INTERNATIONAL ISO/IEC
STANDARD 26925

Second edition
2009-06-15

= —

Information technology — Data
interchange on 120 mm and 80 mm
optical disk using +RW HS format —

Capacity: 4,7 Gbytes and 1,46 Gbytes per
side (recording speed 8X)
Technologies de l'information — Echange de données suf disques

optiques de 120 mm-et, 80 mm en utilisant le format +RW|HS —
Capacité: 4,7 Go et 1,46 Go par face (vitesse d'enregistrement de 8X)

Reference number
ISO/IEC 26925:2009(E)

I1SO|IEC
it ° © ISO/IEC 2009



https://iecnorm.com/api/?name=9aa95d73c182c32da0874e33f392aeed

ISO/IEC 26925:2009(E)

PDF disclaimer

This PDF file may contain embedded typefaces. In accordance with Adobe's licensing policy, this file may be printed or viewed but
shall not be edited unless the typefaces which are embedded are licensed to and installed on the computer performing the editing. In
downloading this file, parties accept therein the responsibility of not infringing Adobe's licensing policy. The ISO Central Secretariat
accepts no liability in this area.

Adobe is a trademark of Adobe Systems Incorporated.

Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation
parameters were optimized for printing. Every care has been taken to ensure that the file is suitable for use by ISO member bodies. In
the unlikely event that a problem relating to it is found, please inform the Central Secretariat at the address given below.

COPYRIGHT PROTECTED DOCUMENT

© ISO/IEC 2009

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means,
electronic or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or
ISO's member body in the country of the requester.

ISO copyright office

Case postale 56 « CH-1211 Geneva 20

Tel. +412274901 11

Fax +41 22749 09 47

E-mail copyright@iso.org

Web www.iso.org
Published in Switzerland

ii © ISO/IEC 2009 — All rights reserved


https://iecnorm.com/api/?name=9aa95d73c182c32da0874e33f392aeed

ISO/IEC 26925:2009(E)

Contents Page
[0 (=30 T o vii
0o Yo LT oY o viii
1 1Y o o - OSSO 1
2 [ 7210 1.1 0] 1 11 = 1 1 L - - e S 1
21 (0 o ToT= 1 I [T S SORRRRP - | B SORRRRR 1
2.2 Generating SYSteM.... ..o e sssre e e s s s s mnn e e e e e e se s s s snnn e e e e e e s s b Spmeneehressesnnnnnenenanan 1
2.3 RecCeiVINg SYSteM...... .. b e eV s 2
2.4 Compatibility statement ... S e s b e 2
3 NOIrMAtiVe referENCES ......c..iiieeiiiie it resa e ressss s rensssssssnssssesnssssiiobaskeennssssannsssrennshoreesnsssrennnsnsrens 2
4 Terms and definitioNS ... e rress s resas s resssems bans ferennssssesnssssesnssssnnshessrerennssnennnsans 2
5 Conventions and NOLAtIONS ..........ciiieeiiiiiiiii e irres s resssses de e ssenssssasnsssssansssssennsssshanssssennnnsssnnnnns 4
51 Representation of NUMDErS ........ . il s pa s s s s nnan 4
5.2 Y= 0 L e F 4
6 ADBDreviated terMS ... e e s e s n s s s s e nn s s rennss s sennsssseansssseannsssnanhussarrennsnnannnnnne 5
7 General description of the optical diSK .............. b/ b e 6
8 General REQUIrEMENTS ......cccceeeiiiiiiiicccceecer s s sssmnnee e rssss s s smnsse e s essassssssmsnsnesssasssssnnnnnshesssssannnnsenssansns 7
8.1 L NV o] 81 1= 1 1= U SO 7
8.1.1 | TeSt @NVIFONMENT.......ciieeiiieee e oot s e e mn s e mn e e s s m s s e s naa s rsmassrrenn s s rennsssrennssnsrnnasnshennnnsrrennnnnrennnnn 7
8.1.2 | Operating enViroNMEeNt ............cccoceieiiiniiecerer s s s ssssmer e s e s s s sssssssmns e e e s sssssssssnnssenssssssssnshunsensassssnnnnnnnnes 7
8.1.3 | Storage environNMEeNt..........cooiiiccceeamiiiee i ssccssncere e s rsssssssssmeee s s s sssssssssmnsnesessssssssnnmssnnsssssasssshuneessasssssnnnnnnnes 7
< 20 I S I = 14 E= o Yo o = Lo o O N DORTRPRN 7
8.2 T2 (= A =T LU T = 0 01T 0L Y SR 8
8.3 L B2 T 01 04 T 11 P S 8
9 REFEIENCE DIV ... e o i e iiieee it iessss i rrse s e rens st raasssrensss s aanssssanssssssansssssansssssanssssrennssnshrennsnsrennssnsnnnnnn 8
9.1 Optical SYSEM ...t e 8
9.2 (0 o[- T oY= 1 4 T Y SO 9
9.3 2L = Lo I e 1 =01 8 1= It U SO 9
9.4 [ 1] Qe =T 0 o 71 T Y S 9
9.5 2o = 14 Lo Y g Y 3 38 4§ T3 o 1= N SO 10
9.6 Wobble ¢hannel (Read channel 2) ... resssccsmserr s ssssere s s s s snncfees s s s s ssssssnn e 10
9.7 Tracking/channel (Read channel 2) ..........iiiiiicccccccrirr e sssnrre s ss s ssnnc e e s s esssssssmnn e 1
9.8 Reference Servo SYSLEMS .......ccciiiiiiiccciceciircie s ccssssrrr e s e s ssmsre e s se s s s smn s e e e e e sssssssnmnnneeshesnssssnnennssnnnen 1
9.8.1 | Normalized servo transfer fUNCHION ... e e res s rssa s srssssssssmssssbennsssrennsssnneens 11
9.8.2 L Reference Servo for Axial Tracking . @@ 11
9.8.3 Reference Servo for Radial Tracking........c.cccoiniiiiiinniiiii e 12
10 Dimensional CharacteriStiCS ........cciiiiieiiiii i e rssss s ress s s rans s s easssssasnssssransssrannannssnrenn 14
10.1 ReEfErENCE PIANE@S ....... oot iiiisii s ree s re s e srsss s s e ss s s rens s s raasss s e nsssssranass s eanssssranassssananssssaannssnrenn 14
10.2 L@ =Y = 1| e T4 L= 0 13 e o T 15
10.3 T A T =T oY = = 15
10.4 ST =YoTo T Lo IR 4 T T 1 oY 1 -1 - 1 16
0T J 0 P 144011 4 Ve 74 o T S SRR 16
10.6  Third tranSition @rEa .......cccciiiieeiiiii i rrr e e e s e e e m s e s ns s s rama s e e e nn s s rannn e renn s nrennnnnrs 16
10.7 Y 0 10 T= 14 oY 4 074 o =Y. 16
10.8 2] = 1= Y 17
10.9 REeMArK ON tOIErANCES .......coeeeiiiiee i i re e rrssa s s re s s s s s ess s s raansssseanssssranssssaansssssanssssrennssssrssannssnrenn 17
1 Mechanical CharacteriStiCS .......ciuiiiiiiiiiii i res s e sss s rresss s ranss s srsnsssssanssssrennsssseennnssnrenn 17

© ISO/IEC 2009 — All rights reserved iii


https://iecnorm.com/api/?name=9aa95d73c182c32da0874e33f392aeed

ISO/IEC 26925:2009(E)

1.1 1 5= == 17
11.2 1Yo T4 L= 0 Ao 2 1= - 17
11.3 Dynamic imbalancCe....... ..o 17
I 0 S £ € - 1IN 1 4 U 1 U 17
11.4.1 Tracking requirements at the Reference velocCity (CLV) .....ciiiccccccemriein e 17
11.4.2 Tracking requirements at 3 000 RPM (CAV) ......iiiiiiicccierrrins s sscsssssssse e s s s sss s ssmsss s s ssssssssssmnsssssnssas 18
11.5 L= Lo LT T I 1T 3 Lo T U 18
11.5.1 Tracking requirements at the Reference velocity (CLV) ... 18
11.5.2 Tracking requirements at 3 000 RPM (CAV) ... srsscsmene e e e s smnse s e e s mmn e e e e s 18
12 Optical characteristics in the Information Zone ... 19
12.1 L8 e L= Qo T il (=1 = o3 1 L o T 19
12.2 Thickness of the SUDSIIate. ..ttt s oottt et sttt ks ssnnssnnnagssssss 19
12.3 RefleqtiVity .cccceiiie et nnnne e e e s sess s e e e nesnnnnendosBa feneean 19
L S = 1 =Y T 1= T =S PSPPRRPFRS. W W) SRR 19
12.5 Angular deviation ... e e e e e e en b e s e s s p s 19
13 [0 2 = TR { o 4 11 T | Y A -~ S 20
13.1 0= = T 5 = 1 [t SN S 20
13.1.1 Identification Data (ID) .........cccccciiiiiiiiiccirceiirrirs s csserrre s s ssssre e e e s s s smne e e e s s e s mmnneeenssssnnnns feeeeas 21
13.1.2 ID Errpr Detection Code (IED)........ccciiriimrinniimninnieinniesr s sssssss s b e ssssss s sssssss s ssssesshasanes 22
13.1.3 ROV ittt iiiree s s s s e e s ssssss s s e s essmssssssssenessnsnsssssnsrensnnnssssnnsersnsndihobadiereesnnnsnnnnsssnnnrenennnnnshonsnnn 22
13.1.4 Error Petection Code (EDC).........cceceriiriimmrinnnenninnssnsnssnsssssssssssses{nh s ssssssss s shosaees 22
13.2 Scrambled Frames ......c..ciiieeiiiiieiiiiieiirsmsiiressssrssssssssssssssssnssssensssie foshereannsssransssssennssssennssssssennssperanas 23
13.3 ECC BlOCKS .iiiiiieeuiiiiiiiiiiiee i iiiiirersessssssissersessnssssssssressnsnssssssssesssnnssstbnsssnessnssssssssseesssnnssssssssnnsenennnnnsposnnes 23
13.4 Recording Frames.........coociiiiiiiiiiniiin s ganes s s s s s sssss s ssssass sssass s huanes 25
13.5 Modulation and NRZI CONVEISIiON ........cciiiieiiiiieirrreerrrre e et Srrresnsssrenasssrssnsssresnssssssnsssesenssnsesnnspereees 25
13.6  PhysSiQal SECLOrS ...t csene e S s s e smnnn e e e e e s s nmnn e e e e eese s nnnnneeensssnnnnnns feneeas 26
13.7 Layout of a Recording UNit (RUN)........cmiiiiiiicie i srccmserr e e e s ss s ssmnse s e sssss s ssssessnsssssnsssnnnsfeeesas 27
13.7.1 Recording Unit POSItION ... s e s e e e e e e e prns 28
13.8 d.c. component suppression CONtrol...............cofedinnnninnnnnrrinrrirrrsrsrsrs s s ssssss s s s s s s s s s s sssssssssssssnspressas 28
14 B = o3 Q1 e 2 1 - S Y S 29
14.1 L= T3 1 2 =T o174 N SN 29
14.2 TracK|[Path ...t et n s s s s s s s s ssssssssssssssssssssssssssssssssssssssssssnnnnnnnnnnnnnnnsfunnnnn 30
14.3 LI T3 o 1 o o O SN 30
(3 T I - T3 q - )7L L e IS 30
14.4.1 ADIP INfOrmMation ....coccuuiiiiei s i ieseesisresass s res st sesnssssranssssrensssssannssssennssssssnssssennnsssennnsnsnssennsnnsfunsnns 30
14.4.2 Physigal format information. in-ADIP............cccoiiiiiiin b 33
15 General description of the:lnformation Zone.........ccccciiiiic e 49
16 Layout of the INfOrmation Zone. ... s e e e e s s s mnnne e fananan 50
16.1 Physigal Sector NUMDers (PSNS) ... irsssccsescnr e s s ssssns e s e s ss s sssssse e s ssssssssnmssessssbassnnn 50
17 == T B |4 T4 ¢ Y 1= ) SO 51
171 T 4= T 7o 5 1= Y S 51
17.2 814 L= g T =3 LG I3 074 o o Y S 51
17.3 INNET DFIVE TESTE ZONE .....iiiieiiiiie it ire e iiessa s rssss s ssa s s esns s sasnsssssansssssannssssennssssssnssnnsennnnssrannfussees 51
17.4 L€ = 1o 74 2 1= 51
17.5 LR CEYT =Y Y=o 4o Y s U= Y 51
17.6 LR CEY =Y V=T 140 Y s U= 52
17.7 Inner Disk IdentifiCation ZOoNe...........ccee i sss s rea s e rsns s e anas s ramasssrennssssrennnssnres 52
17.8 LR CEY =Y V= 4o Y s 1= 30 T 52
17.9 LG =1 =] 1 =303 o Yo 13074 oY = 53
I 2800 O T = W 1= 74 oY =" 53
I 2% I TR 0o 31 4o Y 0 = 1 = 4 Y 1= O 53
17.11.1 Physical format information..............ciiiii i s e s smn e e e e 53
17.11.2 Disk manufacturing information........... e 55
17.11.3 Content provider information ... s n e e s e e neean 55
O % 72 = 10 i =Y 4 oY 1= 55
18 D= 1= TP o) o 1= Y 55
iv © ISO/IEC 2009 — All rights reserved


https://iecnorm.com/api/?name=9aa95d73c182c32da0874e33f392aeed

19

19.1
19.2
19.3
19.4
19.5
19.6
19.7

20

21
211
2111
21.2
21.2.1
21.2.2
21.23
21.2.4
21.3

22

221
22.2
22.3

23

24
241
24.2
24.2.1
24.2.2
24.2.3
24.2.4
24.3

25

251
25.2
25.3
254
25.5

26
26.1
26.2
26.2.1
26.2.2
26.2.3
26.2.4
26.2.5
26.3
26.3.1
26.3.2
26.4

27
271
27.2
27.2.1
27.2.2
27.2.3
27.2.4

ISO/IEC 26925:2009(

E)

== Lo B 1) o o - 55
L= 2= g7 oY 1= 7O 56
Outer Disk Identification Zone...........ceeeeeiiiiiiiiiie s re s sss s r s s ass s e e e s s nssssssssenseresennnn 56
LT T T 074 o o 1= Y2 56
L2 LY =Y V=T 74+ Y 1= 56
(0 11 (= g T =Y =3 4074 oY o (= N 56
L0 UL =Y D T =] QO =57 A oY o [ 57
L C = o 4o Y 1= Y 7 57
Assignment of Logical Sector Numbers (LSNS).......cccccmiiniimiiniisinis s 57
] 1T 1] T 57
Pre-formatting ..........cocciiiii i ————————— 58
<L 1 1 S EN 58
Background formatting .........cccccceeiiiiiciciciiiriii s snn e € bbb e e e e e e e e nnnn 58
4 1 4= 1172 1 4o o L SR S S 58
[ 1= T o | T S A S 58
T = 1 2= 4 {1 O A N SO 59
Verification (OptioNal)......cccceeeeccceiiiiii e s sssmnee e e ee s (orasetanen e e s e s ssssssnaferssessssnmmnnenees 59
Sequential recording without formatting ..........ccccoovrmmrrii i e, 59
DiSK CONIIrol BIOCKS....ccceuuiiiieiiiimiiiisieiiiseaiiresss s ssssssssesnssssssnssssedladsnisnnsssrennssssannsssrennssnshansnssssnnnnsssrens 60
General format of DiSk Control BIOCKS .......ccccuuiiiieiiiiimiiiie s e semssssssssssssenssssssnnsssesusssrennssssennsnns 60
Format of the Formatting DCB (FDCB).........ccccciiiiiiiinin st ssssses s snssss b ssssse e 62
Format of the Write inhibit DCB (WDCB).........cccciiiimimnirs s sssssssssssseshrssssssssssssssenas 66
L C =Y 3 1= - | P P 68
Method of testing........cccciiiiiiiiiii T e ——_—— 68
LY oY 811 =] 2 1 U E 68
RefEreNCe DIiVe......iiieeeeeeiiiiiiririeeeiiirrerssssss fathe e s eesnnnnssssssrersssnsssssssseeessnsnssssssseesssnnsssssssenshereesnnnnsnssnnnens 68
Optics and MECNANICS..........ccccceereiiie eGP er e e e e s s ssnnrr e e e s s ssnne e e e e e e s s s ssnmneeessessssssnnsheressesssnnennnnns 68
L2 o I o o 117 Y S 68
2L Lo I e 1 =T 31 3 1= 1 U E 69
LI 1212 Y SRS 69
Definition of SigNalS........cccc i e b e 69
Characteristics of the groove Signals .........ccccccveiriinii e fer 70
o 0T L= [T o o P S 70
Push-pull signal ......... i e 70
Track Cross SigNalu,...ccccicciiriiiiiieiiiiiis s an e brnn s e s 70
Normalized wobble signal...........ccccociiiinniiiin e ———_— 70
Characteristics of the WobbIe...........ccceeeeiiiiiiiiiie e rsssss s e rssssssssssseresss fasssssssnseressnnns 71
1V T=Y1 g ToTo I o3 8 -3 [ Ve T USRS SRR 7
LYo 91 1= ) U E 71
L2 G =1 =) 2 T <30 Y=Y S 71
Optics and MECNANICS.........cccccceerieiie e sssne e e e s s s s s s ssnmn e e e e sessssssnnafesesessssnnnenennes 71
G Lo N o o 117 Y SO 7
| Read channels e 71
I T ' 72
SCaNNING VEIOCIHY ...eeiiiiieiii it ———— 72
QLT C= Y oY 0 Lo [T oY 4 72
Write pulSe WaVefOrM.........o e mn e e e s s mm e e e e e s mmme e e e e e mmmn e e e e s 72
LA L L T oY= 72
1Y == T3 0 TC= 0 1= 0 K oo 4 Lo 114 o o =3 73
Characteristics of the recorded Signals .........cocccccceiiiiii s e 73
(04 0 T= 10T 1= I o T 31 L= 3 T |1 o SR 73
Definition Of SIgNaAIS........cccc it r e s e e e e nnnn e e e e e sannnn 73
High frequency Signals (HF) ...t ssssr e e e s mse e s s amn e e e e e s e e e e s nnnn 73
Modulated amplitude...........ccccooiirriiirrrcrrrrr e s 74
ReflectancexModulation Product ... s e snn e e e e e mnmn e e e e s 74
SigNal @SYMMELIY ....coiiiiii e 74
© ISO/IEC 2009 — All rights reserved Vv


https://iecnorm.com/api/?name=9aa95d73c182c32da0874e33f392aeed

ISO/IEC 26925:2009(E)

27.2.5 Normalized SIicing LeVel JUMP ...t csecr s sssmr e e s e s s ssnme e e s e e s s mnmne e e e e e s sanmmnnes 75
7 0728 < T 11 = 75
27.2.7 Track Cross SigNal.........cccciiiiiiiiiciiieiiiiis i sscccsssnee e s e s ss s s ssmsee e e e s sa s s s ssms s e e e e e s s s s s smn e e e e eessnnssnnnnenssnnssnnnnnnes 75
0 T & == T =3 - o 1 1 4 75
28 Additional testing CoONAitioNS..........cceeiieiieieiieeie e nmnmnnnna 76
28.1 LI 53 = 1T e 814 = o 76
< T I O © < o1 76
28.2  Definition of SigNalS ........cocciiiiiinii i ——————————————— 76
28.2.1 Modulated amplitude ...... ..o me e e e e e e s e s e 76
28.2.2 Signal @SYMMELIY ....c.eeiiiiieiii it e 77
B T 11 - O SRRSO 77
28.2.4 Track Cross signal

28.2.5

28.2.6

29

29.1

29.20.1 Data errors

30

301

30.2

30.2.1

30.2.2

30.2.3

30.24

30.2.5

31

311

31.2

Annex A (normative) 80 MM diSK......cccccuriiiiiiiiimeerers i fibssnceeersssssssssssneessssssssssnsnessssssssssssnsnssensssssssssnnnsseshesnsas 82
Annex B (normative) Structure for Extended format information in the Data Zone.............cccccceeennnifoneeee 85
Annex C (normative) Measurement of light reflectivity ..o L, 88
Annex D (normative) Measurement of birefringence..........ccocciiiiiiciiiiniinnci b 920
Annex E (normative) Measuring conditions for operation signals ..........cccccomiiiiiiiiiciicnnccccceeee b, 93
Annex F (normative) Measurement of the differential phase tracking error.........cccocoecririicnnnncicnni b 96
Annex G (normative) The write/pulse wave form for testing ........cccoooiiiicoiie e, ....100
Annex H (normative) 8-t0x16 Modulation ... ....103
Annex | (normiative) Optimum Power CONtrol ............ccccccciiiiiiicccsiemerin s ssssssnsses s s s s s sssssssessssssssssssnnenes .. 112
Annex J (normative)’ Logical to Physical address translation..........ccccocccciciiiiiiicccccceceeene s 117
Annex K (info

Annex L (informative) Measurement of the groove wobble amplitude ...........cccccccoimrririin e 123
Annex M (informative) TranSportation..........cccccciiiiicciismmiiniiiss s ss s ssss e e s s s s sssnn e e e e s s s s samnnn e e e e eennan 125
Annex N (informative) Defect Management and Physical Formatting ......ccccccceevccccierriiiiesccccceceeeee e, 126
Annex O (informative) Video Content Protection System..........cccccciiiiiicniiiiinnn s 127
Annex P (informative) How to use the Physical format information in ADIP ..........cccovciiiiiicniincininicnes 128
Annex Q (informative) Values to be Implemented in Existing and Future Specifications ...................... 130
(=TT o 1T o T T o 1 133

Vi © ISO/IEC 2009 — All rights reserved


https://iecnorm.com/api/?name=9aa95d73c182c32da0874e33f392aeed

ISO/IEC 26925:2009(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 ntll-guvcllllllcllta:, imtatsormrwithSS—and :EC, atso—take pcu_t im—the—work—tn—the—ftetch of information

technology, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

Interngtional Standards are drafted in accordance with the rules given in the ISO/IEC Directives| Part 2.

The miain task of the joint technical committee is to prepare International Standards. Draft International
Standdrds adopted by the joint technical committee are circulated to national bodies for voting.| Publication as
an International Standard requires approval by at least 75 % of the national bodies casting a vote.

Attentipn is drawn to the possibility that some of the elements of this document may be the sybject of patent
rights. ]SO and IEC shall not be held responsible for identifying any.@r-all such patent rights.

ISO/IELC 26925 was prepared by Ecma International (as ECMA-371) and was adopted, under g special “fast-
track grocedure”, by Joint Technical Committee ISO/IEC JTC 1, Information technology, in parallel with its
approval by national bodies of ISO and IEC.

This sg¢cond edition cancels and replaces the first edition (ISO/IEC 26925:2006), which has bgen technically
revised.

© ISO/IEC 2009 — All rights reserved Vil
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Introducti

on

Ecma Technical Committee TC31 was established in 1984 for the standardization of optical disks and optical
disk cartridges (ODC). Since its establishment, the Committee has made major contributions to ISO/IEC
toward the development of International Standards for 80 mm, 90 mm, 120 mm, 300 mm, and 356 mm media.
Numerous standards have been developed by TC31 and published by Ecma, almost all of which have also
been adopted by ISO/IEC under the fast-track procedure as International Standards.

In February 2
optical disks (
TC31 adopted

In February 2(
recording of 12

This Internatig
recording on @
disk and the o

of 9,4 Gbytes ¢r 2,92 Gbytes per disk.

This Internatio
developed in
between syste

D02, a group of companies proposed that TC31 develop a standard for 120 mm-rey
sing phase change recording technology and based on ISO/IEC 16448 and ISONEC
this project and started the work that resulted in ISO/IEC 17341.

05, a proposal was made to TC31 to develop a new Ecma Standard that-supports high
0 mm and 80 mm rewritable disks based on the same technology as ISO/IEC 17341.

nal Standard specifies two Types of rewritable optical disks: on€(Type S) making
nly a single side of the disk and yielding a nominal capacity of 4,7 Gbytes or 1,46 Gby
her (Type D) making use of recording on both sides of the disk:and yielding a nominal ¢

hal Standard, taken together with a standard for volumeand file structure, such as for in
Ecma Technical Committee TC15, provides the&/equirements for information inter
ms.

vritable
16969.

-speed

use of
tes per
apacity

stance
change

viii
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INTERNATIONAL STANDARD ISO/IEC 26925:2009(E)

Information technology — Data interchange on 120 mm

and 80 mm optical disk using +RW HS format — Capacity:
4,7 Gbytes and 1,46 Gbytes per side (recording speed 8X)

1 Scope

This Ipternational Standard specifies the mechanical, physical and optical chatacteristicc of 120 mm

rewritaple optical disks with capacities of 4,7 Gbytes and 9,4 Gbytes. It specifies-the quality g

f the recorded

and urfrecorded signals, the format of the data and the recording method, thereby allowing for information
interchange by means of such disks. The data can be written, read and overwritten many times using the

phase fhange method. These disks are identified as +RW HS (High Speed).

This International Standard also specifies 80 mm disks with capacities '0f/1,46 Gbytes and 2,92 |Gbytes. These

disks Have the same characteristics as the 120 mm disks, except for-some parameters related
dimengions. All parameters unique for the 80 mm disks are specified in Annex A.

This Infernational Standard specifies the following:
— twp related but different Types of this disk (see Clause 7);
— the¢ conditions for conformance;

— the environments in which the disk is tobe tested, operated and stored;

to the smaller

— th@ mechanical, physical and .dimensional characteristics of the disk, so as to provifle mechanical

interchange between data procéssing systems;

— the¢ format of the information on the disk, including the physical disposition of the tracks apd sectors, the

erfor correcting codesiand the coding method;

— the characteristigs of the signals recorded on the disk, thus enabling data processing systg
data from the-disk.

This International Standard provides for the interchange of disks between optical disk drives. T
standafd for.volume and file structure, it provides for full data interchange between data process

2 Conformance

2.1 Optical disk

ms to read the

ogether with a
ing systems.

A claim of conformance with this International Standard shall specify the Type implemented. An optical disk is

in conformance with this International Standard if it meets all mandatory requirements specified

2.2 Generating system

for its Type.

A generating system is in conformance with this International Standard if the optical disk it generates is in

accordance with 2.1.
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2.3 Receiving system

A receiving system is in conformance with this International Standard if it is able to handle both Types of
optical disk 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 |referenced documents are indispensable for the application of this document. Forl dated
references, only the edition cited applies. For undated references, the latest editionZof the refgrenced
document (including any amendments) applies.

ISO/IEC 487311991, Information technology — ISO 8-bit code for information interchange — Structyre and
rules for implementation

ISO/IEC 16448:2002, Information technology — 120 mm DVD — Read-onfly disk

ECMA-287, Safety of electronic equipment (2002)

4 Terms gnd definitions

For the purposes of this document, the following terms:and definitions apply.

4.1

channel bit

elements by which the binary values ZERO and ONE are represented by marks and spaces on the disk

4.2

clamping zonp

annular part of| the disk within which'the clamping force is applied by the clamping device

4.3

Digital Sum Value

DSV

arithmetic sum obtained from a bit stream by allocating the decimal value +1 to bits set to ONE gnd the
decimal value 10 bits set to ZERO

4.4

disk reference plane
plane defined by the perfectly flat annular surface of an ideal spindle onto which the clamping zone of the disk
is clamped, and which is normal to the axis of rotation

4.5
dummy subst

rate

layer, which can be transparent or not, provided for the mechanical support of the disk and, in some cases, of
the recording layer as well

4.6

entrance surface
surface of the disk onto which the optical beam first impinges
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4.7
field

ISO/IEC 26925:2009(E)

subdivision of a sector

4.8

groove
trench-like feature of the disk, applied before the recording of any information and used to define the track
location

NOTE
made o

4.9
interle
proces
errors

4.10
mark

The groove is located nearer to the entrance surface than the “land” between the grooves. The recording is

n the groove.

Lving

featurd of the recording layer that can take the form of an amorphous domain; a pit or any oth

that ca
NOTE

4.1
phase

physical effect by which the area of a recording layer irradiated by a laser beam is heated sq

from a

412

h be sensed by the optical system

The pattern of marks and spaces represents the data on the disk-

change

n amorphous state to a crystalline state and vice versa

physidal sector

smalle

5t addressable part of a track in the Infermation Zone of a disk that can be accessed in

other dddressable parts of the zone

413

recording layer

layer o

414
Reed-
RS
errord

415

f the disk on which data is written during manufacture and/or use

Solomon code

btection and/or‘correction code

refere:rce velocity

linear

4.16
space

eloeity that results in the nominal channel bit rate of 26,156 25 Mbit/s

5 of reallocating the physical sequence of units of data so as to render the data niore ilmmmune to burst

er type or form

as to change

Hependently of

feature of the recording layer that can take the form of a crystal, a non-pit or any other type or form that can be
sensed by the optical system

NOTE

417

The pattern of marks and spaces represents the data on the disk.

substrate
transparent layer of the disk, provided for mechanical support of the recording layer, through which the optical
beam accesses the recording layer
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4.18
track
360° turn of a

419
track pitch

25:2009(E)

continuous spiral

distance between adjacent track centrelines, measured in a radial direction

4.20

Video Content Protection System

VCPS

method to prevent unauthorized copying and/or redistribution of video data that is recorded in the

DVD+R/+RW

4.21
wobble

continuous sin

NOTE Loc.

4.22
zone

annular area o

5 Conven

5.1

A measured

instance, it img
- 0,02 allows a

Numbers in de

Numbers in he

The setting of

Numbers in b

significant bit g

Repres

Ideo format

Lisoidal deviation of the track from the average centreline

ation information is included as phase modulated data in the wobble.

f the disk

tions and notations

entation of numbers

lies that a specified value of 1,26 with-a‘positive tolerance of + 0,01 and a negative toler:
range of measured values from 1,235to0 1,274.

cimal notations are represented by the digits 0 to 9.

xadecimal notation are represented by the hexadecimal digits 0 to 9 and A to F in parent
bits is denoted by ZERO and ONE.

nary notations. and bit patterns are represented by strings of digits 0 and 1, with th
hown to the left. In a pattern of n bits, bit b(,_1) shall be the most significant bit (msb) an

shall be the legst significant bit (Isb). Bit b,.1) shall be recorded first.

Negative valug

s of numbers in binary notation are given as Two’s complement.

alue is rounded off to the least significant digit of the corresponding specified vall

e. For
ance of

neses.

In each data field, 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 bgn_1) shall be the most significant bit (msb) and bit bg the least significant bit (Isb). Bit

bsn-1) shall be

5.2 Names

The names of

recorded first.

entities, e.g. specific tracks, fields, etc., are given with an initial capital.
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6 Abbreviated terms

a.c.
ADIP
ASM
BP
BPF
CAV
CLD
CLv
d.c.
DCB
DCC
DOW
DSV
ECC
EDC
El
FDCB
HF
ID
IED
LPF
LSB
Isb
LSN
MSB
msb
NA
NRZ
NRZI
NSL
OPC
OTP
PAA
PBS
Pl
PLL
PO
PP
pp
PSN
PTP
RIN
RPM
RS
RSV
RUN
SNR
SPS
SYNC

alternating current
address in pre-groove
asymmetry

Byte Position

Band Pass Filter
Constant Angular Velocity
Constant Linear Density
Constant Linear Velocity

diract current
aH +HeUHBE

ISO/IEC 26925:2009(E)

Disk Control Block

d.c. Component suppression Control
Direct OverWrite

Digital Sum Value

Error Correction Code
Error Detection Code
Extended Information
Formatting DCB

High Frequency
Identification Data

ID Error Detection code
Low Pass Filter

Least Significant Byte
least significant bit
Logical Sector Number
Most Significant Byte
most significant bit
Numerical Aperture

Non Return to Zero

Non Return to Zero Inverted
Normalized Slicing Level
Optimum PowerControl
Opposite Track'Path
Physical Address in ADIP
Polarizing Beam Splitter
Pafity*of Inner-code
Rhase Locked Loop

Parity of Outer-code
Push-Pull

peak-to-peak

Physical Sector Number
Parallel Track Path
Relative Intensity Noise
Revolutions Per Minute
Reed—-Solomon code

reserved (in use by specific applications)

Recording UNit
Signal to Noise Ratio
Start Position Shift
synchronization code
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7 General description of the optical disk

The optical disk that is the subject of this International Standard consists of two substrates bonded together by

an adhesive layer, so that the recording layer(s) is (are) on
the edge of the centre hole of the assembled disk on the

the inside. The centring of the disk is performed on
side currently accessed. Clamping is performed in

the Clamping Zone. This International Standard provides for two Types of such disks.

Type S5

consists of a substrate, a single recording layer and a dummy substrate. The recording layer can

be accessed from one side only. The capacity is 4,7 Gbytes for the 120 mm sized disk and

1,46 Gbytes for the 80 mm sized disk.

Type D10 consists of two substrates and two recording

layers. From each side of the disk only one of the

rgcording layers can be accessed. The capacity is 9,4 Gbytes for the 120 mm sized-d

2192 Gbytes for the 80 mm sized disk.
Data can be

crystalline sta
difference in t
layer through g transparent substrate of the disk.

Figure 1 shows schematically the two Types.

|

ritten onto the disk as marks in the form of amorphous spots in the crystalliné~recordin
and can be ovgrwritten with a focused optical beam, using the phase change effect between-amorpho

s. The data can be read with a focused optical beam, using the phase(change effect
he reflectivity between amorphous and crystalline states. The beam. accesses the re

Entrance surface

sk and

g layer
us and
as the
cording

/

/

T

/

ol

Type S5 LI_I_I_I_I_I_I_I_I_I/ «
‘_—

Entrance surface

| «—&>—"Substrate
Recording Layer
Adhesive Layer

«—— Dummy Substrate

|

Type D10 LI_I_I_I_I_I_I_I_I_|/4/
‘—
/—|_|—|_|—|_|—|_|—|_|7<\

T 1
TEntrance surface

'« Substrate
Recording Layer
Adhesive Layer

Recording Layer
<——— Substrate

Figure 1 — Types of +RW HS disk

The efficiency and data reliability of +RW HS disks can be

improved by the use of Background Formatting and

Defect Management. An example of such a system is referred to in Annex N.

Unauthorized copying and/or redistribution of video data that is recorded in the DVD+R/+RW Video Format
can be prevented by applying the Video Content Protection System as referred to in Annex O.
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8 General Requirements
8.1 Environments

8.1.1 Test environment

In the test environment, the air immediately surrounding the disk shall have the following properties:

temperature :23°Cx2°C
relative humidity 145 % to 55 %
atmospheric pressure : 60 kPa to 106 kPa

No corjdensation on the disk shall occur. Before testing, the disk shall be conditioned in thisignvironment for
48 h minimum. It is recommended that, before testing, the entrance surface of the disk“shall be cleaned
accordjng to the instructions of the manufacturer of the disk.

Unless| otherwise stated, all tests and measurements shall be made in this test envitonment.

8.1.2 |Operating environment

This International Standard requires that a disk which meets all requirements of this Internatiopal Standard in
the spgcified test environment 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°Cteb55°C
relativg humidity : 3 %1085 %
absolute humidity : 1.g/m3 to 30 g/m3
atmospheric pressure 760 kPa to 106 kPa
temperature gradient : 10 °C/h max.
relativg humidity gradient : 10 %/h max.

No condensation on the disk shall*occur. If the disk has been exposed to conditions outside thdse specified in
this Clause, it shall be acclimatized in an allowed operating environment for at least 2 h before yse.

8.1.3 |Storage environment

The stprage envirohment is defined as the environment where the air immediately surrounding the disk shall
have the following{properties:

temperaturé :-10°Cto55°C
relativg humidity :3% 1090 %
absolutetrumidity ~+gm3-to-36g/m3
atmospheric pressure : 60 kPa to 106 kPa
temperature gradient : 15 °C/h max.
relative humidity gradient : 10 %/h max.

No condensation on the disk shall occur.

8.1.4 Transportation

This International Standard does not specify requirements for transportation; guidance is given in Annex M.
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8.2 Safety

requirements

The disk shall satisfy the safety requirements of Standard ECMA-287, when used in the intended manner or in
any foreseeable use in an information processing system.

8.3 Flamm

ability

The disk and its components shall be made from materials that comply with the flammability class for HB

materials, or b

9 ReferenceDrive

The Referenc
requirements
specified in thi

9.1 Optical system

The basic set{up of the optical system of the Reference Drive used for measuring the (over)write ar

parameters is

that the perfornance remains the same as that of the set-up in Figure 2. The-eptical system shall be sy

the detected |

accuracy of th¢ measurements.

etter, as specified in Standard ECMA-287.

e Drive shall be used for the measurement of optical parameters for conformance W
pf this International Standard. The critical components of this device have the‘charact
5 Clause.

shown in Figure 2. Different components and locations of components are permitted, p

ght reflected from the entrance surface of the disk is minimized so as not to influen

/
- »H1 Read Channel 1
2 Ll
G H;
1 ]
a b + + ¥ H, Read Channel 2
H, - -
Tangential
Iy Ie track —
direction Iy [y |15 |1y
G
3 F ]
A B C D E

ith the
eristics

d read
ovided
ch that
ce the

A Laser diode F Opficarl disc

B Collimator lens G 4 quadrant photo detector

C Polarizing beam splitter H,, H,, Hy, H, d.c. coupled amplifiers

D Quarter-wave plate I los 1o 1y Output currents from photo detector G
E Objective lens Iy, 1y Summed output currents of Hj, H,

Figure 2 — Optical system of the Reference Drive

The combination of a polarizing beam splitter C and a quarter-wave plate D shall separate the entrance optical
beam from the laser diode A and the reflected optical beam from the disk F. The beam splitter C shall have a
p-s intensity reflectance ratio of at least 100.
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The focused optical beam used for writing and reading data shall have the following properties:

a) Wavelength (1)

b) Numerical aperture of the objective lens (NA)

10
655nm+ nm

—-5nm

0,65 + 0,01

c) The objective lens shall be compensated for spherical aberrations caused by a parallel substrate with
nominal thickness (0,6 mm) and nominal refractive index (1,55).

d) WeLve front aberration

e) Light intensity at the rim of the pupil of the
objective lens

f) Polarization of the light

g) Repd power (average)

h) Wilite power and pulse width

i) Rejative Intensity Noise (RIN)* of the laser diode

0,033 x A rms max.

35 % to 50 % of the maximum i
in the radial direction)and 45 %
in the tangential direction.

Circular

0,7 mW £0,1 mW

(d.c.-or HF modulated with a
frequency >400 MHz)

see Annex G

-134 dB/Hz max.

*RIN (dB/Hz) = 10 log [(a.c. light power density [ Hz) / d.c. light power]

9.3 Read channel 1

Read ghannel 1 shall be provided to geperate signals from the marks and spaces in the recorg
Read ¢hannel shall be used for reading’the user-written information, using the change in re
marks jand spaces due to the phase change effect. The read amplifiers after the photo detectq
channgl shall have a flat response within 1 dB from d.c. to 20 MHz.

For mgasurement of jitter, the characteristics of the PLL and the slicer, etc. are specified in Ann

9.4 Disk clamping

For mgasuring,(the disk shall be clamped between two concentric rings covering most of the (
(see 10.5). The:top clamping area shall have the same diameters as the bottom clamping area

ntensity
to 60 %

ing layer. This
flectivity of the
rs in the Read

X E.

Clamping Zone
Figure 3).
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dout

Clamping shal

dy, = 22

The total clam

of force generated by the clamping force and the chucking forcef> exerted on the rim of the centre hols

disk, F> shall n
The tapered cq

9.5 Rotatio

The actual ro
3,49 m/s £0,0
counter-clockw

The actual rot

parameters ar¢ specified in the.Physical format information in the ADIP Aux Frames in the Lead-in Zong

disk (see 14.4

NOTE The

Figure 3 — Clamping and chucking conditions
occur between

+0,0mm
and dg, =32,7mm
-0,5mm

+0,5mm
.3 mm

-0,0mm
bing force shall be F4 =2,0 N 0,5 N. In order to prevent warping of the disk under the n
ot exceed 0,5 N (see Figure 3).

ne angle, a, shall be 40,0° + 0,5°.

n of the disk

ation speed for reading the-'disk shall be such that it results in the Reference velq
B m/s at the nominal Channel bit rate of 26,156 25 Mbit/s. The direction of rotation s
ise when viewed from the-objective lens.

btion speed (vactual) for writing the disk shall be such that it includes all velocities fo

1.1 and 144.2).

rotational speed of the disk is depending on the radial position: angular velocity=60x%

R &

homent
p of the

city of
hall be

which
b of the

L RPM

When testing th

b disk the actual speed is limited such that the angular velocity does not exceed 10 000 RPM.

9.6 Wobble channel (Read channel 2)

Read channel 2 of the drive provides the wobble signals to control the access to addressed locations on the
disk during writing. The wobble signal is generated in Read Channel 2 as a signal (/1 - I5) related to the
difference in the amount of light in the two halves of the exit pupil of the objective lens. The read amplifiers
after the photo detectors in the Read channel shall have a flat response within 1 dB from d.c. to 20 MHz.

10
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9.7 Tracking channel (Read channel 2)

Read channel 2 of the drive provides the tracking error signals to control the servos for radial tracking of the
optical beam. The radial tracking error is generated in Read Channel 2 as a signal (/1 - /2) related to the
difference in the amount of light in the two halves of the exit pupil of the objective lens.

The method of generating the axial tracking error is not specified for the Reference Drive.
9.8 Reference servo systems

9.8.1 Normalized servo transfer function

The open-loop transfer function, Hg(io) for the axial and radial tracking servos is given by equation (1),

3iw
1 (002 ey
Hq (iw :—x(_—oj x— 0 (1)
3 iw 14 lw
30)0

vhere: i=+v-1, ®w=2nf and wg =2n f0

and f0 is the 0 dB crossover frequency of the open-loop transfer function.
The crpssover frequencies of the lead-lag network of the sérvo are

lead break frequency:  f1=fy/3

lag break frequency: fo=fgx3

Anothgr frequency of importance is the frequency fy at which a sinusoidal displacement with an amplitude
equal [to the maximum allowed residual tracking error eq,,, corresponds to the maximum expected
acceleration 5. This frequency canrbe calculated as follows:

- 1 [ %max
=

27\ emax
Becauge the tracking error signals from the disk can have rather large variations, the tracking grror signal fed

into egch reference servo loop shall be adjusted to a fixed level (effectively calibrating the total loop gain),
such tq guarantee the specified bandwidth.

9.8.2 |Reférence Servo for Axial Tracking

The crossover frequency of the normalized servo transfer function (Hg) for axial tracking, fy = wg / (27) shall be
given by equation (2), where ¢4 is the maximum expected axial acceleration of 8,0 m/s2, which is multiplied
by a factor m = 1,5 for servo margin. The tracking error e, caused by this mx a5y, shall be 0,20 pm.

Thus the crossover frequency f; shall be given by

fozi 3 XM X tyay :i 3x15x8 = 2.1 kHz @)
-6
21\ emax 211 0,20 x10

For an open loop transfer function H of the Reference Servo for axial tracking, |1+H| is limited as
schematically shown by the shaded region of Figure 4.

© ISO/IEC 2009 — All rights reserved 11


https://iecnorm.com/api/?name=9aa95d73c182c32da0874e33f392aeed

ISO/IEC 26925:2009(E)

Bandwidth from 100 Hz to 10 kHz

| 1+H| shall be within 20 % of | 1+H] .

Bandwidth from 26 Hz to 100 Hz

| 1+H | shall be within the limits enclosed by the following four points.

1) 41,7 dB at 100 Hz (| 1+Hg| at 100 Hz — 20 %)

2) 45,2 dB at 100 Hz (|1+Hg| at 100 Hz + 20 %)

3) 65,1 cIiB at26 Hz (| 1+H| at 26 Hz — 20 %)
4)85,1 ¢Bat26 Hz (| 1+H| at 26 Hz — 20 % + 20 dB)
Bandwidth from 9,5 Hz to 26 Hz

|1+H | shall bé between 65,1 dB and 85,1 dB.

Gain (dB)

85,1
80

55,1
60

15,2
11,7

20 \
. , N
v
10 .
1 95 26 100 1000 10000 100000

Frequency (Hz)

Figure 4 — Reference servo for axial tracking
9.8.3 Reference Servo for Radial Tracking

The crossover frequency of the normalized servo transfer function (Hg) for radial tracking, fo = g / (2x) shall
be given by equation (3), where a5 is the maximum expected radial acceleration of 1,1 m/s2, which is

multiplied by a factor m = 1,5 for servo margin. The tracking error e 5, caused by this mxa,,y, shall be
0,022 pm.

Thus the crossover frequency fy shall be given by

12 © ISO/IEC 2009 — All rights reserved
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fozi f3><m><ocmax :i 3x15x11 = 2.4 kHz (3)
-6
2TC emax 2TC 0,022 x10

For an open loop transfer function H of the Reference Servo for radial tracking, |1+H| is limited as
schematically shown by the shaded region of Figure 5.

Bandwidth from 100 Hz to 10 kHz
| 1+H| shall be within 20 % of | 1+H| .

Bandwidth from 28,2 Hz to 100 Hz

| 1+H || shall be within the limits enclosed by the following four points.
)43,7dBat 100 Hz  (|1+Hg| at 100 Hz — 20 %)
2)47,2dBat 100 Hz (| 1+Hg| at 100 Hz + 20 %)

) 65,6 dB at 28,2 Hz (| 1+Hg| at 28,2 Hz — 20 %)
4)856dBat282Hz  (|1+Hs| at 28,2 Hz — 20 % + 20 dB)
Bandwidth from 9,5 Hz to 28,2 Hz

| 1+H || shall be between 65,6 dB and 85,6 dB.

Gain (dB)

85,6
80

65,6
60

47,2
43,7

20 \\
0 I N
! ! ~——
_1 0 : !
1 95 2872 100 1000 10000 100000

Frequency (Hz)

Figure 5 — Reference servo for radial tracking
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10 Dimensional characteristics

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. The enclosed drawing, Figure 6 shows the dimensional requirements in
summarized form. The different parts of the disk are described from the centre hole to the outside rim.

< d, a
< d; g
de a

A

d3 _>

View B View A
1S‘tranS|t|on area
2"transition area

Clamping zone
3"transition area
Information Zone
Rim area

N P\
5 e

View A - Transition areas and Clamping zone
a d,

h;

jf_J;&v
e

View B - Rim area

Figure 6 — Physical disk dimensions

10.1 Reference Planes

The dimensions are referred to two Reference Planes P and Q.
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Reference Plane P is the primary Reference Plane. It is the plane on which the bottom surface of the

Clampi

ng Zone rests (see 10.5).

Reference Plane Q is the plane parallel to Reference Plane P at the height of the top surface of the Clamping
Zone (see Figure 6).

10.2 Overall dimensions

The disk shall have an overall diameter (for 80 mm disk see Annex A)

dq =120,00 mm £ 0,30 mm

The ce

The ho

The cq
chamfg

htre hole of a substrate or a dummy substrate shall have a diameter (see Figure 7).
+0,15mm
o =15,00mm
substrate 0,00mm

le of an assembled disk, i.e. with both parts bonded together, shall haye a-diameter

> = 15,00 mm min.

/jsubstrate !
il

d, d

substrate

A
4

Figure 7 — Hole diameters for an assembled disk

rnersof.the centre hole shall be free of any burrs or sharp features and shall be
red by

rounded off or

The thi

5 = U, T mim max.

ckness of the disk shall be
0,30
e =120mm "
-0,06mm

10.3 First transition area

In the area defined by dy and

d3z = 16,0 mm min.

© ISO/IEC 2009 — All rights reserved
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the surface of the disk is permitted to be above Reference Plane P and/or below Reference Plane Q by

0,10 mm max.

10.4 Second transition area

This area shall

extend between diameter d3 and diameter

dy4 = 22,0 mm max.

In this area the disk may have an uneven surface or burrs up to 0,05 mm max. beyond Reference Planes P

and/or Q.

10.5 Clampi
This Zone sha
ds = 33,

Each side of t
Reference Pla

In the Clampin

hg Zone

| extend between diameter d4 and diameter

D mm min.

g Zone the thickness e; of the disk shall be

+0,20mm

e> =1,20mm

10.6 Third tr

This area shal
dg = 44,
In this area thg

hy=0,2

—0,170mm

ansition area
extend between diameter ds and diameter
D mm max.

top surface is permitted to.be’above Reference Plane Q by

b MM max.

or below Referlence Plane Q by

hy = 0,1

The bottom su

D mm max¢

rface-is\permitted to be above Reference Plane P by

hy=0,1

D mm max

ne Clamping Zone shall be flat within 0,1 mm. The top side of the{€lamping Zone, i.e.
ne Q shall be parallel to the bottom side, i.e. that of Reference Plane P within 0,1 mm.

or below Reference Plane P by

hg = 0,25 mm max.

10.7 Information Zone

The Informatio

n Zone shall extend from diameter dg to diameter

d7 =117,5 mm min. (for 80 mm disk see Annex A)

This Zone consists of the Lead-in Zone, the Data Zone, and the Lead-out Zone.

16
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10.8 Rim area

The rim area is that area extending from diameter d7 to diameter d. In this area the surfaces are permitted to
both extend beyond Reference Plane Q or Reference Plane P

hg = 0,1 mm max.

The outer corners of the disk shall be free of any burrs or sharp features and shall be rounded off or
chamfered by

h7 = 0,2 mm max.

10.9 Il{emark on tolerances

All heights specified in the preceding clauses and indicated by h; are independent.frem edch other. This
means|that, for example, if the top surface of the third transition area is below Reference Plane{Q by up to hy,
there i$ no implication that the bottom surface of this area has to be above Reference Plane |P by up to hs.

Where|dimensions have the same - generally maximum - numerical value, this does not imply|that the actual
values|have to be identical.

11 Mechanical characteristics

11.1 Mass

The mass of the disk shall be in the range of 13,0 g to 20,0 g (for 80 mm disk see Annex A).
11.2 Moment of inertia

The mpment of inertia of the disk, relative touits rotation axis, shall not exceed 0,040 g-m2 (for §0 mm disk see
Annex|A).

11.3 Dynamic imbalance

The dynamic imbalance of ¢he disk, relative to its rotation axis, shall not exceed 2,5 g-mm (for §0 mm disk see
Annex|A).

11.4 Axial runout

When measured by the optical system with the Reference Servo for axial tracking, the disk [rotating at the
Referepce \elocity of 3,49 m/s (see 9.5), the deviation of the recording layer from its nominal|position in the
directigninermal to the Reference Planes shall not exceed 0,30 mm.

Some explanation about the use of the Reference Servo as a measurement tool and the way to translate the
measurement results to a practical implementation for a high-speed servo is given in Annex K.

11.4.1 Tracking requirements at the Reference velocity (CLV)

The residual tracking error below 10 kHz, measured on the blank disk using the Reference Servo for axial
tracking and the disk rotating at the Reference velocity, shall not exceed 0,13 um (displacement of the
objective lens needed to move the focal point of the optical beam onto the recording layer).

The measuring filter shall be a Butterworth LPF,

fc (-3 dB): 10 kHz, with slope: -80 dB/decade.
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11.4.2 Tracking requirements at 3 000 RPM (CAV)

The residual tracking error below 10 kHz, measured on the blank disk using the Reference Servo for axial
tracking and the disk rotating at a fixed rotational speed of 3 000 RPM, shall not exceed Eax(r) pm, where Egx
is a function of the radius r according to the following specifications:

for r <29 mm: Eg(r) = 0,20 um

2
forr>29 mm:E,,(r) = (ZLQJ x0,20 pum, with r expressed in mm

If present, thel 50 Hz component shall be removed from the residual tracking error before applying these
requirements (e.g. by software processing of the sampled measurement data).

11.5 Radial funout
The runout of fhe outer edge of the disk shall not exceed 0,30 mm peak-to-peak.
The radial rungut of tracks shall not exceed 70 um peak-to-peak.

Some explanation about the use of the Reference Servo as a measurementtool and the way to translate the
measurement fesults to a practical implementation for a high-speed servoiis given in Annex K.

11.5.1 Trackiphg requirements at the Reference velocity (CLV)

The residual tracking error below 1,1 kHz (= fx as defined 4n9.8.1), measured on the blank disk using the
Reference Senvo for radial tracking and the disk rotating at¢the Reference velocity of 3,49 m/s (see 9.§), shall
not exceed 0,015 um.

The measuring filter shall be a Butterworth LPF,

fc (-3 dB): 1,1 kHz, with slope: -80 dB/decade.

The rms noise|value of the residual errar signal in the frequency band from 1,1 kHz to 10 kHz, measurgd with
an integration {ime of 20 ms, using the' Reference Servo for radial tracking, shall not exceed 0,016 pum.

The measuring filter shall be a Butterworth BPF,

frequengy range (-3-dB) : 1,1 kHz, with slope: +80 dB/decade
to : 10 kHz, with slope: -80 dB/decade.

11.5.2 TrackiTg requirements at 3 000 RPM (CAV)

The residual tracking error below 10 kHz, measured on the blank disk using the Reference Servo for radial
tracking and the disk rotating at a fixed rotational speed of 3 000 RPM, shall not exceed Eraq(r) um, where
Eraq is a function of the radius r according to the following specifications:

for r <29 mm: Eaq(r) = 0,025 pum

2
for r=29 mm:E 44(r) = (zr—gj x 0,025 pum, with r expressed in mm

If present, the 50 Hz component shall be removed from the residual tracking error before applying these
requirements (e.g. by software processing of the sampled measurement data). This process effectively
removes the influence of the pure eccentricity of the disk.
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12 Optical characteristics in the Information Zone

12.1 Index of refraction

ISO/IEC 26925:2009(E)

The index of refraction of the substrate in the Information Zone shall be 1,55 + 0,10.

12.2 Thickness of the substrate

The thickness of the substrate, from the entrance surface to the recording layer, varies with the index of
refraction of the substrate and shall be defined as the enclosed region in Figure 8.

12.3 Reflectivity

The dquble-pass optical transmission of the substrate and the reflectivity of the recording layern
togethgr as thereflectance R of the disk. When measured according to Annex C the value of R

Thickness
(mm) (1,45; 0,633)
7] (1,56; 0,620)
0,620 (1/65; 0,620)
0,600- eio---
(1,45; 0,593)
0,580 (1,65; 0,580)
(1,56; 0,580)
I I I I I I I
1,40 1,50 1,60 1,70

Index of refraction

Figure 8 — Thickness of the substrate

in‘the Information Zone 0,18 < Ry < 0,30 in the unrecorded groove

are measured
shall be

12.4 Birefringence

0,18 < R14n < 0,30 in the recorded groove

The birefringence of the substrate shall not exceed 60 nm when measured according to Annex D.

12.5 Angular deviation

The angular deviation is the angle « between a parallel incident beam perpendicular to the Reference Plane P
and the reflected beam (see Figure 9). The incident beam shall have a diameter in the range 0,30 mm to
3,0 mm. This angle « includes deflection due to the entrance surface and to the unparallelism of the recording
layer with the entrance surface.

© ISO/IEC 2009 — All rights reserved
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Substrate

Recording layer

Entrance surface

Reflected beam

Incident beam

Figure 9 — Angular deviation

The angular dgviation shall be
In radialldirection: |la| = 0,70° max.
The varigtion of a in radial direction over one revolution shalkbg 0,80° peak-to-peak max.

In tangential direction: || = 0,30° max.

13 Data format

The data receiyed from the host, called Main Data, is formatted in a number of steps before being recorided on
the disk.

It is transformgd successively into
— aData Frame,

— a Scrambled Frame,

— an ECC BJock,

— 16 Recording Frames,

— 16 Physical Sectors,
— a Recording Unit.

These steps are specified in the following clauses.

13.1 Data Frames

A Data Frame shall consist of 2 064 bytes arranged in an array of 12 rows each containing 172 bytes
(Figure 10). The first row shall start with three fields, called Identification Data (ID), ID Error Detection Code
(IED), and RSV bytes, followed by 160 Main Data bytes. The next 10 rows shall each contain 172 Main Data
bytes, and the last row shall contain 168 Main Data bytes followed by four bytes for recording an Error
Detection Code (EDC). The 2 048 Main Data bytes are identified as Dg to Dy g47.
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172 bytes
4 2 6
bytes | bytes | bytyes
1 ID IED RSV Main data 160 bytes (Dg - D159)

Main data 172 bytes (D460 - D331)
Main data 172 bytes (D332 - D5p3)
Main data 172 bytes (Dsg4 - Dg75)
Main data 172 bytes (Dg76 - Dg47)
Main data 172 bytes (Dg4g - D1 019)
12 rows Main data 172 bytes (D4 g20 - D1 191)
Main data 172 bytes (D4 192 - D1 363)
Main data 172 bytes (D4 364 - D1 535)
Main data 172 bytes (D1 536 - D1 707)
Main data 172 bytes (D4 708 - D4,879)
Main data 168 bytes (D4 ggg™=\P2 047) EDC
4 bytes

Figure 10 — Data Frame
13.1.1 |Identification Data (ID)

This figld shall consist of four bytes, the bits of whi¢h are numbered consecutively from bg (Isl) to b3q (msb),
see Figure 11.

msb) by, bos b3 Do (Isb)
Sector Information ([€=——— Physical Sector Number ———p»

b3 b0 by b2s b2y b,e b2s b4
Sector format|™ Tracking Reflectivity | Reserved Zone Data Layer
type method type type number

Figure 11 — Identification Data (ID)

The bits of the most significant byte, the Sector Information, shall be set as follows:

Bit b3 shall be set to ZERO, indicating a CLD format

Bit bsg shall be set to ONE, indicating groove tracking (see Clause 14)

Bit bog shall be set to ONE indicating that the reflectance is less than 40 %
Bit bog shall be set to ZERO
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Bits by7 to b26

Bit bys

Bit byy

shall be set to

ZERO ZERO in the Data Zone
ZERO ONE in the Lead-in Zone
ONE ZERO in the Lead-out Zone

shall be set to ONE, indicating Rewritable data

shall be set to ZERO, indicating
recording layer can be accessed.

that through an entrance surface only one

The least significant three bytes, b|ts bos to bO, shall speC|fy the Physical Sector Number in blnary notation.
o of 16.

13.1.2 ID Errd
When identifyi
IED are repres

IED(x) 4

where
3
I(x) =
j:
a is the primiti
13.1.3 RSV
This field sha
application, it i

(00).

Under no circu

2

r Detection Code (IED)

ng all bytes of the array shown in Figure 10 as C;;for /= 0 to 11 and j = 0 t6)171, the 4
ented by Cpj forj = 4 to 5. Their setting is obtained as follows.

5 .
>'Co, x° =1(x) x* mod Gg(x)
j=4

Co; x>/ and Gg(x)=(x+1)(x+a)

D

e root of the primitive polynomial P(x) = x8* X4 + x3 + x2 + 1

| consist of 6 bytes. The first byte may be set by the application. If not specified

ytes of

by the

5 reserved and shall be set 10,(00). The remaining 5 bytes are reserved and shall all bg set to

mstance may other data received from the host be recorded in this field.

Circumventio|
are produced

13.1.4 Error Detection Code (EDC)

This 4-byte field“shall contain the parities of an Error Detection Code computed over the prg

: Recorders and’recording drives shall be considered as circumvention devices when these

record, or.tan easily be modified to record, in any manner, a user-defined number in th

is field.

ceding

2 060 bytes of the Data Frame. Considering the Data Frame as a single bit field starting with the most
significant bit of the first byte of the ID field and ending with the least significant bit of the EDC field, then this
msb will be b4g 511 and the Isb will be by. Each bit b; of the EDC is shown as follows for i = 0 to 31:

EDC(x)

where

16

I(x) =

22

Zbi Xi

j=

31 .
=Y 'b; x' =1(x) mod G(x)
i=0

511
and G(x)=x32+x31+x4+1

32
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The 2 048 Main Data bytes shall be scrambled by means of the circuit shown in Figure 12 which shall consist
of a feedback bit shift register in which bits r; (msb) to rqy (Isb) represent a scrambling byte at each 8-bit shift.

o

Hﬁ

M4 |73 | T2 | M1

Mo| To | s

g | 5 | I'a

3

| M| To

Y V Y Y Y Y Y VY
S, at each 8-bit shift
Figure 12 — Feedback shift register
At the |beginning of the scrambling procedure of a Data Frame, positions\r{4 to rg shall be
value(g) specified in Table 1 (the msb of the pre-set value shall be discardéd). The same pre-
be used for 16 consecutive Data Frames. After 16 groups of 16 Data. krames, the sequence is
initial gre-set number is equal to the value represented by bits by, (misb) to by (Isb) of the ID fi
Frame| Table 1 specifies the initial pre-set value of the shift register corresponding to the 1¢
numbers.
Table 1 — Initial values of the shift register
Initial pre-set | Initial pre-set Initial pre-set Initial pre-set
number value number value

(0) (000T) (8) (0010)

(1) (6500) (9) (5000)

(2) (0002) (A) (0020)

(3) (2A00) (B) (2001)

(4) (0004) (C) (0040)

®) (5400) (D) (4002)

(6) (0008) (E) (0080)

(7) (2800) (F) (0005)
The part of thélinitial value of ry to rg is taken out as scrambling byte Sy. After that, an 8-bit s
2 047 {imes_and the following 2 047 bytes shall be taken from ry to rg as scrambling bytes S4
Main [lata bytes Dy of the Data Frame become scrambled bytes D’y where

pre-set to the
set value shall

repeated. The
pld of the Data

b initial pre-set

nift is repeated
to 82 047- The

D'y=Dx@® Sk fork=0to2047 (® stands for Exclusive OR)

13.3 ECC Blocks

An ECC Block is formed by arranging 16 consecutive Scrambled Frames in an array of 192 rows of 172 bytes
each (Figure 13). To each of the 172 columns 16 bytes of Parity of Outer Code are added, then, to each of the
resulting 208 rows, 10 bytes of Parity of Inner Code are added. Thus a complete ECC Block comprises
208 rows of 182 bytes each. The bytes of this array are identified as B;; as follows, where i is the row number

andjis

Bjjfori=0to 191 and j= 0 to 171 are bytes from the Scrambled Frames

© ISO/IE
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Bj for i =192 to 207 and j = 0 to 171 are bytes of the Parity of Outer Code

Bj for i=0to 207 and j = 172 to 181 are bytes of the Parity of Inner Code

Pl
¢ 172 bytes P 4——10 bytes—P
A BO,O BO,1 BO,170 BO,171 B0,‘172 BO,181
B1,0 B1,1 B1,‘170 B1,171 B1,‘172 B1,181
BZ,O BZ,1 BZ,170 BZ,171 BZ,172 B2,181
192 rows
B1890 B1891 B189170 B189171 B189172 B189181
B1900 B1901 B190170 B190171 B190172 B190181
v B191,0 B191,1 B191,17O B191,171 B191,172 B191,181
? B1920 B1921 B19217O B192171 B192172 B192181
PQ 16 rows
¢ B207,0 B207,1 B207,170 B207,171 B207,172 B207,181
Figure 13 — ECC Block
The PO and P| bytes shall be obtained as follows.

In each of colymns j = 0 to 171, the 16 PO bytes are defined by the remainder polynomial Ry(x) to fg

outer code RS

207 ,
R;(x)=| 3B;; x*°"" =1;(x) x"® mod Gpgi(x)
=192
where
LS 19%-i = k
lj(x)=}.Bj; x and-\Gpg(x) = [ [ (x+a")
N =0

In each of row
code RS(182,1

(208,192,17).

5 i = 0 tg 207, the 10 PI bytes are defined by the remainder polynomial Ri(x) to form th
72,14

rm the

e inner

181 .
Ri(x)= ) B;;j x°™ =1I;(x) x"” mod Gpy(x)
j=172
where
171 , 9
i(x)= YB;; x'™ and Gpy(x)=[[(x+a)
j=0 k=0

a is the primitive root of the primitive polynomial P(x) = x8 + x4 + x3 + x2 + 1

24
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13.4 Recording Frames

Sixteen Recording Frames shall be obtained by interleaving one of the 16 PO rows at a time after every 12
rows of an ECC Block (Figure 14). This is achieved by re-locating the bytes B; ; of the ECC Block as By, , for

m=ij+int[i/12] andn=j fori<191
m=13x(i-191)-1 andn=j fori>192

where int [x] represents the largest integer not greater than x.

Thus the-37.856 hyi‘ne of an ECC Block are rn-nrrnngnd into 16 R’nr\nrding Erames of 2 366 bytes_ Each
Recording Frame consists of an array of 13 rows of 182 bytes.
< 182 bytes >
T S Boart | Boxra | - - +F Bo.1s1 T
13 & =~ Rdcording
rpws Frame 0
Big | cvrei Bit171 | Buag?| -+ - - - Bi1 181
= Bioo 174 \Blebaza |+ -+ Bioz.181
T Biog | v Bigaoa)| Broira | - - - - B1z1s1 T
13 = = Re cording
rbws Frame 1
Bagg [ «-rree G Bosi71 | Bagaza| - - - - - Bos 11
B193,0 ................... B193,171 B193’172 ..... B193,181
P _— Raecording
=4 “ Frafnes 2 - 14
T Bigo N - v Bigo171 | Bisotz2 | - - - - - B1go,181 T
13 s = Rg cording
rpws Frame 15
Bigrg | = rrrrrre e Big1.171 [Brotaza | + ¢ - - - B1g1.181
‘ 8207,0 ------------------- 8207’171 8207’172 ----- 8207,181

Figure 14 — Recording Frames obtained from an ECC Block

13.5 Modulation and NRZI conversion

The 8-bit bytes of each Recording Frame shall be transformed into 16-bit Code Words with the run length
limitation that between 2 ONEs there shall be at least 2 ZEROs and at most 10 ZEROs (RLL(2,10)). Annex H
specifies the conversion tables to be applied. The Main Conversion table and the Substitution table specify a
16-bit Code Word for each 256 8-bit bytes with one of 4 States. For each 8-bit byte, the tables indicate the
corresponding Code Word, as well as the State for the next 8-bit byte to be encoded.
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The 16-bit Code Words shall be NRZI-converted into Channel bits before recording on the disk (see
Figure 15). The Channel clock period is the time between 2 consecutive Channel bits.

8-bit 16-bit Exclusive-OR 16 channel bits
bytes Code Words NRZI converted pulses
——»{ modulator > NRZ ) P >

A -
"l conversion '\+j e
1T P

T = 1 channel clock period delay

16-bit Code Word pattern: 0‘1‘0‘0‘ 1‘0‘0‘0‘1‘0‘0‘0‘0‘ 1‘ o‘ o‘

13.6 Physical Sectors

The structure ¢f a Physical Sector is shown in Figure 16. It shall consist of 13-rows, each comprising tw

Frames. A Sy
91 8-bit bytes.
bits representi
representing th

NRZ converted signal: j

NRZI converted pulses:

Figure 15 — NRZI conversion

nc Frame shall consist of a SYNC Code from Table 2 and.¥ 456 Channel bits repre
Each row of the Physical Sector shall consist of two Syne-Frames with the first 1 456 G
hg the first 91 bytes of each row of a Recording Frame and the second 1456 Chan
e second 91 bytes of each row of a Recording Frame.

o Sync
senting
hannel
nel bits

32| «—1456 —)|« 32> | «——1456 ——
SYO0 SY5
SY1 SY5
SY2 SY5
SY3 SY5
SY4 SY5
SY1 SY6
13 rows SY2 SY6
SY3 SY6
SY4 SY6
SY1 SY7
SY2 SY7
SY3 SY7
SY4 SY7
<—— Sync Frame Sync Frame ——

Figure 16 — Physical Sector

Recording of the Physical Sector shall start with the first Sync Frame of the first row, followed by the second
Sync Frame of that row, and so on, row-by-row. The state of each SYNC Code and each subsequent set of
16 Channel bits shall follow the rules defined in 13.8.

26
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Table 2 — SYNC Codes

State 1 and State 2 (next state is state 1)

Primary SYNC codes Secondary SYNC codes
(msb) (Isb)  (msb) (Isb)
SY0 = 0001001001000100 0000000000010001 / 0001001000000100 0000000000010001
SY1 =0000010000000100 0000000000010001 / 0000010001000100 0000000000010001
SY2 = 0001000000000100 0000000000010001 / 0001000001000100 0000000000010001
SY3 = 0000100000000100 0000000000010001 / 0000100001000100 0000000000010001
L

SVY4 =0040000000000400-0000000000040004
o oot o LA~A~ ey ToTTTUToToT

004.00000040004.00-000000000004 nnn1
ASA~E R~A-A-A-A-A-m E-A-A-ma s~y oo TooT

SY5 =0010001001000100 0000000000010001
SY6 = 0010010010000100 0000000000010001
SY7 =0010010001000100 0000000000010001

0010001000000100 00000000000 10Q0(!
0010000010000100 00000000000 1000t
0010010000000100 00000000000 1000f!

State 3 and State 4 (next state is state 1)

Primary SYNC codes
(msb) (Isb)

SY0 = 1001001000000100 0000000000010001
SY1 =1000010001000100 0000000000010001
SY2 =1001000001000100 0000000000010001
SY3 =1000001001000100 0000000000010001
SY4 =1000100001000100 0000000000010001
SY5 = 1000100100000100 0000000000010001
SY6 = 1001000010000100 0000000000010001
SY7 =1000100010000100 0000000000010001

Secondary SYNC codes
(msb) (Isby)
1001001004000100 000000000001000(1
1000010000000100 000000000001000(1
1001000000000100 000000000001000f!
1000001000000100 000000000001000f1
1000100000000100 000000000001000(1
1000000100000100 000000000001000(1
1000000001000100 000000000001000fi
1000000010000100 000000000001000f!

13.7 lLayout of a Recording UNit (RUN)

A RUN

Block.
of inac

at recg

shall b

Each R

The p

shall consist of an integer\pumber (M > 1) of sets of 16 Physical Sectors, each from

e chosen randomly;-such that the runlength constraints specified in 13.5 are fulfilled.

UN of M ECC Blocks (M > 1) starting with ECC Block N shall be recorded in the following
Channel bits for linking in ECC Block N-1,

ull ECE-Blocks Nto N + M — 2 (if M > 2),

CC'Block N + M — 1, except for the last 8 Channel bits, which bits shall not be recorded

a single ECC

The M ECC Blocks shall be)preceded by 8 Channel bits, which are meant to reduce possible influences
curacies of the linking.point, while the last 8 Channel bits of the last Physical Sector shall be discarded
rding. The 8 linking.Channel bits and the next SYNC Code SYO (chosen from State 1/R or State 3/4)

way:

When the RUN starting with ECC Block N is to be recorded, and ECC Block N-1 has not yet been recorded,
then the RUN shall be extended with a dummy ECC Block N-1 of which all Main Data bytes shall be set to

(00).
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middl/e of wobble 15

Ve
N
8T theoretical start position
_ *5T max
linki M ECC Block
actual start position :m mg}g CC Blocks >
8 ECC Block ECC Block | 1ast8
bits N N+M-T 7 bits
- to be recorded "“to be |
discarded
at recafding
N
ECC|Block ECC Block ECC Block ECC Block
N-1 N N+M-1 N+ M
N

A
\ 4

previous recording (if existent) is overwritien

Figure 17 — Recording Unit

13.7.1 Recording Unit position

Each ECC Blgck, consisting of 16 Physical Sectors, shall correspond to 4 ADIP words (see 14.4.1.1)] RUNs
shall be mapped onto the structure of tracks (see14.4), such that the Physical Sector Numbers (PEN), of
which the 2 lgast significant bits have been discarded, correspond to the local Physical Address in ADIP
(PAA). In mathjematical form: PSN = 4xPAA + i;where i = 0, 1, 2, or 3 (for example: Physical Sector Nimbers
(030000) to (0B0003) correspond to PhysicalbADIP Address (00C000)).

The reference|for the theoretical start positions is wobble 15 following the ADIP word sync unit of the ADIP
words of whicl the 2 least significant address bits are 00 (see 14.4.1.1 and Figure 21). The theoretidal start
position is 8 Channel bits after,the-nominal position of the zero crossing in the middle of the above meptioned
wobble 15 of the wobble signal‘from Read channel 2.

The start of edch recording shall be within + 5 Channel bits of the theoretical start position. During wrifing the
Channel bit clgck shallXbe phase locked to the wobble frequency.

13.8 d.c. co ion control

To ensure a reliable radial tracking and a reliable detection of the HF signals, the low frequency content of the
stream of Channel bit patterns should be kept as low as possible. In order to achieve this, the Digital Sum
Value (DSV, see 4.3) shall be kept as close to zero as possible. At the beginning of the modulation, the DSV
shall be set to 0.

The different ways of diminishing the current value of the DSV are as follows:

a) Choice of SYNC Codes between Primary or Secondary SYNC Codes.

b) For the 8-bit bytes in the range 0 to 87, the Substitution table offers an alternative 16-bit Code Word for all
States.
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c) For the 8-bit bytes in the range 88 to 255, when the prescribed State is 1 or 4, then the 16-bit Code Word
can be chosen either from State 1 or from State 4, so as to ensure that the RLL requirement is met.

In order to use these possibilities, two data streams, Stream 1 and Stream 2, are generated. Stream 1 shall
start with the Primary SYNC Code and Stream 2 with the Secondary SYNC Code of the same category of
SYNC Codes. As both streams are modulated individually, they generate a different DSV because of the
difference between the bit patterns of the Primary and Secondary SYNC Codes.

In the cases b) and c), there are two possibilities to represent a 8-bit byte. The DSV of each stream is
computed up to the 8-bit byte preceding the 8-bit byte for which there is this choice. The stream with the
lowest |DSV| is selected and duplicated to the other stream. Then, one of the representations of the next 8-
bit byte is entered into Stream 1 and the other into Stream 2. This operation is repeated each time case b) or
c) occyrs.

Whilst |case b) always occurs at the same pattern position in both streams, case c) may.occur in one of the
streamis and not in the other because, for instance, the next State prescribed by the previous 8-pit byte can be
2 or 3 instead of 1 or 4. In that case the following 3-step procedure shall be applied:

pare the | DSV s of both streams.

2) If he |DSV| of the stream in which case c) occurs is smaller thansthat of the other stjeam, then the
stream in which case c) has occurred is chosen and duplicated to the other stream. One of the
regresentations of the next 8-bit byte is entered into this stream*and the other into the other|stream.

3) Ifthe |DSV| of the stream in which case ¢) has occurred.is’ larger than that of the other strgam, then case
c) [s ignored and the 8-bit byte is represented accordingto' the prescribed State.

In both cases b) and c), if the |IDSV|s are equal,ythe decision to choose Stream 1 of Stream 2 is
implenentation-defined.

The prpcedure for case a) shall be as follows:

1) Atfthe end of each Sync Frame, whether or not case b) and or case c) have occurred, the accumulated
DYVs of both streams are compared. The stream with the lower |DSV/| is selected and di plicated to the
otHer stream. Then the next Primary SYNC Code and the Secondary SYNC Code of the proper category
arg inserted each in one of the'streams.

Optionaglly the procedure for.case a) can be extended in the following way:

2) If the DSV at the end of the resulting Sync Frame is greater than + 63 or smaller than -64, then the SYNC
Code at the beginning of the Sync Frame is changed from Primary to Secondary or vicg versa. If this
yields a smaller DSV, the change is permanent, if the |DSV/| is not smaller, the original [SYNC Code is
retpined.

During|the DSV computation, the actual values of the DSV may vary between -1 000 and +1( 000, thus it is

recomrmerndedthat thecount range for the DSV beatteast from=t024to+1023:

14 Track format

14.1 Track shape

The area in the Information Zone (see 10.7) shall contain tracks formed from a single spiral groove. Each
track shall form a 360° turn of a continuous spiral. The shape of each track is determined by the requirements
in Clauses 23 and following. Recordings shall be made on the groove.

The tracks in the Information Zone contain a phase modulated sinusoidal deviation from the nominal
centrelines, called wobble, which contains addressing information.
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The tracks shall be continuous in the Information Zone.

The groove tra

cks shall start at a radius of 22,00 mm max,

and end at a radius of 58,75 mm min (for 80 mm disk see Annex A).

14.2 Track path

The track path shall be a continuous spiral from the inside (beginning of the Lead-in Zone) to the outside (end
of the Lead-out Zone) when the disk rotates counter-clockwise as viewed from the optical head.

14.3 Track pitch

The track pitch
in the radial d
Information Zo

14.4 Track layout

The wobble d
4,265 6 um + (

oscillator for g¢nerating the wobble sine wave shall be <-40 dB.

The wobble i
modulation is g

14.4.1 ADIP information

The data to bg recorded onto the disk must be aligned. with the ADIP information modulated in the v

is the distance measured between the average track centrelines of adjacent tracks,me
irection. The track pitch shall be 0,74 um + 0,03 um. The track pitch averaged o
he shall be 0,74 um + 0,01 um.

f the tracks is a sinusoidal deviation from the nominal centrelines; with a wavele
,045 0 um (equivalent to 32 Channel bits). The Total Harmonic Distortion (THD)

5 phase modulated by inverting wobble cycles. The information contained in the
alled Address-in-Pregroove or ADIP (see 14.4.1.1).

asured
er the

ngth of
of the

wobble

vobble.

Therefore 93 |wobbles shall correspond to 2 Sync Frames. Of each 93 wobbles, 8 wobbles are| phase
modulated with ADIP information (see Figure 18).
1 wobble equdlls 32 Channel bits (= 32T)
one ADIP unit F 8 modulated wobbles per 2.Sync Frames
2 Sync Frames
+—— 1 488 Channel bits 1 488 Channel bits >
Sync data Sync data
«—— 16 wobbles— <—— 16 wobbles ——
one ADIP unit
< 8 wobbles — 85 monotone wobbles
93 wobbles
Figure 18 — General ADIP structure
14.41.1 ADIP word structure
52 ADIP units are grouped into one ADIP word each.
This means that one ADIP word corresponds to 4 x 13 x 2 Sync Frames = 4 Physical Sectors.
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Each ADIP word shall consist of: 1 ADIP sync unit + 51 ADIP data units.
ADIP sync unit = 4 inverted wobbles for word sync + 4 monotone wobbles.
ADIP data unit = 1 inverted wobble for bit sync + 3 monotone wobbles + 4 wobbles representing one data bit.

(see 14.4.1.3)

wobble 0 | wobble 1to 3 | wobble 4 to 7
0 0 sync unit word sync 0 0
data unit bit sync data bit 1
ADIP data unit bit sync data bit 2 4 Physical

% word Sectors 1
ADIP ECC
words 4 data unit bit sync data bit 51 2 Block

{ {

The information contained in the data bits is as follows:

bit 1:

bits 2 o 23:

bits 24 to 31:

Figure 19 — ADIP word structure

this bit is reserved and shall be set to ZERO.

these 22 bits contain a Physical ADIP Address.

Data bit 2 is the msb and data bit 23 is the Isb. The addresses increase by on¢ for each next

ADIP word.

The first address in thexInformation Zone shall be such that Physical ADIP Adq

is located at radius-.24,00 fg'gg mm .

Physical ADIR Address (098150), which is the first address corresponding td
Zone, shall'be located at a radius < 58,00 mm (for 80 mm disk see Annex A).

these '8 bits contain auxiliary information about the disk.
Bit 24 to 31 from 256 consecutive ADIP words, shall form one ADIP Aux Frame

of information. The first byte of each ADIP Aux Frame shall be located in an AL
Physical ADIP Address that is a multiple of 256 (Physical ADIP Address = (xxxx

ress (00C000)

the Lead-out

with 256 bytes
IP word with a
D0)).

bits 32 to 51:

In the Lead-in Zone of the disk the auxiliary bytes shall be used for storing Physical format

information. The contents of the 256 bytes are defined inTable 3 and 14.4.2.

In the Data Zone of the disk the auxiliary bytes may be used for storing Extended format
information as defined in Annex B. If not used for such purpose all bytes shall be set to (00).

In the Lead-out Zone of the disk the auxiliary bytes shall be set to (00).

these 20 bits contain error correction parities for the ADIP information.
(see 14.4.1.2)
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14.41.2 ADIP

For the AD

error correction

IP  error correction

the

ADIP data

bits

are

grouped

into 4-bit nibbles.

The mapping of the data bits into the nibble array is defined in Figure 20. Bit 0 is a dummy bit, which shall be
considered as set to ZERO for the error corrector.

nibble Ng bit 0 bit 1 bit 2 bit 3 0
nibble N1 bit 4 bit 5 6 ADIP
nibbles address
bit 20 bit 23 A
bit 24 4 AUX
nilrble N7 bit 28 bit 31 { nibbles data
nitjble Ng bit 32 0 nibble
5 based
nibbles R-S
nibple N12 bit 48 bit 49 bit 50 bit 51 \: ECC

A nibble-based RS (13,8,6) code is constructed, of which the 5 parity nibbles Ng to N4, are defined

Figure 20 — ADIP error correction structure

remainder polynomial R(x):

Py
X
Il
oolvjl\)

where
7
=]

o is the primiti

All bits of the 5

1 .
N; x'%7 =1(x) x° mod Gp (x)

, 4
N, x’7 and Gpa(x)= [ Lex=+ o)
k=0

e root 0010 of the primitive polynomial P(x) = x4 + x + 1

parity nibbles Ng-to N12 shall be inverted before recording.

14.4.1.3 ADIP modulation rules

The ADIP unit{

are'modulated by inverting some of the 8 wobble cycles:

by the

32

all monotone wobbles shall be PWs.

PW is a positive wobble, which shall start moving towards the inside of the disk.

NW is a negative wobble, which shall start moving towards the outside of the disk.
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ADIP sync unit
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wobble
92

wobble

4 NW

4PW

Modulation of an ADIP ZERO bit:

ADIP data unit with data set to ZERO

v

S>>

wobble | wobble
92 0 1 2 4 6 7 8
1 NW 3 PW 2 PW 2 NW
Modulation of an ADIP ONE bit:
ADIP data unit with data set to ONE
wobble_[\wobble
92 0 1 2 4 6 7 8
1 NW 3 PW 2 NW 2 PW

Figure 21 — ADIP modulation rules

14.4.2 Physical format information in ADIP

This information shall comprise the 256 bytes shown in Table 3. It contains disk information and values for the
write strategy parameters to be used with the Optimum Power Control (OPC) algorithm to determine optimum
laser power levels for writing (see Annex G and Annex |). The information is copied to the Control Data Zone

(see 17.11.1) during initialization of the disk.
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Table 3 — Physical format information

Byte number Content Number of bytes
0 Disk Category and Version Number 1
1 Disk size 1
2 Disk structure 1
3 Recording density 1
4to 15 Data Zone allocation 12
16 General Flag bits 1
17 Disk Application Code 1
18 Extended Information Indicators 1
19 to 26 Disk Manufacturer ID 8
27 to 29 Media Type ID 3
30 Product revision number 1
31 number of Physical format information bytes in use in ADIP up to byte 63 1
32 to 63 Reserved — All (00) 32
64 to 95 Extended Information block 0 32
96 to 121 Extended Information block 1 32
128 to 159 Extended Information block 2 32
160 to 191 Extended Information block 3 32
192 to 228 Extended Information block 4 32
224 to 25p Extended Information block 5 32

This version of this document specifies one type of disks, with different recording velocities. The specific write
parameters forl each recording velocity shall be specified in one set of 2 El blocks (see 14.4.2.3). The fdllowing
type of disk (characterized by the so-called X-speed) has now been defined and its ADIP shall contair| the El
Blocks as indigated in Table 4.

Table 4 — Types of disks

basic write strategy 8x write strategy remarks
bytes 32 to 63 El blocks Format 2
type of disk (het applicable) (3,3x, 6x & 8x speed)

this disk shall be suited for
“§x” - + recording speeds of 11,5,
20,9 & 27,9 m/s

+ shall be present — shall not be used

14.4.2.1 General information — Bytes 0 to 31
Byte 0 - Disk Category and Version Number

Bits by to by shall specify the Disk Category,
bit b7 shall be set to 1 indicating a disk according to the +R/+RW Format (see Clause 3),
bit b6 shall be set to 0 indicating a single layer disk,
bits b5 and b4 shall be set to 01 indicating a +RW HS disk.

Bits b3 to b0  shall specify the Version Number,
they shall be set to 0011 indicating this International Standard.
This Version Number identifies amongst others that there is no basic write strategy defined in
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bytes 32 to 63. Drives not acquainted with the specific Version Number of a disk should not try
to record on that disk using a basic write strategy (see Annex P).

Version number 0000 can be used for identification of test disks. Such test disks might not contain the correct

Physical format information in their ADIP Aux Frames.

Byte 1

Bits b7

Bits b

- Disk size and maximum transfer rate

tobs  shall specify the disk size,
they shall be set to 0000, indicating a 120 mm disk (for 80 mm disk see Annex A)

tobg shall specify the maximum read transfer rate,

Byte 2
Bits by

Bits b3]

Byte 3

Bits b7

Bits b3

Bytes i to 15 - Data Zone allocation

Byte 4
Bytes §

Byte 8

they shall be set to 1111 indicating no maximum read transfer rate is
specified

- Disk structure

tobs shall be setto 0000

to b0 shall specify the type of the recording layer(s):
they shall be set to 0100, indicating a rewritable recording\layer.

- Recording density

to by  shall specify the average Channel bit length inthe Information Zone,
they shall be set to 0000, indicating 0,133 ¢@m

to b0 shall specify the average track pitch,
they shall be set to 0000, indicating.an average track pitch of 0,74 um

shall be set to (00).
to7 shall be set to (030000) to specify PSN 196 608 of the first Physical Sector of thg Data Zone

shall be set tg_(00).

Bytes 9 to 11 shall bersetto (26053F) to specify PSN 2 491 711 as the last possible Physical $ector of the

Bytes

Byte 1

Data Zone (for 80 mm disk see Annex A).
2 to 15 shall be set to (00)

b —General Flag bits

Bit by

Bit b6

Bit b5

Bits b4

shall be set to ZERO

shall specify if the disk contains Extended format information in the ADIP Aux Frames in the
Data Zone related to the VCPS copy protection system,

shall be setto 0, indicating no Extended format information for VCPS is present,

shall be setto 1, indicating the Data Zone contains Extended format information for VCPS
as defined in Annex B and the VCPS System Description (see Annex O).

is reserved for use in the Control Data Zone and shall be set to ZERO

to b0 are reserved and shall be set to 0 0000

© ISO/IEC 2009 — All rights reserved 35


https://iecnorm.com/api/?name=9aa95d73c182c32da0874e33f392aeed

ISO/IEC 26925:2009(E)

Byte 17 — Disk Application Code

This byte can identify disks that are restricted to be used for special applications only. Drives not able to
identify the particular application related to a specific Disk Application Code or not able to act according to the
rules as defined for this particular application are not allowed to write on a disk with such a code.

(00)
(n
all other

identifies a disk for General Purpose use

o restrictions, all drives are allowed to write on a disk carrying this code),
codes are reserved.

Byte 18 — Extended Information indicators

Bits b7 to bg

Bits b5 to b0

Bytes 19 to 26 — Disk Manufacturer ID

These 8 bytes
the GO set + S

If the Disk Mar

Bytes 27 to 29 — Media Type ID

Disk manufact
type of disk ig

Trailing bytes fot used shall be set to (00).

If the Media Ty

NOTE If b
different and un
be approved by

Byte 30 - Pro

This byte shg
Manufacturer |
recording prof
recorders). Th

If not used this

are reserved and shall be set to 00

each of these bits shall indicate the presence of an Extended Information block.
Bit bi shall be set to 1 if Extended Information block i, consisting of bytes (64 +i%x32) to
(95 + ix32), is in use. Else bit bj shall be set to 0.

shall identify the manufacturer of the disk. This name shall be represented by characte
PACE according to ISO/IEC 4873. Trailing bytes not used shall-be set to (00).

ufacturer ID is not used, these 8 bytes shall be set to (00)

Lirers can have different types of media, which*shall be specified by these 3 bytes. The
denoted in this field by characters from the GO set + SPACE according to ISO/IEQ

pe ID is not used, these 3 bytes shallbe set to (00)

tes 19 to 29 are used for disk_identification, disks with different characteristics shall be iden
que combinations of Disk Manufacturer ID / Media Type ID. Therefore the contents of bytes 19 to
the licensors of the +RW system.

Huct revision number
Il identify the product revision number in binary notation. All disks with the sam
D and the same Media Type ID, regardless of Product revision numbers, must have thg
erties (only. minor differences are allowed: Product revision numbers shall be irreley
e contenteof this byte can be chosen freely by the disk manufacturer.

byte shall be set to (00)

rs from

specific
4873.

ified by
29 shall

e Disk
P same
ant for

Byte 31 — number of Physical format information bytes in use in ADIP up to byte 63

This byte forms one 8-bit binary number indicating the number of bytes actually in use for the basic Physical
format information (in bytes 0 to 63). It shall be set to (20) indicating that only the first 32 bytes of the Physical

format informat

14.4.2.2 Bas

jon are used.

ic write strategy parameters — Bytes 32 to 63

Bytes 32 to 63 — Reserved

These bytes shall be set to all (00).
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14.4.2.3 Extended Information blocks — Bytes (64 + ix32) to (95 + ix32)
(i=0to5)

Extended Information (EI) blocks are meant to facilitate future extensions. Each such block consists of
32 bytes. These bytes can hold for instance parameters for alternative write strategies or other advanced
parameters. If a set of parameters does not fit in one Extended Information block, additional continuation
blocks can be added, which additional blocks are identified by a Continuation bit.

The presence of an Extended Information block shall be indicated by the appropriate bit in byte 18. If an
Extended Information block is not used, all 32 bytes shall be set to (00).

Byte (64 + ix32) Extended Information block i Format number / Continuation bit
Bits bg to bg indicate the Format number which identifies the definitions of the data in byteq (65 + ix32) to

(95 + i%32).

If bit bp is set to ONE, the related Extended Information block is not an independent)block but a fcontinuation of

the prgceding Extended Information block. The Format number in a continuation-block shall be the same as
the Fofmat number in the preceding Extended Information block.

A disk [can have several Extended Information blocks. The contents of-blocks with different Format numbers
have tp be interpreted each according to their respective definitions..Fhe contents of blocks |with the same
Formaf number are interpreted in the same way; the parameters specified in these blocks however can have
differeqt values.

Drives|not acquainted with the specific Format number/invblock i, should not use the pargmeters in this
Extended Information block (see Annex P).

NOTE The contents of an El block are identified by the Format number of the block only. The position of the EI block
in the ADIP Aux Frame is irrelevant for this, so an El'block with Format number n could be allocated at any position i.
Therefgre drives should always check the Format.numbers in the El blocks to be sure that the write strategies are
correctly interpreted.

Bytes [65 + ix32) to (95 + ix32)
Each parameter set defined for these'bytes shall be identified by a unique Format number.

14.4.23.1 Extended Information for the “8x” write strategy
This Extended Information block specifies the parameters for a write strategy usable at speeds ranging from
11,5 nj/s up to 27,9.m/s, which is equivalent to 3,3x up to 8x the basic DVD speed (3,49 m/s). The write
strategly used at thése 'speeds is a so-called N/2 or 2T write strategy as defined in Annex G.

For opfimum.results, some parameters are defined at three different speeds:

— th? Lewer velocity, which shall be 11,5 m/s (3,3x),
— theTntermediate velociy, which shall be 20,9 m/s (6X) and
— the Upper velocity, which shall be 27,9 m/s (8x).

Because of too high rotational speeds at the inner side, the write strategy parameters for the Upper velocity
shall be determined at the outer side of the disk (see 9.5).

Bit by of the Specific Flag bits (byte 66) indicates if the disk can be recorded in CAV mode by using parameter
values which are determined from the given sets for the above speeds by a linear interpolation.

Because the total set of parameters needed to define the full write strategy at all 3 speeds is too large to fit in
one Extended Information block, an additional continuation block shall be used.
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If a disk can not be recorded under these “8x” conditions, these El blocks shall not be used (all bytes set to
(00) and related Extended Information indicator bits set to ZERO).

Byte 18 — Extended Information indicators

This byte shall be set to xxxx xx11 indicating Extended Information block 0 and block 1 are in use.

Table 5 — Extended Information block 0

Byte Content Number of
number bytes
64 Contintaton-bitermatrumber 4
65 Reserved - set to (00) 1
66 Specific Flag bits 1
67 Lower recording velocity for the parameter set in this El block 1
68 Upper recording velocity for the parameter set in this El block 1
69 Intermediate recording velocity for the parameter set in this El block 1
70 Maximum read power at Lower velocity 1
71 PiND at Lower velocity 1
72 p at Lower velocity 1
73 €4 at Lower velocity 1
74 €o at Lower velocity 1
75 Ytarget @t Lower velocity 1
76 Maximum read power at Upper velocity 1
77 PiND at Upper velocity 1
78 p at Upper velocity 1
79 €41 at Uppenvelocity 1
80 €o at Upper velocity 1
81 Ytarget-@t Upper velocity 1
82 Maximum-read power at Intermediate velocity 1
83 PiND at Intermediate velocity 1
84 p at Intermediate velocity 1
85 g4 at Intermediate velocity 1
86 go at Intermediate velocity 1
87 Ytarget at Intermediate velocity 1
88 to 89 Reserved - All (00) 2

90 Tmp Multi pulse duration for >4T at Lower velocity 1
91 Tmp multi pulse duration for >4T at Upper velocity 1
92 Tmp Multi pulse duration for >4T at Intermediate velocity 1
93 to 95 Reserved - All (00) 3
96 Continuation bit / Format number 1
97 Reserved - set to (00) 1
98 T3 pulse duration for 3T at Lower velocity 1
99 Tiop first pulse duration for >4T at Lower velocity 1
100 dTiop first pulse lead/lag time for >6T at Lower velocity 1
101 dTiop,5 first pulse lead/lag time for 5T at Lower velocity 1
102 dTiop,4 first pulse lead/lag time for 4T at Lower velocity 1
103 dTop,3 pulse lead/lag time for 3T at Lower velocity 1
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Table 6 — Extended Information block 1

Byte Content Number of
number bytes
104 dTip,0 last pulse lead/lag time for 5T, 7T, 9T & 11T at Lower velocity 1
105 dTera,0 erase lead/lag time for ST, 7T, 9T & 11T at Lower velocity 1
106 dTerg E erase lead/lag time for 4T, 6T, 8T, 10T & 14T at Lower velocity 1
107 dTera,3 erase lead/lag time for 3T at Lower velocity 1
108 T3 pulse duration for 3T at Upper velocity 1
109 T:op first pulse duration for >4T at Upper velocity 1
110 dTiop first pulse lead/lag time for >6T at Upper velocity 1
111 dTiop,5 first pulse lead/lag time for 5T at Upper velocity 1
112 dTtop,4 first pulse lead/lag time for 4T at Upper velocity 1
113 dTtop,3 pulse lead/lag time for 3T at Upper velocity 1
114 dTjp,0 last pulse lead/lag time for 5T, 7T, 9T & 11T at Upper velocity 1
115 dTera,0 erase lead/lag time for ST, 7T, 9T & 11T at Uppervelocity 1
116 dTera E erase lead/lag time for 4T, 6T, 8T, 10T & 14T at-Upper velocity 1
117 dTera,3 erase lead/lag time for 3T at Upper velocity 1
118 T3 pulse duration for 3T at Internmiediate velocity 1
119 Ttop first pulse duration for >4T atIntermediate velocity 1
120 dTiop first pulse lead/lag time for 26T at Intermediate velocity 1
121 dTiop,5 first pulse lead/lag time for 5T at Intermediate velocity 1
122 dTtop,4 first pulse lead/lag time for 4T at Intermediate velocity 1
123 dTtop,3 pulse leadllag time for 3T at Intermediate velocity 1
124 dTip,0 last pulse lead/lag time for 5T, 7T, 9T & 11T at Intermediate velocity 1
125 dTera,0 erase leadflag time for 5T, 7T, 9T & 11T at Intermediate velocity 1
126 dTera E erase lead/lag time for 4T, 6T, 8T, 10T & 14T at Intermediate velocity 1
127 dTera,3 erase lead/lag time for 3T at Intermediate velocity 1

Byte 6§ — Extended Information block 0 Continuation bit / Format number

lock, for which

This byte is reserved and shall be set to (00)

Byte 66 — Specific Flag bits

Bits b7 to b4 are reserved and shall be set to 0000 000

Bit bg shall specify if the disk is recordable in CAV mode:

shall be setto 0,

indicating recording in CAV mode with parameter values derived from the

specified ones for 3,3x, 6x and 8x by a linear interpolation is possible (by
piece-wise interpolation between 3,3x and 6x and between 6x and 8x),
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shall be

setto 1, indicating that CAV mode is not specified. In this case only recording

in CLV

mode at the specified Lower, Intermediate and Upper velocity has been

tested.

Byte 67 — Lower recording velocity for the parameter set in this El block

This byte indicates the lowest recording velocity of the disk for the parameters as defined in this El block. This
recording velocity shall be specified as a number n such that

n =4 x Vi ower El 0 (n rounded off to an integral value)

It shall be
set to (2

Byte 68 — Upq

This byte indiq
This recording

n=4x

It shall be
setto (7

Byte 69 — Inte|

This byte indi
block. This rec

n =4 x \intermediate,El 0 (1 rounded off to an integrakvalue)

It shall be
set to (5§) indicating an Intermediate writing speed of about 21 m/s (6x).

Byte 70 — Maximum read power, P, at Lower velocity

This byte shall|specify the maximumiread power P, in milliwatts at the Lower velocity as a number n sug
n=20x(P,-0,7)

Byte 71 — Pyp at Lower velocity

PinD is the sta

F) indicating a Lower writing speed of about 11,5 m/s (3,3x).
er recording velocity for the parameter set in this El block

ates the highest recording velocity of the disk for the parameters as defined~in this E
velocity shall be specified as a number n such that

Upper,El 0 (1 rounded off to an integral value)

D) indicating an Upper writing speed of about 28 m/s (8x).
rmediate recording velocity for the parameter set in'this El block

ates the intermediate recording velocity of the-disk for the parameters as defined in
prding velocity shall be specified as a number hA'such that

ting(value for the determination of Piaget used in the OPC algorithm, see Annex .

block.

this El

h that

This byte shal
such that

Specity the indicative value PIND Of Prarget 1IN Milliwalts at the Lower velocity as a nu

n=5x(P\p - 9)

Byte 72 — p at Lower velocity

mber n

This byte shall specify the write power multiplication factor p at the Lower velocity used in the OPC algorithm
(see Annex |) as a number n such that

n=100

40

xp
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Byte 73 — g1 at Lower velocity

This byte shall specify the Erase/Write power ratio g4 at the Lower velocity used in the OPC algorithm (see
Annex |) as a number n such that

n =200 x g4
Byte 74 — ¢; at Lower velocity

This byte shall specify the Cooling/Write power ratio ¢, at the Lower velocity used in the OPC algorithm (see
Annex |) as a number n such that

n=1000 x g
Byte 7b — ytarget at Lower velocity

This byte shall specify the target value for v, yiarget at the Lower velocity used-in the OPC Jalgorithm (see
Annex|l) as a number n such that

1 = 20 x Ytarget

Byte 7p — Maximum read power, P, at Upper velocity
This byte shall specify the maximum read power P, in milliwatts at the Upper velocity as a number n such that
p=20x (P,—0,7)

Byte 7|7 — P\yp at Upper velocity

PinD is|the starting value for the determination’of Piarget used in the OPC algorithm, see Annex |.
This byte shall specify the indicative value Pinp of Parget in milliwatts at the Upper velocity as a number n
such that

7:5X(P|ND-5)
Byte 7B — p at Upper velocity

This byte shall specify~the write power multiplication factor p at the Upper velocity used in the PPC algorithm
(see Annex |) as.amnumber n such that

p =100« p

Byte 79—e1atUpper-velocity

This byte shall specify the Erase/Write power ratio g4 at the Upper velocity used in the OPC algorithm (see
Annex |) as a number n such that

n =200 x g4
Byte 80 — g5 at Upper velocity

This byte shall specify the Cooling/Write power ratio €, at the Upper velocity used in the OPC algorithm (see
Annex |) as a number n such that

n=1000 x g
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Byte 81 — ytarget at Upper velocity

This byte shall specify the target value for v, yarget at the Upper velocity used in the OPC algorithm (see
Annex |) as a number n such that

n=20x

Ytarget

Byte 82 — Maximum read power, P, at Intermediate velocity

This byte shall specify the maximum read power P, in milliwatts at the Intermediate velocity as a number n

such that
n=20x
Byte 83 - P|N[

PinD is the sta

This byte shall
n such that

n=5x
Byte 84 —p a

This byte shal
algorithm (see

n=100

Byte 85 - g4 at Intermediate velocity

This byte shal

(see Annex |) &s a number n such that

n=200

Byte 86 — ¢; at Intermediate velocity

(Pr-0,7)

) at Intermediate velocity

ting value for the determination of Piarget used in the OPC algorithm, see Annex I.

PIND - 5)
Intermediate velocity

specify the write power multiplication factor p «at the Intermediate velocity used in th
Annex |) as a number n such that

p

specify the Erase/Write power_ratio ¢4 at the Intermediate velocity used in the OPC al

€1

This byte shall
(see Annex |)

n=10

(I)s a number n such that

specify the{Cooling/Write power ratio g5 at the Intermediate velocity used in the OPC al

specify the indicative value Pi\p of Parget in milliwatts at the Intermediate velocity as a pumber

e OPC

jorithm

jorithm

)

Byte 87 — ytarget at Intermediate velocity

This byte shall specify the target value for y, ytarget at the Intermediate velocity used in the OPC algorithm (see
Annex |) as a number n such that

n=20 x

Ytarget

Bytes 88 to 89 — Reserved - All (00)

These bytes shall be set to all (00).
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Byte 90 — Ty, multi pulse duration for >4T at Lower velocity

This byte shall specify the duration of the second and next pulses of the multi pulse train when the current
mark is a 4T or greater mark for recording at Lower velocity (see Annex G). The value is expressed in
fractions of the Channel bit clock period as an unsigned binary number n such that

n=16me%W and 3<n<16

Byte 91 — Tp,, multi pulse duration for >4T at Upper velocity

This byte—stratt bpcbil’y theduratiomof the—secornd—and—ext puibcb of themutti puibc traimwhen the current
mark is a 4T or greater mark for recording at Upper velocity (see Annex G). The value-ig expressed in
fractionjs of the Channel bit clock period as an unsigned binary number n such that

7=16><Tm%vV and 3<n<16

Byte 92 — Tp,, multi pulse duration for >4T at Intermediate velocity

This byte shall specify the duration of the second and next pulses ©of\the multi pulse train when the current
mark i$ a 4T or greater mark for recording at Intermediate velocity (see Annex G). The value is expressed in
fractions of the Channel bit clock period as an unsigned binary number n such that

7=16me%W and 3<n<16

Bytes P3 to 95 — Reserved - All (00)
These pytes shall be set to all (00).
Byte 96 — Extended Information block(1 Continuation bit / Format number

This byte shall be set to 1000 0040-indicating Format 2 and this block being a continuation bjock, for which
bytes 97 to 127 have the followihg/meaning:

Byte 9f — Reserved
This byte is reservedtand shall be set to (00)

Byte 9B — T3 pulse duration for 3T at Lower velocity

This byte’shall specify the duration of the pulse when the current mark is a 3T mark for recording at Lower
velocity (s€e Annex G). The value is expressed in fractions of the Channel bit clock period ds an unsigned
binary number n such that

n=16><T3T and 3<n<24
W

Byte 99 — Tyop, first pulse duration for 24T at Lower velocity

This byte shall specify the duration of the first pulse of the multi pulse train when the current mark is a 4T or
greater mark for recording at Lower velocity (see Annex G). The value is expressed in fractions of the Channel
bit clock period as an unsigned binary number n such that

n=16th°%W and 3<n<24
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Byte 100 — dTyop, first pulse lead/lag time for 26T at Lower velocity

When the current mark is a >6T mark, this byte shall specify the lead or lag time of the first pulse of the multi
pulse train relative to the trailing edge of the first Channel bit of the data pulse, for recording at Lower velocity
(see Annex G). The value is expressed in fractions of the Channel bit clock period as a two’s compliment

binary number

n=16 x

n such that

thop
Tw

and -8<n<8

(positive numbers indicate a lead time, negative numbers indicate a lag time)

Byte 101 — dT|

When the curr
pulse train rel3

(see Annex G).

binary number|

top,5 first pulse lead/lag time for 5T at Lower velocity

ent mark is a 5T mark, this byte shall specify the lead or lag time of the first pulse of th
tive to the trailing edge of the first Channel bit of the data pulse, for recording)at' Lower

The value is expressed in fractions of the Channel bit clock period as-atwo’s com
n such that

n=16 x thOP% and -8<n<8
w
(positivd numbers indicate a lead time, negative numbers indicate a\lag time)

Byte 102 — dT|

When the curr
pulse train relg

(see Annex G).

binary number|

top,4 first pulse lead/lag time for 4T at Lower velocity

ent mark is a 4T mark, this byte shall specify the lead or lag time of the first pulse of th
tive to the trailing edge of the first Channel hit, of the data pulse, for recording at Lower

The value is expressed in fractions of<the Channel bit clock period as a two’s com
n such that

e multi
elocity
pliment

e multi
elocity
pliment

n=16 x thODv‘% and 82n<8
w
(positivd numbers indicate a lead(time, negative numbers indicate a lag time)
Byte 103 — dTjop 3 pulse lead/lagtime for 3T at Lower velocity
When the currient mark is a'3T mark, this byte shall specify the lead or lag time of the pulse relativg to the
trailing edge df the first Channel bit of the data pulse, for recording at Lower velocity (see Annex Gf). The
value is expregsed in_ffactions of the Channel bit clock period as a two’s compliment binary number [n such

that

denp"%

n=16 x

Tw and -8<n<8

(positive numbers indicate a lead time, negative numbers indicate a lag time)

Byte 104 — dT

Ip,0 last pulse lead/lag time for 5T, 7T, 9T & 11T at Lower velocity

When the length of the current mark is an odd number of Channel bits, this byte shall specify the lead or lag
time of the last pulse of the multi pulse train relative to the leading edge of the last Channel bit of the data
pulse, for recording at Lower velocity (see Annex G). dT, o adds to the length of the last pulse such that this
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becomes Tpp + dTp 0. The value of dT|, o is expressed in fractions of the Channel bit clock period as a two's
compliment binary number n such that

dT|p‘o/
n=16 x Tw and -8<n<8

(positive numbers indicate a lead time, negative numbers indicate a lag time)

Byte 105 — dTer5,0 erase lead/lag time for 5T, 7T, 9T & 11T at Lower velocity

When the length of the current mark is an odd number of Channel bits, this byte shall specify the lead or lag
time oftheerase pulse Tetative tothe traiting edge of the data puise, for recording at towar velocity (see
Annex|G). The value is expressed in fractions of the Channel bit clock period as a two’sceanppliment binary
numbef n such that

1= 16 x dTera0 Tw and 24<n<16

(positive numbers indicate a lead time, negative numbers indicate adag-time)

Byte 1D6 — dT¢,, g erase lead/lag time for 4T, 6T, 8T, 10T & 14T at-Lower velocity

When the length of the current mark is an even number of Chanqel bits, this byte shall specify|the lead or lag
time of the erase pulse relative to the trailing edge of the data pulse, for recording at Lowdr velocity (see
Annex|G). The value is expressed in fractions of the Channel bit clock period as a two’s conppliment binary
numbey n such that

dTera,E

T and -24&n <16
W

=16 x

(positive numbers indicate a lead time; hegative numbers indicate a lag time)

Byte 1D7 — dT¢r,,3 erase lead/lag time for 3T at Lower velocity
When the length of the currentumark is 3T, this byte shall specify the lead or lag time of the erase pulse

relativg to the trailing edge ©f the data pulse, for recording at Lower velocity (see Annex G)| The value is
expresped in fractions of the.Channel bit clock period as a two’s compliment binary number n suych that

=16 x dTera%W and 24<n<16

positive numbers indicate a lead time, negative numbers indicate a lag time)
Byte 1L8—Ygrpvlse-d«ebexb-iet—$¥—el-l=lppel—ve' loeity

This byte shall specify the duration of the pulse when the current mark is a 3T mark for recording at Upper
velocity (see Annex G). The value is expressed in fractions of the Channel bit clock period as an unsigned
binary number n such that

n=16><T% and 3<n<24
W
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Byte 109 — Tyop, first pulse duration for 24T at Upper velocity

This byte shall specify the duration of the first pulse of the multi pulse train when the current mark is a 4T or
greater mark for recording at Upper velocity (see Annex G). The value is expressed in fractions of the Channel
bit clock period as an unsigned binary number n such that

n=16 x

and 3<n<24

Ttop
Tw

Byte 110 — dTy,, first pulse lead/lag time for 26T at Upper velocity

When the curr
pulse train rel3

(see Annex G).

binary number|

n=16><th°% and -8<n<8
w
(positivd numbers indicate a lead time, negative numbers indicate a lag time)

Byte 111 — dT|

When the curr
pulse train relg

(see Annex G).

binary number|

n=16x thOD% and -8<n<8
w
(positivd numbers indicate a lead time, negative numbers indicate a lag time)

Byte 112 — dT|

When the curr
pulse train rel3

(see Annex G).

binary number|

BTt TITark 1S a =61 mdrk, this pytle shall speCin the lead or 1dg time of the first puise Ol 1
tive to the trailing edge of the first Channel bit of the data pulse, for recording at Uppet.
The value is expressed in fractions of the Channel bit clock period as a two's_com
n such that

top, 5 first pulse lead/lag time for 5T at Upper velocity

ent mark is a 5T mark, this byte shall specify the leadiar lag time of the first pulse of th
tive to the trailing edge of the first Channel bit of the/data pulse, for recording at Upper
The value is expressed in fractions of the Channel bit clock period as a two’s com
n such that

top,4 first pulse lead/lag timefor 4T at Upper velocity

ent mark is a 4T mark, this byte shall specify the lead or lag time of the first pulse of th
tive to the trailing edge of the first Channel bit of the data pulse, for recording at Upper

The value is(éxpressed in fractions of the Channel bit clock period as a two’s com
n such that

e multi
elocity
pliment

e multi
elocity
pliment

e multi
elocity
pliment

dT
n=16x P4 and -8<n<8
Tw
(positive-rumbers-indicate-alead-timenegative-numbers-indicate-alag-time)

Byte 113 — dTyop 3 pulse lead/lag time for 3T at Upper velocity

When the current mark is a 3T mark, this byte shall specify the lead or lag time of the pulse relative to the
trailing edge of the first Channel bit of the data pulse, for recording at Upper velocity (see Annex G). The
value is expressed in fractions of the Channel bit clock period as a two’s compliment binary number n such

that
n=16x thOD% and -8<n<8
w
(positive numbers indicate a lead time, negative numbers indicate a lag time)
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Byte 114 — dT)p o last pulse lead/lag time for 5T, 7T, 9T & 11T at Upper velocity

When the length of the current mark is an odd number of Channel bits, this byte shall specify the lead or lag
time of the last pulse of the multi pulse train relative to the leading edge of the last Channel bit of the data
pulse, for recording at Upper velocity (see Annex G). dT|, o adds to the length of the last pulse such that this

becomes T + dTip 0. The value of dT, o is expressed in fractions of the Channel bit clock period as a two’s
compliment binary number n such that

n=16 x dT'P'%W and -8<n<8

oosit N tead-time- : N targrtime:
Byte 115 — dTer,,0 erase lead/lag time for 5T, 7T, 9T & 11T at Upper velocity

When the length of the current mark is an odd number of Channel bits, this byte shall"specify [the lead or lag
time of the erase pulse relative to the trailing edge of the data pulse, for recording at Uppdr velocity (see
Annex|G). The value is expressed in fractions of the Channel bit clock period ias a two’s conppliment binary
numbey n such that

=16 x dTera0 Tw and 24<n<16

(positive numbers indicate a lead time, negative numbefs indicate a lag time)

Byte 116 — dT¢r, g erase lead/lag time for 4T, 6T, 8T, 10T & 14T at Upper velocity

When the length of the current mark is an even number of Channel bits, this byte shall specify|the lead or lag
time of the erase pulse relative to the trailing édge of the data pulse, for recording at Uppdr velocity (see
Annex|G). The value is expressed in fractions of the Channel bit clock period as a two’s conppliment binary
number n such that

dTera,E

=16 x Tw

and -24<n<16

(positive numbers indicate a lead time, negative numbers indicate a lag time)

Byte 117 — dT¢r,,3 erase lead/lag time for 3T at Upper velocity

When the length<of the current mark is 3T, this byte shall specify the lead or lag time of the erase pulse
relativg to the_ frailing edge of the data pulse, for recording at Upper velocity (see Annex G). The value is
expresped infractions of the Channel bit clock period as a two’s compliment binary number n suych that

dT_.. -
1="T0 % "_‘"‘"’T and -24<n<716
W

(positive numbers indicate a lead time, negative numbers indicate a lag time)

Byte 118 — T3 pulse duration for 3T at Intermediate velocity

This byte shall specify the duration of the pulse when the current mark is a 3T mark for recording at
Intermediate velocity (see Annex G). The value is expressed in fractions of the Channel bit clock period as an
unsigned binary number n such that

n=16><T% and 3<n<24
W
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Byte 119 — Tyop, first pulse duration for 24T at Intermediate velocity

This byte shall specify the duration of the first pulse of the multi pulse train when the current mark is a 4T or
greater mark for recording at Intermediate velocity (see Annex G). The value is expressed in fractions of the
Channel bit clock period as an unsigned binary number n such that

n:16><Tt°%W and 3<n<24

Byte 120 — dTy,, first pulse lead/lag time for 26T at Intermediate velocity

e multi
nediate
velocity (see fnnex G). The value is expressed in fractions of the Channel bit clock period as & two’s
compliment bigpary number n such that

n=16 x thO%W and -8<n<8

(positivd numbers indicate a lead time, negative numbers indicate a lag time)

Byte 121 — dTjop 5 first pulse lead/lag time for 5T at Intermediate velocity

When the current mark is a 5T mark, this byte shall specify the lead ar lag time of the first pulse of tHe multi
pulse train relgtive to the trailing edge of the first Channel bit of the.data pulse, for recording at Intermediate
velocity (see Annex G). The value is expressed in fractions\of the Channel bit clock period as @ two’s
compliment bipary number n such that

n=16 x thop%W and -8<n<8

(positivd numbers indicate a lead time, negative numbers indicate a lag time)

Byte 122 — dTjop 4 first pulse lead/lag time for 4T at Intermediate velocity

When the current mark is a 4T mark, this byte shall specify the lead or lag time of the first pulse of tHe multi
pulse train relative to the trailing-edge of the first Channel bit of the data pulse, for recording at Intermediate
velocity (see fnnex G). The value is expressed in fractions of the Channel bit clock period as & two’s
compliment bigpary number ntsuch that

n=16 x thOP%W and -8<n<8

(positive-rumbers-indicate-alead-timenegative-numbers-indicate-alag-time)
Byte 123 — dTyop,3 pulse lead/lag time for 3T at Intermediate velocity

When the current mark is a 3T mark, this byte shall specify the lead or lag time of the pulse relative to the
trailing edge of the first Channel bit of the data pulse, for recording at Intermediate velocity (see Annex G).
The value is expressed in fractions of the Channel bit clock period as a two’s compliment binary number n
such that

n=16 x thop%W and -8<n<8

(positive numbers indicate a lead time, negative numbers indicate a lag time)
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Byte 124 — dT)p o last pulse lead/lag time for 5T, 7T, 9T & 11T at Intermediate velocity

When the length of the current mark is an odd number of Channel bits, this byte shall specify the lead or lag
time of the last pulse of the multi pulse train relative to the leading edge of the last Channel bit of the data
pulse, for recording at Intermediate velocity (see Annex G). dT|, o adds to the length of the last pulse such

that this becomes Trp + dTp 0. The value of dT|, o is expressed in fractions of the Channel bit clock period
as a two’s compliment binary number n such that

n=16 x dT'P'%W and -8<n<8

oosit N tead-time- . N targrtime:
Byte 125 — dTera,0 erase lead/lag time for 5T, 7T, 9T & 11T at Intermediate velocity

When the length of the current mark is an odd number of Channel bits, this byte shall"specify [the lead or lag
time of|the erase pulse relative to the trailing edge of the data pulse, for recording;at/Intermediate velocity (see
Annex|G). The value is expressed in fractions of the Channel bit clock period ias a two’s conppliment binary
numbey n such that

=16 x dTera0 Tw and 24<n<16

(positive numbers indicate a lead time, negative numbefs indicate a lag time)

Byte 126 — dT¢(, g erase lead/lag time for 4T, 6T, 8T, 10T & 14T at Intermediate velocity

When the length of the current mark is an even number of Channel bits, this byte shall specify|the lead or lag
time of|the erase pulse relative to the trailing edge of the data pulse, for recording at Intermediate velocity (see
Annex|G). The value is expressed in fractions of the Channel bit clock period as a two’s conppliment binary
number n such that

dTera,E

=16 x Tw

and -24<n<16

(positive numbers indicate a lead time, negative numbers indicate a lag time)

Byte 127 — dT¢r,,3 erase lead/lag time for 3T at Intermediate velocity

When the length<of the current mark is 3T, this byte shall specify the lead or lag time of the erase pulse
relativg to the trailing edge of the data pulse, for recording at Intermediate velocity (see Annex|G). The value
is expressedin-fractions of the Channel bit clock period as a two’s compliment binary number n{such that

dT_.. -
1="T0 % "_‘"‘"’T and -24<n<716
W

(positive numbers indicate a lead time, negative numbers indicate a lag time)

15 General description of the Information Zone

The Information Zone shall contain all information on the disk relevant for data interchange. It shall be divided
in three parts: the Lead-in Zone, the Data Zone and the Lead-out Zone. In double-sided disks there is one
Information Zone per side. The Data Zone is intended for the recording of User Data. The Lead-in Zone
contains control information and an area for disk and drive testing. The Lead-out Zone allows for a continuous
smooth lead-out and also contains control information and a disk and drive test Zone.
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The Lead-in Zone, the Data Zone and the Lead-out Zone constitute the Rewritable area in which the
information is recorded using the Phase change effect.

16 Layout of the Information Zone

The Information Zone of single-sided and of each side of double-sided disks shall be sub-divided as shown in
Table 7. The radii indicated in Table 7 for some of the Zones are the nominal values of the centre of the first
(or last) track of the Zone.

Table 7—L
(for 80 mm disk see Annex A)
Description Nominal radius in PSN of the first Number,of
mm Physical Sector | PhysicaDSectors
Initial Zone start 22,000 mm (01D830) 52.304 nominal
Inner Disk Test Zone start 23,400 mm (02A480) 2048
Inner Drive Test Zone (02AC80) 12 288
Guard Zone 1 (02DC80) 512
Reserved Zone 1 start 23,782 mm (02DES80) 4 096
Lead-in Reserved Zone 2 start 23,886 mm (02EE80) 64
Inner Disk Identification Zone (02EECO) 256
Reserved Zone 3 (02EFCO0) 64
Reference Code Zone start 23,896 mm (02F000) 32
Buffer Zone 1 (02F020) 480
Control Data Zone (02F200) 3072
Buffer Zone 2 (02FEO00) 512
Data Data Zone start 24,000 mm (030000) 2295 104
Buffer Zone 3 start 58,000 mm (260540) 768
Outer Disk Identification Zone (260840) 256
Lead-oyt |Guard Zone 2 (260940) 4 096
Reserved“Zone 4 start 58,053 mm (261940) 4 096
Outer Drive Test Zone (262940) 12 288
Outer Disk Test Zone (265940) 2048
Guard Zone 3 start 58,246 mm (266140) 24 400 nominal
end > 58,500 mm

16.1 Physical Sector Numbers (PSNs)

The first Physical Sector of the Data Zone shall have PSN (030000). The PSNs increase by 1 for each next

Physical Sector in the whole Information Zone (Figure 22).
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T P Information Zone -

_ Inner  Lead-in Data Zone Lead-out Outer
Physical Drive  Zone Zone Drive
Sector Area Area

Number /

L Address

— |

(02FFEF) ____(030000) Radius——»

Figure 22 — Physical Sector numbering

17 Lead-in Zone

The Lgad-in Zone is the innermost Zone of the Information Zone. It shall ,consist of the parts shown in
Figure |23.

The Plysical Sector Number of the first and last Physical Sector ©f,each part is indicated |n Figure 23 in
hexadgcimal and decimal notation and the number of Physical Sectors in each part is indicgted in decimal
notatiop.

A maiden disk does not have any data recorded in the Lead-ih Zone. After finalization of the disk, the Lead-in
Zone shall be recorded according to 17.1 to 17.12.

17.1 Initial Zone
The Main Data of the Data Frames in this Zone, when recorded, shall be set to all (00). The recording in the
Initial Zone shall start at radius 22,6 mm~max. This International Standard does not specify the number of
Physicgl Sectors in the Initial Zone.

NOTE The Physical Sector Number of the first Physical Sector of the Data Zone is large enough sq as to prevent a
Physicgl Sector Number < 0 to occur.in the Initial Zone.

17.2 Inner Disk Test Zone

2 048 Physical Sectors'reserved for disk manufacturer testing. This Zone shall be filled with Mgin Data set to
(00).

17.3 Inner Drive Test Zone

12 288 Physical Sectors reserved for drive 1esting and OPCT algorithm. This Zone shall be Tilled with Main Data
set to (00).

17.4 Guard Zone 1

This Guard Zone is used as a protection for separating test writing zones from information zones containing
user data. If recorded, this Zone shall be filled with Main Data set to (00). This zone shall contain 512 Physical
Sectors.

17.5 Reserved Zone 1

4 096 Physical Sectors (= 256 ECC Blocks) reserved for Defect Management use. If not used all bytes shall
be set (00).

© ISO/IEC 2009 — All rights reserved 51


https://iecnorm.com/api/?name=9aa95d73c182c32da0874e33f392aeed

ISO/IEC 26925:2009(E)

17.6 Reserved Zone 2

64 Physical Sectors reserved for Defect Management use. If not used all bytes shall be set (00).

Initial Zone
all Physical Sectors
Physical Sector 173 183 with Main Data set to (00) Physical Sector (02A47F)
Physical Sector 173 184 Physical Sector (02A480)

Inner Disk Test Zone

Physical Sector 175 231 2 048 Physical Sectors

Physical Sector 175 232

Physical Sector (02AC7F)
Physical Sector (02AC80)

lonar NDenva Toact 7o
oy e—TCot=Z=0mT

12 288 Physical Sectors

Physig¢al Sector 187 519 Physical Sector (02DC7F)

Physigal Sector 187 520 Guard Zone 1 Physical Sector (02D€80)
512 Physical Sectors
Physig¢al Sector 188 031 with Main Data set to (00) Physical Sector(02DE7F)

Physig¢al Sector 188 032 Physical Sector, (02DE80)

Reserved Zone 1

Physidal Sector 192 127 4 096 Physical Sectors

Physigal Sector 192 128

Physical, Sector (02EE7F)
Physical*Sector (02EE80)

Reserved Zone 2

Physidal Sector 192 191 64 Physical Sectors

Physigal Sector 192 192

Rhysical Sector (02EEBF)
Physical Sector (02EECO)

Inner Disk ldentification Zone

Physidal Sector 192 447 256 Physical Sectors

Physigal Sector 192 448

Physical Sector (02EFBF)
Physical Sector (02EFCO0)

Reserved Zone 3

Physidal Sector 192 511 64 Physical Sectors

Physig¢al Sector 192 512

Physical Sector (02EFFF)
Physical Sector (02F000)

Reference Code Zone

32 Physical 'Sectors

Physig¢al Sector 192 543 Physical Sector (02F01F)

Physig¢al Sector 192 544 Buffer Zone 1 Physical Sector (02F020)
480<Physical Sectors

Physig¢al Sector 193 023 withiMain Data set to (00) Physical Sector (02F1FF)

Physigal Sector 193 024 Physical Sector (02F200)

Control Data Zone

Physidal Sector 196 095 3 072 Physical Sectors Physical Sector (02FDFF)

Physigal Sector 196 096 Buffer Zone 2 Physical Sector (02FEQ0)

512 Physical Sectors

Physigal Sector 196.607 Physical Sector (02FFFF)
Physig¢al Sector.196 608 Physical Sector (030000)
Data Zone

Figure 23 — Lead-in Zone

17.7 Inner Disk ldentification Zone
256 Physical Sectors reserved for information agreed upon by the data interchange parties. Each set of
16 Physical Sectors from one ECC Block is either a Disk Control Block (DCB) (see Clause 22) or recorded

with all (00) Main Data. Each ECC Block in this Zone following one recorded with all (00) Main Data shall also
be recorded with all (00) Main Data.

17.8 Reserved Zone 3

64 Physical Sectors reserved for Defect Management use. If not used all bytes shall be set (00).
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17.9 Reference Code Zone

The recorded Reference Code Zone shall consist of the 32 Physical Sectors from two ECC Blocks which
generate a specific Channel bit pattern on the disk. This shall be achieved by setting to (AC) all 2 048 Main
Data bytes of each corresponding Data Frame. Moreover, no scrambling shall be applied to these Data
Frames, except to the first 160 Main Data bytes of the first Data Frame of each ECC Block.

17.10 Buffer Zone 1

This Zone shall consist of 480 Physical Sectors from 30 ECC Blocks. The Main Data of the Data Frames in
this Zone shall be set to all (00).

17.11| Control Data Zone

This Zpne shall consist of 3 072 Physical Sectors from 192 ECC Blocks. The content of the 16 Physical
Sector$ of each ECC Block is repeated 192 times, unless specified otherwise. The structure of ja Control Data
Block ghall be as shown in Figure 24.

Physical format information
2 048 bytes

Disk manufacturing information
2 048 bytes

Content provider information

14 x 2 048 bytes

Figure 24 — Structure of a Control Data Block

17.11.1 Physical format{information

This information shall\comprise the 2 048 bytes shown in Table 8. It contains disk and format information.

Table 8 — Physical format information

Byte number Content Number of bytes
0 Disk Category and Version Number 1
1 Disk size 1
2 Disk structure 1
3 Recording density 1
4to 15 Data Zone allocation 12
16 General Flag bits 1
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Table 8 — Physical format information (continued)

Byte number Content Number of bytes
17 Disk Application Code 1
18 Extended Information Indicators 1
19 to 26 Disk Manufacturer ID 8
27 to 29 Media Type ID 3
30 Product revision number 1
31 number of Physical format information bytes in use in ADIP up to byte 63 1
32t0 63 Basic write strategy parameters 32
64 to 95 Extended Information block 0 32
96 to 12] Extended Information block 1 32
128 to 15 Extended Information block 2 32
160 to 191 Extended Information block 3 32
192 to 2283 Extended Information block 4 32
224 to 25p Extended Information block 5 32
256 to 2 047 Reserved - All (00) 1792

The information in bytes 0 to 255 are copied from the ADIP auxiliary data.during initialization of the d|sk and

may be modifi

bd during use to reflect the actual status of the disk (esg. the actual end of the Data Zope). All

256 bytes have the same definitions and shall have the same contents as the Physical format infofmation

defined in tablg¢ 3 and 14.4.2, except the following bytes:

Byte 1 — Disk
Bits b7 to b4

Bits b3 to bo

Bytes 4 to 15
Bytes 4 to 8

Bytes 9 to 11

Bytes 12 to 15

54

Isize and maximum transfer rate

same as 14.4.2
shall specify the maximum read transfer rate.

These bits may be set to operof the following values (depending on the maximum readtout
speed needed by the application):

0000: specify a maximum transfer rate of 2,52 Mbits/s (See note at 27.3)
0001: specify a maximum transfer rate of 5,04 Mbits/s (See note at 27.3)
0010: specify a naximum transfer rate of 10,08 Mbits/s

1111: specify no maximum transfer rate is specified.

All other cembinations are reserved and shall not be used.

- Data Zone allocation

same as 14.4.2

in the first 16 ECC Blocks of the Control Data Zone:
shall specify the Sector Number of the last Physical Sector of the Recorded part of the Data
Zone,

in the remaining 176 ECC Blocks of the Control Data Zone:

shall all be set to the Sector Number of the last Physical Sector of the Recorded part of the
Data Zone, or shall all be set to (26053F) to specify PSN 2491 711 as the last possible
Physical Sector of the Data Zone (for 80 mm disk see Annex A).

same as 14.4.2

© ISO/IEC 2009 — All rights reserved


https://iecnorm.com/api/?name=9aa95d73c182c32da0874e33f392aeed

ISO/IEC 26925:2009(E)

Byte 16 — General Flag bits

Bit b7 same as 14.4.2
Bit bg same as 14.4.2
Bit bg shall specify if Buffer Zone 2 in the Lead-in Zone contains VCPS related information,
shall be setto 0, indicating no VCPS related information is present in Buffer Zone 2,
shall be setto 1, iEdi(‘:?rtjgg Euffer Z&ne 2 _co.ntailns V?PS reEEed information as defined in
S VUT O O yottlT T OUITPUUTTASTE MTTHTTTA I -
Bits bylto by  same as 14.4.2

Bytes

All rem

17.11.4

This In
ignore(

17.11.]
These
Under

Circun
are prg

17.12

This re
related
VCPS

Main D

256 to 2 047 - Reserved - All (00)

aining bytes are reserved and shall be set to all (00).

? Disk manufacturing information

ternational Standard does not specify the format and the content of these 2 048 bytes
in interchange.

b Content provider information
P8 672 bytes shall be set to all (00).
no circumstance may data received from the host be recorded in this field.

nvention: Recorders and recording drives shall be considered as circumvention devic
duced to record, or can easily bemodified to record, in any manner, a user-defined num

Buffer Zone 2

corded Zone shall consist of 512 Physical Sectors from 32 ECC Blocks. During use of

information may be-recorded to these 32 ECC Blocks, according to the specificatior]
System Description(see Annex O). If no VCPS related information is copied to these loc
ata of the Data.Frames in this Zone shall be set to all (00).

18 Data Zone

They shall be

bs when these
ber in this field.

the disk VCPS
s given in the
ations then the

2295 1

N4 Phyvucicoal Cantare ~f ionr Aotn oraa (far ON pana Aol oo A aye A
T OUTTi

o oo
rySTCooTTttOTrsS O osSTroataarca (1ot T OToIT ST T ICAT YT

The start radius of the Data Zone is determined by the location of Physical ADIP Address (00C000) and the
maximum end radius is determined by the location of Physical ADIP Address (098150) (see 14.4.1.1, bit 2 to

23 and

13.7.1)

19 Lead-out Zone

The Lead-out Zone is the outermost zone of the Information Zone. It shall consist of the parts specified in

Figure

25.
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The Physical Sector Number of the first and the last Physical Sector of each part is indicated in Figure 25 in
hexadecimal and decimal notation and the number of Physical Sectors in each part is indicated in decimal
notation (for 80 mm disk see Annex A).

19.1 Buffer Zone 3

This recorded Zone shall consist of 768 Physical Sectors. The start location of Buffer Zone 3 is (260540) (for
80 mm disk see Annex A). The Main Data of the Data Frames in this Zone shall be set to all (00).

19.2 Outer Disk Identification Zone

256 Physical

16 Physical Sgctors from one ECC Block is either a Disk Control Block (DCB) (see Clause 22) or-r¢g
ain Data. The contents of this Zone shall be equivalent to the contents of the\inn

with all (00) N
Identification Z

19.3 Guard {

This Guard Zd
user data. Thig

Physi

Physi
Physi

Physi
Physi

Physi
Physi

Physi
Physi

Physi
Physi

Physi
Physi

Physi

one.

one 2

cal Sector 2 491 712

cal Sector 2 492 479
cal Sector 2 492 480

cal Sector 2 492 735
cal Sector 2 492 736

cal Sector 2 496 831
cal Sector 2 496 832

cal Sector 2 500 927
cal Sector 2 500 928

cal Sector 2 513 245
cal Sector 2 513.216

cal Sector 2515 263
bal Sector.2 515 264

cal Sector 2 539 663

Data Zone

Buffer Zone 3
768 Physical Sectors
with Main Data set to (00)

Outer Disk Identification'Zone
256 Physical Sectors

Guard.Zone 2
4 096 Physical Sectors
with Main Data set to (00)

Reserved Zone 4
4096 Physical Sectors
with Main Data set to (00)

Outer Drive Test Zone
12 288 Physical Sectors

Outer Disk Test Zone
2 048 Physical Sectors

Guard Zone 3
nominal 24 400 Physical Sectors
with Main Data set to (00)

set of
corded
pr Disk

ne is used as a protection for separating test writing zones from information zones containing
Zone shall be filled with Main Data set to (00). This zone shall contain 4 096 Physical S¢ctors.

Physical Sector (260540)

Physical Sector (26083F)
Physical Sector (260840)

Physical Sector (26093F)
Physical Sector (260940)

Physical Sector (26193F)
Physical Sector (261940)

Physical Sector (26293F)
Physical Sector (262940)

Physical Sector (26593F)
Physical Sector (265940)

Physical Sector (26613F)
Physical Sector (266140)

Physical Sector (26C08F)

19.4 Reserved Zone 4

Figure 25 — Lead-out Zone

4 096 Physical Sectors are reserved and shall be set all (00).

19.5 Outer Drive Test Zone

12 288 Physical Sectors reserved for drive testing and OPC algorithm.

56
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19.6 Outer Disk Test Zone

2 048 Physical Sectors reserved for disk manufacturer testing.

19.7 Guard Zone 3

This Zone shall be filled with Main Data set to (00) or may be left unrecorded.

20 Assignment of Logical Sector Numbers (LSNs)

Logica
the firs|

21 Fe

The dig
data b
blocks

The dig
the GU
Resery
in the L

To ind
(FDCB

NOTE

Forma

1)

2)

Pr
fo
fo

TH

oecClOI NUMmMbDers (LoNS) shall De assigned CONnuguously mncreasing by one 1o LoIN |
I PSN (030000) to the end of the Data Zone (see also Annex J).

prmatting

ites in the ECC blocks can contain relevant data or can be set to dimmy data (all bytes|
including those with dummy data, shall comply with Clause 13.

k shall be considered partially formatted if at least the Inner Disk Test Zone, the Inner D
ard Zone 1, the Reserved Zone 1, the Reserved Zone\2, the Inner Disk Identifica
ed Zone 3, the Reference Code Zone, the Buffer Zonelt, the Control Data Zone and thsg
ead-in Zone have been recorded.

cate the status of the disk, the Disk Identification-Zones shall contain a Formatting Disk
(see 22.2).

To enable data retrieval by Read-Only drives, the disk shall be formatted or recorded sequenti

ting can be done in two different ways:
e-formatting, which is the conventional way of formatting used for many storage medial
matting process, the disk-is:fully formatted. User Data shall not be recorded to the dis
matting process is complete.
is process consists of the following steps:

write Lead«in\Zone

write Data’Zone

write Lead-out Zone
verifysthe Data Zone (optional)

on

, starting from

k shall be considered fully formatted if all areas in the Information Zone have been recofded. The Main

(00)). All ECC

ive Test Zone,
tion Zone, the
Buffer Zone 2

Control Block

ally.

. After the pre-
K until the pre-

a recorder. After the Bacgroud forattin

use of the disk

process, th dsk is uII fortt. User Data may be

recorded to the disk during the Background formatting process. The disk may be interchanged at any
time after the first step.

This process consists of the following steps:

Ini

Initialization
De-icing
Finalization
Verification

tialization shall always be applied to a maiden disk, while the other steps are optional.
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A third way of using the disk is
3) Sequential recording without formatting, where the disk is recorded by appending data to the end of
the Data Zone.

21.1 Pre-formatting

If Pre-formatting is applied, this shall be done before any User Data is recorded onto the disk.

The Inner Disk Identification Zone and the Outer Disk Identification Zone shall contain an FDCB according to
22.2 indicating pre-formatting in progress.

All other Zones shall be recorded according to Clause 17, 18 and 19.

After fully formjatting the disk and before ejecting the disk, the drive shall update the FDCB.

21.1.1 Verification

Optionally the [Data Zone can be certified. During this process every ECC Block in the Data"Zone is checked

for correctness.

21.2 Backgrpund formatting

Because the Fre-formatting process can be rather time consuming, and the.User may want to use a blajnk disk

immediately, B
process only g

ackground formatting can be used instead of Pre-formatting. During the Background for
minimum amount of data will be recorded onto the disk, after which the disk can be U

matting
sed by

the application. A disk on which a Background formatting processéis)active, may be formatted further|{ by the
recorder in the background during the moments that the application is not accessing the disk. Reconding of
User Data into|previously unrecorded areas shall be considered.formatting of that area.

21.2.1 Initialization

It is recommended that the Background formatting jprocess starts with recording the Inner Disk Test Zane, the
Inner Drive Tegst Zone, the Guard Zone 1, the Reserved Zone 1, the Reserved Zone 2, the Inn¢r Disk
Identification 4one, the Reserved Zone 3, the\Reference Code Zone, the Buffer Zone 1, the Control Data
Zone and the Buffer Zone 2 in the Lead-in-Zone (see Table 7). In any case, these areas shall be rgcorded
before the disH is ejected.

The Inner DisK Identification Zone shall contain an FDCB according to the definitions in 22.2.

All other Zoneg shall be recorded according to Clause 17.

Optionally the [Buffer Zone<3,,the Outer Disk Identification Zone, and the Guard Zone 2 in the Lead-out Zone

can be recordgd.

After initializatipn thie disk can be released for the application.

21.2.2 De-icing
De-icing is the process of recording all ECC blocks in the Data Zone. During the de-icing phase, unrecorded
areas in the Data Zone shall be filled with ECC blocks containing all (00) bytes or with User Data when
requested. When the de-icing process is activated on a partially formatted disk with a Temporary Lead-out,
the Temporary Lead-out shall be overwritten with ECC blocks with bits by7 to bog in the ID field of the Data
Frames set to ZERO ZERO, indicating Data Zone (see 21.3).

All recorded areas shall be registered in the Formatting bitmap of a Formatting Disk Control Block (FDCB) in
the Inner (and Outer) Disk Identification Zone. During the time intervals when the drive is idle, the De-icing
process, controlled by the drive, can proceed in the background. When the application requests disk access,
the De-icing process is suspended and the control of the disk is returned to the application. Application
requested writes to previously unrecorded areas shall be registered in the FDCB. During background De-icing
the drive should keep the FDCB updated. When an eject is requested during background De-icing, the drive
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may add a Temporary Lead-out Zone immediately following the last written ECC Block in the Data Zone (no
unrecorded areas shall be present between the Lead-in Zone and such Temporary Lead-out Zone) according

to the rules in 21.3 and the drive shall update the FDCB before ejecting the disk.

21.2.3 Finalization

When the De-icing process has finished and all areas in the Data Zone have been recorded,
add the Lead-out Zone according to Clause 19.

the drive shall

The Outer Disk Identification Zone shall contain the same DCBs as the Inner Disk Identification Zone (see

Clause 22).

The Ldad-in Zone shall be finished by adding the Initial Zone according to Clause 17.

21.2.4 |Verification (optional)

Verification is the process of reading and checking all ECC blocks in the Data Zohe)"If an ECC
unreliaple, this block can be replaced using a Defect Management system.

The Lgst Verified Address (LVA) pointer in the Formatting Disk Control Bleck (FDCB) in the In
Disk Identification Zone shall register the area that has been checked./During the time intervals
is idle,|the Verification process, controlled by the drive, can proceediin the background. When

block is found

ner and Outer
when the disk
the application

requests disk access, the Verification process is suspended and the control of the disk is returned to the

applicgtion. During background Verification the drive should Keep the FDCB updated. Wh
requested during background Verification, the drive shall update the FDCB before ejecting the d

21.3 $equential recording without formatting

If the

followi
additio
by a ng

isk is used for contiguously sequential\recording only, a Temporary Lead-out Zon
g the last recorded User Data should be recorded before ejecting the disk. The applic
hal data to the disk by overwriting the>Temporary Lead-out Zone with User Data immeg
w Temporary Lead-out Zone.

When
way ag
used ir

b disk is going to be used forsequential recording without formatting, it shall be initializ¢
for Background formatting\(see 21.2.1) and as long as there are unrecorded areas, the
the same way as during'the De-icing process (see 21.2.2).

The Fd
shall b
Bitmap

rmatting status in-the ' FDCB (see 22.2) shall be set to “partially formatted”, the Last W
b set to the last PSN of the last contiguously recorded ECC Block in the Data Zone, and
shall not be_used. All other bits shall be set to their relevant meaning.

The Tgmporary(Lead-out Zone shall fulfil the following rules:

— Bifs bp7t0 byg in the ID field of the Data Frames in the Temporary Lead-out Zone shall

en an eject is
isk.

e immediately
ation can write
iately followed

pd in the same
FDCB shall be

ritten Address
the Formatting

be set to ONE

ZE

RO indirafing Lead-out Zone

The length of the Temporary Lead-out Zone shall be at least 64 ECC Blocks, or the rul
Table 9 should be followed (see ISO/IEC 16448). (for 80 mm disk see Annex A)
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Table 9 — Length of Temporary Lead-out Zone

Length of the Recorded part End of the Temporary Lead-out Zone
of the Data Zone (radius)

(end radius)

less than 34,0 mm 35,0 mm min.

34,0 mm to 57,5 mm end radius Data Zone + 1,0 mm min.
57,510 58,0 mm 58,5 mm

— The Temporary Lead-out Zone should be filled with all Main Data (00).

— Optionally} the 49th till the 64th ECC Block in the Temporary Lead-out may contain a Temporary Outer
Disk Identjfication Zone according to the definitions as given in 19.2.

— It is allowgd to have an unrecorded area between the end of the Temporary Lead-6ut"Zone and Buffer
Zone 3 logated at radius 58 mm.

22 Disk Colntrol Blocks

Disk Control ECC Blocks are provided as a structure on the disk t&. include additional information for
interchange bgetween the data interchange parties. DCBs are recorded in the Inner and Outgr Disk
Identification Zones. All DCBs shall have the same format for the firsty40 data bytes. A special DCB is gefined
to reflect the s{atus of the formatting process and to hold some general information.

Each type of|DCB (i.e. with some specific Content Descriptor other than (00000000), (FFFFFHFE) or
(FFFFFFFF) shall occur only once in each of the Inner and.©Outer Disk Identification Zones.

22.1 General format of Disk Control Blocks

The Main Datq of each Disk Control Block shalkbée according to Table 10.

Table 10 — General format of each Disk Control Block

Physical Sector Main\Data BP Description
of each DCB

0 Dg to D3 Content Descriptor
0 D4 to D7 Unknown Content Descriptor Actions
0 D8 to D39 Drive ID
0 Dy4g to Do g47 Content Descriptor Specific

1ta 15 m) D Contant Dascrintor Snecific

o =0 22047 o PO OO

Bytes Dg to D3 — Content Descriptor

If set to (00000000)
the DCB is unused.
The Content Descriptor of all subsequent DCBs in this Inner or Outer Disk Identification Zone
shall be set to (00000000).

All remaining bytes, D4 to Dy g47 of Physical Sector 0 and Dg to D2 g47 of Physical Sector 1 to 15 in
Table 10 shall be set to (00).
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If set to (46444300)

this DCB shall be as defined in 22.2.
If set to (57444300)

this DCB shall be as defined in 22.3.
If set to (FFFFFFFE)

this DCB is bad and shall not be used.

NOTE If any damaged DCB is replaced at an other location, the original location shall be overwritten
the Corjtent Descriptor set to (FFFFFFFE) and all remaining bytes set to (00). The List of DCBs (see™Tah
of the Ljst of DCBs, Physical Sector 0 / bytes D128 to D191) shall be updated accordingly.

If set to (FFFFFFFF)

fhis DCB was previously used and is now available for reuse.

Al remaining bytes, D4 to Dy 047 of Physical Sector 0 and Dg to D5 g47.0f Physical Secto
Table 10 shall be set to (00).

All othe¢r values for the Content Descriptor are reserved.

with a DCB with
le 12 — Format

1to 15in

Each new DCB added to the Inner or the Outer Disk ldentification Block shall be written at the first unused

DCB (Gontent Descriptor = (00000000) or (FFFFFFFF)).

Each DCB with a Content Descriptor not set to (00000000), (FFFFFFFE) or (FFFFFFFF) in
Identification Zone shall have an identical DCB in the Outer Disk Identification Zone. The order
the Inner Disk Identification Zone is not necessarily the same as the order in the Outer Dis
Zone.

Bytes P4 to D7 — Unknown Content Descriptor Actions

These |pits are provided to specify required actions when the content and use of the DCB are (
drive (ile. the content descriptor/is\not set to a known assigned value). These bytes form a fie
32 indiyidual bits.

Bits b3} to by Reserved;
these, bits’shall be set to all ZERO.

Bit bs DCB-overwrite,

if-set to ONE, modifying the current DCB shall not be allowed,
else it shall be set to ZERO.

the Inner Disk
of the DCBs in
k Identification

nknown to the
d consisting of

Bit by Formatting;
if set to ONE, reformatting of the disk shall not be allowed,
else it shall be set to ZERO.

Bit b1 DCB read protect,

if set to ONE, the information in this DCB is meant for use by the drive only and shall not be

transferred outside the drive,
else it shall be set ZERO.

Bit bg Data Zone write,

if set to ONE, recording shall not be allowed in the Data Zone,
else it shall be set to ZERO.
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Bytes Dg to D3g Drive ID

Bytes Dg to D3g shall contain a unique descriptor, identifying the drive that has last written the DCB. The

format of this u

nique drive identifier shall be as follows:

from the GO set + SPACE according to ISO/IEC 4873. Trailing bytes not used shall be set to (00).

Bytes Dg to D23 shall identify the manufacturer of the drive. This name shall be represented by characters

Bytes Doy to D35 shall identify the model name/type number of the drive. This model name/type number

shall be represented by characters from the GO set + SPACE according to ISO/IEC 4873. Trailing bytes
not used shall be set to (00).

Bytes D3e
binary nur

Bytes D4g to D, 947 Content Descriptor Specific

Bytes specifieq

Physical Sector 1 to 15: Bytes Dg to D5 g47 Content Descriptor Specific

Bytes specifieq

22.2 Format

Both the Inner
FDCB in the |
Table 11.

Physical Sector 0 / bytes Dy to D3 — Content Descriptor

These bytes iq
and the versio

Physical Sector 0 / bytes D4 to D7 — Unknown Content Descriptor Actions

Shall be set t
overwritten, th
the DCB inforn

Physical Sector 0 / bytes Dg to D3g — Drive ID

to D3g shall contain a unique serial number of the drive. The 4 bytes shall form-ong
nber.

by the format description for the DCB with the actual Content Descriptor ivalue.

by the format description for the DCB with the actual Content Pescriptor value.

of the Formatting DCB (FDCB)

and Outer Disk Identification Zone shall contain:one DCB reflecting the status of the di

entify the Formatting DCB and.shall be set to (46444300), representing the characters
h number 0.

b (0000000D) indicating that if this DCB is not known to the system, the DCB shall
b disk shall not be,reformatted, writing to the Data Zone shall not be allowed, while tran
nation from thé drive to the host computer is allowed.

These bytes sll\all contain the drive ID as specified in 22.1.

32-bit

5k. The

hner and Outer Disk Identification Zones shall<be identical and have the content as defined in

“FDC"

not be
sferring

Physical Sect

or 0 / bytes D49 to D43 — FDCB update count

These bytes shall specify the total number of update operations of the FDCB. This field shall be set to
(00000000) during the creation of the FDCB, and shall be incremented by one each time the FDCB is

re-written.
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Physical Sector Main Data Description number of bytes
of ECC block byte position
0 Do to D3 Content Descriptor 4
0 Dy4 to Dy Unknown Content Descriptor 4
Actions
0 Dg to D3g Drive ID 32
0 Dy to Dy3 FDCB update count 4
0 Dyq to Dg7 Formatting status and mode 4
6 Bzgto DBy bastwritterraddress 4
0 D52 to D55 Last verified address 4
0 Dsg to Dsg Bitmap Start Address 4
0 Dgo to Dg3 Bitmap Length 4
0 D64 to Dg5 Disk ID 32
0 Dgg to D127 Application dependent 32
0 D128 to D1g1 List of DCBs 16x4
0 D4gp to D2 g47 Reserved and set t0)(00) 1856
1t09 Dg to D2 047 Formatting, bitmap 9x2 048
10to 15 Dg to D2 g47 Reserved,and’set to (00) 6x2 048

Physigal Sector 0 / byte D44 to D47 — Formatting status and mode

bits 7 to 6:

ONE ONE

bit 5:

byte D44 — Formatting status flags

bits 7 to 6 bit 5 bits 4 to 0
Formatting Formatting Reserved
status open

ZERO ZERO =(disk is not formatted/recorded

ZERO ONE~=disk has been partially formatted/recorded
ONE ZERO—= disk has been fully formatted/recorded by user
= disk has been fully formatted by manufacturer

ZERO = the FDCB on the disk reflects the actual status of the disk
ONE = the Formatting process of the drive is active and the FDCB on the
disk might not reflect the actual status of the disk

bits 4 to O: reserved
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byte D45 — Verification status flags

bits 7 to 6 bits 5to 0

Verification Reserved
status

bits 7 to 6:
ZERO ZERO = disk is not verified
ZERO ONE = disk has been partially verified
ONE ZERO = disk has been fully verified by user
ONE ONE = disk has been fully verified by manufacturer

bits 5|to O: reserved

byte D46 — Recording status flags

bit 7 bits 6to 5 | bits 4to 0

Lead-in Lead-out reserved

status status
bit 7:
4ERO = Lead-in is recorded from address (02A480) to_address (02FFFF)
ONE = Lead-in is fully recorded
bits 6|to 5:
4ERO ZERO = No Lead-out has been recorded
4ERO ONE = Temporary Lead-out has been recorded adjoining the actual
last sector of the Data Zone
ONE ZERO = Lead-out is recorded frém address (260540) to address

(26193F) (see Clausé*9 and 21.2.1) (for 80 mm disk see Annex A)
ONE ONE = Lead-out is fully recerded adjoining the actual last sector
of the Data Zone

bits 4|to O: reserved

byte D47 — Regerved

set to[ (00)

Physical Sector 0(/'bytes Dyg to D5q — Last Written Address (LWA)

These 4 bytes shaftindicate the fast PSNof the tast ECC Biock of the contiguously tecorded part of the Data
Zone (not including any type of Lead-out Zone) starting from address (030000). (There shall be no unrecorded
ECC Blocks between address (030000) and the LWA.) As long as the first ECC Block of the Data Zone is
unrecorded, the LWA shall be set to (00000000), indicating that the LWA is not (yet) in use.

NOTE Some older drives might set the LWA to (0002FFFF) or (00030000) in case the first ECC Block is still
unrecorded. Such a setting should be interpreted the same as (00000000).

After formatting has been finished, the LWA may also be set to (00000000).

Physical Sector 0 / bytes D5, to D55 — Last Verified Address (LVA)

These 4 bytes shall indicate the last PSN of the last ECC Block of the contiguously verified part of the Data
Zone starting from address (030000). If not in use the LVA may also be set to (00000000).
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Physical Sector 0 / bytes Dgg to D59 — Bitmap Start Address (BSA)

These 4 bytes shall indicate the first PSN of the first ECC Block represented in the Formatting bitmap. This
value shall be > (00030000) and less than the Last Written Address. They shall be set to (00000000) if the
disk is fully Formatted or if the Formatting Bitmap is not used.

Physical Sector 0 / bytes Dgg to Dg3z — Bitmap Length

These 4 bytes shall indicate the number of ECC Blocks represented in the Formatting bitmap. They shall be
set to (00000000) if the disk is fully Formatted or if the Formatting Bitmap is not used.

Physical Sector 0 / bytes Dg4 to Dgs — Disk ID

These [32 bytes shall be recorded with a random, statistically unique, 256-bit binary number’at|initialization of
the disk.

Physigal Sector 0 / bytes Dgg to D127 — Application dependent

This figld shall consist of 32 bytes and is reserved for use by the application to store information such as
specifi¢ copy protection data. If this setting is not specified by the applicationy the bytes shall be|set to (00).

Physigal Sector 0 / bytes Dq2g to D491 — List of DCBs

To imgrove the robustness and the time to access the actually valid DCBs, it is recommended to store a list
representing the 16 locations of the Inner/Outer Disk Identification Zone with the Content Dgscriptor of the
DCB copntained in each of these locations. This list shall bédormatted according to Table 12.

Table 12 — Format of the List of DCBs

Physical Sector Main Data Description number of bytes
of ECC block byte position

0 D12g to D131 Content Descriptor of DCB 4
in location 0

0 D3g9'to D135 Content Descriptor of DCB 4
in location 1

0 : : :

0 D(128+ix4) tO Content Descriptor of DCB 4

D(131+ixd) in location i

0 : : :

0 D4gg to D191 Content Descriptor of DCB 4
in location 15

bytes D(12g+ix4) t0 D(131+ix4) — Content Descriptor of DCB in location i

Each group of 4 bytes shall represent the Content Descriptor (see 22.1, bytes Dy to D3) of the DCB in the
specified location in the Disk Identification Zone (Inner or Outer) holding this FDCB.

Location i in the Inner Disk Identification Zone shall be the ECC Block starting with PSN (02EECO0) + ix16.
Location i in the Outer Disk Identification Zone shall be the ECC Block starting with PSN (260840) + ix16.

The List of DCBs shall include the FDCB itself. The position of the FDCB is not restricted to location 0.
If not used the List of DCBs shall be set to all (00000000).

NOTE older drives might not be able to maintain the information in the List of DCBs accurately.
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Physical Sector 0 / bytes D492 to D3 g47 — Reserved

These bytes are reserved and shall be set to (00).

Physical Sector 1 to 9 / bytes Dy to D2 g47 — Formatting bitmap

Physical Sectors 1 to 9 of the FDCB contain a bitmap, where each bit reflects the recording status of one ECC
block. Bit O (the Isb) of Main Data byte Dg of Sector 1 represents the first ECC block, indicated by the Bitmap

Start Address, bit 1 of Main Data byte Dy of Sector 1 represents the next ECC block, following the ECC Block
indicated by the Bitmap Start Address, etc. All remaining bits in Physical Sectors 1 to 9 following the bitmap
shall be set to ZERO.

The ECC blocks in the bitmap are identified by a sequence number i, where i starts at 0 for the ECC'jjlock at
the Bitmap Start Address. Bit n of Main Data byte D, of Sector k represents the j th ECC blo¢k’ from the

Bitmap Start Address:

i = [(k-1)x2 048+m]x8+n, where k=1..9, m=0..2047,n=0..7

Address of the|first Physical Sector of the ith ECC block = Bitmap Start Address + jx16.

If the bit repregenting the ith ECC block is set to ONE, then the jth ECC block has'not been recorded.
If the bit repregenting the ith ECC block is set to ZERO, then the ith ECC block has been recorded.

Physical Sector 10 to 15 / bytes Dg to D3 g47 — Reserved

All bytes in these sectors shall be set to (00)

22.3 Format| of the Write inhibit DCB (WDCB)

Both the Innell and Outer Disk Identification Zone may optionally contain a DCB reflecting the write [protect
status of the d|sk. The WDCB in the Inner and Outer Disk Identification Zones shall be identical and have the
content as defined in Table 13.

Table 13 — Format of the WDCB

PHysical Sector Main Data Description number of bytes
of ECC block byte position
0 Do to D3 Content Descriptor 4
0 Dy4 to Dy Unknown Content Descriptor 4
Actions
0] Dg to D3g Drive ID 32
0 Dsgto D4g WDCRB update count 4
0 Dyq to Dg7 Write protect Actions 4
0 Dyg to Dg3 Reserved and set to (00) 16
0 Dgy4 to Dgs5 WDCB Password 32
0 Dgg to Dy g47 Reserved and set to (00) 1952
1to 15 Dg to D2 g47 Reserved and set to (00) 15x2 048

Physical Sector 0 / bytes Dy to D3 — Content Descriptor

These bytes identify the Write inhibit DCB and shall be set to (57444300), representing the characters “WDC”
and the version number 0.
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Physical Sector 0 / bytes D4 to D7 — Unknown Content Descriptor Actions

Shall be set to (0000000F) indicating that if this DCB is not known to the system, the DCB shall not be
overwritten, the disk shall not be reformatted, writing to the Data Zone shall not be allowed, and transferring
the DCB information from the drive to the host computer shall not be allowed.

Physical Sector 0 / bytes Dg to D3g — Drive ID

these bytes shall contain the drive ID as specified in 22.1.

Physical Sector 0 / bytes Dyg to D43 — WDCB update count

(00000000) during the creation of the WDCB, and shall be incremented by one each~time| the WDCB is

These{)ytes shall specify the total number of update operations of the WDCB. This fieldnghall be set to
n.

re-writ
Physigal Sector 0 / byte Dy4 to D47 — Write protect Actions

These |bits are provided to specify allowed and required actions. These bytes form a field cpnsisting of 32
individyial bits.

Bits b3j to bg Reserved,
these bits shall be set to all ZERO.

Bit by Write protect Change,
if set to ZERO, the Write protect Status bits$6 to b0 may be modified,

if set to ONE and the password received from the host is the same as the WD(B Password in
this DCB, the Write protect Status\bits b6 to b0 may be modified,

if set to ONE and the password received from the host is the different frgm the WDCB
Password in this DCB, the Write protect Status bits bg to by shall not be modified.

Bits bg|to b  Reserved,
these bits shall be set to all ZERO.

Bits b4| bg Write protect Status,
if set to ONE/ONE recording in any area on the disk shall not be allowed,

if set-fo ONE/ZERO recording in the actual User Data Area defined by an ppplied Defect
Management System shall not be allowed,

if set to ZERO/ONE recording in the Data Zone on the disk (all of the area between the end of
the Lead-in Zone and the start of the Lead-out Zone) shall not be allowed,

if set to ZERO/ZERO recording in all areas on the disk is allowed.

NOTE The “User Data Area” is the part of the Data Zone meant for storing the User Data in case a Defect
Management System is applied. This means that possible Sparing and Table Areas of a Defect Management System
located in the Data Zone of the disk can be excluded from the write inhibition, in which case the Defect Management
System can stay enabled.

Physical Sector 0 / bytes Dyg to Dg; — Reserved

These bytes are reserved and shall be set to (00)

© ISO/IEC 2009 — All rights reserved 67


https://iecnorm.com/api/?name=9aa95d73c182c32da0874e33f392aeed

ISO/IEC 26925:2009(E)

Physical Sector 0 / byte Dg4 to Dgs — WDCB Password

These bytes shall contain a user defined password consisting of up to 32 characters from the GO set +
SPACE according to ISO/IEC 4873. Trailing bytes not used shall be set to (00).

If all bytes of the WDCB Password field are set to (00), then all 32 bits of the Write protect Actions field shall
be set to ZERO.

If the WDCB Password field is set to all (FF), then the disk is permanently write protected and further
recording on the disk shall not be allowed. Bits by, by and by of the Write protect Actions field shall be set to

ONE.

Physical Sector 0 / bytes Dgg to D5 g47 — Reserved

These bytes afe reserved and shall be set to (00)

Physical Sectpr 1 to 15/ bytes Dy to D5 g47 — Reserved

All bytes in these sectors shall be set to (00)

23 General
All recordings [shall occur only in grooved areas. The groove centreline is deviated from the average track
centreline with a phase modulated sinewave. Physical addressing)information can be decoded from this
phase modulaied wobble.

The format of the groove information on the disk is defined.in 14.4. Clause 25 specifies the requiremegnts for
the signals fromn grooves, as obtained when using the Reference Drive as defined in Clause 9.

24 Method|of testing

24.1 Enviropment

All signals in Clause 25 shall be within-their specified ranges with the disk in the test environment conditions
defined in 8.1.1.

24.2 Referemce Drive

All signals spgcified in.Glause 25 shall be measured in the indicated channels of the Reference Dyive as
defined in Clayse 9-The drive shall have the following characteristics for the purpose of these tests.

24.2.1 Opticsand-mechanics

The focused optical beam shall have the properties defined in 9.2 a) to i). The disk shall rotate as specified in
9.5.

24.2.2 Read power

The optical power incident on the read-out surface of the disk (used for reading the information) shall be
0,7 mW + 0,1 mW.
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24.2.3 Read channels

The drive shall have two read channels. Read Channel 1 gives a signal (/1 + /5) related to the total amount of
light in the exit pupil of the objective lens. Read Channel 2 gives a signal (/4 - /) related to the difference in

the amount of light in the two halves of the exit pupil of the objective lens. These channels can be
implemented as given in Clause 9.

For measurement of the push-pull and track cross signals, the read channel signals shall be filtered by a
1st order LPF with a fo(-3 dB) of 30 kHz.

For measurement of the wobble signal, the read channel signals shall be filtered by a 1st order Band Pass
Filter with frpqnpnr‘y range (-‘2 dR)' 25 kHz _slope +20 dB/decade to 4 0 MHzZ slope —20 dB/decade.

24.2.4|Tracking

During|the measurement of the signals, the axial tracking error between the focus of\thé optical beam and the
recording layer shall not exceed 0,20 um;

the radial tracking error between the focus of the optical beam and the centre of a track shall not exceed
0,022 im

24.3 Definition of signals

All signals are linearly related to currents through a photo détector, and are therefore linearly related to the
optical|power falling on the detector.

0 level

—
(-12)pp radial position

on land on groove

Figure 26 — Signals from grooves in the Read Channels when crossing the tracks

Push-pull signal

The push-pull signal is the filtered sinusoidal difference signal (/1 - I2) in Read Channel 2, when the focus of
the optical beam crosses the tracks. The signal can be used by the drive for radial tracking.
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Track cross signal

The track cross signal is the filtered sinusoidal sum signal (/1 + /) in Read Channel 1, when the focus of the
optical beam crosses the tracks.

Wobble signal

The wobble signal Ay is the filtered sinusoidal difference signal (/1 - I) in Read Channel 2, while the drive
meets the minimum tracking requirement.

25 Characteristics-of-the-groove-sighals
25.1 Phase ¢depth

The phase depth of the groove shall not exceed 90°.

25.2 Push-pull signal

The peak-to-pg¢ak value of the push-pull signal PP shall meet the following requirements:

(11_12)pp

a) before recprding: 0,28 <
l(/1 +12)max +(I1 "'IZ)minJ/2

<0,56

PPmax_PPmin

<015
PPnax + PFin

The maxinfum variation of the push-pull signal before recording shall be:

(l1 - I2 )pp
13+ 12 )y + (1 + 12 )i 1/ 2

b) afterrecorfling: 0,25< <0,56

c) Ratio of pysh-pull signal of unrecorded greove to push-pull signal of recorded groove shall be in the range
of 0,75 to 1,25.

25.3 Track Gross signal
The Track Crops signal for the ‘unrecorded disk shall meet the following requirement:

The (I41 + I2)mid value shalkbe generated at the groove centre.

25.4 Norma1ized wobble signal

The deviation from the track centreline shall be measured by the normalized wobble signal. The amount of
distance that the centre of the wobble groove deviates from the average track centreline can be calculated
according to Annex L.

The wobble signal shall be measured in an empty track during the monotone wobble part, at locations where
the amplitude is not enhanced due to the positive interference of the wobble from adjacent tracks.

The normalized wobble signal shall be

020 < wpp-min_ 030
(I'I - ,2 )pp
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At locations where the amplitude of the wobble signal is enhanced due to the positive interference of the
wobble from adjacent tracks, the maximum wobble signal shall be

IW,pp-max <26

/W,pp-min

25.5 Characteristics of the wobble

The average Narrow band SNR of the wobble signal before recording shall be greater than 45 dB. The
measurement shall be made using a resolution bandwidth of 1 kHz.

The ayerage Narrow band SNR of the wobble signal after recording shall be greater than 38 dB. The
measufement shall be made using a resolution bandwidth of 1 kHz.

26 Method of testing

The fofmat of the information on the disk is defined in Clause 13. Clause 27 (Specifies the requifements for the
signalg from recorded marks, as obtained when using the Reference Drive'as defined in Clause|9.

This Clause 27 specifies the average quality of the rewritable information. Local deviations from the specified

values| called defects, can cause tracking errors or errors in the Data fields. These errors gre covered by
Clausd 29 and Clauses 30 and following.

26.1 Environment

All sighals in 27.2.2 to 27.2.6 shall be within their, specified ranges with the disk in the tegt environment
conditipns defined in 8.1.1.

26.2 Reference Drive

All signals specified in 27.2.2 to 27.2.6"shall be measured in the indicated channels of the Refgrence Drive as
defineq in Clause 9. The drive shall have the following characteristics for the purpose of these tests.

26.2.1 |Optics and mechanics

The fo¢used optical beam-shall have the properties defined in 9.2 a) to i). The disk shall rotate [as specified in
9.5.

26.2.2 |Read power

The optical~power incident on the read-out surface of the disk (used for reading the informption) shall be
0,7 mVI_+0.1 mW

26.2.3 Read channels

The drive shall have two read channels. Read Channel 1 gives a signal (/1 + I5) related to the total amount of
light in the exit pupil of the objective lens. Read Channel 2 gives a signal (/1 - /) related to the difference in

the amount of light in the two halves of the exit pupil of the objective lens. These channels can be
implemented as given in Clause 9.

For measurement of the push-pull and track cross signals, the read channel signals shall be filtered by a
1st order LPF with a fo(-3 dB) of 30 kHz.

The signal from Read channel 1 is not equalized except when measuring jitter. The threshold level for
binarizing the read signal shall be controlled to minimize the effects of mark and space size changes due to
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parameter variations during writing. Jitter measurements shall be made using the Read Channel 1 with the

characteristics

in Annex E.

26.2.4 Tracking

During recording and during the measurement of the signals, the axial tracking error between the focus of the

optical beam a

nd the recording layer shall not exceed 0,20 um;

the radial tracking error between the focus of the optical beam and the centre of a track shall not exceed 0,022
um when running at the Reference velocity and shall not exceed 0,045 um when running at a higher velocity.

NOTE At

gh recording or playback velocities, advanced servo systems might be needed to achieve trackin

errors

below these ma

26.2.5 Scanning velocity

Write tests are

All read tests ¢

26.3 Write c

Marks and sp4g

26.3.1 Write
The laser pow
A3Tto14Tis
The recording
(Pc), which ar

spaces. The v
The actual rec
26.3.2 Write
The optimized

for the 3

20,0

imum values.

performed at each of the recording velocities defined in 14.4.2 with its related Write stratg

re performed at the Reference velocity.

pnditions

ces are written on the disk by pulsing a laser.

ulse waveform

br is modulated according to the write pulse wayveform given in Annex G.

written by applying a multiple-pulse train of‘write pulses.

power has three levels: the Write power (Pw), the Erase power (Pe), and the Cooling
the optical powers incident at the éntrance surface of the disk and used for writing ma

lues of these power levels shall'be optimized according to Annex I.

brding powers, Pw, Pe, and Pc shall be within 5 % of their optimum values.

ower
recording powers; Pwo, Peo and Pco shall meet the following conditions
,3x (Lower)recording speed defined in 14.4.2.3.1:

mW.< Pwo < 40,0 mW

Bgy.

power
ks and

4,0 mW < Peo < 16,0 mW

0,1 mW < Pco <0,7 mW

for the 6x (Intermediate) recording speed defined in 14.4.2.3.1:

20,0

mW < Pwo <45,0 mW

4,0 mW < Peo<16,0 mW

0,1 mW < Pco <0,7 mW

for the 8x (Upper) recording speed defined in 14.4.2.3.1:
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20,0 mW < Pwo <45,0 mW
4,0 mW < Peo<16,0 mW

0,1 mW < Pco <0,7 mW

26.4 Measurement conditions

The test for jitter shall be carried out on any group of five adjacent tracks, designated (m-2), (m-1), m, (m+1),
(m+2), in the Information Zone of the disk. The jitter shall be measured on recordings made at all velocities
specified in 14.4.2.2, byte 32 and in the Extended Information blocks defined under 14.4.2.3.

For msg

The Jitter shall be measured according to the following procedure:
Write random data on all five tracks 10 times each as specified in 26.3.1.

Read the data of track m under the conditions specified in 26.2.

27 Characteristics of the recorded signals

The fol

271 (¢

The av

27.2 Definition of signals

All sign

the opftical power falling on the detector.

27.2.1

The HH
Read

information on\the recording layer.

asurement of jitter, the system described in Annex E shall be used.

owing signals shall be measured, after recording with the write conditions as specified in

Channel bit length
erage Channel bit length over each RUN shall,be

33,3nm+ 1,4 nm

als are linearly related to_cutrents through a photo-diode detector, and are therefore lin

High frequency signals (HF)

- signal is obtained by summing the currents of the four elements of the photo detector &
Channel 15/Fhese currents are modulated by the effects of the marks and spaces re

26.3.1.

parly related to

s generated in
presenting the
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Figure 27 — Signals from spaces and marks in Read channel 1

27.2.2 Modulated amplitude

The modulated amplitude /14 is the peak-to-peak value of the HF signal génerated by the largest mark and

space lengths|(see Figure 27). The peak value 114H shall be the peak<value of the HF signal befq
coupling. The modulated amplitude 13 is the peak-to-peak value generated by the shortest mark and
lengths. The O Level is the signal level obtained from the measuringydevice when no disk is inserted.
parameters sHall meet the following requirements under all conditions, also such as a different nun

overwrites, angl when recordings have been made at different speeds.

’1y > 0,55

l1an

’3/ > 0,15
ha

Within ohe disk, (14Hmax = ’14Hmiry <0,25
T 4Hmax
Within ohe revolution, (I14Hmax B I14Hmi”)/ <0,15
14Hmax

27.2.3 ReflectancexModulation product

The Reflectange{of the disk (see 12.3) multiplied by the Modulation (= normalized /44 modulated am

re a.c
space
These
hber of

plitude)

shall be RxM = Rygy x T2 RXM = 0,17

lan

27.2.4 Signal asymmetry

The signal asymmetry shall meet the following requirement:

lan +laL _ Ian+ 131

~0,05< 2 2 <4015
l14
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27.2.5 Normalized Slicing Level jump

Between any 2 consecutive ECC Blocks, the Normalized Slicing Level (NSL) jump shall be:

[P +/3|_2 ~(I3m,1+1aL,1))
\Uar1.2 = 31,2)+ Uam,1 —aL 1)

< 0,65
where I3y 1 and I3 1 are the /3 levels just before the linking position
and I3y 2 and I3 o are the /3 levels just after the linking position.

This requirement shall be fulfilled also after a different number of overwrites for the 2 ECC Blocks (up to 500
DOW gycles), and when the 2 ECC Blocks have been recorded at different speeds.

27.2.6 | Jitter

Jitter i$ the standard deviation o of the time variations of the binary read signal-’This binary| read signal is
created by a slicer, after feeding the HF signal from the HF read channel throGgh’an equalizenf and LPF (see
Annex|E). The jitter of the leading and trailing edges is measured relative tothe PLL clock and|normalized by
the Channel bit clock period.

The jitter shall be measured at the Reference velocity using the circuit'specified in Annex E.
The jitter measurement shall be using the conditions specified,in 26.4.

The measured jitter shall not exceed 9,0 %.

27.2.6/1 Overwrite stability

The following test shall be applied to verify the stability of the overwrite capabilities of the disk after some
storage time. For this purpose a band of at {east 5 tracks shall be (over)written 10 times, at a| velocity of 8x,
with ngminal recording powers and the write strategy parameters set to the values as defined in 14.4.2.3.1.
Next the disk has to be stored at 55 °C»£.-2 °C for 24 hours.

After 24 hours the original recorded tracks shall be overwritten once and the jitter is measured (fitter1g+1).
A new,|empty area of the disk,-close to the original recording, shall be (over)written 11 times and also here the
jitter is|measured (jitterq1).

The difference in the measured jitter values shall be defined as Ajltter = Jltter10+1 jitter121 ,

vhere: Ajitter < 6,0 %.

Additionally'the number of Pl errors over any 8 consecutive ECC Blocks shall not exceed 280 (3ee 29.2).

27.2.7 ‘“Track Cross signal

The Track Cross signal is the filtered sinusoidal sum signal (/1 + /3) in Read Channel 1 when the focus of the
optical beam crosses the tracks. The Track Cross signal shall meet the following requirement:

(I'I + I2 )pp

>013
(I1 + ,2 )max
27.3 Read stability

When read with a read power of 0,8 mW at a temperature of 55 °C, all parameters specified in 27.2.2 to
27.2.6 shall be within their specified ranges after 1 000 000 repeated reads.

NOTE Reading with the same read power at lower speeds than the reference speed might degrade the read stability.
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28 Additional testing conditions

Recorded +RW disks compliant with this +RW HS International Standard shall also fulfil the following basic
signal specifications when measured with the Pick Up Head according to the ISO/IEC 16448.

28.1 Test environment

All conditions are the same as in 26.1 to 26.2.5. except for the following.

28.1.1 Optics

The focused opticat beam used for reading data shattave the fottowing properties:
a) Wavelength (1) 650 nm £ 5 nm
b) Numericallaperture of the objective lens (NA) 0,60 + 0,01

c) The objecjive lens shall be compensated for spherical aberrations caused by.a parallel substrgte with
nominal thjckness (0,6 mm) and nominal refractive index (1,55).

d) Wave fronf aberration 0;033 x A rms max.
e) Light intenpity at the rim of the pupil of the 60 % to 70 % of the maximum
objective l¢ns intensity in the radial dfrection

and over 90 % in the tangential
direction.

f) Polarization of the light Circular

g) Read power 0,7 mW £ 0,1 mW

h) Relative Intensity Noise (RIN)* of laser diode -134 dB/Hz max.

*RIN (dB/Hz) = 10 log [(a.c. light power density / Hz) / d.c. light power]

28.2 Definition of signals

For the definitibn of the following signals see 27.2 and the underlying subclauses.

28.2.1 Modulated amplitude

’1y > 0,55

han [

’3/ > 015
l14

Within one disk, (14Hmax "14Hmir% < 0,33 (with PBS)
14Hmax

Within one disk, (14tmax ~ ’14Hmin)/ < 0,20 (without PBS)
14Hmax

Within one revolution, (14Hmax - ’14Hmin)/ < 0,15 (with PBS)
14Hmax

76 © ISO/IEC 2009 — All rights reserved


https://iecnorm.com/api/?name=9aa95d73c182c32da0874e33f392aeed

ISO/IEC 26925:2009(E)

Within one revolution, m4HmaX‘“4HmT}f <0,10 (without PBS)
14Hmax

28.2.2 Signal asymmetry

lan +haL Iz +13L

~0,05< 2 2 <4015
l14

28.2.3 Jitter

The jitter shall be measured at the Reference velocity using the circuit specified in Annex E¢
The jitter measurement shall be using the conditions specified in 26.4.
The measured jitter shall not exceed 9,0 %.

28.2.4 |Track Cross signal

11 +1
The Triack Cross signal (see 24.3) shall meet the following requirement: ((1_2)prp >0,10
1712 Jmax

28.2.5 | Differential phase tracking error signal

The odtput currents of the four quadrants of the split photo detector shown in Figure 28 are ideptified by /5, I,
I, and|ly.

The differential phase tracking error signal shall be derived from the phase differences between|the sum of the
currenfs of diagonal pairs of photo detector'elements when the light beam crosses the tracks:

{Phasq (/;+;) - Phase(l,+/4)}, see Figure 29 and Annex F.
The phase difference signals shall'be low-pass filtered with f.(-3 dB) of 30 kHz.

This differential phase tracking error signal shall meet the following requirements (see Figure 29):

Amplitude

shall be in the range 0,5 to 1,1 at 0,10 um radial offset, where At is the
diagonal pairs

At the [positive~0 crossing At/ T
averagg time’difference derived from the phase differences between the sum of the currents of]
of pho ' ' i

Asymmetry (see Figure 29)

T,-T.
The asymmetry shall meet the following requirement: M <0,20
|T1 + T2|
where T, is the positive peak value of E/T
and T» is the negative peak value of E/T
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Light beam
—>
\/ Tangential direction

97-0047-A

Figure 28 — Quadrant photo detector

2 | 0Level ull*

. Radial spotdisplacement
"~ Tp: Ttack pitch

Figure 29 — Differential phase trackingerror signal

28.2.6 Tangential push-pull signal

This signal ShI” be derived from the instantaneous levelof the differential output (/3+/4) - (lp+/c). It shgll meet
quirements, see Figure 30:

the following r

Figure 30 — Tangential push-pull signal
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29 Quality of the recording layer

For the integrity of the data on the disk, the recording layer shall fulfil the following initial quality requirements.

29.1 Defects

Defects are air bubbles and black spots. Their diameter shall meet the following requirements:

— for air bubbles it shall not exceed 100 um,
— for black spots causing birefringence it shall not exceed 200 um,
— for black spots not causing birefringence it shall not exceed 300 pm.

In addi

— thI total length of defects larger than 30 um shall not exceed 300 pm,

— th

29.2 0.1 Data errors

A byte

A row

If aro
“Pl-und

The di

Lead-in Zone until the end of the Lead-out Zone (¢Disk-At-Once” mode).

During

following requirements:

30 Method of testing

ion, over a distance of 80 mm in scanning direction of tracks, the following requirements

re shall be at most 6 such defects.

bf an ECC Block as defined in 13.3 that has at least 1 bytecdn“error constitutes a PI error.

v of an ECC Block as defined in 13.3 contains more/than 5 erroneous bytes, the royv
orrectable”.

bk shall be recorded with arbitrary data in one single uninterrupted writing action from

playback after the initial recording, theCerrors as detected by the error correction system

any 8 consecutive ECC Blocks the total number of Pl errors before correction shall not e
any ECC Block the number,of Pl-uncorrectable rows should not exceed 4.

Clausg 31 describes a series of measurements to test conformance of the user data on the

Intern

The dgta may-have been written by any drive in any operating environment (see 8.1.2). The n
be performed’on the Reference Drive as defined in Clause 9.

ional Standard. It checks the legibility of the user-written data. The data is assumed

shall be met:

error occurs when one or more bits in a byte have a wrong.value, as compared tp their original
recorded value.

v is said to be

he start of the

shall meet the

ceed 280,

disk with this
0 be arbitrary.
ead tests shall

Whereas Clause 26 disregards defects, Clause 31 includes them as an unavoidable deteriorat
signals. The severity of a defect is determined by the correctability of the ensuing errors by the error detection
and correction circuit in the read channel defined below. The requirements in Clause 31 defines a minimum

quality

of the data, necessary for data interchange.

30.1 Environment

ion of the read

All signals in 31.1 to 31.2 shall be within their specified ranges with the disk in any environment in the range of
allowed operating environments defined in 8.1.2. It is recommended that before testing, the entrance surface
of the disk shall be cleaned according to the instructions of the manufacturer of the disk.
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30.2 Reference Drive

All signals specified in Clause 31 shall be measured in the indicated channels of the Reference Drive as
defined in Clause 9. The drive shall have the characteristics given in 30.2.1 to 30.2.5 for the purpose of these

tests.

30.2.1 Optics

and mechanics

The focused optical beam shall have the properties already defined in 9.2 a) to i). The disk shall rotate as
specified in 9.5.

30.2.2 Read p

The optical pg

0,7 mW £ 0,1 mW.

30.2.3 Read dhannels

The drive shal
light in the exi

the amount o
implemented 4

The signal fron
the read signa
variations duri
and slicer, an
measurement.

30.2.4 Errorg

Correction of ¢
on the definitig

30.2.5 Tracking

During the me
recording laye

the radial trac
0,022 um.

JOWer

wer incident on the entrance surface of the disk (used for reading the information) s

have two read channels. Read Channel 1 gives a signal (/1 + I2) related to the total am
pupil of the objective lens. Read Channel 2 gives a signal (/1 - Ip).related to the differ

f light in the two halves of the exit pupil of the objective lens. These channels
s given in 9.3 and 9.6.

n Read channel 1 is equalized and filtered before processing. The threshold level for bir
shall be controlled to minimize the effects of mark-and space size changes due to par

d the characteristics of the PLL shall be the 'same as specified in Annex E for th

orrection

rrors in the data bytes shall be_carried out by an error detection and correction system
nin 13.3.

shall not exceed 0;20 um;

ing error between the focus of the optical beam and the centre of a track shall not

hall be

ount of
Bnce in
can be

arizing
ameter

ng writing. For measurement of the disk quality.as specified in Clause 31, the equalizgr, filter

e jitter

based

psurement of the signals, the axial tracking error between the focus of the optical beam and the

exceed

31 Minimul

v ofa R inaUni

This Clause specifies the minimum quality of the data of a Recording Unit as required for data interchange.
The quality shall be measured on the Reference Drive as defined in Clause 9 and Annex E.

A byte error occurs when one or more bits in a byte have a wrong value, as detected by the ECC and/or EDC

circuits.

31.1 Tracking

The focus of the optical beam shall not jump tracks unintentionally.

80
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31.2 User-written data

The user-written data in a Recording Unit as read in Read channel 1 shall not contain any byte errors that
cannot be corrected by the error correction defined in 13.3. To relieve this requirement, a defect management
system can be used, which autonomously replaces unreliable Recording Units (see Annex N).
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Annex A
(normative)

80 mm disk

The +RW HS Format also allows an 80 mm disk with capacities of 1,46 Gbytes and 2,92 Gbytes. All
mechanical, physical and optical characteristics shall be equal to those of the 120 mm disks specified in this
document, except for the following items:

see:

see:

see:

see:

see:

see:

see:

see:

82

4

0.2 Overall dimensions

The disk shall have an overall diameter d4 = 80,00 mm £ 0,30 mm

0.7 Information Zone

The Information Zone shall extend from diameter dg to diameter

d7 = 77,5 mm min.

This Zone consists of the Lead-in Zone, the Data Zone, and the kead-out Zone.

1.1 Mass

The mass of the disk shall be in the range of 6,0 g to0 9,0.¢!

1.2 Moment of inertia

The moment of inertia of the disk, relative to its rotation axis, shall not exceed 0,010 g-my

1.3 Dynamic Imbalance

The dynamic imbalance of the disk, relative to its rotation axis, shall not exceed 1,5 g'mm.

4.1 Track shape

The tracks shall be continuous ifithe Information Zone. The groove tracks shall start at 3

pf 22,00 mm max. and end at-atradius of 38,75 mm min.
4.4.1.1 ADIP word structure, bits 2 to 23

radius

Physical ADIP Address (0379CC), which is the first address corresponding to the Le¢ad-out

yone, shall be located' at a radius < 38,00 mm.
4.4.2.1 General'information — Bytes 0 to 31
Byte 1 — Disk size and maximum transfer rate

Bits-b7 to by shall specify the disk size, they shall be set to 0001, indicating a 80 mm

Bytés 4 to 15 — Data Zone allocation

Hisk.

Bytes 9 to 11 shall be set to (ODE72F) to specify PSN 911 151 as the last possible Physical

Sector of the Data Zone.
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see: 16 Layout of the Information Zone

Table A.1 — Layout of the Information Zone of a fully formatted disk

Description Nominal radius in PSN of the first Number of
mm Physical Sector | Physical Sectors

Lead-in all the same as 120 mm disk -—- - -

Data Data Zone start 24,000 mm (030000) 714 544
Buffer Zone 3 start 38,000 mm (ODE730) 768
Outer Disk Identification Zone (ODEA30) 256

Lead-out | Guard Zone 2 (ODEB30) 4 (96
Reserved Zone 4 start 38,082 mm (ODFB30) 4 (196
Quter Drive Test Zone (OEOB30) 12 P88
Outer Disk Test Zone (OE3B30) 2048
Guard Zone 3 start 38,375 mm (OE4330) 7 936 nominal

end > 38,500 mm

see: 17.11.1 Physical format information
Bytes 4 to 15 — Data Zone allocation

Bytes 9 to 11 in the first 16 ECC Blocks of'the Control Data Zone:
shall specify the Sector Number of the last Physical Sector of
part of the Data Zone.

in the remaining 176,ECC Blocks of the Control Data Zone:

shall all be set.to~the Sector Number of the last Physical
Recorded part.of the Data Zone, or shall all be set to (ODEY
PSN 911 1517as the last possible Physical Sector of the Data Z

see: 18 Data Zone
714 544 Physical Sectors of user data area.

The start radius of )the Data Zone is determined by the location of Physical
(00C000) and ¢he. maximum end radius is determined by the location of Physical
(0379CC) (s€e‘14.4.1.1, bit 2 to 23 and 13.7.1).

the Recorded

Sector of the
2F) to specify
bne.

ADIP Address
ADIP Address
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see: 19 Lead-out Zone

Physical Sector 911 152

Physical Sector 911 919
Physical Sector 911 920

Physical Sector 912 175
Physical Sector 912 176

Dh\]/cir\nl Sector 916 271

Data Zone

Buffer Zone 3
768 Physical Sectors

Outer Disk Identification Zone
256 Physical Sectors

Guard Zone 2

4 096 Physical Sectors
with Main Data set to (ﬂﬁ)

Physical Sector (ODE730)

Physical Sector (ODEAZ2F)
Physical Sector (ODEA30)

Physical Sector (ODEB2F)
Physical Sector (ODEB30)

Dhycinnl Sector (nnl:R')F)

Physical Sector 916 272

Physical Sector 920 367
Physical Sector 920 368

FPhysical Sector 932 655
Physical Sector 932 656

Physical Sector 934 703
Physical Sector 934 704

Physical Sector 942 639

see: 19.1 Buffer Zone 3

Reserved Zone 4
4 096 Physical Sectors

Outer Drive Test Zone
12 288 Physical Sectors

Outer Disk Test Zone
2 048 Physical Sectors

Guard Zone 3
7 936 Physical Sectors
with Main Data set to (00)

Figure A.1 — Lead-out Zone

The start location of Buffer Zone 3 is (ODE730).

see: 21.3 Sequential recording

Physical Sector (ODFB30)

Physical Sector (OEOB2F)
Physical Sector (OEOB30)

Physical Sector(OE3B2F)
Physical Sector (0E3B30)

PhysicalSector (OE432F)
Physieal’ Sector (OE4330)

Rhysical Sector (OE622F)

Table A.2 — Length of Temporary Lead-out Zone

of the Data Zone
(end radius)

Length of the Recorded. part

(radius)

End of the Temporary Lead-out Zone

less than 34,0 mm

35,0 mm min.

34,0 mm to 37,5°'mm

end radius Data Zone + 1,0 mm min.

37,5 to 38;0:-mm

38,5 mm

It is allowed to have an unrecorded area between the end of the Temporary Lead-out Zo

Buffer Zone 3 located at radius 38 mm.

see:

22.2 Format of the FDCB

Byte D4g — Recording status flag

bit 6 to bit 5:

ZERO ZERO = No Lead-out has been recorded

ZERO ONE

of the Data Zone

ONE ZERO = Lead-out is recorded from address (ODE730) to address (ODFB2F)

(see Clause 19 and 21.2.1)

ONE ONE
Zone

84

= Lead-out is fully recorded adjoining the actual last sector of the Data

ne and

= Temporary Lead-out has been recorded adjoining the actual last sector
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Annex B
(normative)

Structure for Extended format information in the Data Zone

The ADIP Aux Frames in the Data Zone may be used to store information needed to support specific
applications, such as e.g. encryption/decryption keys needed for a copy-protection system. This Annex only
specifies the general structure for such information.

B.1 E

The EX
contair
in the
(see 14
regions
shall b
a data

Figure
TOC a
TOC ¢
TOC in
value,
as spe

the gaps shall be set to (00).

xtended format information

tended Format Information consists of a table of contents (EFI TOC) and up to16 distin
additional format information. The EFI TOC defines the location and contents of the reg
Extended Format Information, see B.1.1. The EFI TOC shall be stored in the ADIH
}.4.1.1) in the Data Zone, starting at the ADIP word that has Physical ADIP Address

of the Extended Format Information shall be located in the ADIP.Atux Frames in the Da
b present as pre-recorded areas in the main data channel. Each region contains one or

block of a particular type, as indicated in the EFI TOC.

B.1 schematically shows an example lay-out, based on'the”’VCPS copy-protection syste
hd the VCPS-defined regions that are contained in the*ADIP Aux Frames in the Data

formation (see B.1.1). The VCPS-defined hash-region contains one or more copies of
bs specified in the EFI TOC. The VCPS-defined"DKB region contains one or more copi
cified in the EFlI TOC. Gaps may exist between any two regions. All bytes in the ADIP

ct regions that
ions contained
P Aux Frames
00C000). The

ta Zone and/or

more copies of

m, with the EFI
Vone. The EFI

bnsists of 8 consecutive copies of an ETOC block,“where each ETOC block contains the complete EFI

the DKB hash
s of the DKB,
Aux Frames in

B.1.1

0x0C000 0x0C800
A v
EFI TOC gap hash region | gap | DKB region
/ \ / AN AN
i ™ N bytes
\ \\ AN D G
S | ok DKB | -
\ / 16 bytes ™.
"2 / —A AN # of copies specified in EFI TQC
j \ | hash hash | - | hash |
' 256 bytes x"\“ # of copies specified in EFITOC
ETOC | ETOC | | ETOC
8 copies
Figure B.1 — Example lay-out of Extended format information in ADIP
EFI TOC

The EFI TOC starts at the ADIP word that has Physical Address (00C000). The length of the EFI TOC is 8
ADIP Aux Frames, which is equivalent to 2048 consecutive ADIP words. As shown in Figure B.1, the EFI TOC
consists of 8 consecutive copies of an ETOC block. The ETOC block consists of at most 16 Region
Descriptors, as defined in Figure B.2. The combined size of all Region Descriptors contained in the ETOC

© ISO/IEC 2009 — All rights reserved
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block shall be no more than 256 bytes. Remaining bytes shall be set to all zeros, such that the size of the

ETOC block is exactly 256 bytes.

Byte Bit] 7 6 5 4 3 0
(_) Region Descriptor #1
Region Descriptor #2
RegiomDescriptor#m
(00)
255 (00)

Figure B.2 — ETOC block

Region Desctiptor #i: Region Descriptor #i contains information with respect”to the i-th region|of the
Extended Format Information (1 </ < n < 16). A Region Descriptor consists-of a Basic Region Degcriptor
followed by zefo or more Extended Region Descriptors. The format of a Basic Region Descriptor is defined in

Figure B.3. The format of an Extended Region Descriptor is defined in Figure B.4.

Bit
Byte 7 6 5 4 3 (
0 (msb)
1 Region.Type Identifier
2 (Isb)
3 Extent | Version number
g (msb) Region Start Address (Isb)
6 (msb)
: Data Block Size
9 (Isb)
10 Repeat Count
11 Reserved | Private
12 (msb)
: Alternative Location
15 (Isb)

Figure B.3 — Basic Region Descriptor

Region Type Identifier: The type of the data block that is contained in the region. Data blocks stored in
different regions having the same Region Type Identifier shall be identical.

Extent: The Extent bit shall indicate if this Basic Region Descriptor is followed by an Extended Region
Descriptor, as follows:

0: This Basic Region Descriptor is not followed by an Extended Region Descriptor.

1: This Basic Region Descriptor is followed by an Extended Region Descriptor.
Version Number: The revision of the data block type that is contained in the region.

Region Start Address: If the data block is stored in the ADIP Aux Frames, the Region Start Address is given
as the Physical ADIP Address of the ADIP word that contains the first byte of the data block, divided by 256.
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The Region Start Address shall be greater than or equal to (00C8). If the data block is not stored in the ADIP
Aux Frames, the Region Start Address shall be zero. In that case the Alternative Location shall be non-zero
and specify the location of the data block in the main data channel.

Data Block Size: The size in bytes of a single copy of the data block in the region. The Data Block Size shall
be set to zero if the data block is not contained in the ADIP Aux Frames.

Repeat Count: The number of consecutive copies of the data block that are contained in the region. If the
data block is stored in the ADIP Aux Frames and the region extends through the end of the Disk, Repeat
Count shall be set to 0. The Repeat Count shall be set to zero if the data block is not contained in the ADIP
Aux Frames.

Reserled: All reserved bits shall be setto 0.
t

Private: The Private bit shall indicate if a Drive is permitted to output the contents of the region,|as follows:
0:]1 A Drive is permitted to output the contents of the region.
1:1 A Drive is not permitted to output the contents of the region.

Alternative Location: In addition to, or alternative to storage in the ADIP Aux Frames, the data block may be
stored |in a contiguous area of the main data channel. In that case, the Alternative Location specifies the first
Physical Sector Number of the location in the main data channel that contains one or more copies of the data
block. Dtherwise, Alternative Location shall be set to zero. Note that the format of the data blogdk as contained
in the main data channel may be different from the format of the«data block as contained in[the ADIP Aux
Frames.

Bit
Byte 7 6 5 4 3 2 1 0
D (msb)
1 Region Type Identifier
P (Isb)
B Extent | Version number
n
: Reserved
15

Figure B.4 — Extended Region Descriptor

Region Type Identifier: the Region Type Identifier shall be identical to the Region Type Identifier contained in
the preceding Basie.Region Descriptor.

Extent: The EXxtent bit shall indicate if this Extended Region Descriptor is followed by angther Extended
Regior] Descriptor, as follows:
0:] .This Extended Region Descriptor is not followed by another Extended Region Descriptpr.

1: L_TFhis-Extended Dnginn nner\ripfnr i1s_followed h\Jl another Extended Dnginn nncr\ripfnr

Version Number: the Version Number shall be identical to the Version Number contained in the preceding
Basic Region Descriptor.

Reserved: All reserved bytes shall be set to (00).
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Annex C
(normative)

Measurement of light reflectivity

C.1 Calibration method

The reflectivity]
parallel m
focused nj

For use in pla
relevant and e

When measuri
(In) will fall on

coming from th
parallel metho

“main” reflecta

A good refere
reference disk

Of a diSK can be measured In several ways. The two most common methods are:
bthod,
ethod.

yers the focused method with the help of a reference disk with known reflectance is th
psiest one, while for the calibration of the reference disk the parallel methadhis easier.

ng the reflectivity in the focused way, only the light returned by the reflective layer of t
o the photo detector. The reflected light coming from the front sutface of the disk and t

e parasitic reflections inside the disk will mainly fall outside the\photo detector. Becaus
i only the “total” reflected power (/;;) can be measured, a calculation is needed to determ

hce from the reflective layer.

ce disk shall be chosen, for instance 0,6 mm glass disk with a golden reflective mirrg
shall be measured by a parallel beam as shown in Figure C.1.

‘\\\
int \\\
I// \ //'
I, \
IS
I R

Is

Figure C.1 — Reflectivity calibration

e most

ne disk
he light

e in the
ine the

r. This

hao fallowvwina annling .

In this Figure t

88

TCToOToOwWmgappPnts:

reflectance of the recording layer (including the double pass substrate transmittance)
reflectance of the entrance surface

reflectance as measured by the focussed beam (is by definition = I% )
B

reflectance as measured by the parallel beam (is by definition = I//I )
B

power of incident beam

reflected power from entrance surface

reflected power from recording layer

reflected power from internal reflections between entrance surface and recording layer
measured reflected power (I + Iy + fint)
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The reflectance of the entrance surface is defined by:

2
rg = (H—_D , Where n is the index of refraction of the substrate.
n+

The main reflected power Iy, = I - I5 -lint which leads to:

Reet :{(1"%)2 *(Ry —fs)l

1-ryx(2-Ry)

The reference disk shall be measured on a reference drive. The total detector current (/4 +d»)| obtained from
the refgrence disk, and measured by the focused beam is equated to /,, as determined ahove.

Now the arrangement is calibrated and the focused reflectance is a linear function'of the reflectivity of the
recording layer and the double pass substrate transmission, independently from the'réflectivity f the entrance
surfacg.

C.2 Measuring method

Reflectivity in the unrecorded Information Zone

A method of measuring the reflectance using the reference driye.
(1) Mgasure the total detector current (/1 + I5)g from the.reference disk with calibrated reflectan¢e Ryes.

(2) Mgasure the total detector current (/4 + Io)g from a groove track in an area of the disk under investigation

wheere the groove track and the two adjacent tracks on each side of the track to be measured have been
ergsed. Erasure of these tracks shall.be done by irradiating the tracks using only thel Pe power as
determined from the OPC algorithm (see Annex I).

(3) Cajculate the unrecorded disk.reflectance Ry as follows:
(14 +12),

R{ = R
d mx ref

Reflectivity in the recorded Information Zone
A method of measUring the reflectance using the reference drive.

(1) Mdasure the total detector current (/1 + I)g from the reference disk with calibrated reflectan¢e Ryef.

(2) Measure Tz from a recorded groove track In an area of the disk under investigation where at least the

two adjacent tracks on each side of the track to be measured also have been recorded. Recording of
these tracks shall be done using the optimum powers as determined from the OPC algorithm
(see Annex I).

(3) Calculate the recorded disk reflectance Rq4H as follows:

lan

R
/1+I2 s % ref

Rian =
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Annex D
(normative)

Measurement of birefringence

D.1 Principle of the measurement

In order to mjeasure the birefringence, circularly polarized Night 1n a parallel beam 1s used. The| phase
retardation is measured by observing the ellipticity of the reflected light.

radial direction

Figure D.1 — Ellipse with ellipticity e = b/a and orientation ¢

The orientation 6 of the ellipse is determined by the orientation of the optical axis
0=y-nl4 (1)
where y is the pngle betweéen the optical axis and the radial direction.

The ellipticity, £ = b/a;1s a function of the phase retardation &

tan =51 2
e=tan —| —-
2L2 JJ (2)
When the phase retardation §is known the birefringence BR can be expressed as a fraction of the wavelength
A
BR=—56nm (3)

T

Thus, by observing the elliptically polarized light reflected from the disk, the birefringence can be measured
and the orientation of the optical axis can be assessed as well.
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D.2 Measurements conditions
The measurement of the birefringence specified above shall be made under the following conditions.

Mode of measurement in reflection, double pass through the substrate.

Wavelength A of the laser light 640 nm £ 15 nm
Beam diameter (FWHM) 1,0 mm £ 0,2 mm
Angle B of incidence in radial direction 7,0°+0,2°

relative to the radial plane perpendicular
to Reference Plane P

Disk mounting horizontally
Rotation less than 1 Hz
Temperature and relative humidity as specified in 8.1.1

D.3 Example of a measurement set-up

Whilst this International Standard does not prescribe a specific device for measuring birefringence, the device
shown|schematically in Figure D.2 as an example, is well suited for this. measurement.

/

: 1
laser —— é : \ <«— photo detector

m <—— collimator lens
polarizer —
< rotating analyzer

Maplate — 5 /

\B. I
\g¥

disc L \ = |

Figure D.2 — Example of a device for the measurement of birefringence

Light flom a.faser source, collimated into a polarizer (extinction ratio ~ 10-), is made circular [py a A/4 plate.
The elljpticity’of the reflected light is analyzed by a rotating analyzer and a photo detector. For| every location
on the|disk] the minimum and the maximum values of the intensity are measured. The ellipticity can then be
calculated as

62 = Imin (4)

max

Combining equations (2), (3), and (4) yields

BR = % - &arctan min_

n max
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This device can be easily calibrated as follows

— Inin is set to 0 by measuring a polarizer or a A/ 4 plate,
—  Imin = Imax when measuring a mirror

Apart of the d.c. contribution of the front surface reflection, a.c. components may occur, due to the
interference of the reflection(s) of the front surface with the reflection(s) from the recording layer. These a.c.
reflectivity effects are significant only if the disk substrate has an extremely accurate flatness and if the light
source has a high coherence.
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Measuring conditions for operation signals

E.1 System diagram for jitter measurement and determination of the characteristics

of user data

—

The general system diagram shall be as shown in Figure E.1.

4-quadrant
photo-detector

pre-amp's

HF-signal

|_

AC-coupling

f

EQ

LPF

phase detector

— filter
_ | VCO
slicer PLL
all data clock
edges signal

jittera

e.g. Time Interval Analyzer

nalyzer

start/stop sig
from revolutic

nal
n pulse

Figure E.1 — General diagram for jitter measurement

E.2 Open loop transfer function for PLL

The open-loop transfer function for the PLL shall be as shown in Figure E.2
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Gain (dB)
A

-40 dB/decade

-20 dB/decade

0dB

75

25

-40 dB/decadé

» Frequency (KHz

Figure E.2 — Schematic representation of the’open-loop transfer function for PLL

E.3 Slicer

The slicer shall be a 1st order, integrating feed-back auto-slicer with a -3 dB closed-loop bandwidth of 5

E.4 Conditjons for measurement

The bandwidth of the pre-amplifier of the photo detector shall be greater than 20 MHz in order to

group-delay distortion.
Equalizer:

Low-pass filten

8-tap transversal filter with transfer function H(z) = 1,364 z-2 - 0,182 (1 + z4)

6th order Bessel filter, f; (-3 dB) = 8,2 MHz

kHz.

brevent

Filtering plus equalization:

— Gain variation:

— Group delay variation:
— (Gain at 5,0 MHz -

1 dB max. (below 7 MHZz)
1 ns max. (below 7 MHz)
Gainat0OHz): 3,2dB+0,3dB

a.c. coupling (high-pass filter) = 1st order, f; (-3 dB) = 1 kHz

Correction of the angular deviation: only d.c. deviation shall be corrected.
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Gain (dB)
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~ Equalizer +
/ Bessel filter
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. ~ . \
™~ . ~
-,
-3 Bessel filter T~ R
AN
\ o
-6
0 5 Erequency (MHz) 10

Figure E.3 — Frequency characteristics for the equalizer and the low-pass filter

E.5 Measurement

The jitter of all leading and trailing edges over onecrévolution shall be measured.
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Annex F
(normative)

Measurement of the differential phase tracking error

F.1 Measuring method for the differential phase tracking error

The reference
of the diagon
independently

H(iiw) =

The gain of th

signal amplitudles. Phases of the binary pulse signal edges (signals B1 and B2),shall be compared t

other to produ
individual edgs
smoothing the
amplifier. The

Special attenti
to be measure

The average ti
shall be

f--L]

NA—J

where N is the

F.2 Measu

The relative tin
amplitudes of

The relation bd

CITCUIt Tor the measurement of the racking error shall be that shown In Figure F.T. Each
bl pairs of elements of the quadrant photo detector shall be converted to binary
after equalization of the wave form with the transfer function defined by:

(1+1,6x107"xiw)/(1+4,7x108 xiw)
e comparators shall be sufficient to reach full saturation on the outputs; even with m

Ce a time-lead signal C1 and a time-lag signal C2. The phase comparator shall react t
with signal C1 or C2, depending on the sign of At;. A tracking.error signal shall be prody

C1, C2 signals with low-pass filters and by subtracting by~means of a unity gain diff
ow-pass filters shall be 1st order filters with a cut-off frequency (-3 dB) of 30 kHz.

bn shall be given to the implementation of the circuit\because very small time differencs
H (1 % of T equals only 0,38 ns). Careful averaging is needed.

me difference between two signals from the diagonal pairs of elements of the quadrant d

|

At;

number of edges, both risingiand falling.

rement of As /T without time interval analyzer

e difference-At/T is represented by the amplitude of the tracking error signal provided
the C1 and{C2 signals and the frequency component of the read-out signals are nor

tweenthe tracking error amplitude ATVE and the time difference is given by:

output
signals

nimum
0 each
0 each
ced by
erential

s have

etector

hat the
alized.

DAL, _At_Vpc

ATVE =

where:

vVpcT

2T

n

Vpc is the amplitude of the C1 and C2 signals

Tiis the

actual length of the read-out signal in the range 3T to 14T

n.T is the weighted average value of the actual lengths

Nn.Tis

the total averaging time.

The specification for the tracking gain can now be rewritten by using the tracking error amplitude as follows:

0,5X(VF’%) < ATVE < 1,1X(Vpcn) at 0,1 um radial offset.
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signal C2

amp signal A1 equalizer > level signal B1
| H(io) comparator
/a/—\/b |
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! amp e - level signal B2
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Figure F.1 — Circuit for tracking error measurements
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F.3 Calibration of the circuit

Assuming that Vpc equals = 5 V and that the measured value of n equals = 5, then the above relation between
the tracking error amplitude ATVE and the time difference At can be simplified to:

ATVE = &L, Vpe A
T n T

The average runlength n of the 8-to-16 modulated signal is depending on the data content and the averaging
time. Therefore the circuit shall be calibrated with a fixed frequency signal, corresponding to a modulated
signal with 5T runlengths. For this purpose sinusoidal signals with a frequency of 2,616 MHz can be used.

Typically the pulses of signals C1 and C2 will be generated by some digital gate circuit with an output signal
switching between ground and the supply voltage. This voltage swing is assumed to be about % volts,
however, depgnding on the applied technology, it may deviate from 5 volts significantly.

Because the fgrmal specification for the DPD signal is:

0,55 A?ts 1,1 at 0,1 um radial offset,

the measurement by means of ATVE is influenced by the actual values of\Vp¢ and n. Therefore the fdllowing
calibration progedure shall be applied.

F.3.1 Saturgtion of comparators
Make sure that the gain of the level comparators is such that\for all actual input signal levels, the signals B1

and B2 are square wave signals. In this case the amplitudeyof the signal TVE is independent of the anjplitude
of the input signals.

saturation area

TVE signal —
amplitude

0 >
Comparator input
signal amplitude

Figure F.2 — Tracking error signal amplitude versus comparator input signal amplitude
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F.3.2 Correction for n and Vpc

Because of the above mentioned deviations of n and Vpc, and possibly some other circuit parameters, a
correction factor K has to be determined, such that:

ALIT (real) = K x ATVE (measured).

This can be achieved in the following way:

a) Generate two sinusoidal signals A1 and A2 of frequency 2,616 MHz with a phase difference, and inject
them into the two equalizer circuits.

b) Mgasure the relation between At/T and ATVE , and determine K from Figure F.3:

_ At/T(injected)
ATVE(measured)

ATVE T

1.2

1.0

0.8

0.6

0.4

0.2

0
0N-02 04 06 08 10 1.2

. Now the set-up is ready for use.

theoretical line for
Vpc=5V and n=5

,/ example of

/ measured line

A
”

AtIT
—

Figure F.3 — ATVE versus At/T
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Annex G

(normative)
The write pulse wave form for testing

dT, is expressed as a positive value when leading to the related clotk edge,
and is expressed as a negative value when lagging to the related clock edge.
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consists of int(N/2) pulses, where int(x) represents the largest integer < x and N is the length of the NRZI

pulse expressed in channel clock cycles.

ISO/IEC 26925:2009(E)
The write pulse waveform obtained from the NRZI data and the channel clock is shown in Figure G.1.
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The values for Pw, Pe, and Pc are determined according to the OPC algorithm (see Annex I). An example of
the write pulse waveform for the minimum mark, the minimum space and an 8T mark is shown in Figure G.2.

G.1 Timing parameters

The pulse width times, T, T3 and Tiop are recording speed dependent and shall be as indicated by bytes 90,

98 and 99, respectively bytes 91, 108 and 109, respectively bytes 92, 118 and 119 in 14.4.2.3.1. The duration
is defined in fractions of the channel clock period:

Tmp=m x%GTW,where m=3,4,. 0r16

The fir:
are re

respec|
14.4.2,

The la
shall b

114, re

The w
+0,3n

The lag

After th

(which
>0,8n

T3=ix s Tw, wherei=3,4, ..or24

Ttop =J x Y Tw , Where j = 3, 4, .. or 24

YTtop / ATiop,s/ ATeop.a / ATiop.3 = P x g Ty Where p = -8(+F, .., -1,0, 1, .. or 8

Urera.0/ ATeraE / Oreras = d x Y% Tw, where q =-327-31, .. ,-1,0,1, .. or 16

#Tip0 =5 x Y5 Tw,where s =:8-7,..,-1,0,1, .or 8

lively bytes 110/111/112/113 and 115/116/117, respectively bytes\120/121/122/123 and
3.1. The duration is defined in fractions of the channel clock period:

(positive values are leading, negative values-are lagging, see figure G.1)

5t pulse lead/lag-time dT, o (only for odd:tunlengths > 5T; the duration of the last pul
b = Tmp *+ dTp,0) is recording speed dependent and shall be as indicated by byte 104, re

(positive values-are’ leading, negative values are lagging, see Figure G.1)

dths of all pulses shall be at least 2,3 ns and the accuracy of all pulse widths shall
S.

er power shallbe switched to cooling level between each two write pulses for at least 1,8
e last pulse the time period between the falling edge of this last pulse and the start of

period = Ty — Tmp — dTera,0/e OF 2xTy + dTigp 3 — T3 — dTera 3) shall be = 0 (no "ca
S,

bt pulse lead/lag-time dTyop / dTiop 5/ dTop 4 / dTiop,3 @nd the erase lead-time dTera 0/ Terae / dTera,3
cording speed dependent and shall be as indicated by bytes 100/101/102/103 ang 105/106/107,

125/126/127 in

e in this case
spectively byte

spectively byte 124 in 14.4.2.3.1. Theduration is defined in fractions of the channel clock period:

be better than

ns.

he erase level
oling gap") or
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G.2 Rise ar

The rise times

Possible overs

102

NRZI data

47

3T N
mark

3T
space

8T

mark

1d fall times

Figure G.2 — Example of a Multiple-pulse

hoots shall be < 20 % of the step size (P1, P2 or P3).

T,, and fall times, Ty, as specified in Figure G.3 shall not exceed 1,7 ns.

A

Tr1

“ .

Figure G.3 — Rise Times and Fall Times

A

_,
Q

. 7

© ISO/IEC 2009 — All rights reserved


https://iecnorm.com/api/?name=9aa95d73c182c32da0874e33f392aeed

ISO/IEC 26925:2009(E)

Annex H
(normative)

8-to-16 Modulation

8-t0-16 modulation shall satisfy RLL(2,10) requirements. The encoding system is shown in Figure H.1 with the
conversion tables shown in Table H.1 and Table H.2.

8-bit byte, B(t)_ 16-bit Code Word, X(t)

State, S(t) Conversion Table Next State, S(t+1)

A

T «

T = delay of one conversion
Where:
X(t) = H{B(t), S(t)} X45(t) =msb and X,(t) = Isb
S(t+1) = G{B(t), S(t)}
H is the output function from.the conversion tables
G is the next-state functionfrom the conversion tables

Figure H.1 — Code Word generating system

The Stptes of the Code Words, X(t), shall be€hosen to satisfy the RLL(2,10) requirements of 3 minimum of 2
ZEROg and a maximum of 10 ZEROs between ONEs of adjacent Code Words.

Code Word X(t) Next State S(t+1) Code Word X(t+1)

Endg with 1 or no trailing ZEROs State 1 Starts with 2 to 9 leading ZEROs

Endg with 2 to 5 trailing. ZEROs State 2 Starts with 1or up to 5 leading ZEROs
and
Xq5(t+1) , X3(t+1) = 0,0

Endg with 2 {6 5 trailing ZEROs State 3 Starts with none or up to 5 leading ZEROs
and
Xq5(t+1) , X3(t+1) = 0,0

Ends with 6 to 9 trailling ZEROs State 4 Staris with T or no leading ZEROs

Figure H.2 — Determination of States
Note that when decoding the recorded data, knowledge about the encoder is required to be able to
reconstitute the original bytes.
B(t) = H-1{X(t), S(t)}
Because of the involved error propagation, such state-dependent decoding is to be avoided. In the case of this

8-to-16 modulation, the conversion tables have been chosen in such a way that knowledge about the State is
not required in most cases. As can be gathered from the tables, in some cases, two 8-bit bytes, for instance
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the 8-bit bytes 5 and 6 in States 1 and 2 in Table H.1 generate the same 16-bit Code Words. The construction
of the tables allows to solve this apparent ambiguity. Indeed, if two identical Code Words leave a State, one of
them goes to State 2 and the other to State 3. Because the setting of bits X5 and X3 is always different in

these two States, any Code Word can be uniquely decoded by analysing the Code Word itself together with

bits X5 and X3 of the next Code Word:

B(f) = H1{X(1), Xy5(t+1), X3(t+1) }

The Substitution table, Table H.2, is included to insure meeting the DCC requirements of 13.8.

Table H.1 — Main Conversion Table

State 1 State 2 State 3 State 4
8-bit
byte Code Word Next Code Word Next Code Word Next Code Word ext
msb Isb | State | msb Isb | State | msb Isb | State | msb Isb ate
0 0010900000001001 1 0100000100100000 2 0010000000001001 1 0100000100100000 P
1 0010900000010010 1 0010000000010010 1 1000000100100000 3 1000000100100000 B
2 0010900100100000 2 0010000100100000 2 1000000000010010 1 1000000000010010 1
3 0010900001001000 2 0100010010000000 4 0010000001001000 2 0100010010000000 Y
4 0010900010010000 2 0010000010010000 2 1000000100100000 2 1000000100100000 P
5 0010900000100100 2 0010000000100100 2 1001001000000000 4 1001001000000000 Y
6 0010900000100100 3 0010000000100100 3 1000100100000000 4 1000100100000000 Y
7 0010900001001000 3 0100000000010010 1 0010000001001000 3 0100000000010010 1
8 0010900010010000 3 0010000010010000 3 100001000000000 4 1000010010000000 Y
9 0010900100100000 3 0010000100100000 3 1001001000000001 1 1001001000000001 1
10 | 0010910010000000 4 0010010010000000 4 1000.100100000001 1 1000100100000001 1
11 | 0010901001000000 4 0010001001000000 4 1600000010010000 3 1000000010010000 B
12 | 0010910010000001 1 0010010010000001 1 1000000010010000 2 1000000010010000 P
13 | 001001001000001 1 0010001001000001 1 1000010010000001 1 1000010010000001 1
14 | 0010p00001001001 1 0100000000100100 3 0010000001001001 1 0100000000100100 B
15 | 0010900100100001 1 0010000100100001 1 1000001001000001 1 1000001001000001 1
16 | 0010p00010010001 1 0010000010010001 1 1000000100100001 1 1000000100100001 1
17 | 0010900000100010 1 0010000000100010 1 1000001001000000 4 1000001001000000 Y
18 | 0001900000001001 1 0100000010010000 2 0001000000001001 1 0100000010010000 P
19 | 001000000010001 1 0040000000010001 1 1001000100000000 4 1001000100000000 Y
20 | 0001900000010010 1 Q001000000010010 1 1000100010000000 4 1000100010000000 Y
21 | 0000{00000000010 1 0000100000000010 1 1000000010010001 1 1000000010010001 1
22 | 0000910000000001 1 0000010000000001 1 1000000001001001 1 1000000001001001 1
23 | 0010901000100000 2 0010001000100000 2 1000000001001000 2 1000000001001000 P
24 | 0010900100010000 2 0010000100010000 2 1000000001001000 3 1000000001001000 B
25 | 001090001000.1000 2 0100000000100100 2 0010000010001000 2 0100000000100100 P
26 | 001090@001000100 2 0010000001000100 2 1000000000100010 1 1000000000100010 1
27 0001 004100100000 2 0001000400100000 2 1000000000040004 1 1.000000000040004 1
28 | 0010000000001000 2 0100000010010000 3 0010000000001000 2 0100000010010000 3
29 | 0001000010010000 2 0001000010010000 2 1001001000000010 1 1001001000000010 1
30 | 0001000001001000 2 0100000100100000 3 0001000001001000 2 0100000100100000 3
31 | 0001000000100100 2 0001000000100100 2 1001000100000001 1 1001000100000001 1
32 | 0001000000000100 2 0001000000000100 2 1000100100000010 1 1000100100000010 1
33 | 0001000000000100 3 0001000000000100 3 1000100010000001 1 1000100010000001 1
34 [ 0001000000100100 3 0001000000100100 3 1000000000100100 2 1000000000100100 2
35 [ 0001000001001000 3 0100001001000000 4 0001000001001000 3 0100001001000000 4
36 [ 0001000010010000 3 0001000010010000 3 1000000000100100 3 1000000000100100 3
37 [ 0001000100100000 3 0001000100100000 3 1000010001000000 4 1000010001000000 4
38 [ 0010000000001000 3 0100100100000001 1 0010000000001000 3 0100100100000001 1
39 [ 0010000001000100 3 0010000001000100 3 1001000010000000 4 1001000010000000 4
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State 1 State 2 State 3 State 4
8-bit
byte Code Word Next Code Word Next Code Word Next Code Word Next
msb Isb | State | msb Isb | State | msb Isb | State | msb Isb | State
40 | 0010000010001000 3 0100010010000001 1 0010000010001000 3 0100010010000001 1
41 | 0010000100010000 3 0010000100010000 3 1000010010000010 1 1000010010000010 1
42 | 0010001000100000 3 0010001000100000 3 1000001000100000 2 1000001000100000 2
43 | 0010010001000000 4 0010010001000000 4 1000010001000001 1 1000010001000001 1
44 1 0001001001000000 4 0001001001000000 4 1000001000100000 3 1000001000100000 3
45 | 0000001000000001 1 0100010001000000 4 1000001001000010 1 0100010001000000 4
44 | 0010010010000010 1 0010010010000010 1 1000001000100001 1 1000001000400001 1
41 | 0010000010001001 1 0100001001000001 1 0010000010001001 1 0100001001000p001 1
48 | 0010010001000001 1 0010010001000001 1 1000000100010000 2 1000000400010000 2
49 | 0010001001000010 1 0010001001000010 1 1000000010001000 2 100000001000{1000 2
5Q | 0010001000100001 1 0010001000100001 1 1000000100010000 3 1000000100010000 3
5 0001000001001001 1 0100000100100001 1 0001000001001001 1 010000010010Pp001 1
52 | 0010000100100010 1 0010000100100010 1 1000000100100010 1 1000000100100010 1
53 | 0010000100010001 1 0010000100010001 1 1000000100010004 1 100000010001p001 1
54 | 0010000010010010 1 0010000010010010 1 1000000010010610 1 100000001001p010 1
54 | 0010000001000010 1 0010000001000010 1 100000001006,17001 1 100000001000{1001 1
5¢ | 0010000000100001 1 0010000000100001 1 1000000001000010 1 1000000001000010 1
57 | 0000100000001001 1 0100000010010001 1 0000100000001001 1 010000001001/0001 1
54 | 0001001001000001 1 0001001001000001 1 1000000000100001 1 1000000000100001 1
59 | 0001000100100001 1 0001000100100001 1 0100000001001001 1 010000000100[1001 1
6 0001000010010001 1 0001000010010001 1 1001001000010010 1 1001001000010010 1
6 0001000000100010 1 0001000000100010 1 1001001000001001 1 100100100000{1001 1
62 | 0001000000010001 1 0001000000010004 1 1001000100000010 1 1001000100000010 1
63 | 0000100000010010 1 0000100000010010 1 1000000001000100 2 1000000001000100 2
64 [ 0000010000000010 1 0000010000000010 1 0100000001001000 2 01000000010011000 2
64 [ 0010010000100000 2 0010010000100000 2 1000010000100000 2 10000100001000000 2
66 [ 0010001000010000 2 00100Q1+000010000 2 1000001000010000 2 1000001000010000 2
61 [ 0010000100001000 2 0100000000100010 1 0010000100001000 2 0100000000100010 1
63 [ 0010000010000100 2 0010000010000100 2 1000000100001000 2 100000010000f1000 2
69 [ 0010000000010000 2 0010000000010000 2 1000000010000100 2 1000000010000100 2
7Q | 0001000010001000 2 0100001000100000 2 0001000010001000 2 0100001000100000 2
7 0001001000100000 2 0001001000100000 2 0100000010001000 2 01000000100011000 2
72 | 0001000000001000 2 0100000100010000 2 0001000000001000 2 0100000100010000 2
73 | 0001000460010000 2 0001000100010000 2 1000000001000100 3 1000000001000100 3
74 | 0001000001000100 2 0001000001000100 2 0100000001001000 3 01000000010011000 3
7% | 0000400100100000 2 0000100100100000 2 1000010000100000 3 1000010000100000 3
7¢ |/0000100010010000 2 0000100010010000 2 1000001000010000 3 100000100001)0000 3
71 .0000100001001000 2 0100000001000100 2 0000100001001000 2 0100000001000100 2
78 | 0000100000100100 2 0000100000100100 2 1000000100001000 3 1000000100001000 3
79 | 0000100000000100 2 0000100000000100 2 1000000010000100 3 1000000010000100 3
80 | 0000100000000100 3 0000100000000100 3 0100000010001000 3 0100000010001000 3
81 [ 0000100000100100 3 0000100000100100 3 1000100001000000 4 1000100001000000 4
82 | 0000100001001000 3 0100000001000100 3 0000100001001000 3 0100000001000100 3
83 [ 0000100010010000 3 0000100010010000 3 1000000010001000 3 1000000010001000 3
84 | 0000100100100000 3 0000100100100000 3 1001001001001000 2 1001001001001000 2
85 | 0001000000001000 3 0100000100010000 3 0001000000001000 3 0100000100010000 3
86 | 0001000001000100 3 0001000001000100 3 1001001000100100 2 1001001000100100 2
87 | 0001000010001000 3 0100001000100000 3 0001000010001000 3 0100001000100000 3
88 [ 0001000100010000 3 0001000100010000 3 1001001001001000 3 1001001001001000 3
89 [ 0001001000100000 3 0001001000100000 3 1001000010000001 1 1001000010000001 1
90 [ 0010000000010000 3 0010000000010000 3 1000100100010010 1 1000100100010010 1
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