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BD Stamper Physical Characteristics 
 
 
Introduction 
 
Sony DADC and Singulus Technologies are co-operating closely to make BD stamper 
making and replication available for the industry quickly. 
 
For successful replication of BD25 and BD50, stampers to be used should have a number 
of physical characteristics. 
 
Sony and Singulus have taken the initiative to come to a well defined set of 
characteristics for stampers that can be used as guidance to ensure high quality BD-ROM  
disc manufacturing.  
To ensure quick availability of an appropriate document, a working group consisting of 
staff members of a small number of companies leading in their specific fields of expertise 
was formed. Experts from these companies have co-operated closely and shared their 
knowledge openly to identify and evaluate “best practices” in the worldwide production 
of BD optical discs and summarize the collective wisdom as it is available in the industry 
in this document. Next to Sony and Singulus, experts from Sibert and technotrans 
participated to cover BD Mastering, Galvanic processing of Masters and finishing of BD 
stampers.  
 
As the BD format and the evaluation tools matures and the industrial experience grows, 
the insights may evolve, but at this point in time, adhering to the stamper characteristics 
as described is likely to produce the best results. 
 
This stamper characteristics document gives recommendations for the properties 
stampers need to have at successive stages of production and in the final state, with some 
explanations of why and the relevance of these characteristics for high quality BD-ROM 
production.  
 
This document does not detail explicit manufacturing procedures to achieve these 
characteristics; alternative equipment suppliers may reach the required results in different 
manners. 
 
Therefore, additional information from companies supplying specific operations to 
prepare stampers in such a way that they comply with the recommendations in this 
document will be made available separately by different equipment suppliers. 
Examples of such information can be found in the reference section of this document. 
 
 
Disclaimer 
 
The information in this document can be used freely, but the contributors cannot be held 
responsible in any way for the results or any damages incurred.
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Stamper Thickness variation  
 
After considering current practices in replication worldwide (molds used by various 
replicators on different replication lines), it was decided to standardize on an allowable 
stamper thickness variation of 297 +/- 3 micrometer both for BD25 and BD50 stampers. 
 
The stamper thickness can be measured for instance with a regular double sided 
capacitive probe based thickness measurement system.  Measurement should be carried 
out to cover ideally a trace from the center of the stamper out to a radius of 60 mm. 
 
As a minimum two, but preferably 4 traces should be measured, each trace under 90 
degrees angle of each other to capture wedge and saddle type of shape effects on 
thickness variation of the stamper. 
 
In practice, the capability of measurement instruments to measure all the way to the 
center is limited. Therefore, contact less thickness measurements over part of the surface 
(including at least the data area) can be combined with measurement of the center part of 
the stamper after punching with for instance a micrometer to get a good indication of the 
stamper thickness. 
 
Control of the thickness variation is by adjusting the galvanics plating procedure and 
keeping bath conditions the same. 
 
 
 

CL 

Reference Thickness 

0 

Side Elevation 

R60 

Plan Elevation 

4 x 90° 
Traces 
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Stamper Flatness 
 
For BD25 and BD50 Layer 0, a flatness of less than 3 mm Peak to Valley (PV) is 
required. For BD50 Layer 1 the flatness should be better than 1 mm PV. 
 
The more stringent requirement for BD50 Layer 1 is needed for replication by wet 
embossing. The holding force of the stamper during the processing of L1 is generated by 
vacuum and this holding force reduces while wet embossing since this takes place under 
vacuum conditions as well. When the stamper is too curved, this could result in the 
stamper coming loose when wet embossing the Layer1. 
 
Due to L1 being embossed and not being subject to the same pressure as molding for L0, 
the 1 mm deflection PV can be achieved by a less intense stamper back finishing 
compared to the L0 stamper back finishing. 
 
Evaluation can be done using a mechanical or optical stylus device or a gauge clock. Care 
has to be taken not to damage the sensitive area of the stamper by the measurement 
device. 
Stamper flatness is determined by the amount of stress in the stamper, which is in turn 
determined both by the metallization step after recording the master and the subsequent 
plating and finishing operations. 
 
 
 

Data Face 

Stamper with Stress 

Reference 

Flatness 

Side Elevation  
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Hardness of the stamper surfaces 
 
The data side of BD25 and BD50 stampers should ideally be 200 +10%  HV0.3. The 
backside hardness should be 200 -10% HV0.3. The HV0.3 indicates testing to be done 
using a micro-Vickers hardness tester with a load of 0.3 kgf (3 N) on the diamond tip. 
A typical galvanics bath in steady state operation will typically produce stampers with 
such hardness. 
 
The hardness as stated was found experimentally to be desirable for the following 
reasons: 

• To allow finishing of the stamper with minimum bowing. 
• The center hole size after punching will be more consistent to the tooling 

specified. 
• To achieve reasonable stamper lifetime. 

  
For electro-chemical reasons, when a completely new plating bath is started, the stamper 
hardness will initially typically be lower than the desired values (from 150 HV0.3 upward 
values are likely). Finishing and punching conditions in such cases may have to be 
adapted and results need to be monitored carefully to check the bowing and center hole 
size of the stamper after punching. 
 
The hardness measurement can be done on the center piece that is punched out of the 
stamper. (The deformation caused by the measurement with a loaded diamond is 
unacceptable on a sensitive part of the stamper). 
 
 
Backside roughness of unfinished stamper (after plating) 
 
The roughness requirements are captured by the following values: 
Rmax < 10 micrometer 
Rz < 5 micrometer 
Ra < 0.8 micrometer 
 
These values apply for BD25 and BD 50 L0 and L1 stampers. The purpose of these 
requirements is to ensure that the stamper surface after plating is of sufficient quality that 
during finishing with the regular methods, an appropriate result can be obtained. 
Measurements can be done using a mechanical or optical measurement. 
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Backside roughness of finished stamper 
 
0,5 < Rmax < 1,5 micrometer 
0,3 < Rz < 1,5 micrometer 
0,04 < Ra < 0,15 micrometer 
 
Roughness values for BD25 and BD 50 L0 and L1 stampers in this range have been 
shown to produce adequate replication results. The lower limits are necessary to avoid 
sticking of the stamper to the mirror surface of the mold and ensure good transcription of 
the pit geometry during molding. Measurements can be done using a mechanical or 
optical measurement. Finishing can be one by wet abrasion.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Recommended finishing (crossing, random scratches) Not recommended finishing (concentric scratches)

 
 
A random scratch pattern on the backside of the stamper (crossing scratches), uniform 
over the whole surface of the disc (uniform reflectivity also), has proven to give optimum 
RSER and replication yield. 
 
 
Outer diameter 
 
For BD25, BD50 Layer 0 and 1 the stamper diameter should be 138 mm +/- 0,1 mm. The 
punching tool diameter shipped with the equipment or refurbished will be verified by the 
equipment manufacturer and can be checked on a coordinate measuring machine if 
needed. 
 
Center Hole Diameter 
 
In view of the differences in punching equipment and molds used by various replicators, 
the nominal diameter of stampers (Dnom) can be different as indicated in table1, but 
basically, the diameter variation must be kept to Dnom +0,005 -0,000 mm. 
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The accuracy of the punching tool is a critical factor to maintain diameter variation in 
spec, also over lifetime of the punching tool. 
Measurements of the center hole diameter should be done on a freshly punched stamper. 
 
To avoid damaging the stamper while inspecting it, a non contacting optical measurement 
probing method is used by the finishing equipment manufacturer to check the diameter of 
the center hole punch tool.   
 
 
 
Centre Hole Eccentricity 
 
Eccentricity of the punched centre hole to data area outer diameter or punch band 
diameter should be less than 5 micrometers. 5 micrometers eccentricity or 10 
micrometers RRO (radial run out), is a reasonable portion of the total BD radial run out 
budget of the final product, to which many process steps contribute. This can be realized 
using an optical centering optimisation procedure on the punching equipment. 
Verification can be done using an off line optical scanner. 
 
 

OD of Data or 
Tracking Band 
(Used for Ecc. 
Measurement) 

L = Eccentricity 
(≤ 5µm) 

L Punched 
Stamper 
Centre 

Data  
Centre 

 
 
 
 
 
 
 
 
 
 
 
 
 
Punch band eccentricity 
 
The punch band eccentricity with respect to the tracks in the data area should be less than 
1 micrometer on the stamper. Since this is written on the Laser beam recorder, where the 
required track pitch accuracy is in the nm regime, this should not be a problem. 
 
 
 
Punching and center hole burr size 
 
Punching direction recommended differs for layer 0 and Layer 1 stampers. In any case, 
the punching tool quality and execution must be such that the burr size does not exceed a 
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height of 10 micrometer (BD25 and also BD50 layers 0 and 1). This limit is critical in 
order to avoid problems in replication with for instance the cover layer formation process. 
 
For Layer 0, punching from the backside is better to ensure a continuous lacquer flow 
from the stacking ring all the way out radially, covering all of the metallised area. This is 
important to prevent the risk of corrosion of the metal longer term under severe 
atmospheric conditions. 
Punching from the front side would hamper the flow of the lacquers and also would 
potentially leave some area of the metalized layer between the stacking ring and the burr 
uncovered. 
 
For Layer 1, punching from the front side is recommended. This results in a burr on the 
backside of the stamper that is not transferred in the Layer 1 embossing operation. 
                      
 

0 

L1 Stamper – Standard Punched 

Data Area 

CL 

Side Elevation

<10µm 

Data Area 

Side Elevation 

L0 Stamper – Reverse Punched 

CL 

0 <10µm 

Lacquer 
Stacking Ring 

Data Area 

L0 Replica 

Side Elevation 

CL 

0 
Max 10µm 
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Although punching a stamper covered with protective tape or uncovered with such tape is 
irrelevant for replication, it is better to do so without covering present. If punching with 
protective tape or coating, tool life and center hole size will be affected negatively. 
Reverse punching with protective coating or tape will not give the correct center hole size 
and acceptable burr size. 
In case the center hole is punched from the front side of the stamper, the entry radius of 
the punched hole should be minimum. 
 
Cleanliness of the punching tools and mounting surfaces are crucial for reliable punching 
operation without introducing defects on the stamper. 
 
The reference plane for the burr size measurement is the backplane of the stamper. 
Measurement can be mechanical or using an optical microscope to determine the focus 
shift needed to focus on the reference plane and on the top of the burr. 
Measurement of burr size and center hole size should be done on a freshly punched 
stamper. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

     Entry Radius on Topside 

Data Face 

    Burr on Underside 

Standard Punching L1 

Data Face 

Reverse Punching L0 

Entry Radius on underside 

  Burr on topside 

Reference

CL 

0 

Side Elevation

Reference

CL 

0 

Side Elevation
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Visual Appearance (Data Side) 
 
< 15 defects <   50 micrometer, 
<   5 defects < 100 micrometer,  
No defects larger than 100 micrometer.  
 
These defects can be observed visually or using an appropriate stamper line camera based 
scanner. Various optical scanners have been used (adapted to make them fit for use on 
stampers) to make the measurements quantitative and more objective than visual 
inspection by an operator. A stamper with less than 100 defect counts on such scanners 
has been shown to be likely to produce replicas without RSER problems. 
 
Debris and defects on the stamper can come from a variety of steps in the manufacturing 
process, as indicated in the following influence diagram as a help to identify the cause of 
high numbers of event counts. If manual handling of stampers takes place, care has to be 
taken to use “clean” clothing, for instance gloves that do not contain powder that can 
contaminate the stampers. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Event count

Environmental
Cleanliness

Base substrate
Finishing & cleaning

(wafers, Glass)

Cleaning
procedure

Pinholes
In metalising

Sputtering
of PTM layers

Stamper 
finishing

Recording
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Nitto
Tape

Passivation

Handling
manually
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Cleaning
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Pinholes
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Sputtering
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Sputtering
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Stamper 
finishing
Stamper 
finishing

Recording
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Recording

(conditions)
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Tape
Nitto
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PassivationPassivation

Handling
manually
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Visual Appearance (Backside) 
 
No visible bumps and or scratches allowed. Inspection can be done looking at the 
reflection coming from the stamper surface using high intensity light source to illuminate 
it. Any deformation or intensity variation of the reflected image of the light source is an 
indication of a defect on the stamper surface. 
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Summary of stamper requirements 
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Working group contact points 
 
The members of the working group invite feedback on the recommended practices and 
stamper characteristics described.  
Companies involved with industrial equipment or processes for BD manufacturing, that 
have practices that result in stamper characteristics in line with this document and would 
like documentation about that referenced below are encouraged to contact the working 
group.  
Regular evaluation meetings will be held, for instance coincident with MediaTech events. 
 
For further information, please contact: 
Blu-ray@sonydadc.com 
Info@Sibert.co.uk 
Info@Singulus.nl 
BluRay@technotrans.de 
 
 
 
 
References 
 

1. Technotrans PTM stampers manufacturing galvanics application note (www. 
technotrans.de) 

2. Sibert BD stamper preparation application note (www.sibert.co.uk) 
 
 

 
© 2008  Page 13 of 13 


	By
	Sony DADC
	Singulus Technologies
	 Table of Content

	Introduction
	Disclaimer
	 Stamper Flatness
	 Hardness of the stamper surfaces
	Backside roughness of unfinished stamper (after plating)
	 Backside roughness of finished stamper
	Outer diameter
	Center Hole Diameter
	Centre Hole Eccentricity
	Punch band eccentricity
	Punching and center hole burr size
	 Visual Appearance (Data Side)
	Visual Appearance (Backside)
	 Summary of stamper requirements
	 Working group contact points
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


