO0 + 0.5 mm 

The values reported in this table express radius values. In the specifications, these 
values express the diameter. 

In the DaTARIUS CS-4/WIN Software, these parameters are measured from 0 to 
60 mm with a resolution of 0.001. 
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5.3 BPL0 BPL1 – Begin Program Layer 0, 1 
Reference Page Paragraph 

DVD Specifications for Read-Only Disc - Part 
1 Physical Specifications ver. 1.0 25 2.6.6 

Standard ECMA-267 - 120mm DVD Read-Only 
Disc 2nd ed. 12 10.6.1 

 

5.3.1 CD equivalent 

BPL – Begin Program Layer 

5.3.2 Description 

This static, radial value reported once per disc applies only to SL (Single Layer) 
or OTP (Opposite Track Path) and PTP (Parallel Track Path) media. 

5.3.3 Interpretation 

The electronics of a player are so designed that they expect to find data at the 
specified positions. If the data is not at the right location, playability problems can 
arise. 
The cause of deviations in these positions can be: 
� Wrong stamper punching,  
� Wrong stamper mounting, 
� Inadequate moulding temperature, 
� Bonding problems in the case of DVD-9. 

5.3.4 Specifications 

  DVD-5 DVD-9 PTP DVD-9 OTP 

  Min Max Min Max Min Max 

Unit 

BPL0 23.8 24 23.8 24 23.8 24 mm 

BPL1     23.8 24 BLO0 – 0.5 BLO0 + 0.5 mm 

The values reported in this table express radius values. In the specifications, these 
values express the diameter. 

In the DaTARIUS CS-4/WIN Software, these parameters are measured from 0 to 
60 mm with a resolution of 0.001. 
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5.4 BLO0 BLO1 – Begin Lead-Out 
Reference Page Paragraph 

DVD Specifications for Read-Only Disc - Part 
1 Physical Specifications ver. 1.0 25 2.6.9 

Standard ECMA-267 - 120mm DVD Read-Only 
Disc 2nd ed. 12 10.6.1 

 

5.4.1 CD equivalent 

BLO – Begin Lead-Out. 

5.4.2 Description 

This static, radial value reported once per disc represents the beginning of the 
lead-out area for layer 0 and 1 (for DVD-5 and DVD-9 PTP) and the beginning of 
the middle area, layer 0 for DVD-9 OTP. 

5.4.3 Interpretation 

The electronics of a player are so designed that they expect to find data at the 
specified positions. If the data is not at the right location, playability problems can 
arise. 
The cause of deviations in these positions can be: 
� Wrong stamper punching,  
� Wrong stamper mounting, 
� Inadequate moulding temperature, 
� Bonding problems in the case of DVD-9. 

5.4.4 Specifications 

  DVD-5 DVD-9 PTP DVD-9 OTP 

  Min Max Min Max Min Max 

Unit 

BLO0   58   58   58 mm 

BLO1       58 23.8   mm 

The values reported in this table express radius values. In the specifications, these 
values express the diameter. 

In the DaTARIUS CS-4/WIN Software, these parameters are measured from 0 to 
60mm with a resolution of 0.001. 
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5.5 ELO 0 ELO 1 – End Lead-Out layer 0, 1 
Reference Page Paragraph 

DVD Specifications for Read-Only Disc - Part 
1 Physical Specifications ver. 1.0 25 2.6.10 

Standard ECMA-267 - 120mm DVD Read-Only 
Disc 2nd ed. 12 10.6.1 

 

5.5.1 CD equivalent 

ELO – End Lead-Out 

5.5.2 Description 

This signal reflects the end radius of the lead-out. 

5.5.3 Interpretation 

The electronics of a player are designed in such a way that they expect to find 
data at the specified positions. If the data is not at the right location, playability 
problems can arise. 
The cause of deviations in these positions can be: 
� Wrong stamper punching,  
� Wrong stamper mounting, 
� Inadequate moulding temperature (influence on the shrinkage factor), 
� Bonding problems in the case of DVD-9. 

5.5.4 Specifications 

  DVD-5 DVD-9 PTP DVD-9 OTP 

  Min Max Min Max Min Max 

Unit 

ELO0 (if BLO0 < 34.0) 35   35   35   mm 

ELO0 (ifBLO0 < 57.5) BLO0 + 1.0   BLO0 + 1.0   BLO0 + 1.0   mm 

ELO0 (if BLO0 > 57.5) 58.5   58.5   58.5   mm 

ELO1     ELO0 – 0.5 ELO0 + 0.5   22.6 mm 

The values reported in this table express radius values. In the specifications, these 
values express the diameter 

In the DaTARIUS CS-4/WIN Software, these parameters are measured from 0 to 
60 mm with a resolution of 0.001. 
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5.6 SVYd – Scanning Velocity 
Reference Page Paragraph 

DVD Specifications for Read-Only Disc - Part 
1 Physical Specifications ver. 1.0 12 2.3.3 

Standard ECMA-267 - 120mm DVD Read-Only 
Disc 2nd ed. 8 9.2 

 

5.6.1 CD equivalent 

SVY – Scanning Velocity 

5.6.2 Description 

This scaled continuously value is calculated by measuring the radius and the 
exact time for one revolution. 

This corresponds to the speed at which the laser’s pick-up head travels along the 
spiral track of the disc. 

5.6.3 Interpretation 

Consumer players can read-out the data at different speeds depending on their 
hardware specification. However, in the case of DVD measurements, the DVD 
Book requires fixed measurement conditions. Scanning velocity is one of these 
requirements. 

5.6.4 Specifications 

 DVD Book DaTARIUS CS-4 
Limits DVD-5 Min 3.46 3.46 
 Max 3.52 3.52 
Limits DVD-9 Min 3.81 3.81 
 Max 3.87 3.87 
Measured From / 3.00 
  To  / 4.25 
Resolution / 0.001 

Decimal places shown / 2 
Unit m/s m/s 
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5.7 TRPd – Track Pitch 
Reference Page Paragraph 

DVD Specifications for Read-Only Disc - Part 
1 Physical Specifications ver. 1.0 26 2.6.13 

Standard ECMA-267 - 120mm DVD Read-Only 
Disc 2nd ed. 12 10.6.2 

 

5.7.1 CD equivalent 

TRP – Track Pitch 

5.7.2 Description 

The scaled, continuously measured value reflects the distance between adjacent 
physical track centrelines in the radial direction. 

5.7.3 Interpretation 

 

  Figure 38: Track pitch 
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When the laser spot is on one track, the returned signal also reflects information 
from the adjacent track. This phenomenon can disturb the correct read-out of the 
disc. Therefore, the space between the tracks should be large enough so that the 
laser spot highlights the information from one track and a minimum from 
adjacent tracks. 

5.7.4 Specifications 

 DVD Book DaTARIUS CS-4 
Limits DVD-5 Min 0.71 0.71 
 Max 0.77 0.77 
Limits DVD-9 Min 0.71 0.71 
 Max 0.77 0.77 
Measured From / 0.40 
  To  / 1.65 
Resolution / 0.001 

Decimal places shown / 2 
Unit µm µm 

The nominal Track Pitch is specified to be equal to 0.74 µm. 
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5.8 SLVR - space layer variation within one 
revolution 

Reference Page Paragraph 

DVD Specifications for Read-Only Disc - Part 
1 Physical Specifications ver. 1.0 21 

2.5.3b + 
annex A 

Standard ECMA-267 - 120mm DVD Read-Only 
Disc 2nd ed. 14 

12.3 + 
annex K 

 

5.8.1 CD equivalent 

None 

5.8.2 Description 

In the case of dual layer disc, SLVR measures variations of the thickness of the 
bonding layer. This layer is specified in the DVD book: 55µm +/- 15µm. 

The variation within one revolution, it shall not vary by more than 8µm 

5.8.3 Interpretation 

Having a space layer, too thin or too thick can cause focus problems and 
problems to read the information out of layer 1. Low HF value for layer 1. 
Influence on transmission. 

5.8.4 Specifications 

 DVD Book DaTARIUS CS-4 
Limits DVD-5 Min / / 
 Max / / 
Limits DVD-9 Min -4 -4 
 Max 4 4 
Measured From / 0.00 
  To  / 125 
Resolution / 0.5 

Decimal places shown / 1 
Unit µm µm 
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5.9 SLVD - space layer variation within one disc 
Reference Page Paragraph 

DVD Specifications for Read-Only Disc - Part 
1 Physical Specifications ver. 1.0 21 

2.5.3a + 
annex A 

Standard ECMA-267 - 120mm DVD Read-Only 
Disc 2nd ed. 14 

12.3 + 
annex K 

 

5.9.1 CD equivalent 

None 

5.9.2 Description 

In the case of dual layer disc, SLVR measures variations of the thickness of the 
bonding layer. This layer is specified in the DVD book: 55µm +/- 15µm. 

The variation over the disc shall not vary by more than 20µm.  

5.9.3 Interpretation 

Having a space layer, too thin or too thick can cause focus problems and 
problems to read the information out of layer 1. Low HF value for layer 1. 
Influence on transmission. 

5.9.4 Specifications 

 DVD Book DaTARIUS CS-4 
Limits DVD-5 Min / / 
 Max / / 
Limits DVD-9 Min -10 -10 
 Max 10 10 
Measured From / 0.00 
  To  / 125 
Resolution / 0.5 

Decimal places shown / 1 
Unit µm µm 
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5.10 RADd - Radius 

5.10.1 CD equivalent 

RAD - Radius 

5.10.2 Description 

This signal reflects the radius continuously. 

5.10.3 Interpretation 

This parameter indicates the position of the PUH. 

5.10.4 Specifications 

 This signal is not specified in the DVD Book. 

 DVD Book DaTARIUS CS-4 
Limits DVD-5 Min / / 
 Max / / 
Limits DVD-9 Min / / 
 Max / / 
Measured From / 0 
  To  / 60000 
Resolution / 1 

Decimal places shown / 2 
Unit µm µm 
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Annexe 1: Signal name comparison Pulstec-DaTARIUS 

Pulstec  Pulstec 
DaTARIUS 

DDU 1000 Step 2  
DaTARIUS 

DDU 1000 Step 2 

Analogue parameters  Servo & Tracking parameters 

I14H R14H  DPT DPD Amp 

I14N I14M  DPA DPD Asym 

I3N I3M  TPP Tp-p 

R14H R14H  RPP Rp-p 

I14V I14HV  RNSd Radial Err 2 

IVD not supported  RAD1 Radial Err 1 

ASYd HF Asym  VDEV Axial Err 

IBVd not supported  Digital parameters 

HFVd I14AV  APIE PI error Avg 

I14D not supported  PIE PI errors 

I3Ud / I1Ud I3A / I14A  PIF PI fail 

RES Reso.  POF PO fail 

TCS TCS  Mechanical parameters 

HFL HF Low  ECC 0 1 not supported 

DO HF DO  BPL 0 1 Start Sector 

Time based parameters  BLO 0 1 End Sector 

JC Jitter Bottom  SVYd Physical Sector Length 

JIT Jitter Bottom  TRPd Track Pitch 

SLE Slice Level  RADd supported (mm) 

FOF Focus Offset  BLI 0 1 not supported 

TLC Radial Tilt  ELO 0 1 not supported 

   SLVR not supported 

   SLVD not supported 

Both DaTARIUS I14H and R14H reflect the Pulstec R14H. Pulstec and DaTARIUS, 
however, do not use the same scale to express the values of these signals:  

� DaTARIUS measurement range for I14H and R14H: 0 to 1 

� Pulstec measurement range for R14H: 0 to 100 
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Annexe 2: Checklist Replica/Stamper/Glass Master 

 Replica 
Glassmaster 

Stamper   Replica 
Glassmaster 

Stamper 

Analogue parameters   Servo & Tracking parameters 

I14H yes yes  DPT yes yes 

I14N yes yes  DPA yes yes 

I3N yes yes  TPP yes yes 

R14H yes yes  RPP yes yes 

I14V yes yes  RNSd yes yes 

IVD yes yes  RAD1 yes yes 

ASYd yes yes  VDEV yes yes 

IBVd yes yes  Digital parameters   

HFVd yes yes  APIE yes yes 

I14D yes no  PIE yes yes 

I3Ud / I1Ud yes yes  PIF yes yes 

RES yes yes  POF yes yes 

TCS yes yes  Mechanical parameters 

HFL yes yes  ECC 0 1 yes yes 

DO yes yes  BPL 0 1 yes yes 

Time based parameters   BLO 0 1 yes yes 

JC yes yes  SVYd yes yes 

JIT yes yes  TRPd yes yes 

SLE yes yes  RADd yes yes 

FOF yes yes  BLI 0 1 yes yes 

TLC yes yes  ELO 0 1 yes yes 

    SLVR yes no 

    SLVD yes no 
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Annexe 3: Signals supported by DaTARIUS testers series 
4 and 5 

 DaTARIUS Testers   DaTARIUS Testers 

 series 4.2 series 5.1   series 4.2 series 5.1 

Analogue parameters  Servo & Tracking parameters 

I14H yes yes  DPT yes yes 

I14N yes yes  DPA yes yes 

I3N yes yes  TPP yes yes 

R14H yes yes  RPP yes yes 

I14V yes yes  RNSd yes yes 

IVD yes yes  RAD1 no yes 

ASYd yes yes  VDEV no yes 

IBVd yes yes  Digital parameters   

HFVd yes yes  APIE yes yes 

I14D yes no  PIE yes yes 

I3Ud / I1Ud yes yes  PIF yes yes 

RES yes yes  POF yes yes 

TCS yes yes  Mechanical parameters 

HFL no yes  ECC 0 1 yes yes 

DO no yes  BPL 0 1 yes yes 

Time based parameters  BLO 0 1 yes yes 

JC yes yes  SVYd yes yes 

JIT yes yes  TRPd yes yes 

SLE yes yes  RADd yes yes 

FOF yes yes  BLI 0 1 yes yes 

TLC yes yes  ELO 0 1 yes yes 

    SLVR no yes 

    SLVD no yes 
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Glossary 
Basic sequence: This is a test mode in the DaTARIUS CS-4/WIN Software. Up to eight 

positions are measured on the disc during a user-defined time length (the 
standard configuration is 10 sec). 

Bonding:    Permanent adhesion of 2 halves to each other, one of the DVD 
production steps. 

CS-4:   DaTARIUS CS-4/WIN Software. 

DC:     Direct Current (electrical current flowing in one direction only) refers to 
a signal with zero frequency. A DC coupled current is composed of two 
elements: alternate current (AC) and direct current (DC). 

 

   Figure 39: DC Component 

DL:    Dual Layer. 

DVD:    Digital Versatile Disc; optical medium for storage of digital information 
(audio, video, computer data). 650 nanometre laser wavelength; two 
polycarbonate substrates (120 mm diameter; 0.6 mm thickness each) 
individually produced, coated and subsequently bonded together. The 
digital information can be read out but not altered. 

DVD-5:  Digital Versatile Disc; single side; single layer; 4.7 gigabyte storage 
capacity. 

DVD-9:  Digital Versatile Disc; single side; double layer; 8.5 gigabyte storage 
capacity. 

DVD Book:  DVD Specifications for Read-Only Disc edited by the DVD Forum 
(http://www.dvdforum.com). 

ECMA:   ECMA is an international industry association founded in 1961 and 
dedicated to the standardization of information and Communications 
Technology (ICT) systems. The information contained in ECMA’s  

http://www.dvdforum.com/
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   standards is identical to the DVD Books, but available for free from 
ECMA’s website http://www.ecma.ch (Standard ECMA-267). 

EFM:  Eight-to-fourteen modulation. 

HF:    High-Frequency signal. 

JCH:   Jitter Combined Histogram. 

Lands:  During encoding the glass master disc, a high power laser beam burns 
pits in a spiral track on the specially prepared recording surface. The 
'lands' are the clear spaces between those pits. When reading a replicated 
disc, the laser light reflects at a higher intensity from the lands than from 
the pits--and the transitions between lands and pits make possible the 
reading of the contents 

Megabyte:   A megabyte or MB is 1,024 Kbytes, or 1,048,576 bytes. Storage 
capacity unit 

Metallizing:  Application of a thin layer of metal (aluminium, gold silver) or silicon 
onto a CD or DVD; this reflective layer serves to reflect the laser beam; 
the deposition technology employed is called sputtering. 

Open Loop:  Two systems are used to read out information from a CD/DVD: 

•  Focus = Focus is always needed, 

•  Tracking = Tracking can be switched on and off. 
ON: the pick-up’s laser spot will be corrected to follow the track. This 
mode is called CONTROL LOOP. 

OFF: the pick-up’s laser spot can jump across the tracks (radial jump). 
This mode is called OPEN LOOP. (Used to measure the basic sequence). 

OTP:   Opposite Track Path. 

PBS:   Polarized Beam Splitter. 

PC:    Polycarbonate. 

PI:    Parity (in the) Inner (code). 

Pits:   During optical encoding, pulses of a high power laser beam 'burn' 
microscopic 'pits' on the recording layer. The untouched spaces between 
such pits are called 'lands.' During the read process, the laser light 
focuses on the spinning spiral track, and since the pits reflect light less 
intensely, the read head detects the changes in reflectivity, and those 
transitions are processed as 1s to produce a binary data stream. In DVD, 
the track pitch is 0.74 microns, and the pits are 0.4 microns wide. 
Maximum pit lengths are 10 times pit width 

 

http://www.ecma.ch/
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PLL clock: The Phase Locked Loop clock is a pulse signal, whose period length is 

equal to one T or 38.2 nanoseconds. This pulse signal is regenerated 
from the data stream and used in time based evaluations. 

PP:    Push Pull. 

PPC:   Push Pull Circular. 

PTP:   Parallel Track Path. 

PUH:   Pick-Up Head. 

SL:    Single Layer. 

T:    T or period is a pulse, whose length is 38.2 nanoseconds. 

TBE:   Time Based Evaluation. 
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