Full document details: ISO_IEC 30192_2016

INTERNATIONAL ISO/IEC
STANDARD 30192

Second edition
2016-06-15

Corrected version
2017-01

Information technology — Digitally
recorded media for information
interchange and storage — 120 mm
Single Layer (25,0 Gbytes per disk)
and Dual Layer (50,0 Gbytes per disk)
BD Rewritable disk

Technologies de l'information — Supports enregistrés
numériquement pour échange et stockage d’information — Disques
BD réinscriptibles de 120 mm simple couche (25,0 Go par disque) et
double couche (50,0 Go par disque)

Reference number
ISO/IEC 30192:2016(E)

©ISO/IEC 2016

Documents

Document Sharing Hub


http://avadocuments2026.com/doc/iso-iec-30192-2016
http://avadocuments2026.com/doc/iso-iec-30192-2016

ISO/IEC 30192:2016(E)

COPYRIGHT PROTECTED DOCUMENT

© ISO/IEC 2016, Published in Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized otherwise in any
form or by any means, electronic or mechanical, including photocopying, or posting on the internet or an intranet, without
prior written permission. Permission can be requested from either ISO at the address below or ISO’s member body in the
country of the requester.

ISO copyright office
Ch. de Blandonnet 8 « CP 401

CH-1214 Vernier, Geneva, Switzerland
Tel. +41 22 749 01 11

Fax +4122 74909 47
copyright@iso.org
WWWw.iso.org

Documents

. Document Sharing Hub
ii © ISO/IEC 2016 — All rights reserved

Full document details: ISO_IEC 30192_2016


mailto:copyright@iso.org�
http://www.iso.org/�
http://avadocuments2026.com/doc/iso-iec-30192-2016
http://avadocuments2026.com/doc/iso-iec-30192-2016

ISO/IEC 30192:2016(E)

Contents Page
1 8T oo o - 1
2 {090 01 0T 11 7= T o= X 2
2.1 L o7 4 o= Y I T T 2
2.2 (€T=1 01T = 11 g Ve [R5 (=] 4o 2
2.3 ReECEIVING SYSTEM ...t s s a e e e e e eann e e e e e annns 2
2.4 Compatibility statement............cooioiieerr e e e 2
3 [\ o 4 4 = Y= = ] (= o= 2
4 =Y 40 T3 1 e Je L= 0 114 o T3 3
5 Conventions and NOLALIONS ..........iiiiiiiiie i rre s e e e e e s s s s s e s e e e s snnss s s eressnnnsssnsssreereennnnn 7
5.1 JLICET 0181187 [ o 7
5,111 Meaning Of WOrdS ..o e s 7
L 7 =AY E= o o o T U T o ' 7
5.2 Representation of NUMDErS............e e s 7
5.3 L =T o =T o= 1T ] 1 8
54 Y= T L= 8
6 LTSS e T3 o 03 1 SRR 8
7 General descriptions Of diSK .....ccccciiiiiciimiiiiiir e ms s e e s e mmn e e e e e s e s mmme e e e e s 11
8 General reqUIrEMENLES ... e e rs s s s s sme e e e e e e s s s s s s smn e e e e e e e sa s s smnnne e e eesassssssnnneeeneasssnnnnnnnnnns 13
8.1 3 0 V71 oY 12 1= 1 13
20 e T = Y3 =Y 0 V1 o 0. 1= 1 13
8.1.2 Operating eNVIrONMENt ...........cccciciiiiie i s s e e e s e s s s s s e e s e s sa s s s s amn s e e e e e s sasssanmneneeeassnnnnnnnes 13
8.1.3  Storage ENVIFONMENT.........cuiiiiiii i ae e e an e s e am e e am e e e nmn e 14
< 0 S I = 1 1= o o o 7= 1 1o Yo S 15
8.2 ST 1 =1 AV =T LU T =T .4 T=T 0 15
8.3 L P2 14140 2= T 011 11 7 15
9 LG 2 (=T 1 =3 L= 15
9.1 L€ 3 1= - | 15
9.2 Environmental CONAItIONS .......oiiieiiiiiiiiiiii s rssss s rss s e s as s e aa s s s s ana s e nnas s eanasssrennnsssrenn 15
9.3 (0] o Loz 1 I3 Y53 (=T o o S 15
9.4 (0 o1 o= 1 oY T 4 ISP 17
9.5 | (== Lo [ 2 = 1 1= O 17
9.6 (2= T 1= 1IN =d 20 == T I o3 0 =1 4 1 s 1= 18
9.7 [ 17 Q03 =g 1 o 1 ' [ S 18
9.8 Rotation of the disk and Measurement VelOCity ...........ccccimriiiiiciimmminniinsscsssscre s ssssese e e s sssssnes 18
9.9 Normalized Servo transfer fUNCLION.......c...iiveeiiiiiiiiire e resse e ress s s resss s renss s resnsssrennsssrennssnsennnnnnns 19
9.10 Measurement Velocity and Reference servo for axial tracking..........ccococcmmrriiiiicccsernnnnssscccneeenns 20
9.11 Measurement Velocity and Reference servo for radial tracking ..........ccoooiecioniiniiiccccceeeeeeee 21
10 DIimensional CharaCteriStiCS......ccciiiiiieiiiiie i i ress e rees s s ress st ressssssaanssssranssssesnsssssenssssresnnsnnrenn 22
10.1 (€T 3 1= - | 22
10.2 Disk reference planes and reference axis. ..o 22
0 T @ 1Y = = I 11 0= 0 =T oY 23
104 LT3 A 1 = 1 EoT 1 Lo Y @ T A = - 24
10.5  ProteCtion FiNQG ...t 24
O T 0 F- 1 4T o T g e 174 oY T 0 24
10.7 ST =YoT oY Lo IR 4= T T3 11 oY 0 T Y= 24
0T T [T oY 1 = 1o Y T Y = - 25
L0 70 TR €Y 5 = - | 25
10.8.2 Subdivisions of Information Zone 0N SL diSK.......cccceeeeuiiiiiiiiimemeiiirrrrrrssssssrre s essssssese e rsssnsssssnren 25
10.8.3 Subdivisions of Information Zone 0N DL diSKS........cccccciiiieiiiiimiiiiiesiiiressirressssessssssnssssssssnsssssesnssns 26
10.9 R T TN = 1 Documenﬁ

] Document Sharing Hub
© ISO/IEC 2016 — All rights reserved ili

Full document details: ISO_IEC 30192_2016


http://avadocuments2026.com/doc/iso-iec-30192-2016
http://avadocuments2026.com/doc/iso-iec-30192-2016

ISO/IEC 30192:2016(E)

11 Mechanical CharacteristiCs ... e 27
1.1 1 T 27
7 (1 o 4 1= o Ao T =Y o - S 27
11.3  Dynamic imbalancCe ... ————— 27
T S L 0 F- T I8 T e LU 27
T 30 T € 7= T - 27
11.4.2 Residual axial tracking €rror ..........ccc i —————— 28
T - T 1= LI 1T Vo T U 28
R IO 7= - - | 28
11.5.2 Residual radial tracking error on SL diSKS ........cccccirrermmrrrcrcmrrrccre s s e s e smn e 28
11.5.3 Residual radial tracking error on DL diSKS ........cccccimiiiiiciissceinnniissssssssesssssssssssssssesessssssssssssssssssssnns 29
11.6  Durability Of COVEr LAYEr .......iiiiiiiicicccirriisissscsseseee s s ssss s sssms s s s e s es s s s s ssmms s e e s essnssssnmesnsssesansnnnnnnenssnnnns 29
11.6.1 Impact resistance Of COVEr LaYer ........ciiiiiicciisecriiniiissscssscessssssssssssssssss s s ssssssssssmssssssessssssssnssnssnnns 29
11.6.2 Scratch resistance of COVEr Layer..........cccciiiiiiiiiiiciir s s sss s s ssanes 29
11.6.3 Repulsion of fingerprints by Cover Layer ..........cccciiiiiiinnirs s s 29
12 Optical characteristics in Information Area...........ccccmiriiiicccciir e 29
121 1671 4 =T - T 29
12.2 Refractive index of Transmission Stacks (TS) .......cccccrriirisiriinis 29
12.3  Thickness of Transmission StACK(S) ....cccvvvrriiiiimmiiniir i 30
12.3.1 Thickness of Transmission Stack of SL diSKS ..........cccccrrrrrcmrirssserisssee e sssssr e rsssr e s s s sme s snsanes 30
12.3.2 Thickness of Transmission Stack of DL diSKS .......c..cccccerirrrmmrinsssrersssseesssssee e ssssse e s s sme e s sssme e s snsanes 30
2 S £ (= i =Y o2 {7 31
12.4.1 Reflectivity of Recording Layer of SL diSkS .......cccccciiiiiciiisciiiniiisscccscere s sssse e ssnse e eeee e 31
12.4.2 Reflectivity of Recording Layer of DL diSKS ......ccccccciiiicccinmmriiiniiscccsssssse s s ss s sssssssessssssssssssssssnsssnnns 32
T = 1 =Y ] 4V 1= o Lo =SSP 32
12.6 ANGUIAr deviation..........cccciiiini i 32
13 [ F- 1= T o0 T | 33
13.1 1071 4 =T - T R 33
T 0 T 1= TN o - 114 = 35
13.3  Error-Detection Code (EDC) .......cccciiiiiimiiniiniiese s s s s s e s snnn s 35
13.4  Scrambled Data Frame........... e ms s smn e s e e e s mnn e e e e n s 35
G 2R T I - 1= TN = Lo T LG 36
2 T 0 2 oY L 37
13.7  LDC COUE WOIS ......ooeiieceeriicmrerssssmresssssmsesssssmsesssssmsesssssmnesssssnneessssnnesssssnnenssnsaneessssaneessssnnessssanenssssnnnes 37
- T T 0 03 ¥ = Y 38
- T 7= - - | 38
13.8.2 First iNterleave StEP ... e nnnn 38
13.8.3 Second interleaving Step ... ————————— 39
13.9  Addressing and Control Data............ccociiiiiiniirr e 41
G 2R TR TR € 7= T - | S 41
13.9.2 AdAress UNItS. ... ... ms e s e s ms e e e e s e e s e mmmn e e e e e s e e s e nmnnneeeessa s nnmnensaannan 41
13.9.3 USEr-Control DAata .........cooiciioiiiiriiiiiiicieie s s ssmss s s s s s mms e s e s sa s s mmn e e e s e e s e a s amn e e e s s e snmnneneeesannnn 44
13.9.4 Byte/Bit assignments for User-Control Data .............cccciniimmniniinssn s 45
1310  ACCESS BIOCK.... . et e e 45
0t e T = 5 = o T 47
13.12  BIS COUE WOKAS .....eoeiiicieiiiccrersssmeerssssmre s ssssms e e s ssssne e s s s same e s s s same e e sssmeeeessamneeasssmnenasssmnesssssnnessssnnenssssnnnns 47
TR B T = S 0 1= Y 48
e T =l 0 0 0 1T - 52
13.15 RECOrdiNg Frames ......coooiiiciiciiiiiis e e s s s s sssmse s e s s e s s s s smn e e e s e e s s s smmn e e e e e e sa s annmene e e eesassnnnnenenssnnnn 53
13.16  PRYSICAl CIUSTEr .....coiiieiei e an e an e e 53
13.17 17PP Modulation for Recordable data............ccccoomrmmiiiiiiccirrr e 53
S TR0 0 =TT - S 53
13.17.2 Bit CONVEISION FUIES ... .ot mms e e s mms e e e e e e e e amn e e e e e e s mmnnn e e e e aannan 54
13.17.3 dC-CONLIOl PrOCEAUIE....... .. e e s e e e e e s e e s s mmn e e e e s e e s e mmmese e e ea s e nmnneeenesannan 54
e B A - 111 T o T 54
13.18 Modulation and NRZI CONVErSioN...........iiiiiiiiicieiir s 56
14 Physical Data Allocation and LinKiNg.........ccooiiiirir s 57
L S0 O 7= - - | 57
14.2 Recording-Unit BIOCK (RUB)........cciccciiemiiiiiiiiisccssenesss s ssssssssssess s s ssssssssssms s s s s ssssnsssssssssesssssssssnnsssnssnnnns 57
02K Y =Y T Documents
) Document Sharing Hub
iv © ISO/IC 2016 — All rights reserved

Full document details: ISO_IEC 30192_2016


http://avadocuments2026.com/doc/iso-iec-30192-2016
http://avadocuments2026.com/doc/iso-iec-30192-2016

ISO/IEC 30192:2016(E)

L 3728 - Y TN 1 3 1T T 57
14.2.3 Data RUN-OUL ......cccuiiiiiiiiiiii e i i rres st rssss e rans s rreasssssanssssssansssssansssssensssssensssssssnssssmmensssssensssnsnnnnsn 58
I S TUT: 1 o S I {1 [ SRS 59
14.3 Locating data relative to wobble addresses...........ccceemririicininii e ——————— 60
17 0 e T =Y o =Y o | 60
14.3.2 Start-Position SHift (SPS) ......cccccceciiiiccrrricsrrrrsscre s e sssr e sse e sme s s e e s s smn e s s smn e e ame e e s nmnn s 60
15 I = 15 G0 e 10 7= L 61
151 L€ T=Y 1 =Y - | 61
(LIS T N I - Ve Q=Y ¢ T T o - 62
I 70 TR N - 1 (G = 1 o T 64
1 S I = e o o 64
15.4.1 Track PitCh in BCA ZONe .......ccoiiiiiiieeciiiiiiiessseseissessssssssssss s e s s ssnssssss e e e esssssssssssseesssnnsssssssereesensnnnnnnns 64
15.4.2 Track Pitch in EMboSSed HFIM Areas.........ccceeuuiiiiiiiiiieeeiiinrerssssssssssssssssssssssssssessssssssssssseressnsssssnsnns 64
15.4.3 Track Pitch in REWritable Ar@as.........cccciiiieeiiiieeiiiresaiirssssiirrss s ressssssrssssssrensssssesnssssesnssssnensssssennsnns 64
15.4.4 Track Pitch between Embossed HFM Area and Rewritable Area.........cccccoomemiiimemiiiieeciinemsnineennnns 65
15.5  Track layout of HFM GrooVe ... s s s 65
T T Tt TR €7 =Y o =Y - | 65
BT T2 F- 1 = T oY 1 T | 65
15.5.3 Addressing and Control Data...........cccccceriiiimmiinimirr s ——— 66
15.5.4 ReCOrding Frames.........oo e s mms e e s mmn e e e e s mmn e e e e e e nn s 69
15.6  Track layout of WobbIed GroOVe(S).......ccccureerrrrrrsarrrrssnmrersssmressssmresssssmeesssssnsesssssmsesssssnsesssssnsessssanes 7
S T80 TR €Y 5 = - | 71
15.6.2 Modulation Of WODDIES..........cciiiiiiiiiiiiiiirereee e s e r s s s s e e e e e s s naaa s s e s e s s nnnasssssreeennnnnnnnsnrens 72
1 A Y ] | = 3 e Y 1 1 = { o o [ 73
< 80 TR €Y 5 = - 1 73
T A Y0 1 o L 1 Y/ o = 73
15.7.3 ADIP WOKd SETUCTUIE ......iiieeiiiiieiiiieesiiiresasiirsnssssrsssssssesnssssrsssssssensssssesnssssesssssssenssssssanssssesnsssssennsssssanssn 75
15.7.4 ADIP DAt STrUCTUIE......ccieeueiiiiieiiiieeiiiresssiireessirssssssressssssranssssrensssstesssssresssssssensssssensssssensssssssnsssssennsnns 76
15.7.5 ADIP Error CoOrTeCtioN ... iiieeiiiiieiiiieeiiisssssiirsssssrsassrrsssssssrassssrsasss s sansssseassssssenssssseanssssennsssssennsssssnnnss 78
15.8 Disk Information in ADIP AUX Frame.........ccciiiieeiiiiimiiiissiiisssssiisssssssssssssssssssssesssssssensssssssnssssesnssssnes 80
T T 2 T €7 =Y o 1= o | 80
15.8.2 Error protection for Disk-Information Aux Frames..........cccccccimiiiiccccscmrmninnnssccsseseeees s s sssssseseee s 80
15.8.3 Disk-Information Data StrUCLUIE ...........cciiiiiiiiieciiiiiiiriee e rss s s s s e s s s s s s s s e s e e s nnsnnnnsann 81
16 General description of Information Zone............iiiii e 112
16.1 L= 3 =Y - | S 112
16.2 Format of Information Zone on Single-Layer disk........ccccooiiiiicciremmmmiiiinccccseerre s 112
16.3 Format of Information Zone on Dual-Layer diskK ...........cccoccmrrmriiiicissmmmmreneissscsssseeeese s ss s ssmsessesees 112
17 Layout of Rewritable Area of Information Zone.............cccciiiiiniinccnc 112
18 0T L= 4o o 1= 116
18.1 LT 3 1= - 116
18.2 Permanent Information & Control data (PIC) Zone.........ccccccimiivimiinnsissrr s, 118
= 070 TR €7 =Y o 1= - | 118
= 30072 0o Y01 (=Y 1 Ao 2 [ O o o 1= 118
18.2.3 EMeErgency BrakKe ... sss s s e 119
18.3  Rewritable Area of INNEr ZONE(S) .......ccccerrrcecrrrirrsrerrrssnr e e e ssmr e e ssssmr e e s re s s sssne e e s s smn e s snsmr e e snsamensnnns 121
2 70 T B o (=Y o3 1o o L4 oY o =Y 121
18.3.2 INFO 2/ RESEIVEM 8......cceeeeeeiiiiiiieiieeeiiisereessanssersrrressnsssssrer e s snssssssereesnanasssssreressnssssssseessersnsnnnnnnnn 121
18.3.3 INFO 2/ RESEIVEMA 7 ....coeeeeeeeeeiiiiiiieennessissereesnsnsssssssesessnsssssssesressnsssssssereesnsnssssssssessssnssssssseessersnsnnnsnnns 121
18.3.4 INFO 2/ RESEIVEM B......ccceeeeueiiiiiiiirmeeeiiisiressssnssssssiersssnssssssseeressssssssssereesnsnsssssssseressnsssssssmessersnsnnnnnnnn 121
18.3.5 INFO 2/ RESEIVEA 5....coiireeemeeiiiiirresinnsssisirrsessnsssssssrrressnssssssserresssssssssssreesssssssssssseressnsssssssmessensssnnnsnnns 122
18.3.6 INFO 2/ PAGQC 2 .....ceeiiiiieeiee e iiisieressmssssassrressnssssssstrrssannssssssrrressnssssssssrressnsssssssssresssnnssssssssnnrensssnnnnnnnn 122
18.3.7 INFO 2/ DIMIA 2. iiiiieeeeeisiisieressmssssssserressnsssssssssrrssssnssssssserressnssssssssreesssnssssssssensssnssssssssnnsensssnnnnnnns 122
18.3.8 INFO 2/ CoNtrol DAta 2 ..........uiiiiiiiiieeiiiiiiiieieessssisiiressmssssssseressnssssssssseeessnsssssssteressnssssssssentenessnnssnsns 122
18.3.9 INFO 2/ BUFFEr 2 .......iiiieieeeeiiiiiiiieismsiiisesressssssssss s eessansssssssseasssnsssssss e rassnssssssssseesnsnnsssssssnnsrenensnnnsnnnn 122
18.3.10 OPC / TESt ZONE.......ciiiiiieieeiiiiiiiiiieiesa s ierrsssssssss e rressassssssssteressnsssssssstrassnssssssssssersssnssssssssnstenensnnnsnnnn 122
= 70 T e T === =Y o 122
ST TR 1 110 e I A = 1 7= e 122
18.3.13 INFO 1/ Drive Area (OPtioNal) ......cccceiecerrrircareersssnerssssmeesssssms e s ssssss e e sssssne e sssssneesssssmsesssssnsessssnsessnsans 122
18.3. 14 INFO 1 / RESEIVEd 3.....coeeeeeeiiiiiiiiiieeniissiesssssssssss e rssssssssssssesessnssssssseressnsnsssnssseesenen . .

18.3.15 INFO 1/ RESEIVED 2.oovvvvooeooeoeooesosssssooseoeseeeeeeeeeeeeeeeeeeeessssssssssssssseseeeeeeees s hoee oo Documenﬁ

) Document Sharing Hub
© ISO/IEC 2016 — All rights reserved v

Full document details: ISO_IEC 30192_2016


http://avadocuments2026.com/doc/iso-iec-30192-2016
http://avadocuments2026.com/doc/iso-iec-30192-2016

ISO/IEC 30192:2016(E)

18.3.16 INFO 1 / RESEIVEM 1 ...t s sa s n e e n e e e s me e s e an e e e nnnenanan 124
T I A 110 I 7 N SRS 124
18.3.18 INFO1 / Controle Data 1..........cccceiieeiiriiciniiriscseeesssssssesssssssessssss s ssssss e s sssssseesasssseesesssssenssssnsessssnnenannn 124
T T I 1|20 T I B o O SRS 124
19 D F- 1= A o o T Y 124
20 L0 101 T= 4§ =T € N 125
201 (€7 4 =T - T 125
{0 111 @ B = T 5 =Y 126
{0 T 111 0 T 0 ] N 126
20.4 INFO 3/CoNtrol Data 4..........ccccocemrieecerissscer s s smee s s sme e s s s e e s ssssmne s s s s sms e s s s smne e s s smmeeessssmensssnnenssssnnenss 126
b T T - N o Vo 11 Tl o 10 3 =Y SRR 126
PO 111 @ 2 B ] N 126
20.7 INFO 4/ Control Data 4...........occooeriiieeriieceerrsccee e sssme e s s smr e s s mn e s s smn e s s mn e e s s smme e e s mme e e s sane e e e smnnnes 126
{0 T 111 2 20 A = T 5 =Y PRSP STR R 126
b4 VK TR o o7 (=Y o1 £ T 4 B4 o 4 = Y 126
21 Physical-Access CoNtrol CIUSLErS ... 127
211 (€7 4 =T T 127
21.2  Layout Of PAC ZONES ......cccciiiiiiriiiiis s s s s e e 127
21.3  General structure of PAC CIUSEErS ... s s smmms e s s nn e 128
21.4  Primary PAC Cluster (Mandatory)........ccccccccerireesemirssmersssssessssssesssssssesssssssesssssssessssssmessssssmessssssnes 131
21.5 Disk Write-Protect PAC Cluster (optional) ........ccccccccmiiecemmrircre e sse s sese s ssme e s ssme s 134
21.6  IS1 aNd IS2 PAC CIUSEErS........cccceeriecmeeriscsmrerssssmnesssssmnesssssmse s sssssne s s sssane s s s saneessssnnesssssnnenssssnnessssnnenss 137
22 [ TS [ 1 F= T = Vo 1= 1 =Y o L S 138
270 O € 7Y 3 =T - | 138
22.2 Disk-Management Structure (DMS)...........cccciiiiiiiiccciserrrirr s cssseere s e s s s sssssr e e e es s s s ssmne s e e s sessssnnnns 138
D730 T € 1Y 4 = - | Y 138
22.2.2 Disk-Definition Structure (DDS) .......cccciciiiriiiiiriiir e 139
22.2.3 DefeCt LiSt (DFL) ....c.ccccceeiiccceiiicecessicece s s s ssse s s s ssms e s s s sme e s s smn e s s same e s s same e e s ame e e s mme e e s s nme e s snmn e e s snnnnas 143
22.2.4 Defect-List Header (DLH) ........ccocciiiiiiimiiiii s s s s 143
D70 T T =3 o1 =Y = o (Y 144
7 T 0 ] o I 3 -SSR 146
23 Assignment of Logical-Sector NUMbers (LSNS) .......cccccccmririimmmnnssrerrss e sss e s s sme e smee s ssssmnees 147
24 Characteristics Of GroOVEed Areas..........ccccvrreererrssssrersssssresssssssesssssssesssssssessssssssesssssssesssssssesssssnsessas 148
25 Method of testing fOr GrooVed Area ..........ccceieeererrrsssererssssnrerssssmressssssne s sssssneessssneessssmsesssssnsessnsnes 148
2T TR € 7Y 3 =T - | 148
25.2  ENVIFONMENT ...t s a R e e e e m R R R e e R e e e e R e e e e na s nnnnns 148
AT T = {1 (= 1o = e | - 148
B T B € 7Y o = - | Y 148
8T T = Lo ¢ o1 148
b T T 3 == o I o 4 B 1] V=Y Y 148
25.3.4 Tracking reqUIr@MENLS .........cccccciiooiiiiiiiicccseeer e s e s s sme e e s e e s s s s smmn e e e e e s sas s mmn s e e e e e san s nmne s e eaassnnnnnes 149
P TS o 10T 011 4T JRY7=] [ T 1 Y 149
25.4  Definitions of SIGNAIS ... s nmnnes 149
26 Signals from HFM GrooOVesS........couciiiiimmiiisis s s s sssssss s snssss s nasas 151
26.1  Push-Pull Signal........ccccoiiiiiiiirirn s 151
26.2 HFM Wobble Signal..........ccociiiiiiiiiiiiriiiss s s s s s s s s s sane s 151
{0 N 1) 4 {1 ol | 1 = T [ - | 151
27 Signals from WobbIled GroOVEe(S)........ccccrrrrrarmrrrrrrarrrrsssrrrrssssrersssssresssssssesssssssessssssnsesssssnsesssssssessas 152
271 [ T EoT =0 1= o o 152
27.2  PUSh-PUIl SIgNAL........ceeeciiiiiiicccceeir s ssssse s s s s s s s s e e e s s smmnn e e e e e s e n s amn e e e e e e s ans s nnneenesnnssannnnnns 152
D47 T "o ¢ o 1= =3 T | 4T 1 SR 152
470 TR T € 7Y 3 =T - | 152
27.3.2 Measurement Of NWS........... i msr e s s m s e e s s e s smm e e e e e e s e s mnmn e e e e sassannnnnns 152
27.3.3 Measurement of Wobble CNR ...t s s smmn e e e e s s e nmn e 152
27.3.4 Measurement of harmonic distortion requirements ...........ccoocriiiicninri 153
28 Characteristics of Recording Layer ... s Dorcuﬁ‘ients

) Document Sharing Hub
Vi © ISO/IEC 2016 — All rights reserved

Full document details: ISO_IEC 30192_2016


http://avadocuments2026.com/doc/iso-iec-30192-2016
http://avadocuments2026.com/doc/iso-iec-30192-2016

ISO/IEC 30192:2016(E)

29 Method of testing for Recording Layer ..........cccccciiiiiiiicciceccerr s ssscsssse s e s esss s ssssssee s esssssssssmssssssenns 154
29.1 =Y 0 1= - | 154
29.2 [0V 10 Y T8 1= 01 154
29.3 ReEfEIrENCE AriVe......cieeeiiiiiiiiiie e i rses i s ress s rrenss st reas st reansssrrasssssranssssrannssssansssssransssreensssnrenssnnsennnnns 154
T TR €T o - - | 154
e T 0y 3 == o I o T 1T 154
L T T T Y- Lo I o 5 = T o 1= 154
29.3.4 Tracking reqUIreMENLES.........cooiiiiiimiieiiiiiicmrir s ss e am s e e s amsn e e e e e s e s amnn e s san s nnnns 154
A R T TS o 1T T Y= o o7 = 154
L TR S 14 1 = oo Y Lo 1 4 Lo o 1O 154
A I 3 I A1) 4 1 (= 10 =T V=T ] 4 o 154
29.4.2 WIItE POWEIS ....ceeeiiiiiiiiceinnereerrisssssssssneenessssasssassnseeeesasasasansneseessaasssssnsnnsenssanssssannnneenessnssnnnenensnnsnnssnnns 155
29.4.3 Write conditions for jitter measurement.............ooocc i iicccccecrrrr e 155
29.4.4 Write conditions for CrosSs-erase MeasSUrEMENt.........ccccciiireeeriireessiirressisirensssrrssssssrensssssenssssresssssres 155
29.4.5 Write conditions for inter-velocity overwrite measurements ............cccccririicnnncicccnnceen, 155
29.5 Definition of SIgNaIS .......cocciiiii e ———————————————————— 156
30 Signals from Recorded Areas...........cccooiiiiiiiiiiiieirr s s s e n s 156
30.1 L =TT T | 156
30.2 Modulated ampPlitude....... oo e nmn e e e e e e e nnaan 156
30.3 Reflectivity-Modulation product ..........cccccccmrirriemirrcrrrr e e e 157
BT =Yy 01 4 V=Y 1 157
B 0T T 11 (- 157
B 0 T 04 o Y- - - N 158
30.7 Inter-veloCity OVEIWIIte .........cooiiiiiii i e e e e e e s e e s e e e e e e e e e e e e e e e s e e e e e e e e e e e e e e e e e e e e e nnenennnnnnnnnns 158
BT - & == o [ =1 o ] 1 3T/ PSSR 159
31 [0 Yo - 1[0 (=Y =Y o = 160
32 CharacterisStiCs Of USer Data ........ciiveeuiiiieeniiiieeiiriesssiirssssisrsnsssresssssressssssssssssssssssssssssssssensssrsssnsssssens 160
33 Method of testing for User Data............ccocccciiiiiniiir s s 160
33.1 L€ 3 1= - 160
33.2 YT oY 01 10 1= 1 160
33.3 [ G = (= 0 <3 L= 161
B 70 e I € T-Y s =Y - | 161
B T 7 & == T I Yo X T 161
B ¢ 20 T T Y- Lo I o 3 = T o 1= 161
B T8 0 S T 4 oY 0o Y 4 = 4 o o T 161
33.3.5 Tracking reqUIr€MENES........ccciviiiiiiiiiieissssssssssssssssssssssssssrssse s s s e sssrresrer e e s e s e e e s eeereeeeneeeeneeennenenenessnsnssnnsnes 161
B T TS o7 1410 11 4 Ve RV = [ X od | £ - SRR 161
33.4  Definition of SigNalS .......coccciiiii i ———————————— 161
34 Minimum quality of recorded information .........ccccceeiicccccin e ————_—— 163
34.1 Random Symbol Error RAte ... e s 163
34.2 MaAXIMUIM DUFST @I TOTS. . cuuiiiieiiirieiiiir e rrsa s s rrens s rrssssssrenss s raassssraasssssaansssssanssssransssssennssnnsennnnnns 163
34.3 T YT =Y 4 T - - Y 163
35 20 T 164
Annex A (normative) Thickness of Transmission Stacks in case of multiple layers.........c....ccccmrnnncen. 165
A1 € 7= o 1= - 1 165
A.2 Refractive Index n;of all layers in Cover Layer and Spacer Layer ........ccccoccecervreecernnncseerssssneenns 165
A3 Thickness variation of the Transmission StackK.........cccccccciiiiiiiiiiircirr e e aaaae 165
A4 Example of thickness calculation for SL ... s s 165
Annex B (normative) Measurement of refleCtivity ......c.cccccoveecceeimiiin s 166
B.1 (€ T=Y 0 1= - | 166
B.2 Calibration MEthOd...........oiiieeiiiiiiiire i rres s resss s rrsasssrrensssrasnssssrensssssansssrnenssssrenennssrsennnnnns 167
B.3 Measuring Method..........oo i ——————— 168
Annex C (normative) Measurement of scratch resistance of Cover Layer ..........cccoiriiiiiiiiiiccmnnnnnnnccnes 169
CA1 LT 5 1= - 169
C.2 Taber ADrasion tESt...... . it ree s rren s e rass s rranass s rens s s aanssssaanssssransssssannnsssrennnsnnnann 169
Annex D (normative) Measurement of repulsion of grime by Cover Layer................... n:rﬁ
D.1 L€ T=Y s =Y - | S S BUCU’me

] Document Sharing Hub
© ISO/IEC 2016 — All rights reserved Vii

Full document details: ISO_IEC 30192_2016


http://avadocuments2026.com/doc/iso-iec-30192-2016
http://avadocuments2026.com/doc/iso-iec-30192-2016

ISO/IEC 30192:2016(E)

D.2 Specifications of STAMP ... e nnnnes 171
D.3 Preparation of inK ... —————— 172
D.4 Preparation of ink pad.........ccciiiiiic i ——————— 172
D.5 Using ink pad and Stamp ... 173
Annex E (normative) Measurement of wobble amplitude............ccooni e 174
EA Measurement MEthOdsS........ ... r e s s s e s e e amass s s e e s e e s mnnsnnnssnnres 174
E.2 [02=111 0 =1 4 Lo o 1 o 1L =Y o= Y 178
Annex F (normative) Write-pulse waveform for testing.........cccocecimiirrcciiriccccri e 179
F.1 General write-pulse WavefOorM.......... ... sss s s mm e e e e e s s snmnn e e e s 179
F.2 L R T =Ry = 1 =Y o Y N 179
F.3 N-1 Write Strategy B ... s s ssssssssssssssssssnmnnnnnnnnnnnnnn 181
F.4 [ TN T 1 T3 1 1 1= o | SN 183
F.5 Definition of pulse widths and rise and fall times ..o e 186
Annex G (normative) Optimum Power Control (OPC) procedure for disk..........cccoecrrrrriiincisscernnnnniinnnns 187
G.A1 L= =Y - Y 187
G.2 Mathematical model for modulation versus power function .........c.ccccvriviiiiiicnccceaes 187
G.3 Procedure for determination of OPC parameters for disk...........ccooooommmiiiiiicciisc e 188
G4 WIte-POWETr WINAOW ..o seer e mse e s e s mmsn e e s e s s e s mmn e e e e e e s e e s e snmnnnesan s nnmnnes 189
Annex H (normative) HF signal pre-processing for jitter measurements..........ccccoocmmriiiiiicciicccnnnnnnnneees 190
H.1 LT 5 1= - 190
H.2 General implementation of @qQUAlIZEr ... s sne e 190
H.3 Conventional EQUalizer CIrCUIt ..........ccccciiiiiiicicireciriir e sssr e e s snm e e e e e s s mmmn e e e nan 191
H.4 Limit EQUAliZer CIrCUIL ... s s s s s sssssssssssssssssssssssnsssmnnnnnnnnnnnnnn 192
H.5 Specifications of sUpPPOrting CirCUItS .......cccceei i s 193
H.5.1 Amprifiers and filters......... . s s e s e e e e s 193
H.5.2 Open-loop transfer function for PLL..............oiiiiee e s 194
T T Y T = 195
H.6 080T o T [ ToT 4 0 o] gl 4 1 7== L= 0T (=1 1 4 U= o | R 195
H.7 JItter MEASUIrEMENT...... oo et s e s e e e s s e e e e anasa s s e e e nsmnsssas e e reesnnnssssaaeserennnnnnnen 196
Annex | (normative) Measurement ProCeAUre ...........ccciiiiiiiiiiiismre e smne e mmn e e ananan 197
1.1 L€ T=Y =Y - Y 197
1.2 Initial adjustments of Reference drive..........cccccceriicccirirscrre e e 197
1.3 JItter MEASUIrEMENT...... ..o s e e e e s e e s e e maas s e e e e e e nnnn e aaeeerenennnnnan 197
1.4 Modulated amplitude measuremMents ............ccccccecririrrrrrrsrsssssssrsrs s 198
1.5 Measurements of Resolution lpp/ lgpp anNd Fpp/ Igpp ceveeneeieiieiiiiiicnecsesncesnen s 198
.51  Method for measuring Ly, @nd lgpp .coueeiecieiiiiiiiciin i 198
1.5.2  Lypp [ Igpp, Ispp | Iy and asymmetry measurement procedure...........cceveeiinninnssennnnssnssnssnnsnes 199
1.6 Tracking-error signal measurements (PP, measurement procedure)..........cccceccverrrrinccssnenns 200
1.7 Residual error of axial tracking measurement procedure............ccccvirimmninnimnninn s 201
1.8 Residual error of radial tracking measurement procedure.............cccrivmriniicnnncnnee e 202
1.9 Random SER MeEaASUIEMENL..........ccuceeuiiiiiiiiiceiis s e s rsssesssss s s s e s s semsssssss s e s s s s mssssssssssnsnnnnsssssssersnnnnsnnses 202
Annex J (informative) Measurement of birefringence ......... ... 203
J.1 Principle of Measurement............ s snssss s sssnsnsssnsnsnsnsnsnnssnsnsrnnnnnnnnnn 203
J.2 Measurements CONAILIONS .......cccceuiiiiiiiiicccr s e s e e s s s e e e e s e s nmass s s e e s nnnmnnsssnssnnren 203
J.3 Example of measurement ProCedUrE............cccmiiiiiiicccccsneer s sssnr e s e e s s ssmn e e e e e s s s snnmnnnnees 203
J.4 Interchangeability of measuring reSults ..........ccccoirccciriiccsen s 204
Annex K (informative) Measurement of thickness of Cover Layer and Spacer Layer ........cccccccerrnnnneeen 205
K.1 o T2 € -3 1 T .4 =1 1 4 o o 205
K.2 Interferometer Method ...t n e e e e s s namnn e e e e s 206
Annex L (informative) Measurement of impact resistance of Cover Layer.......ccccccceemrrviiccccecernnennnnnnns 208
L1 L€ T=Y =Y - 208
L.2 Recommendation fOr driVes ... nn s s naasasnsnsasnsnsasssssssssssssssssssssnnnnnnn 208
L.3 Measurements of impact resistance of Cover Layer .........cccccovciiiniiiiniinen e 208
Annex M (informative) Groove deviation and wobble amplitude ............cccooriiiiiiiiiir e 210
M.1 Relation between normalized wobble signal and wobble amplitude ...........cccccciriiiiiicciccennnnnn. 210
M.2 Tolerance of normalized wobble Signal ............oo e 210
Documents
Document Sharing Hub
viii © ISO/IEC 2016 — All rights reserved

Full document details: ISO_IEC 30192_2016


http://avadocuments2026.com/doc/iso-iec-30192-2016
http://avadocuments2026.com/doc/iso-iec-30192-2016

ISO/IEC 30192:2016(E)

Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are members of
ISO or IEC participate in the development of International Standards through technical committees
established by the respective organization to deal with particular fields of technical activity. ISO and IEC
technical committees collaborate in fields of mutual interest. Other international organizations, governmental
and non-governmental, in liaison with 1ISO and IEC, also take part in the work. In the field of information
technology, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for the different types of
document should be noted. This document was drafted in accordance with the editorial rules of the
ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. ISO and IEC shall not be held responsible for identifying any or all such patent rights. Details of any
patent rights identified during the development of the document will be in the Introduction and/or on the ISO
list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an explanation on the meaning of ISO specific terms and expressions related to conformity assessment,
as well as information about ISO's adherence to the WTO principles in the Technical Barriers to Trade (TBT)
see the following URL: Foreword - Supplementary information

The committee responsible for this document is ISO/IEC JTC 1, Information technology, Subcommittee
SC 23, Digitally recorded media for information interchange and storage.

This second edition cancels and replaces the first edition (ISO/IEC 30192:2013), of which it constitutes a
minor revision. It also incorporates the Technical Corrigendum ISO/IEC 30192:2013/Cor 1:2015.

This corrected version of ISO/IEC 30192:2017 incorporates the following corrections as well as other minor
editorial modifications:

— in Annex F, the two Figures previously entitled “F.6.” have been corrected and one figure was re-numbered
as Figure F.7;

— Figure H.2. was replaced.
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Introduction

In March 2002, nine companies known as the Blu-ray Disc Founders, or BDF, came together to create optical-
disk formats with the large capacity and high-speed transfer rates that would be needed for recording and
reproducing of high-definition video content. This joint effort turned out to be fruitful and the BDF issued the
first version of its Blu-ray Disc™ Rewritable Format Part1 Version 1.0, in June of 2002.

Then, in October 2004, more than a hundred companies joined and the BDF became an open forum called
the Blu-ray Disc Association (BDA). The BDA issued Version 2.1 of the Blu-ray Disc™ Rewritable Format
Part1 in October 2005 and Version 3.0 in June of 2010.

By the end of 2010, over a hundred million of Blu-ray Disc™ had already been shipped and the Blu-ray™
devices such as players, recorders, game consoles and PC drives were in use all over the world.

The BDA also conducts verification activities for both disks and devices and has established more than ten
Testing Centres in Asia, Europe and the USA.

The BDA gave consumer applications the highest priority in the first few years. But it was known, of course,
that International Standardization would be required before many government entities and their contractors
would be allowed to use Blu-ray Disc™. In February and January of 2011, ISO/IEC JTC 1/SC 23 and JIIMA
(Japan Image and Information Management Association) formally requested the BDA to consider International
Standardization. The reason for this was to enable the inclusion of writable BDs, along with DVDs and CDs, in
an International Standard specifying test methods for the estimation of lifetime of optical storage media for
long-term data storage. In October 2011, the president of the BDA responded that his organization had
decided to pursue International Standards of the basic physical formats for the Recordable and Rewritable
Blu-ray Disc™.

In December 2011, BDA sent project proposals for the International standardization of four formats to
ISO/IEC JTC 1/SC 23 via the Japan national body. They are 120 mm Single Layer (25,0 Gbytes per disk) and
Dual Layer (50,0 Gbytes per disk) BD Recordable disks, 120 mm Single Layer (25,0 Gbytes per disk) and
Dual Layer (50,0 Gbytes per disk) BD Rewritable disks, 120 mm Triple Layer (100,0 Gbytes per disk) and
Quadruple Layer (128,0 Gbytes per disk) BD Recordable disks and 120 mm Triple Layer (100,0 Gbytes per
disk) BD Rewritable disk.

This International Standard specifies the mechanical, physical and optical characteristics of a 120 mm
rewritable optical disk with a capacity of 25,0 Gbytes or 50,0 Gbytes.

Some technical errors were found during the editorial work for JIS X 6232, which is the Japanese Industrial
Standard identical with ISO/IEC 30192:2013. In December of 2014, a Defect Report was submitted by the
Japan national body of ISO/IEC JTC 1/SC 23. The project editor proposed a Draft Technical Corrigendum for
ISO/IEC 30192:2013 and it was approved by ISO/IEC JTC 1/SC 23 in May of 2015.This International
Standard is the updated First edition of ISO/IEC 30192:2013, including the Technical Corrigendum and
additional corrections for some minor editorial errors.

A few additional specifications are required in order to write and read video recording applications, such as the
BDMV and BDAV formats, which have been specified by the BDA for use on BD Recordable disks. These
specifications, which are related to the Application, the file system and the Content-protection system, are
required for the disk, the generating system and the receiving system. For more information of the Application,
the Content-protection system and the additional requirements for the Blu-ray™ Format specifications, see
http://www.blu-raydisc.info.

The International Organization for Standardization (ISO) and International Electrotechnical Commission (IEC)
draw attention to the fact that it is claimed that compliance with this document may involve the use of patents.

ISO and IEC take no position concerning the evidence, validity and scope of these patent rights. Documents
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The holders of these patent rights have assured ISO and IEC that they are willing to negotiate licenses under

reasonable and non-discriminatory terms and conditions with applicants throughout the world. In this respect,

the statements of holders of these patent rights are registered with ISO and IEC. Information may be obtained
from the following.

Hitachi Consumer Electronics Co., Ltd.
Intellectual Property Management
292 Yoshida-cho, Totsuka-ku, Yokohama 244-0817 Japan

Hitachi, Ltd.,
IT Platform R&D Management Division Patent Strategy
322-2 Nakazato, Odawara-shi, Kanagawa-Ken 250-0872 Japan

Panasonic Corporation
Intellectual Property Center
OBP Panasonic Tower 8th Floor, 2-1-61, Shiromi, Chuoh-ku, Osaka, 540-6208, Japan

Pioneer Corporation
Intellectual Property Division, Legal and Intellectual Property Division,
1-1, Shin-Ogura, Saiwai-ku, Kawasaki-Shi, Kanagawa, 212-0031, Japan

Sony Corporation
IP Asset Management Department, Intellectual Property Division,
1-7-1, Konan, Minato-ku, Tokyo, 108-0075, Japan

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights other than those identified above. ISO and IEC shall not be held responsible for identifying any or all
such patent rights.

ISO (www.iso.org/patents) and IEC (http://patents.iec.ch) maintain on-line databases of patents relevant to
their standards. Users are encouraged to consult the databases for the most up to date information
concerning patents.

NOTE Blu-ray™, Blu-ray Disc™ and the logos are trademarks of the Blu-ray Disc Association.
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INTERNATIONAL STANDARD ISO/IEC 30192:2016(E)

Information technology — Digitally recorded media for
information interchange and storage — 120 mm Single Layer
(25,0 Gbytes per disk) and Dual Layer (50,0 Gbytes per disk) BD
Rewritable disk

1 Scope

This International Standard specifies the mechanical, physical and optical characteristics of a 120 mm
rewritable optical disk with a capacity of 25,0 Gbytes or 50,0 Gbytes. It specifies the quality of the recorded
and unrecorded signals, the format of the data and the recording method, thereby allowing for information
interchange by means of such disks. User data can be written, read and overwritten many times using a
reversible method. A conforming disk is identified as a BD Rewritable disk.

This International Standard specifies the following:

— two related but different Types of this disk;

— conditions for conformance;

— environments in which the disk is to be operated and stored;

— mechanical and physical characteristics of the disk, which allow mechanical interchange between data
processing systems;

— format of the information on the disk, including the physical disposition of the Tracks and Sectors;
— error-correcting codes and coding method used;

— characteristics of the signals recorded on the disk, which enable data processing systems to read data
from the disk.

This International Standard provides for interchange of disks between drives. Together with a standard for
volume and file structure, it provides for full data interchange between data processing systems.
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2 Conformance
21 Optical Disk

A claim of conformance with this International Standard shall specify the Type implemented. An optical disk
shall be in conformance with this International Standard if it meets all mandatory requirements specified for its
Type.

2.2 Generating system

A generating system shall be in conformance with this International Standard if the optical disk it generates is
in accordance with 2.1.

2.3 Receiving system

A receiving system shall be in conformance with this International Standard if it is able to handle both Types of
optical disks according to 2.1.

2.4 Compatibility statement

A claim of conformance by a Generating or Receiving system with this International Standard shall include a
statement listing any other standards supported. This statement shall specify the numbers of the standards,
the optical disk Types supported (where appropriate) and whether support includes reading only or both
reading and writing.

3 Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated references,
the latest edition of the referenced document (including any amendments) applies.

ISO/IEC 646, Information technology — ISO 7-bit coded character set for information interchange

ISO 9352, Plastics — Determination of resistance to wear by abrasive wheels

IEC 60068-2-2, Environment testing — Part 2-2: Tests — Test B: Dry heat

IEC 60068-2-30, Environment testing — Part 2-30: Tests — Test Db: Damp heat, cyclic (12 h + 12 h cycle)

IEC 60950-1, Information technology equipment — Safety — Part 1: General requirements
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4 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

4.1

Application

application specified for a BD (4.2), for instance a video application, which requires areas for a Content-
protection system and for its own Defect-Management system on the disk

4.2

BD

disk having a Cover Layer (4.4) around 0,1 mm thick and a Substrate (4.37) around 1,1 mm thick on which
data is read or recorded by an OPU using 405 nm laser diode and NA = 0,85 lens

Note 1 to entry: User Data recorded on the disk is formatted using 17PP modulation and an LDC+BIS code.

4.3

Channel bit

element by which the binary value ZERO or ONE is represented by Pits (4.24)/Marks (4.18) and Spaces (4.36)
on the disk

4.4

Cover Layer

transparent layer with precisely-controlled optical properties that covers the Recording Layer closest to the
Entrance surface of the disk

4.5
Data Zone n
area between the Inner Zone and the Outer Zone on Layer Ln (4.17)

4.6

Defective Cluster

Cluster in the User-Data Area (4.41) that has been registered in the Defect List because it has become
unreliable or uncorrectable

4.7

Digital-Sum Value

DSV

arithmetic sum obtained from a bit stream by assigning the decimal value +1 to Channel bits (4.3) set to ONE
and the decimal value —1 to channel bits set to ZERO

4.8

Disk reference plane

plane defined by the perfect flat annular surface of an ideal spindle onto which the Clamping Area of the disk
is clamped that is normal to the axis of rotation

4.9

Embossed HFM Area

area on the disk where information has been stored by means of an HFM Groove (4.13) during the
manufacture of the disk

4.10
Entrance surface
surface of the disk onto which the optical beam first impinges

4.1

Erased Groove

blank Groove on the disk that has been erased by irradiating the Track using only erase power levels Pe1o and
Pe20 as determined by the OPC algorithm
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4.12
Groove
trench-like feature of the disk connected to a Recording Layer

Note 1 to entry: In case of a Single-Layer disk, the Groove can be carried by the Substrate (4.37) and in
case of a Dual-Layer disk, one Groove can be carried by the Substrate and the other Groove by the Spacer
Layer (4.35) or the Cover Layer (4.4) (see Figure 1 and Figure 2). Grooves are used to define Track (4.38)
locations.

The Groove corresponds to the area that has been exposed to the mastering spot.
In general, the Groove can be depression in the carrier or an elevation on the carrier.

If the Groove is nearer to the Entrance surface (4.10) than the Land (see Figure 54), the recording method
is called “On-Groove recording”. If the Groove is farther from the Entrance surface (4.10) than the Land,
the recording method is called “In-Groove recording”.

In the BD Rewritable system, there are three types of Groove:
— Wobbled Groove (4.43) in Rewritable Area containing address information;
—  HFM Groove (4.13) in Embossed HFM Area (4.9) containing Permanent Information and Control data;

— Straight Groove without any modulation in the BCA Zone.

413

High-Frequency Modulated Groove

HFM groove

Grooves (4.12) modulated in the radial direction with a rather high bandwidth signal

Note 1 to entry: HMF Groove creates a data channel with sufficient capacity and data rate for
replicated information.

4.14
Information Area
area on the disk in which information can be recorded

4.15
Information Zone
recorded part of the Information Area (4.14)

4.16
Land
surface of the Recording Layer between successive windings of a Groove (4.12)

417
Layer Ln
one Recording Layer of the disk identified by n

Note 1 to entry: Layer L(n + 1) is closer to the Entrance surface (4.10) of the disk than Layer Ln.

418

Marks

feature of the Recording Layer which may take the form of amorphous domains in the crystalline recording
film that can be sensed by the optical read-out system

Note 1 to entry: The pattern of Marks and Spaces (4.36) represents the data on the disk.

419
Measurement Velocity
Measurement Velocity is the linear velocity at which the disk is measured during reading

Note 1 to entry: nx Measurement Velocity means the Measurement Velocity of n times the Reference
Velocity (4.30).
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4.20

Modulation bit

alternative form representing the data that is more suited to be transmitted via a communication channel or to
be stored on a storage system

4.21
NRZ/NRZI conversion
method of conversing a Modulation-bit stream into a physical signal

4.22

Padding

process in a drive to fill up the missing Sectors in a 64K Cluster, which is consisting of 32 Sectors, with all
00h data when the host supplies less than 32 Sectors and need to fill up the Cluster

4.23

Phase Change

physical effect by which an area of a Recording Layer is irradiated by a laser beam and heated so as to
change from a crystalline state to an amorphous state and vice versa

4.24

Pits

features of the Recording Layer which may take the form of depressions in or elevations on the Land (4.16)
surface, that can be sensed by the optical read-out system

Note 1 to entry: The pattern of Pits and Spaces (4.36) represents the data on the disk.

4.25
Polarization
direction of the electric field vector of an optical beam

Note 1 to entry: The plane of Polarization is the plane containing the electric field vector and the direction of
propagation of the beam.

4.26

Protective Coating

optional additional layer on top of the Cover Layer (4.4) provided for extra protection against scratches and
other types of damage

4.27

Read-Modify-Write

process in a drive, when one or more but less than 32 Sector(s) in a Cluster have to be rewritten, to read full
content of a 64K Cluster, which consists of 32 Sectors, replace the Sector(s) concerned and write back the full
Cluster to the disk

4.28

Recording Layer

part of the disk consisting of a stack of films of specific materials on or in which data is written during
manufacture and/or use

4.29
Recording Velocity
linear velocity at which the disk is recorded

Note 1 to entry: nx Recording Velocity means the Recording Velocity of n times the Reference Velocity (4.30).

4.30
Reference Velocity
linear velocity that results in the nominal Channel-bit rate of 66,000 Mbit/s

Note 1 to entry: nx Reference Velocity means n times the Reference Velocity.

4.31
Reserved Documents

<value> value(s) not used in this International Standard Document Sharing Hub
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Note 1 to entry: In future standards, the value can be released.

4.32
Reserved
<field> field(s) not specified in use, to be ignored in interchange and to be set to ZERO as value

Note 1 to entry: In future standards, the use of a field can be defined and value(s) can be assigned.

4.33

Rewritable Area

area on the disk where information can be recorded by means of marks (4.18) and spaces (4.36) using
the phase-change effect and during the manufacture and/or use of the disk

4.34
Sector
minimum-size addressable data part of a Track (4.38) in the Information Zone (4.15)

4.35
Spacer Layer
transparent layer with precisely-controlled optical properties separating two Recording Layers (4.28)

4.36
Spaces
areas separating Pits (4.24) or Marks (4.18) in the tangential direction in the context of HF signals

Note 1 to entry: The pattern of Pits/Marks and Spaces represents the data on the disk.

4.37
Substrate
layer, which may be transparent or not, provided for mechanical support of the Recording Layer(s) (4.28)

4.38
Track
360° turn of the continuous spiral formed by a Groove (4.12)

4.39
Track Pitch
distance between centrelines of a Groove (4.12) in adjacent Tracks (4.38), measured in the radial direction

4.40
Transmission Stack
all layers together between the Entrance surface (4.10) of the disk and the Recording Layer (4.28) concerned

Note 1 to entry: In other words, the Transmission Stack of a specific Recording Layer consists of all layers
that are passed through by the light beam when accessing that Recording Layer.

4.41
User-Data Area
collection of all Data Zone(s) on the disk and consists only of the Clusters in which User Data can be recorded

4.42
Virgin Groove
blank Groove (4.12) on the disk which has never been recorded nor erased

4.43
Wobbled Groove
Groove (4.12) that has a periodic sinusoidal deviation from its average centreline

Note 1 to entry: By modulating the sinusoidal deviation, the wobble provides address information and
general information about the disk.

4.44
Zone Documents
gnnular area of the disk Document Sharing Hub
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5 Conventions and notations

5.1 Terminology
511 Meaning of words

In this International Standard, the following words have a special meaning.

May: indicates an action or feature that is optional.

Optional:  describes a feature that may or may not be implemented.
If implemented, the feature shall be implemented as described.

Shall: indicates an action or feature that is mandatory and to be implemented to claim compliance with
this International Standard.

Should: indicates an action or feature that is optional, but its implementation is strongly recommended.
5.1.2 Levels of grouping

Many times, data is collected into that data can be collected into higher level groups. For the clarity of the
grouping hierarchy, in this International Standard, the following levels of hierarchy will be used.

Frame: the lowest level of grouping. Generally, frames contain bytes of information.
Block: the second level of grouping. Generally, blocks consist of a number of frames.
Cluster: the highest level of grouping. Clusters consist of several blocks.

Fragment: a level of grouping that can be applied by the application. A certain amount of data will be
allocated to a (fixed) number of consecutive Clusters.

5.2 Representation of numbers

A measured value Xneasured May be rounded off to the least significant digit of the corresponding specified
value x before being compared with this specified value.

EXAMPLES:
— The specificationis: x =1,26

+0,01 .
-0,02 *

(nominal value = 1,26 with a positive tolerance of +0,01 and a negative tolerance of —0,02)
— A measured value in the range 1,235 < Xpneasured < 1,275 fulfills this specification.
— The specification is: x < 0,3:
— A measured value Xmeasured < 0,35 fulfills this specification
(rounding off is applied for 0,30 < Xmeasured < 0,35: Xrounded = 0,3).

— The specification is: x < 0,3:
— A measured value Xmeasured = 0,299 fulfills this specification
(no rounding off needs to be applied).
— A measured value Xmeasured = 0,3 exactly does not fulfill this specification.

In case the specified value is given as “maximum x units” or “minimum x units”, the measured value shall not
be rounded off before comparing to the specified value. Parameters given in this way shall not violate the
specified limits set by the exact value of x.

EXAMPLEs:
— The specification is maximum 0,3 mm:

— A measured value of 0,300 mm fulfills this specification.

— A measured value of 0,301 mm does not fulfill this specification.
— The specification is minimum 3 dB:

— A measured value of 3,00 dB fulfills this specification.

— A measured value of 2,99 dB does not fulfill this specification.
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Numbers in decimal notation are represented by the digits 0 to 9. The decimal symbol is “,” (comma). In large
numbers, the “” (space) can be used as digit grouping symbol.

Numbers in hexadecimal notation are represented by the hexadecimal digits 0 to 9 and A to F in parentheses
or followed by lowercase “h”. The character x in hexadecimal numbers represents any digit 0 to 9 or Ato F.

Numbers in binary notation and bit patterns are represented by strings of digits 0 and 1, with the most-
significant bit shown to the left. The character x in binary numbers represents a digit O or 1.

Negative values of numbers in binary notation are given as two’s complement.

In a pattern of n bits, bit b(,_1) shall be the most-significant bit (msb) and bit by shall be the least-significant bit
(Isb). Bit b1y shall be recorded first.

An uninterrupted sequence of m 0’s in a bit pattern can be represented by [0™].
The setting of bits is denoted by ZERO and ONE.

In data fields composed of bytes, the data is recorded so that the Most-Significant Byte (MSB), identified as
Byte 0, shall be recorded first and the Least-Significant Byte (LSB) last.

In a field of 8n bits, bit bg,—1)shall be the most-significant bit (msb) and bit be the least-significant bit (Isb). Bit
bn-1) shall be recorded first.

In data fields composed of nibbles, the data is recorded so that the most-significant nibble, identified as Nibble
0, shall be recorded first and the least-significant nibble last.

In a field of 4n bits, bit bu,_1) shall be the most-significant bit (msb) and bit b, the least-significant bit (Isb). Bit
bn-1) shall be recorded first.

A range of values is indicated as x ~ y, where the limits x and y are included in the range.

A list of integers is indicated as i .. j. The list contains all integers between j and j as well as i and j (e.qg.
k=0 ..7). If the step size is different from one, this is indicated as: j, (i + step) .. j(e.g. k=1, 4 .. 16, where
step = 3).

A group of parameters is indicated as Param m..n or P, .. P,. The group contains all parameters with an index
between m and n as well as m and n (e.g. byte 16..31, bit 7..4, AddO .. Add255).

If x is nearly equal to y, then it is expressed as x = y.
5.3 Integer calculus

div(n,d) represents the integer part of the division of n by d.
mod(n,d) represents the remainder of the division of n by d: mod(n,d) = n — d x div(n,d).

EXAMPLE div(+11,+3) = +3 div(-11,+3) = -3 div(+11,-3) = -3 div(-11,-3) = +3
mod(+11,+3) = +2 mod(-11,+3) = -2 mod(+11,-3) = +2 mod(-11,-3) = -2

5.4 Names

The names of specific entities, e.g. particular tracks, fields, etc., are given with an initial capital. Other terms
having explicitly-defined meanings for the purposes of this International Standard are also capitalized.

6 List of acronyms

ac alternating current
ADIP Address In Pre-Groove Documents
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APC
AU
AUN
BCA
BIS
BPF
CAV
cbs
CNR
dc
DDS
DFL
DI

DL
DMA
DMS
DOW
DOW(n)
DOW(0)
DSV
DWP
EB
ECC
EDC
FAA
FS
FWHM
HF
HFM
HMW
HPF
HTL
LAA
LDC
LPF
LSB
Isb
LSN
MM
MSB

ms

Automatic Power Control
Address Unit

Address-Unit Number
Burst-Cutting Area
Burst-Indicating Subcode
Band-Pass Filter

Constant Angular Velocity
Channel bits
Carrier-to-Noise Ratio
direct current
Disk-Definition Structure
Defect List

Disk Information

Dual Layer
Disk-Management Area
Disk-Management Structure
Direct OverWrite

the n-th Overwrite

the initial recording
Digital-Sum Value

Disk Write Protect
Emergency Brake
Error-Correction Code
Error-Detection Code

First ADIP Address (of Data Zone)
Frame Sync

Full Width at Half Maximum
High Frequency
High-Frequency Modulated
Harmonic-Modulated Wave
High-Pass Filter
High-To-Low

Last ADIP Address (of Data Zone)
Long-Distance Code
Low-Pass Filter
Least-Significant Byte
least-significant bit
Logical-Sector Number
MSK Mark

Most-Significant Byte

Millisecond
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msb most-significant bit

MSK Minimum-Shift Keying

MW Monotone Wobble

NA Numerical Aperture

NHWS Normalized HFM-Wobble Signal
NRD Non-Re-allocatable Defect

NRZ Non-Return-to-Zero

NRZI Non-Return-to-Zero Inverting

ns Nanosecond

NWL Nominal Wobble Length
NWS Normalized Wobble Signal
OPU Optical Pick-up Unit

PAA Physical ADIP Address
PAC Physical-Access Control
PBA Possibly Bad Area

PIC Permanent Information and Control data
PLL Phase-Lock Loop

PoA Post-amble

PP Push-Pull

pp peak-to-peak

PrA Pre-amble

ps Picosecond

PSN Physical-Sector Number
RH Relative Humidity

RMTR Repeated Minimum-Transition Run-length
R-M-W  Read-Modify-Write

RS Reed-Solomon (code)

RT Relative Thickness

RUB Recording-Unit Block

RxIn Reflectivity x In Resolution

RxM Reflectivity x Modulation

SER Symbol Error Rate

SHD Second-Harmonic Distortion

SHL Second-Harmonic Level

SL Single Layer

SNR Signal-to-Noise Ratio

SPS Start-Position Shift

STW Saw-Tooth Wobble

Sync Synchronization

TP Track Pitch

TS Transmission Stack Documents
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wbs Wobbles
WP Write Protect

7 General descriptions of disk

The 120 mm optical disk that is the subject of this International Standard consists of a Substrate of about
1,1 mm nominal thickness. Clamping is performed in the Clamping Zone.

The Recording Layer of the disk may use phase-change recording technology. Recorded amorphous Marks
have lower reflection than the crystalline Spaces of Unrecorded Layer(s).

This International Standard provides for two Types of disks

Type SL disk: the Substrate is covered with a Recording Layer, consisting of several films. On top of this
Recording Layer, a transparent Cover Layer of 0,1 mm is applied with precisely-defined optical characteristics
(see Figure 1). The capacity is 25,0 Gbytes.

Type DL disk: the Substrate is covered with two Recording Layers, each consisting of several films. The two
Recording Layers are separated by a transparent Spacer Layer of about 0,025 mm. The first Recording Layer
seen from the read-out side of the disk shall be semi-transparent. On top of this Recording Layer, a
transparent Cover Layer of about 0,075 mm is applied. Both the Spacer Layer and the Cover Layer shall have
precisely-defined optical characteristics (see Figure 2). The capacity is 50,0 Gbytes.

To improve scratch resistance of the disk, the Cover Layer optionally can be protected with an additional hard
coating.

Data can be written and overwritten onto the disk with a high-power focused optical beam. The data can be
read with a low-power focused optical beam, using the difference in the reflectivity of the amorphous Marks
and the crystalline Spaces.

The Recording Layer(s) contain Wobbled Groove(s) with addresses that enable a speed control and
navigation system for data to be read from or written to the Recording Layer concerned.

Recording and reading of the data is accomplished through the Cover Layer or through the total stack of
Cover Layer, first Recording Layer and Spacer Layer, depending on which Recording Layer is involved.

For reference purposes, a layer that the light beam passes through when accessing a certain Recording Layer
is called a Transmission Stack of that specific Recording Layer (see Figure 1 and Figure 2).
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rotation

>

Transmission V\
Stack | Substrate Recording

Layer

(Protective Coating)

Entrance surface
for optical beam

Figure 1 — Outline of Type SL disk

direction of
rotation

>

Recording

Layer LO
Transmission Stac
0 Substrate
Transmission 4 Recording
Stack 1 vV Layer L1

Spacer Layer

/ Cover Layer
Entrance surface

(Protective Coating)

for optical beam

Figure 2 — Outline of Type DL disk
This International Standard specifies two kinds of Recording Velocity: 1x and 2x.

Figure 3 shows the Recording Velocity requirements for each Disk Type. At least one of the Write Strategies is
reqgired for each Recording Velocity.
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. Mark Push-Pull Layer Recording Velocit
Disk Type polarity polarity Ty);)e 1x 7 2x ’
Type SL HTL On-Groove SL m m
Type DL HTL On-Groove® DL m m
m Mandatory.
@ Groove polarity shall be On-Groove for both Layer LO and Layer L1.

Figure 3 — Recording Velocity requirements for Disk Type

8 General requirements
8.1 Environments

8.1.1 Test environment
8.1.1.1  General

During measurements for testing conformance of a disk with this International Standard, the disk shall be in
the test environment. The test environment is the environment where the air immediately surrounding the disk
shall have following properties:

— temperature: (23 £ 2) °C;
— relative humidity: 45 % to 55 %;
— atmospheric pressure: 86 kPa to 106 kPa.

No condensation on the disk shall occur. Before testing, the disk shall be conditioned in this environment for a
sufficient time.

8.1.1.2 Test conditions for sudden changes in operating environment

Some parameters can be rather sensitive to changes in the operating environment. Where specified, the
following two tests shall be performed. In both cases, the required specifications shall be fulfilled during the
time it takes for the disk to acclimatize to the new environment.

a) apply a sudden change in relative humidity, while keeping the temperature at a constant level: relative
humidity = 90 %, temperature = 25 °C - relative humidity = 45 %, temperature = 25 °C (see Figure 4).

b) apply a sudden change in temperature, while keeping the absolute humidity at a constant level (=
10,4 g/m® ): temperature = 25 °C, relative humidity = 45 % - temperature = 55 °C, relative humidity =
10 % (see Figure 4).

8.1.2 Operating environment

A disk in conformance with this International Standard shall provide data interchange over the specified
ranges of environmental parameters in the operating environment. The operating environment is the
environment where the air immediately surrounding the disk shall have the following properties:

— temperature: 5°C to 55 °C;
— relative humidity: 3 % to 90 %;
— absolute humidity: 0,5 g/m® to 30 g/m?;

— atmospheric pressure: 60 kPa to 106 kPa.

There shall be no condensation of moisture on the disk. If a disk has been exposed to conditions outside those
specified above, it shall be acclimatized in an operating environment for at least 2 hours before use.
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Figure 4 — Operating environment

8.1.3 Storage environment
8.1.3.1  General

The storage environment is an environment where the air immediately surrounding the optical disk shall have
the following properties:

— temperature: —10 °C to 55 °C;
— relative humidity: 5 % to 90 %;

— absolute humidity: 1 g/m® to 30 g/m?;
— atmospheric pressure: 60 kPa to 106 kPa;
— temperature variation max.: 15 °C/h;

— relative humidity variation max.: 10 %/h.

8.1.3.2 Climatic storage tests

To check environmental stability of the disk, it shall be exposed to the following environments:

— Dry heat test according to IEC 60068-2-2 Ba:

T =55°C, RH =50%, 96 hours.

Damp heat cycle test according to IEC 60068-2-30 Db:

Thigh = 40 °C, Tiow = 25 °C, RH = 95 %, cycle time = (12 + 12) hours, 6 cycles.
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After exposure to these environmental conditions, one should allow for some recovery time before measuring
(24 hours or 48 hours).

8.1.4 Transportation
8.1.41 General

As transportation occurs under a wide range of temperature and humidity variations, for differing periods, by
many methods of transport and in all parts of the world, it is not possible to specify mandatory conditions for
transportation or for packaging.

8.1.4.2 Packaging
8.1.4.21 General

The form of packaging should be agreed upon between sender and recipient or, in absence of such an
agreement, is the responsibility of the sender. It should take into account the following hazards.

8.1.4.2.2 Temperature and humidity

Insulation and wrapping should be designed to maintain the conditions for storage over the estimated period of
transportation.

8.1.4.2.3 Impact loads and vibrations

a) Avoid mechanical loads that would distort the shape of the disk.

b) Avoid dropping the disk.

c) Disks should be packed in a rigid box containing adequate shock-absorbent material.

d) The final box should have a clean interior and a construction that provides sealing to prevent the ingress
of dirt and moisture.

8.2 Safety requirements

The disk shall satisfy the requirement of IEC 60950-1, when used in the intended manner or in any
foreseeable uses in an information system.

8.3 Flammability

The disk shall be made from materials that comply with the flammability class for HB materials, or better, as
specified in IEC 60950-1.

9 Reference drive
9.1 General

A Reference drive shall be used for the measurement of optical and electrical signal parameters in order to
confirm that a disk is in conformance with the requirements of this International Standard. The characteristincs
of the critical components of this device are specified in Clause 9.

9.2 Environmental conditions
During tests, the disk shall be in a test environment as defined in 8.1.1, unless stated otherwise.
9.3 Optical system

The basic set-up of the optical system of the Reference drive used for measuring specified (over)write and
read parameters is shown in Figure 5. Different components and locations of components are permitted,
provided that the performance remains the same as that of the set-up in Figure 5. Documents
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The optical system shall be aligned such that the focused optical beam is perpendicular to the Recording
Layer on which the beam is focused at the radius where the measurement is to be performed.

The optical system shall be such that the detected light reflected from the Entrance surface of the disk is
minimized so as not to affect the accuracy of the measurements.

=1+l HF read channel

Radial PP
read channel

[} I
an ’ Ta |l | e |1g
— L I Quadrant
Tangential \j | | photodetector
Track l le !
direction :
|
| _ _
I
i [ B Bt Disk
Laser Collimator Polarizing SA 1/4\ Objective
diode lens beam splitter  corrector plate lens

Figure 5 — Optical system of Reference drive

A polarizing beam splitter and a quarter-wavelength plate shall be used to separate the entrance light beam,
coming from the laser diode, and light beam reflected by the optical disk going towards the photodetector. The
light beam transmitted through the splitter shall have a p:s intensity ratio of at least 100:1.

The optical beam shall be compensated for Spherical Aberrations (SA) such that these aberrations are
minimized for the thickness of the Transmission Stack of the Recording Layer on which the beam is focused at
the radius where the measurement is to be performed.

During measurements on one Layer of a Dual-Layer disk, light reflected from the other Layer can influence the
measurements on the Layer under investigation. To cope with these effects, the photodetector shall have
limited dimensions. Its length and width shall be smaller than M x 5 um, where M is the transversal optical
magnification from the disk to its conjugate plane near the quadrant photodetector.
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9.4 Optical beam

The focused optical beam used for writing and reading data shall have the properties listed below.

— Wavelength (1) of the laser beam: (405 £ 5) nm
— Polarization: circular
— NA: 0,85 + 0,01
— Light intensity at the rim of the pupil of the objective lens relative to the maximum intensity:
— in the tangential direction: (60 £5) %
— in the radial direction: (65 +5) %
— Maximum wave-front aberration at the Recording Layer(s): 0,033 x A rms

(after correction of tilt and spherical aberrations)

— Maximum relative-intensity noise of the laser diode: —125 dB/Hz
ac light density
10x log - /_IZ
dc light power
— Normalized detector size: SIM? < 25 pm?

(where S is the total surface of the quadrant photodetector)

— Read power for disk testing (average):

— SL disk: (0,35+0,1) mW
— DL disk: (0,70 £ 0,1) mW
— Write power and pulse shape: see 29.4.2 and Annex F

9.5 HF read channel

The HF read channel is provided to supply a signal from which User Data can be retrieved. This signal is
generated by summing the currents from all four elements of the photodetector (I, + I, + I + Ig). These
currents are modulated by the user-written information due to the difference in reflectivity of the Marks and
Spaces caused by the Phase-Change effects.

In the frequency range from dc to 22 MHz the HF read channel, including the photodetectors, shall have a flat
amplitude response within £1,0 dB relative to its dc gain.

The group delay variation shall be maximum 2 ns pp in the frequency range from 3 MHz to 22 MHz.

For measurement of jitter, the characteristics of the signal processing, the data slicer and the PLL, etc. are
specified in Annex H.
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9.6 Radial PP read channel

The radial PP read channel provides the tracking-error signal to control the servo for radial tracking of the
optical beam. It also provides a wobble signal from which the information modulated on the Grooves can be
retrieved.

The radial tracking error is generated as a signal [(/a + Ib) — (Ic + l4)] related to the difference in the amount of
light in the two halves of the exit pupil of the objective lens.

The read amplifiers including the photodetectors in the radial PP read channel shall have a flat amplitude
response within +1,0 dB relative to their dc gain from dc to 8 MHz.

9.7 Disk Clamping

While its parameters are being measured, the disk shall be clamped between two concentric rings covering
most of the Clamping Zone (see 10.6). The top Clamping Area shall have the same inner and outer
diameters as the bottom Clamping Area (see Figure 6).

Clamping shall occur between d;, = (23,5 £ 0,5) mm and doy: = (32,5 £ 0,5) mm.
The total clamping force shallbe F1=2,0 N+ 0,5 N.

In order to prevent warping of the disk under the moment of force generated by the clamping force and the
chucking force F,, which is exerted by the tapered cone on the rim of the centre hole of the disk, F, shall not
exceed 0,5 N (see Figure 6).

The top angle a of the tapered cone for centring of the disk shall be 40,0° + 0,5°.

F

Figure 6 — Clamping conditions for measurement
9.8 Rotation of the disk and Measurement Velocity
The direction of rotation shall be counter-clockwise as viewed from the objective lens.

All specifications are based on a tangential speed during reading that is equal to the Reference Velocity. This
corresponds to a Constant Linear Velocity of 4,917 m/s.

Tests for determining the recording characteristics of BD Rewritable disks shall be carried out at all Velocities
defined in each of the DI Units that are present on the disk (see 15.8.3).
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9.9 Normalized servo transfer function

In order to specify the servo systems for axial and radial tracking, a function Hy(iw) is used. It specifies the
nominal values of the open-loop transfer function H of the Reference servo(s).

3xiw
+

where

w =2mxf

Wy =21 X fy;

Wint = 2T X fing;

2 =1

K = order of integrator.

Here, fy is the 0 dB crossover frequency of the open-loop transfer function. The crossover frequencies of the
lead-lag network of the servo are given by the following:

— lead break frequency: fi=1!3;
— lag break frequency: fo=1fox 3.

The term [1+ﬂj in the formula above represents an integrator function. Such an integrator or equivalent
iw

function is used to further reduce of low-frequency components, especially those due to deviations with
frequencies equal to the rotational frequency of the disk or its harmonics.

Also, fin is the 3 dB crossover frequency of the integrator function.

Another frequency of importance is the frequency fx at which a sinusoidal displacement with an amplitude
equal to the maximum allowed residual tracking error enax, corresponds to the maximum expected
acceleration anax- This frequency can be calculated as follows:

fX _ L Amax

21

emax

Because the tracking-error signals from the disk can have rather large variations, the tracking-error signal fed
into each Reference servo loop shall be adjusted to a fixed level (effectively calibrating the total loop gain),
which guarantees the specified bandwidth.
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9.10 Measurement Velocity and Reference servo for axial tracking

Regarding the open-loop transfer function H(f) of the Reference servo for axial tracking, |1+ H(f)| is
shown schematically by the shaded area in Figure 7.

gain (dB)

100
PR —— '

80 _//_\
77,00 \
gg:g:::::::::::::::::;::ﬁ\
40 \
20

N

) —

1 10 36 100 1x10° 10 x10> 100 x10?
frequency (Hz)
Figure 7 — Servo characteristic for axial tracking

The crossover frequency f, of Hy(f) (see 9.9) used to define the limits of |1+ H(f) |, is specified by the
following formula. where ayax = 6,0 m/s? is the maximum expected axial acceleration due to local
disturbances, and anax is multiplied by a factor m = 1,25 for servo margin. The tracking error enax, caused by
this m x anax, shall be 55 nm. Thus, the 0 dB crossover frequency shall be:

; 1\/3><m><amax 1\/3><1,25x6,0
0 e Y e R

- ——=3,2 kHz
21 e 21 55%x10

max

The integrator 3 dB crossover frequency shall be: fint = 100 Hz.

In the frequency range 100 Hz to 10 kHz:
|1+ H(f)| shall be within =10 % to +10 % of | 1 + Hn(f)| .

In the frequency range 36 Hz to 100 Hz:
|1+ H(f) | shall be within the limits defined by the following four points:
52,9 dB at 100 Hz (\1+HN(f)| at 100 Hz — 10 %);

54,6 dB at 100 Hz (|1 + Hn(H | at 100 Hz + 10 %);
77,0 dB at 36 Hz (|1 + Hn(H | at 36 Hz — 10 %);
97,0 dB at 36 Hz (|1 + Hn(H| at 36 Hz — 10 % + 20 dB).

In the frequency range up to 36 Hz:
|1+ H(f)| shall be between 77,0 dB and 97,0 dB.

. 1 |a 1 6,0
The frequency fx has the following value: f,=— [—™& —___ |~ _ ~16 kHz
quency fx g x szemax el P Documents
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9.11 Measurement Velocity and Reference servo for radial tracking

Regarding the open-loop transfer function H(f) of the Reference servo for radial tracking, |1 + H(f)| is shown

schematically by the shaded area in Figure 8.

gain (dB)

00 1
99,0 ;

790 :\
56,6 [~ -
54,9 ﬂ\

40 E \
20 5

1 10 36 100 1x10% 10 x10® 100 x10%
frequency (Hz)

Figure 8 — Servo characteristic for radial tracking

The crossover frequency fy of Hn(f) (see 9.9) which is used to define the limits of 11+ H(f) |, is specified by the
following formula, and dpax = 2,2 m/s? is the worst-case maximum expected radial acceleration due to local
disturbances, which anax is multiplied by a factor m = 1,25 for servo margin. The tracking error enax, caused by
this m x anax, shall be 16 nm. Thus, the 0-dB crossover frequency shall be as follows.

; 1\/3><m><amax_1\/3><1,25x2,2
A SXMXAmax _ 1 [9xheox2e

- = =2 -36 kHz
2m e 2m\ 16x10

max

The integrator 3 dB crossover frequency shall be: fint = 100 Hz.

In the frequency range 100 Hz to 10 kHz:
|1+ H(f)| shall be within —10 % to +10 % of | 1 + Hn(f)|

In the frequency range 36 Hz to 100 Hz:

|1+ H| shall be within the limits defined by the following four points:
54,9 dB at 100 Hz (11 + Hy(n| at 100 Hz - 10 %)
56,6 dB at 100 Hz (|1 + Hy(f| at 100 Hz + 10 %)

79,0 dB at 36 Hz (|1 + Hy(H! at 36 Hz— 10 %)

99,0 dB at 36 Hz (|1 + Hy(H!| at 36 Hz — 10 % + 20 dB)

In the frequency range up to 36 Hz:
|1+ H(f)| shall be between 79,0 dB and 99,0 dB.
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The frequency fx has the following value: f, :2i }@ = ZL fﬁ ~ 18 kHz
T\ €nax 1L x10~

10 Dimensional characteristics

10.1 General

Dimensional characteristics are specified for those parameters deemed mandatory for interchange and
compatible use of the disk. Where there is freedom of design, only the functional characteristics of the
elements described are indicated. Figure 9 shows the dimensional requirements in summarized form. The
different parts of the disk are described from the centre hole to the outside Rim.

First Second
transition Area transition Area
: Clamping Rim
Centre Zone ' o
\'Z Information Area

| hole : |

Figure 9 — Overview of disk dimensions
10.2 Disk reference planes and reference axis

For Disk reference planes, see also Figure 10 and Figure 11.

The Disk reference plane P is the plane determined by the surface of the Clamping Zone (see 10.6) at the
read-out side of the disk.

The Disk reference plane Q is the plane determined by the surface of the Clamping Zone at the Substrate side
of the disk.

The reference axis A is the axis through the middle of the centre hole, perpendicular to the Disk reference
plane P.

The Disk reference plane R is a plane parallel to the Disk reference plane P. The distance between Disk
reference plane R and Disk reference plane P shall be e, = 100 + 25 um towards the inside of the disk (see
Figure 10 and Figure 11).

The Disk reference plane R shall intersect with Recording Layer LO at Layer LO's average position between
radius r, = 23 mm and r, = 24 mm (Layer LO is the only Recording Layer on an SL disk or the deepest
Recording Layer on a DL disk).
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Figure 10 — Details of disk dimensions
’ Centre hole
Iy Recording layer LO

Iy Substrate

?f._
%

Cover Layer

Turn table

Figure 11 — Details of Disk reference planes P and R and Recording Layer
L0 10.3 Overall dimensions
The overall outer diameter of the disk shall be d; = (120,0 + 0,3) mm (see Figure 9).

The diameter of the centre hole shall be d, = 15,00 *§39  mm (see Figure 9).

There shall be no burr on the edge of the centre hole at the read-out side.
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The edge of the centre hole at the read-out side is the reference for centring the disk and shall be rounded off
or chamfered. The rounding radius shall be maximum r, = 0,1 mm. The height of chamfer shall be maximum
0,1 mm above the bottom surface of the First transition Area. The rounding or chamfer shall be maximum

hy = 0,25 mm from Disk reference plane P (see detail in Figure 10).

The maximum thickness of the disk is defined as the distance in the direction of the reference axis A between
the highest structure protruding from the Entrance surface of the disk and the highest structure protruding from
the top surface of the disk.

Maximum thickness of the disk, including Cover Layer, Protective Coating and Label printing, at any radius
shall be e = 1,40 mm (see Figure 10).

Minimum thickness of the disk in the Information Area shall be e, = 0,90 mm.

Outside the Clamping Zone, the top surface may be inside the Disk reference plane Q by maximum
h, = 0,4 mm.

Outside the Clamping Zone, the top surface may be outside the Disk reference plane Q by maximum
hz = 0,1 mm (see Figure 10).

10.4 First transition Area

In the Inner Area inside the Clamping Zone (d < dg), the surfaces may be inside the Disk reference planes P
and Q by maximum hs = 0,20 mm and maximum h, = 0,12 mm, respectively. These surfaces may be uneven
or may have burrs up to maximum h; = 0,05 mm and hg = 0,05 mm outside the Disk reference planes P and Q,
respectively (see Figure 9 and Figure 10).

10.5 Protection ring

An optional ring-shaped protrusion in the Inner Area of the disk that can prevent full contact between the
surface of the disk and a surface on which such a disk is laid down. By applying such a ring, the chance for
damage to the read-out side of the disk can be minimized.

When applied, the Protection ring shall be located between diameter d; = 17,5 mm and diameter ds = 21,0
mm. Between d; and diameter d; = 20,5 mm, the height of the Protection ring shall be maximum 0,12 mm
above the clamping surface.

Between d, and ds, the height of the Protection ring shall sink gradually to the surrounding surface (see Figure
10).

10.6 Clamping Zone

The inner diameter of the disk Clamping Zone shall be ds < 23,0 mm
The outer diameter of the disk Clamping Zone shall be d; > 33,0 mm (see Figure 9).

The thickness of the disk within the Clamping Zone shall be e; = 1,20f%’110?5 mm (see Figure 10).

Within the Clamping Zone, (ds < d < d-), both sides of the disk shall be flat within maximum 0,1 mm.
Within the Clamping Zone, (ds < d < d7), both sides of the disk shall be parallel within maximum 0,1 mm.

10.7 Second transition Area

The Second transition Area is an area between the Clamping Zone and the Information Area: d; < d < dg (see
Figure 9).

In the Second transition area, the surface at the read-out side of the disk may be inside the reference plane P
by maximum he = 0,12 mm. This surface may be outside the Entrance surface in the Information AlBegpg Uments
maximum h4o = 0,01 mm (see Figure 10).
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In the Second transition area, the top surface of the disk may be outside the Disk Reference plane Q by
maximum hqq = 0,2 mm.

The step from the top surface in the area to the top surface in the Information Area is hqg. The distance
between the start and the end diameters of the step is /5. If h1g > 0,2 mm, then the slope down to the top
surface of the Information Area shall be smooth and /; > 1,8 mm, as indicated in Figure 10. If the top surface in
the Information Area is stepped down from the top surface in the Second transition area, then the step shall
end within diameter dg = 40,0 mm.

10.8 Information Area
10.8.1 General

The information area shall extend from diameter dy = 42 mm to diameter dqo = 117 mm (see Figure 9 and
Figure 12).

On each Recording Layer, the Data Zone shall be located between inner diameter dpz and outer diameter
dbzo- The Data Zones on all Recording Layers shall have the same storage capacity.

The inner diameter dpz on Recording Layer Ln shall be dpz, = 48,0_%’?2 mm while and the outer diameter dpzo

on Recording Layer Ln shall be dpzo, <116,2 mm.

The area between dy and dpz is called the Inner Zone and the area between dpzo and dyq is called the Outer
Zone (see Figure 12). The total thickness of the disk in the Information Area is as specified in 10.3.

Information Area

Inner Zong Quter Zon
Information Zone

1 [ |

I
I
I
i
E Lead-in Data Zone Lead-out
: (Lead-out) (Outer)
I de
/A T > d
/f— oz g
/ : bzo
| dio
/A T

Figure 12 — Division of Information Area
10.8.2 Subdivisions of Information Zone on SL disk

The Information Area is used to record the Information Zone.
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The Information Zone is subdivided into the following main parts (see Figure
13): — Lead-in Zone (part of the Inner Zone);

— Data Zone;

— Lead-out Zone (Outer Zone).

Substrate

Recording .

Layer Lead-in Zone Data Zane Lead-out Zone
—_—

spiral direction

Cover Layer

inner side Optical outer side
of disk beam of disk

Figure 13 — Subdivision of Information Zone on SL disk

The Lead-in Zone starts in the area extending from 44,0 mm to 44,4 mm in diameter and shall end at the
beginning of the Data Zone at diameter dpz.

The Lead-out Zone shall start at the end of the Data Zone at diameter dpzo and shall end at minimum 117 mm
in diameter.

10.8.3 Subdivisions of Information Zone on DL disks

The Information Area is used to record the Information Zone, divided over the two Recording Layers.
The Information Zone is subdivided into the following main parts (see Figure 14).

On Recording Layer LO

— Lead-in Zone (part of the Inner Zone 0),
— Data Zone 0, and

— Outer Zone 0.

On Recording Layer L1

— Outer Zone 1,
— Data Zone 1, and
— Lead-out Zone (part of the Inner Zone 1).

On Layer LO, the spiral Groove shall run from the inner side of the disk towards the outer side of the disk.
On Layer L1, the spiral Groove shall run from the outer side of the disk towards the inner side of the disk.

Substrate

Recording .

Layer LO Lead-in Zone Data Zone O Outer Zone 0

—_—

Spacer Layer spiral direction

Recording

Layer L1 Lead-out Zone Data Zone 1 Outer Zone 1

<—

Cover Layer / \ spiral direction
inner side Optical outer side
of disk beam of disk

Figure 14 — Subdivision of Information Zone on DL disk
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The Lead-in Zone starts in the area extending from 44,0 mm to 44,4 mm in diameter and shall end at the
beginning of the Data Zone 0 at diameter dpz;.

The Outer Zone 0 shall start at the end of the Data Zone 0 at diameter dpzoo and shall end at minimum
117 mm in diameter.

The Outer Zone 1 shall start at minimum 117 mm in diameter and shall end at the beginning of Data Zone 1 at
diameter dpzo1.

The Lead-out Zone shall start at the end of the Data Zone 1 at diameter dpz4 and shall end in the area
extending from diameter 44,0 mm to diameter 44,4 mm.

10.9 Rim Area

The Rim Area is the area outside the Information Area, starting at d;o and extending to the outer diameter of
the disk (see Figure 9).

In the first 0,5 mm of the Rim Area, the surface at the read-out side of the disk shall not be outside the
Entrance surface in the Information Area.

In the remainder of the Rim Area, the surface at the read-out side of the disk shall not be outside the Entrance
surface in the Information Area by maximum h;; = 0,05 mm (see Figure 10).

In the Rim Area, the surface at the read-out side of the disk may be inside the Entrance surface in the
Information Area by maximum hq4 = 0,12 mm (see Figure 10).

In the Rim Area, the top surface of the disk shall not be outside the top surface in the Information Area by
maximum hys = 0,05 mm (see Figure 10).

11 Mechanical characteristics

11.1 Mass

The mass, m, of the disk shallbe 12g<m <17 g.

11.2 Moment of inertia

The moment of inertia of the disk shall be <0,032 g.mz.
11.3 Dynamic imbalance

The dynamic imbalance of the disk shall be < 2,5 g.mm.
11.4 Axial runout

11.41  General

When measured by an optical system using the Reference servo for axial tracking and with the disk rotating at
a scanning velocity of 4,917 m/s (for all capacities), the distance between each Recording Layer and the Disk
reference plane R (see Figure 10 and Figure 11) in the direction of the reference axis A shall be maximum

hi2 = 0,3 mm over the entire disk.

Within one Track (one revolution), the deviation of each Recording Layer from its average position in the
direction of the reference axis A shall be maximum 0,1 mm.

At the inner side of the disk, rotating at a velocity of 4,917 m/s, this corresponds to a maximum acceleration of
about 4,6 m/s?, based upon a sinusoidal deviation at the rotational frequency of the disk.
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Due to the integrator function in the reference servo (see 9.10), this component will be suppressed sufficiently
such that the residual tracking errors as defined in 11.4.2 are mainly due to local disturbances.

11.4.2 Residual axial tracking error

The residual axial tracking error of each Recording Layer for frequencies below 1,6 kHz (= fx, see 9.10),
measured using the Reference servo for axial tracking as specified in 9.10, shall be maximum 45 nm
(displacement of the objective lens needed to move the focal point of the optical beam onto the Recording
Layer).

Spikes in the residual axial tracking-error signal due to local defects, such as dust and scratches, shall be
excluded. See Annex I.

The measuring filter shall be a Butterworth LPF, with 345 = 1,6 kHz and slope = —60 dB/decade.

This means that for frequencies <1,6 kHz, the maximum local acceleration of the Recording Layer in the
direction of the reference axis A will not exceed 6,0 m/s>.

The rms noise value of the residual error signal in the frequency band from 1,6 kHz to 10 kHz, measured with
an integration time of 20 ms and using the Reference servo for axial tracking, shall be at maximum 32 nm.
The measuring filter shall be a Butterworth BPF, from f_34g = 1,6 kHz with slope = +60 dB/decade, to f_3q5 = 10
kHz with slope = —60 dB/decade.

11.5 Radial runout
11.5.1  General
The runout of the outer edge of the disk shall be maximum of 0,3 mm pp.

The radial runout of the Tracks in each Recording Layer (including eccentricity and unroundness) shall be
measured by an optical system using the Reference servo for radial tracking, while the disk is rotating at a
scanning velocity of 4,917 m/s (for all capacities).

The radial runout shall be maximum 75 um pp (SL and DL disks).

At the inner side of the disk, rotating at a velocity of 4,917 m/s, this corresponds to a maximum acceleration of
about 1,7 m/s?, based upon a sinusoidal deviation at the rotational frequency of the disk.

Due to the integrator function in the Reference servo (see 9.11), this component will be suppressed
sufficiently such that the residual tracking errors as defined in 11.5.2 and 11.5.3 are mainly due to local
disturbances.

The residual tracking error shall be determined by applying the radial PP read channel (/,— I;) signal for both
measurement and radial servo control purposes as indicated in Figure 5.

11.5.2 Residual radial tracking error on SL disks

The residual radial tracking error for frequencies below 1,8 kHz (= fx, see 9.11), measured using the reference
servo for radial tracking as specified in 9.11, shall be a maximum of 9 nm.

Spikes in the residual radial tracking-error signal due to local defects, such as dust and scratches, shall be
excluded. See Annex I.

The measuring filter shall be a Butterworth LPF, with f34g = 1,8 kHz and slope = 60 dB/decade.

This means that for frequencies <1,8 kHz the maximum local acceleration of the Tracks in the radial direction
will not exceed 1,5 m/s.

The rms noise value of the residual error signal in the frequency band from 1,8 kHz to 10 k4=, negu%g%!;\nents
an integration time of 20 ms and using the reference servo for radial tracking, shall be maximum 6 4% g Sharing Hub
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measuring filter shall be a Butterworth BPF, from f_34g = 1,8 kHz with slope = +60 dB/decade, to f 34 = 10 kHz
with slope = —60 dB/decade.

11.5.3 Residual radial tracking error on DL disks

The residual radial tracking error in each Recording Layer at frequencies below 1,8 kHz (= fx, see 9.11),
measured using the Reference servo for radial tracking as specified in 9.11, shall be a maximum of 13 nm.

Spikes in the residual radial tracking-error signal due to local defects, such as dust and scratches, shall be
excluded. See Annex |.

The measuring filter shall be a Butterworth LPF, with f.34g = 1,8 kHz and slope = —60 dB/decade.

This means that for frequencies <1,8 kHz, the maximum acceleration of the Tracks in the radial direction will
not exceed 2,2 m/s>.

The rms noise value of the residual error signal in the frequency band from 1,8 kHz to 10 kHz, measured with
an integration time of 20 ms and using the reference servo for radial tracking, shall be a maximum of 9,2 nm.
The measuring filter shall be a Butterworth BPF, from f_34g = 1,8 kHz with slope = +60 dB/decade, to

f_3¢s = 10 kHz with slope = —60 dB/decade.

11.6 Durability of Cover Layer
11.6.1  Impact resistance of Cover Layer

To prevent excessive damage by accidential impact, the Entrance surface of the disk should have a certain
minimum impact resistance.

The minimum impact resistance can be tested by procedures described in Annex L.

11.6.2  Scratch resistance of Cover Layer

To prevent excessive scratching, the surface of the disk shall have at least a certain minimum hardness.
The scratch resistance shall be tested by a procedure described in Annex C.

11.6.3 Repulsion of fingerprints by Cover Layer

To prevent excessive contamination, the surface of the disk shall repel grime as much as possible.

The repulsion of grime shall be tested by a procedure described in Annex D.

12 Optical characteristics in Information Area

12.1 General
The following requirements shall be fulfilled within the Information Area of the disk.

These specifications of the Transmission Stacks (TS) include all possible layers on top of the Recording Layer
concerned (such as gluing layers in case of foils, the Spacer Layer and the semi-transparent Recording Layer
of Layer L1 in case of TS0, the Cover Layer and possibly a Protective coating).

12.2 Refractive index of Transmission Stacks (TS)

If the layers making up the total TS have different refractive indexes, then the procedure described in Annex A
shall be followed.

The refractive index n of the Cover Layer and Spacer Layer of the disk shall be 1,45 <n < H&CU ments
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12.3 Thickness of Transmission Stack(s)
12.3.1 Thickness of Transmission Stack of SL disks

The average thickness between radius r, and radius r, is called the Reference Thickness of the Transmission
Stack (TS) on the disk (see 10.2 and Figure 11).

The thickness of the TS, measured over the whole disk, shall fulfill the following two requirements:

a) the thickness of the TS, as determined by its refractive index, shall be within the upper shaded area in
Figure 15 (In case of a refractive index of 1,6 the thickness shall be between 95 pym and 105 um and the
dashed line indicates the nominal thickness as a function of the refractive index);

b) the maximum deviation AD of the thickness of the TS from the Reference Thickness shall meet the
requirement |AD| <2,0 pm.

12.3.2 Thickness of Transmission Stack of DL disks

The average thickness between radius r, and radius r, is called the Reference Thickness of the related
Transmission Stack (TS0 or TS1) on the disk.

The thickness of TS0 and TS1, measured over the whole disk, shall fulfill the following four requirements:

a) the thickness of TSO (all layers on top of Layer L0O), as determined by its refractive index, shall be within
the upper shaded area in Figure 15 (in case of a refractive index of 1,6, the thickness shall be between
95 um and 105 um and the dashed line indicates the nominal thickness as a function of the refractive
index);

b) the thickness of TS1 (all layers on top of Layer L1), as determined by its refractive index, shall be within
the lower shaded area in Figure 15 (in case of a refractive index of 1,6, the thickness shall be between
70 um and 80 um and the dashed line indicates the nominal thickness as a function of the refractive
index);

c) the thickness of the Spacer Layer shall be between 20 um and 30 pum;

d) the maximum deviation AD of the thicknesses of TSO and TS1 from their respective Reference
Thicknesses shall meet the requirement |AD] <2,0 um.
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Refractive index of the Transmission Stack
Figure 15 — Thickness of Transmission Stacks as function of refractive index

12.4 Reflectivity
12.4.1 Reflectivity of Recording Layer of SL disks

The reflectivity of the Recording Layer in the Information Zone, including transmission through the Cover
Layer, shall fulfill the following requirements under the measurement conditions of Annex B:

— in Unrecorded Virgin Groove: Rg-v =12 % to 24 %;
— in Unrecorded Erased Groove: Rg—e =11 % to 24 %;
at each location on the disk: 0,75 X Rgy < Rg-e < 1,25 x Ry_y;
— in Recorded Grooves for the first ten DOW cycles: Rsu = 11 t0 24 %;
at each location on the disk: 0,75 X Ryy < Rgn < 1,25 x Rg..
Written Marks shall have a lower reflectivity than the Unrecorded Layer. Documents
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12.4.2 Reflectivity of Recording Layer of DL disks

The reflectivity of each Recording Layer in the Information Zone, including transmission through the
Transmission Stack concerned, shall fulfill the following requirements independent of the recording status of
the other Recording Layer (whether Unrecorded, Recorded or partially Recorded) under the measurement
conditions of Annex B:

— in Unrecorded Virgin Grooves: Rg—~v =4 % to 8 %;
— in Unrecorded Erased Grooves: Rg— = 3,5 % to 8 %;

at each location on the disk: 0,75 X Rgy < Rge < 1,25 X Rg_y;
— in Recorded Grooves for the first ten DOW cycles: Rgn = 3,5 % to 8 %;

at each location on the disk: 0,75 x Rg—y < Rgn < 1,25 x Rg.y.

Written Marks shall have a lower reflectivity than the Unrecorded Layer.
12.5 Birefringence

The in-plane birefringence of the Transmission Stacks shall be (see Annex J): Any<1,5 %107,
The perpendicular birefringence of the Transmission Stacks shall be (see Annex J): An; <1,2x 107,

12.6 Angular deviation

The angular deviation is the angle a between a parallel incident beam perpendicular to the Disk reference
plane P and the reflected beam. The incident beam shall have a diameter in the range 0,3 mm to 1,0 mm. The
angle a includes deflections of the Entrance surface and to lack of parallelism of the Cover Layer and/or
Spacer Layer (see Figure 16).

Cover Layer

Recording Layer

Substrate

Read-out
Surface

Incident beam

Figure 16 — Definition of angular deviation

The requirements for the angle a shall be as follows.
— In the radial direction

— under the normal test conditions specified in 8.1.1: |al max. =0,60°
— under the “sudden change” test conditions specified in 8.1.1: |a] max. =0,70°
— In the tangential direction
— under the normal test conditions specified in 8.1.1: la] max. PBocuments
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13 Data format

13.1 General

The data received from the source (application or host), called User Data Frames, are formatted in a number
of steps before being recorded on the disk (see Figure 17).

User Data User-Control Data
32 frames 32 Sectors 32 units
x 2 048 bytes x 18 bytes
\ 4
Data Frame
32 frames
x (2 048 bytes Data
+ 4bytes EDC)
v
Scrambled Data Frame | [Phys. Sector Number
32 frames Addr. Unit Number
x 2 052 bytes 16 addresses
x 9 bytes
v . v
Data Block Access Block
304 columns 24 columns
216 rows 30 rows
v Y
LDC Block BIS Block
304 columns 24 columns
216 rows data 30 rows data
32 rows parity 32 rows parity
v Y
LDC Cluster BIS Cluster
152 columns 3 columns
496 rows 496 rows
7
y X y X ¥y X
LDC BIS LDC BIS LDC BIS LDC 496 rows divided in
16 Address Units
38 col. lcol.| 38col. lcol.| 38col lcol.| 38col of 31 rows each
ECC Cluster
(155 columns) )
frame 496
sync | data i data ik data it Recording
25 |contr 45 contr 45 contr
20 1 1 1 Frames

Physical Cluster
(1 932 Channel bits
=1 288 data bits)

Figure 17 — Schematic representation of encoding process They

are transferred successively into the following:

— Data Frames, Scrambled Data Frames, a Data Block, an LDC Block, and an |.DC CIuD@cuments
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The address and Control Data added by the BD Rewritable system are transferred successively into the

following:

The LDC Cluster and the BIS Cluster are multiplexed and modulated into the following:

an Access Block, a BIS Block, and a BIS Cluster.

an ECC Cluster, subdivided into 16 Address Units;

a Physical Cluster, consisting of 496 Recording Frames.

The data on BD Rewritable disks is recorded in 64K partitions, called Clusters, containing 32 Data Frames
with 2 048 bytes of User Data. These Clusters are protected by the following two error-correction mechanisms.

First, the data is protected by a Long Distance (LDC) Error-Correction Code, consisting of (248,216,33)

Reed-Solomon (RS) code words. This code has ample parities and interleaving length with a good overall
efficiency and can correct both random errors and burst errors.

Secondly, the data is multiplexed with a powerful Burst-Indicating Subcode (BIS), which consists of

(62,30,33) Reed-Solomon (RS) code words. These BIS code words carry addresses for allocation
purposes and Control Information belonging to the User Data. They can also be used to indicate long
burst errors, by means of which the LDC can efficiently perform erasure corrections.

The combination of these two codes is called an “LDC+BIS Code” (see Figure 18).

All the data is arranged in an array as indicated in Figure 18. This array is read in the horizontal direction, row
after row, and recorded on the disk after insertion of additional dc-control bits, modulation, and insertion of
Synchronization patterns.

The Error-Correction Codes are applied in the vertical direction, which gives a good basic break-up of burst
errors on the disk. Additionally, the LDC code words have been interleaved in a diagonal direction.

38 1 38 1 38 1 38
Sync bytes byte bytes byte bytes byte bytes
T Do ....... D37 Bo D38 ...... D75 B1 D76 D113 Bz D114 D151 T
Disz ... D1gg Bs Digg cevvvvvnns

Address | 31
Unit O | rows
AUV KSR (SR DRSS VRN USRS U ISR B v

496 data stream :

rows > > > :
SN (SRR ISR DUNUUSUUR BUS S ondisk | | ]| L

T

Address | 31
Unit 14 | rows
AUV KSR SO UV EUNN USRS U ISR O v

T

Address | 31
\2 Unit 15 | rows

....... D75 391 ‘L

Figure 18 — Schematic representation of Physical Cluster on disk
Address Units, Physical Sectors and Logical Sectors are defined as follows.
Address Units:
Documents
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For the purpose of allocating the optical pick-up to a certain position on the disk, the Physical Cluster is
subdivided into 16 Address Units, each consisting of 31 consecutive rows. The Address-Unit Numbers (AUN)
provide a fast addressing mechanism embedded in the written data.

Physical Sectors:

A Data Frame accompanied by its Control Data is called a Sector. All Sectors in all Physical Clusters all over
the disk (including the Inner and Outer Zones) are called Physical Sectors. All Physical Sectors have a virtual
number assigned, called the Physical-Sector Number (PSN). These PSNs are not recorded onto the disk;
however, they are synchronized with the AUNSs.

Logical Sectors:

Not all Physical Sectors are available for storage of User Data delivered by the application or host. The Inner
and Outer Zones are excluded. The remaining Sectors are available for storing User Data and are called
Logical Sectors.

13.2 Data Frames

A Data Frame consists of 2 052 bytes: 2 048 bytes of User Data and 4 bytes of Error-Detection Code (EDC).
The 2 048 User Data bytes are identified as udy to ud, ¢47 and the 4 EDC bytes as ed; g45 t0 €d; 051 (SEE

Figure 19).

0 udo 0

2048

User Data
2052

l udy o4z bytes
T €d; 48
4 ed; 049

EDC eds 50
\ ed3 g51 \

Figure 19 — Data Frame
13.3 Error-Detection Code (EDC)

The 4-byte field ed; 48 t0 €d; 951 Shall contain an Error-Detection Code computed over the 2 048 bytes of User
Data.

Considering the Data Frame as a single-bit field, starting with the most-significant bit of the first User Data byte
(udp) and ending with the least-significant bit of the last EDC byte (ed, ¢51), then the msb will be b4g 415 and the
Isb will be by.

Each bit b; of the EDC is shown as follows for j = 0 to 31.

0
EDC(x)= Y b,x' =/(x)modG(x)

i=31

32
where I(x)= Y'b,x" and G(x)=x"+x" +x" +1
i=16 415

13.4 Scrambled Data Frame

Each Data Frame consisting of 2 052 bytes of User Data + EDC shall be scrambled with t outgut of the
circuit defined in Figure 20, in which bits s; (msb) to s, (Isb) represent a scrambling byte a ﬁlnts
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The heart of the circuit is a Linear-Feedback Shift Register (LFSR) based on the polynomial
(D(X)=X16+X15+X13+X4+ 1

Here, sy to s45 form a 16-bit shift register. At each shift clock the content of s, shifts to s, (n = 0..14), while sy
is set to sq5 @ S14 @ S12 @ s3 (@ stands for Exclusive-OR).

At the beginning of the scrambling procedure of each Data Frame, the shift register sq to s45 shall be preset
with a value derived from the (virtual) PSN associated with the Data Frame (see Clause 17). The 16-bit preset
value shall be composed in the following way:

— sq5 shall be set to ONE;
— S44 .. Sg shall be set to PSyg .. PS5 of the PSN (see Figure 20).

The same preset value shall be used for all 32 Data Frames within the same Cluster.

PSN
MSB LSB
P P P P P P P Pl [P|P P
S S S S S S S S| [S|S S
3 2 2 1 1 1 8 7| (5|4 0
1 4 3 9 6 5
ONE \\
llel ﬁ YVYVYYYYYVYY
aralle i
E)ad _>isl 51 slslslslslsl|s S<—sh|ftc|ock
slal |2 706|5|4|3|2|1|0l<
NN Jan
NN N
Figure 20 — Scrambler circuit

After loading the preset value, s7 .. so are taken out as scrambling byte Sy. Then, an 8-bit shift is repeated
2 051 times and the following 2 051 bytes are taken from s; .. s¢ as the scrambling bytes Sy to S; ¢51.

The 2 052 bytes ud/ed, of the Data Frame become scrambled bytes d, where:
dx = ud/ed, ® S, for k=0 to 2 051; ® stands for Exclusive-OR.
13.5 Data Block

In the next step, 32 Scrambled Data Frames (F = 0..31) are combined into one block of data as shown in
Figure 21.

«— 32 Frames -
0 1 : F : 31
t do,o do,1 : dor : do,31
d1,0 d1,1 : di g : d1,31
2 052 . . - . .
bytes
d2 050,0 d2 050,1 : d2 os0,F : d2 050,31
\ d2 051,0 d2 051,1 . d2 051,F : d2 051,31
Figure 21 — 32 Scrambled Data Frames Documents
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These data are rearranged into an array of 216 rows x 304 columns by dividing each Scrambled Data Frame
into 9,5 columns as shown in Figure 22. This new array is called a Data Block. It should be noted that every

even Scrambled Data Frame ends halfway down a column and every odd Scrambled Data Frame starts
halfway down a column.

“«— 304 columns -
0 1 9 10 : 18 19 303
T do,o d216,0 d1 944,0 d108,1 d1 836,1 d0,2 CI1 836,31
d1,0 d217,0 d1 945,0 d109,1 d1 837,1 d1,2 d1 837,31
d2 050,0
216 d2 051,0
Rows do,1
d1,1
d106,1
‘l’ d215,0 d431 ,0 d107,1 d323,1 d2 051,1 d215,2 dz 051,31

Figure 22 — Composition of Data Block from 32 Scrambled Data Frames

13.6 LDC Block

The bytes in each column of the Data Block are renumbered as shown in Figure 23 starting from the top of

each column as follows: eg. €1, .. €L .. {0 €215, in Which L represents the code-word number (= the column
number: 0 to 303).

The LDC Block is completed by extending each of the columns with 32 Parity bytes according to a
(248,216,33) Long-Distance RS Code. The Parity bytes are numbered: pz16,. P217,L -- PjL -- 1O P24z L.

<« 304 columns —
Code word | Code word Code word Code word | Code word
0 1 L 302 303
T T €0,0 €o0,1 €o,L €0,302 €0,303
216 €1,0 €1,1 eq,L €1,302 €1,303
rows €20 . : . .
with :
1LDC data :
code word N €215,0 €215,1 €215,L €215,302 €215,303
=248 0 P216,0 P216,1 P216,L P216,302 P216,303
bytes 32 . . . . .
rows
with
parity 5
J J P247,0 P247,1 P247,L P247,302 P247,303

Figure 23 — Renumbering data bytes and forming LDC Block by adding parities

13.7 LDC Code words

The Long-Distance RS Code is defined over the finite field GF(2%). The non-zero elements of the finite field
GF(28) are generated by a primitive element a, where a is a root of the primitive polynomial p(x):

p(x)=x®+x*+ x>+ +1

The symbols of GF(2®) are represented by bytes (groups of 8 bits), using the polynomial-b i
with (", @®, @, .., &%, a, 1) as a basis. The root a is thus represented as: DoeitEitts
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a =00000010

Each LDC code word, represented by the vector lyc = (€o,L .. €iL .. €215L P216.L .. PiL .. P247,L), iS @ Reed-
Solomon code over GF(2®) having 32 parity bytes and 216 information bytes. Such a code word can be
represented by a polynomial /4.(x) of degree 247 (possibly having some coefficients equal to zero), where the
highest degrees correspond to the information part of the vector (eo,. .. etc.) and the lowest degrees
correspond to the parity part of the vector (p21e. .. etc.).

lac(x) is a multiple of the generator polynomial g(x) of the LDC code word. The generator polynomial equals:

31

g(x)=] J(x-ar')

i=0

The LDC is systematic: the 216 information bytes appear unaltered in the highest-degree positions of each
code word. The parity-check matrix HLpc of code Iy is such that

Hipc % lgc' =0 for all LDC code words /4.

The second row hioc:z of the parity-check matrix Hioc corresponding to the zero a of the generator polynomial
g(x), defines the code-word positions to be used for error locations. This second row hALpcz of the parity-check
matrix Hioc is given by the following formula:

hLpc2 = (a247, a* .. a, 1)
13.8 LDC Cluster
13.8.1 General

After generating the LDC code words, the LDC Block is interleaved in a two-step process resulting in the LDC
Cluster.

13.8.2 First interleave step

In the first interleaving step, the 304 columns of height 248 are rearranged into a new array with 152 columns
and 496 rows.

Each new column is formed by multiplexing each even column from the LDC Block with the next odd column.
The new column is filled by taking the first byte from the even LDC Block column, then the first byte from the
odd LDC Block column, next the second byte from the even LDC Block column, followed by the second byte
from the odd LDC Block column, etc. as shown in Figure 24.

Documents
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