INTERNATIONAL ISO/IEC
STANDARD 30190

Second edition
2016-06-15

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

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

Reference number

ISO/IEC 30190:2016(E)
e ° ©ISO/IEC 2016



https://standardsiso.com/api/?name=e48e7f62e6c92076f38e0bcf8429bcb1

ISO/IEC 30190:2016(E)

COPYRIGHT PROTECTED DOCUMENT

© ISO/IEC 2016, Published in Switzerland

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

ISO copyright office

Ch. de Blandonnet 8 « CP 401
CH-1214 Vernier, Geneva, Switzerland
Tel. +41 22 749 01 11

Fax +41 22 749 09 47
copyright@iso.org

www.iso.org

ii © ISO/IEC 2016 - All rights reserved


https://standardsiso.com/api/?name=e48e7f62e6c92076f38e0bcf8429bcb1

ISO/IEC 30190:2016(E)

Contents Page
1 ST odo] o= 1
2 1070] ] o] ¢ 11 = 1o [o] =TT PPPPUPRRPTN 2
2.] a8 T o= T~ P 2
2. GENEIAtiNG SYSTEIM L.uuiiiiiiie i e e e e s s s e e e e e e s s s nnnnnneeeeeesssnnsnnnnnneeeseepebedpheneeesannnns 2
2. RECEIVING SYSTEIM ..uiiiiiiii i ittt e e e e e e e s s st e e e e e e s s snnnnnnneeeeessssnnnnnnneeees (ot benahereeesnnnnns 2
2. Compatibility StAtEMENT ... e e s e e e e e e e e e e e e nnanes 2
3 NOIMALIVE FEFEIENCES .. .eiiiiiiiie et sbee e e st ee e g ks erteeeesnnneahesntbeeeennes 2
4 Terms and defiNitioNS ... LB e b 3
5 Conventions and NOLALIONS ........eciiiiiiiiiiiiiiiee et ee e e e e e sieeabee e e e e e 7
5. TOIMINOIOGY: ettt e e e ee e e e e s snnrereee e N e bttt et e e e e e eninbbeeeeee e e s e b eeaae e 7
5.1.1  Meaning Of WOTAS ..oooiiiiiiiieiee e iiieee e e e sashe ekt e e e ee e e e e b 7
5.1.2  LeVels Of groUPING ..ot iieeee e e s anfe ettt e e e e e e s e snnnre e e e e e e e e s b e e 7
5. Representation Of NUMDEIS ... e ettt e e e e et r e e e e e s s e snnreabeeeeeeaaanes 7
5. INteger CAICUIUS ...ueiiiiiiie e d e et e e e e e s snnnneeee e e 8
5. N2 T (1T TP S DT PRSP OPPPPPRPPTPTPPN FUPPPPPRIN 8
6 TS A0 - Tod o 1014 1.1 1 S PRSP FUPERR 9
7 General description Of AiSK ...ccuuuiiiiiiiiiiiiiirr s Nt ee s r e e e s s e e e e e e s s snnreneeeeeessensahernreaeees 11
8 General FEQUITEMENTS ...oiviieiiiiiiieireee e e s s st tee e e e e e s s st ee e e e e e s s e snnteaeeeaeesssssnnnnnneeeeessnnsehareneeenns 14
8. ENVIFONMENTS ..eiiiiiiiiie e B ettt e ettt ettt e s st e e s snbt e e e s snnneeessnneeeessnnnahessnneeeens 14
8.1.1  TeSt eNVIFONMENT...ccoiiiiiiiiiiiie e N ettt e e e e e s snneeeessnneee s arreeeenes 14
8.1.2  Operating ENVIFONMENT ......iiiiiiiii et e ettt e e e e et e e e e e e e e s s sbabeeeeaaeessanbsbeeeeaaesssnnnnsseeeeessshaninnnneens 14
8.1.3  StOrage eNVIFONIMENT........uiiiiii i e Mreeiie e ettt e e e e e e ettt e e e e e e e s s ababeeeeaaeessasnsbeeeeaeesssnnnnnseeeeessshaniunnneens 15
8.1.4  TranSPOITALION ...eeeiiiiiiiiiiiee ittt ettt e e e ettt e e e e e e s e sibbbeeeea e e e s snnnbsbeeeaaeeessnnnnnneeeeessshanninneens 16
8. Safety FEQUITEMENTS ... ettt et e e e e e s s s e e e e e e e s e sannbeeeeeaeessenabanieaaaeens 16
8. FlamMmMaBDi ity ..o ettt e e e e e st e e e e e s e e snnbeae e e e e e e e e nnnnnneeabaeeeeaane 16
9 R BIBNCE IV ... ettt e e e e e e sttt e e e e e e s e s snnbnneeeaeeesesnnnnneeabasesaananes 16
9. (1= oY=l | o PP PPOTPRPTPRPN SUPPR 16
9. Measurement COMAITIONS ...o.uiiiiiiii e e e s e e e e snne e e s e e s sneeee s 16
9. (0] 0] (o= 1S3 V£ €= 1 PSR SSPSSRRNN SORRPRRR 17
9. (@] 0] (o= 1l =T (7 2 NP SSPRERN] SUSUPRRR 18
9. [ | = T= o I = 1o L= PO UUUPRN! SRR 18
9. Radial RP read ChanNel ... ..ottt e s e sieeee s 18
9. (D1 g 1 =T a1 o 11 g Lo PP OUUPUPPRRTTRRRPUPUN DUPTTN 19
9. Rotation of disk and Measurement VElOCItY .........eveiiiiiiiiiiiie e 19
9. Normalized servo transfer FUNCHION ... e 20
9.10~., “Measurement Velocities and Reference servos for axial tracking .........cccccovvveeeineeeiniicc e 20
9.1 1—~GCenrerat— T T T T 20
9.10.2 Reference servo for axial tracking for 1x Measurement VElOCItY .........cccoveiiiiiiiiiiiiiiiiieeeeeiii 21
9.10.3 Reference servo for axial tracking for 2x Measurement Velocity and 3x Measurement

RV o 1] 1 PSS 22
9.11 Measurement Velocities and Reference servos for radial tracking ........ccccccvveeeviiiienie e, 23
L O R =T =T - | PSSP PPPRRPN 23
9.11.2 Reference servo for radial tracking for 1x Measurement VElOCity ........ccccveevereeiiiiciieenee e, 23
9.11.3 Reference servo for radial tracking for 2x Measurement Velocity and 3x Measurement

RV 4= Lo o7 | 42U 24
10 DIimeNnsioNal CharaCteriSTICS ... it e e e e e e e b e e e e e e e e e annes 25
O R 1= o 1= - | PP TP 25
10.2  Disk reference planes and referenCe aXiS. ... 25

© ISO/IEC 2016 — All rights reserved il


https://standardsiso.com/api/?name=e48e7f62e6c92076f38e0bcf8429bcb1

ISO/IEC 30190:2016(E)

10.3
10.4
10.5
10.6
10.7
10.8
10.8.1
10.8.2
10.8.3
10.9

11
111
11.2
11.3
11.4
1141
11.4.2
11.4.3
11.4.4
115
1151
11.5.2
11.5.3
1154
11.5.5
11.6
11.6.1
11.6.2
11.6.3

12
12.1
12.2
12.3
12.3.1
12.3.2
12.4
124.1
12.4.2
12.5
12.6

13
13.1
13.2
13.3
13.4
135
13.6
13.7
13.8
13.8.1
13.8.2
13.8.3
13.9
13.9.1
13.9.2
13.9.3
13.9.4
13.10

(V2= 1| o [T g 1= 4 0] L= PP PRR 27
FIFST trANSITION AFBA. . eeiiiiiiiiie ettt ettt e e sttt e e e s bt e e e st be e e e s abbe e e e s abbeeeesabbeeeesabbeeeeans 27
o) (=3 o T o T 1 o P 28
(@1 = T 0] o110 70 Y - PSSR 28
STeTodo ] g Lo I (= g B A o] o I =T RSP OTPRR 28
Tah o] g g =t A ToT g I =T R PP PPPRPPRR 28
(1=t YT - | PP PPRTTPN 28
Subdivision of Information Zone 0N SL diSKS ... 29
Subdivision of Information Zone 0N DL diSKS ... 29
L (I =T LT PP 30
MECNANICAl CHArACTEIISTICS ..viiitiiciiciiiicic ettt ettt e e e ere e sbe e sbeesaeesaeesabessbeesbeenbeesseesee FThs 31
|2 R S PP P PP PP PPPPPPUPUPPPPPUPPPPPPY bW 31
MPMENT OF TNEITIA . ..ei ittt e et e e s e e e s snneeeessnreeeesnnnees do0) Dedeains 31
DYNamic iMBAIANCE .......oiiiiiiii et e e snbeeeesnnreee e st st eeee e 31
FN Q= L AU Lo LU | PP PR TUPRPSS. . NS 31
(€1 T L= | U SOTPPTUPUPY oo APPSR 31
Residual axial tracking error for 1x Measurement VEIOCILY .....ccccvviieieeiiiiiiiiimae e e e e e 31
Residual axial tracking error for 2x Measurement VEIOCItY .....ccccvvvveveeiiiicce ol 32
Residual axial tracking error for 3x Measurement VeloCity ..o AN e 32
RBAIAI FUNOUL ...ttt e e e e senereee e e ey bk e e e e e e e et e e e e e e 33
(€T 1T - | U ot PP PRRP R TUTRPRRTTR 33
Residual radial tracking error for 1x Measurement Velocity on SL-QNSKS .......coovviviiiniiiieiniienen, 33
Residual radial tracking error for 1x Measurement Velocity ondDLdiSKS ......ccooeeviiiiiiiiiiiiininins 33
Residual radial tracking error for 2x Measurement Velocity 6n)SL and DL diskS .........ccccceeuee. 34
Residual radial tracking error for 3x Measurement Velocity<on SL and DL diskS ......ccccccceevinns 34
DUTFability Of COVEI LAYET ..uvviiiiiee e e e e s st e e e e e e s anntn e e e e e e e e e snnnbnaneeaeeesnnnnnnnes 34
INppact reSiStaNCE Of COVEI LAYEN ...uuviiiiieeiiiiiiiiieee e s e i e e ee e e e e s st e e e e e s s snntate e e e e e e s s snnreaneeaeeeaennnennes 34
SEratCh resiStanCe Of COVEN LAYEr ... 3T sttt e e e e e sttt e e e e e e s e st aeeeae e s snnnnnaeneeeeeeeanns 34
Repulsion of fingerprints by COVEr LAYEr .......uuuidee o sectieee e e e e s e e e e e e s e e e e e e s nnnneees 35
Optical characteristics in INfOrmMation Area .. i e e 35
(€T YT - | PR P TUURUPPRRTPN 35
Refractive index of TransSmisSion StACKS T S) ..eiiiiiiiiiiiiiiiiie e 35
Thickness of TransSmisSioN STACKS (TS . i i 35
TE|Eickness of Transmission Stack Of;SL diSKS ..o 35
Thickness of Transmission Stacks Of DL diSKS ....c..uuuiiiiiiiiiiiiiiiee e 35
Y LTod ALY e NPT 37
Reflectivity of Recording LAyer Of SL diSKS ....uuiiiiiiiiiiiiiiiice et 37
Reflectivity of Recording 'Layers Of DL diSKS ...uuiiiiiiiiiiiiiiiee et ee e 37
T 1= (T aYo =T o o= 37
FaY 1o U1 = Uo =NV T o o S 38
D] 1= o] 1 = L S PP PRRPPR PP 39
(€1 T L= | T o S ORI 39
D] = =10 1 S PP PTPPPPPPPPPPPP A1
Efror-DeteCtion €O (EDC) ....ocuuiiiiiiiiie itttk e et e e st e e s anb e e e s nnbe e e e s nnneee e A1
SErambBIEd Data Frame ... ..ot e ettt e e e e e s bbb e e e e e e e e s anbbbbe e e e e e e e e annbereeaaeas 2
(D)1= = Lo T o] QTR PRRTTPP 43
LbeBleckrrririii m mmm—m—m—m—m— e 4
DO oTo o [T Vo] o KSR 44
I T O @1 1T = (= PP TUPPPPPPRR 45
(T L= o | PRSP 45
TR T e N (=T [T AV AT T =3 ] o J R 45
SECONA INTEITEAVING STEP 1iiiiiiiiiiii e e i e e e e s e e e et e e et e st eeeeeeesesneteaeeeaeessnnsnnnnereeeansans 45
PaXo Ko I g=tt s g Yo - Talo I @do] o1 o I -\ - USSR a7
(T L= o | PRSP 47
Yo o =TT o T TR 47
UL Y=T el @do] a1 o] I B = - WP 50
Byte/Bit assignment for USEr-Control Data ...........oooiieiiiiiiiaiiiieie e 50
ACCESS BIOCK ...ttt e e oo ettt e e e oo e a bbbttt e e e e e e e bbbbe e e e e e e e e anbbaneaaaeas 52

© ISO/IEC 2016 — All rights reserved


https://standardsiso.com/api/?name=e48e7f62e6c92076f38e0bcf8429bcb1

ISO/IEC 30190:2016(E)

O 00 I N = 1 = o Yo 52
T 2 = Y 1 o7 Yo [TV oY o £ 53
T T = 1T O 11 1= (= 53
O 00 S O O O 11 1= (= 58
R B0 T = =Y ] o [T o 1= 0 =T SRR 59
R B0 T o £ V=T Fo= L O 103 -1 SRS 59
13.17 17PP modulation for RECOrdable ata .........ooiiiiiiiiiee et e e e 60
T8 0 N 1= o 1T = | T 60
T A S ) oTo Y g AV AT €110 ] o I U 1= 60
13.17.3 AC-CONLIOI PrOCEAUIE ..eeeiiieeieeeee ettt e e e ettt et e e e e e s ab bbb e e e e e e e s e anbbbeeeeaaeeeaabnbbeeeaaaens 61

I Frame S T T T T T T T T T T T e 61
13.18 Modulation and NRZI CONVEISION ....cccuuniiiiieceeieee e e e e e e e s s s e e esn e e seene Wb riiian, 62
14 Physical Data Allocating and LiNKiNG ......oeooiiiiiiiieieec e ccsiieeeee e snieneee e e e e ae e e 63
| R =T o V=T - T o NPT, AR BT 63
142  Recording-Unit BIOCK (RUB).......uuuiiiiiiiiiiiiiii e cciees e ssietee e e e e e s sninnee s e e Tk e eeeeeeesnnnahanenaaeeens 63
I o R =T o V=T - I G S BT 63
I e D T £ = LU o 1 o IR S BUTO 64
G T 7= o= T 0T o 1 ) . S SRR SR 65
1424 Guard 3 ield....oooiiiii e Y b, 66
143 Locating data relative to wobble addresses.........ccoeveeeinin b b 66
15 B =01 L (0] 0 1= S o TR SUTTN 67
15.1 (C1CT o 1<) = T S TR SUTTRN 67
RS A I - Tod (RS - T o 1= T TR TUPPUUPPPUP SUTTPPRRR 67
153 Track Path.....eeec e D Y b 68
RS S I - ot G 1 (] o T BT 69
154.1 Track PitCh in BCA ZONE...ii i 0 et e e 69
15.4.2 Track Pitch in EMbB0OSSEd HFEM ATa.....ccoouuueoa it r et 69
15.4.3 Track Pitch in Recordable Ar€a(S) ... ittt e e rree e e e e snnnee e e e e e s aharere e e e 69
15.4.4 Track Pitch between Embossed HFM Aréa and Recordable Area .....cccoeeeevvevviveeeevceiieeeeeicbvvnennn, 69
155  Track layout Of HFM GrOOVE .....ueeeeee ettt e e e e sntnnn e e e e e s s ah e e e e 69
RS ST R =T o 1T = | TR SRR 69
S S T2 B T | = o ] 1 = | P TP NPT 70
155.3 Addressing and CONtrol Data. (ot e e ettt e e e et e e e e e s s s snnbeeee e e e e s s neab e aaee s 71
155.4 ReCOIdING FramES .. ..y ittt ettt e e e e ettt e e e e e e e e sabbe e e e e e e e e s asnnnbneeeaaeessnnnahineeaaaaans 75
156  Track layout of WobDIed GrOOVE(S).....cccuuriiiiiiiiiiiiiiieii ettt sab e 77
RS ST R =T o 1T = | N TR SRR 77
15.6.2 Modulation Of WOBDIES . ..... e e e e e e e e ee b e e e s e ara s 77
S ST YA o o] o] 1= o Lo K= U1 Y70 S PURRR SORTPRER 79
157 ADIP INTOIMALION.. .coeieeeeiiiei et e e e e e e et e e s e e e s e e e aab b s eeeesseeebabaanseeesesessbssansseessahersraneens 79
RS A T =T o V=T =Y It BT 79
S A N B 1 = T o Y7 o S SPPRRR SORTTRER 79
RS I N B ] 1Yo ] e s { U Lo (UL R BT 80
15.7.4 ADIP AL SITUCTUIE c.uuiiieee ittt e et e e e e s e s st e e s et e sessba s esssannsesssbasesssnsssssnnseesshunreessanns 82
RS ARSI A\ B ) T g o Y gl eTo] § =Tox A o] o IR SRR 84
15.8 Disk Information in ADIP AUX FramE.......ouuuiiiiiii ettt e et era e e e s e s ea b e 86
RS S AN = 1T = | TR SRR 86
15.822 Error protection for Disk-Information AUX Frames ...........occccueeeiiiiiiiiiiiiiiiieiiiiiiiieeee e b 86
R Y R T T E A L T e E S A AU A0 1 A= NPT T T — 87
16 General description of INfOrmMation ZONE........cooiiiiiiiiie e a e 127
S 700 RO 7= o =T = 127
16.2 Format of Information Zone on Single-Layer diSK .......ccccooiuiiiiiiiee i 127
16.3 Format of Information Zone on Dual-Layer diSK .......ccccccuviiiiiiiieiii e 127
17 Layout of Recordable Area of INformation ZoNe..........cccuiiiiie e 127
18 LT = 74 Y =N 131
18.1 (C1CT A 1<) =) TR 131
18.2 Permanent Information & Control data (PIC) ZONE ....c.cooiiiuiiiiiieie et 133
S T2 R 1= o 1T - | T 133

© ISO/IEC 2016 — All rights reserved \Y


https://standardsiso.com/api/?name=e48e7f62e6c92076f38e0bcf8429bcb1

ISO/IEC 30190:2016(E)

S T oY o) (=T ) Ao nd [ oY o 1= 133
18.2.3 EMEIQGENCY BraKe....uuoeiiiii it e e sttt ettt e e e s s e e e e e e s st eeeeeesasnnsbaeeeeaeeesannnanneeaeeeaanns 135
18.3 Recordable Area Of INNEI ZONE O ..uuveeiiieiieeeeee e e e e e s e e e s e e e e e s e eeb b e e e e e s eenaaaaanas 136
SR T N = o ) (=Toa (o] g B o ] (<2 136
18.3.2 INFO 2/ RESEIVEA 8 ...ttt ettt e e e ettt e e e e e e e e e et e s e e e s e eeaaba s e eeaesses bbb s eeeseeesnraanns 137
18.3.3 INFO 2/ RESEIVEA 7 ..ottt ettt e e e e e et e e e e e e e s ee et esee e s e e s s s ba s e eeaesses bbb s eeeseeesnsaanns 137
18.3.4 INFO 2/ RESEIVE B ...ttt ettt e e e e e et e e e ea e e s s aa e e e s et e s e saba e st saanesssbanssaenbasaeees 137
18.3.5 INFO 2/ RESEIVEA 5 ...ttt e e et e e et e e s et e e s et e e e eaba e st sbaeesebanseaenbasaaaes 137
L18.3.6 INFO 2/ PAC 2.ttt e e e e et ettt e e e e e e et e et s e e e e e ee s e bt e e eeeassesaaaasseeeseesnrranas 137
R T A | N1 =IO T A Y N TR 137
18.3.8 INFO2+GCenptretbata 22— rm—m—m—m—m—m—m—m—m—m—m—m—m—m—m—m—m—m 137
18.3.9 INFO 2/ BUFFOI 2.ttt e e e ettt e e e e e e e e e et eseeeseeesaaa s eseeessessaaaaseeeeseessssne 187
SR T KOO ol O O I A =TS o ] o <Y 187
18.3.11 UBAQGE OF OPC ATBAS ..eiiiieiiiieiiieitie et e ieetiee et e e et s st e e e e e e ssstateeeeeaeessnnstateeeaeeessasstnneeeeeessnnsssenerneoodannns 138
18.3.12 OPC O/ OPC O BUFfBI ciiiieeiiiiei it e e e e et e e s s e e eaaaa e e e e e s seernnne e (e e eraaans 189
SR T R T 10 1Y, O Y A 189
18.3.14 INFO L/ Pre-WIItE Al ..ccuuueeiiieiiieiiiie e e e eeee e s e e e et e e s e e s senbaas s s e s s e ssssnnanseesesss D do e e e e e e eeeeaaanns 189
18.3.15 INFO L/ DIIVE AFBA ...cceeeeevieieeee et e e e e e e eeetie e s e e e s e eesaba s e s sasssesbssaesesssessssssnnsesslosstensnnnsseeeseeesssnnns 189
18.3.L6 INFO L/ DMA L .ottt e e e e e et s e e e e e e en st s s e e e seeesssns e o afe e eetaaaaesseeeeeesnsaanns 141
18.3.17 INFO 1/ CONLIOl DAA L..covveeiieeeiieeeeee et e e e e e e e e eeeae e s e e s e e e e 0B e e e s e e ettt eeeeeeeesnnaanns 141
I8.3.A8 INFO L/ PAC L.ttt e e e e e e e e e s eessana s s e e s o T et et e e e et ee s e e e e e eesnaaanns 141
18.4 Recordable Area of INNEr ZONE L ... S st e e e e e e e aa e e eaaas 12
S N R = 1 T =T S G0 TR 142
ST S © | = O T TR 142
RS BC T = 1 T i = o ot 142
S A | N | @ T B = LY T A =T [ T 142
18.4.5 INFO 2/ RESEIVEA 7 ..ot 0 e e e e e e e e e e eaaaaes 142
18.4.6 INFO 2/ RESEIVEA B ....oovevvveieiiieeieeeeee et eee s e et e e e e e e e e s s ee b s e e e s e e e enaaanes 142
18.4.7 INFO 2/ RESEIVEA 5 ... e s e e e e e e et e s e e s s e e e ea b s e e e e e s see bbb s e eeeeeesnraanns 142
S T | N (@ T2 B N o 142
18.4.9 INFO 2/ DMA 2 .. ettt et e e e et e et e e e e e e s e e et e e e e eeeesnraanns 142
18.4.10 INFO 2/ CONLIOI DALA 2..cevvueeieeii ettt e e e et e e e e e et et et e e e e e e e e et eseessees e sba s eeessssesbaaaseeeseeesnsannes 142
S O N | IO T B = U i =T o 143
S O 2 10, T o TR 143
RS R BB = L YT VA= [ o TR 143
RS R I A | [ O B R A o TV ) (O A Y- TR 143
18.4.15 INFO L/ DIIVE ATBA ...ceeeeeeiri e 85 et ettt s e eeeeseeebaaaeseesseeesabaas s eeeaesee s bbb s aesseeessbaan s aeeesssensaraasseeesersnsranns 143
S T 1N [T 0 A 7 143
S A | | 1@ I R A @ oY o} Ao ] B L= | = U S 143
S T 1N T I A = e 143
19 (D71 = A 0] 4 = o 143
20 (O WL o] L= (S e PP ma
20.1 (€] T L] =1 I W 144
20.2  Recordable Area Of OULEI ZONE(S) ciiieiiiiieiiiiiiee ettt ettt e e e e e e s b bbe e e e e e e e e snnbeaeeeeeas ma
P2 R 1 | O T Y A YU i =] G SRR 144
2O R 1 | L@ e B A 5 1 N SRR 144
A0 IR I 1\ @l A Lo o1 { (o] I D F1 €= T 145
2Oy N oo TUT = oYU & 1= S OO 145
2T S T 1N L O R O A I 1 145
O I T LN O I A OTo ] g} A o) B - = 1 145
PO A LN oL@ I O A S YU i (=T G 145
20.2.8 DCZ O/ Test ZoNe and DCZ 1/ TESt ZONE ...cveeieiieeeieee et e et e s e e e s et s e e e s e s e eabaaa e e 145
L0 B U LT To = o) 0L @ AN - L 145
PO (O I e o) (=Tt A o ] B Y [T J 147
21 Physical-AcCesSS CONTIOl CIUSTEIS .....uiiiiiiiiiiie et e e e e e e e e e e e senneeee 148
21.1 (1T 1<) = 148
21.2  LAYOUL OFf PAC ZONES ..oeeiiiiiiiiitee ittt ettt e e oo ekttt e e e e e e e e bbb e e e e e e e e e s nnbbbe e e e e e e e s annbbnneeaaeas 148
21.3 General SITUCTUIE Of PAC CIUSTEIS ...couuniiiie ettt e et e e e e e e e e e e e e s e eaa e e s eaaas 149
Vi © ISO/IEC 2016 — All rights reserved


https://standardsiso.com/api/?name=e48e7f62e6c92076f38e0bcf8429bcb1

ISO/IEC 30190:2016(E)

214 1S1 AN IS2 PAC ClIUSLEIS ..uteiiiiiiiiiee ittt ettt ettt sttt ettt e sttt e sttt e st bt e e sabb e e e e aabb e e e e snbeeeeesnneeeeas 152
22 [ TESY Q1Y = Ta = Vo 1= 4 = o 1 PRSP 153
P R 1= s [T - | PSPPSR 153
2 N = = Tolo Y o LT a Yo TV, =T o = Vo =T o 4 =T o) SR 153
22.2.1 Sequential-Recording Mode (SRM) .....ccoiiiiiiiiiiie et s s e e s e e e e e s e e e e e e e e e s nrnaeees 153
22.2.2 Recording User Data in SRR ...ttt s s e e e e e s s s e e e e e e s s nnan e e e e e e e e annrnaeees 153
22.2.3 SRR STALUS .ouuuiiiiiiiiiiiiiei ettt e e et e et e e e e e et e e a e e e e e e et — e e e e et ee i aaaaae 154
A O o =Y [ g Yo [S] 4  EPPSTPPOTP 154
22.3 Temporary Disk-Management Areas (TDIMA) ..ottt a e e eeeeees 154
22.3. 1 GENEIAl c.ccciiiiiiii 154
2203.2 TDMA AcCCESS INICALOIS .ccieiiiiiiiiiieeeeeeeeeeeeeeeeee e b e 154
2204 Disk-Management StrucCture (DMS) ......cooiiuuiiiiiiiiiiiiiiiiee e e siiieeee e e e e seeesesne N e 155
P S R =T s 1= - | PR PR UPUPRRSURPRI -\ NUUUN P 155
2204.2 Temporary Disk-Management Structure (TDMS) .......cuvvvveeeiiiiiiiiieree e sseriieeeeee e et eneeee e dhinnees 155
2204.3 TDMS in Sequential-Recording MOTE .........uuuieiieeiiiiiiieeee e ek eee e e e e e s shneneees 156
224.4 Temporary Disk-Definition Structure (TDDS) .....ccoooocvvieereeeiiiniiiineeee e e sennnieeeeeee e b 156
224.5 Temporary DefeCt LiSt (TDFL) ...ccccuuiiiieeiiiiiiiiiie e e sctitee e e e e s e snstnreeeee e e s s ssmnse b aaeessnnnnnnnneeesessshonsnnnens 160
2204.6 Sequential-Recording Range Information (SRRI) .....cuvvvvveiiiiiiiie e i b 162
225 Unrecorded (blank) disk StrUCTUIE.......ccoiiiiiiiiiiiiiiiiiiiiceeeee e AN e, 164
2251 General ....cccccooiiiiiii L 164
225.2 Pre-recorded Areas on Unrecorded disK .......cccccovvviiiiin o SN 164
225.3 Pre-recorded BCA ... A 165
225.4 Pre-recorded INFO 2/ Reserved 5, Reserved 8 and Pre<stecorded INFO 1/ Pre-write Arga....... 165
2215.5 Pre-recorded INFO 1/ PAC 1 and Pre-recorded INFOQTPAC 2., 165
225.6 OPC O/ Test Zone and OPC 1/ TeSt ZONE ..cccviuueeeiedoriiiiiiie e siieeeesieeeeeseneeeeseeee e 165
2257 TDIMA D coieieiiiiiee ettt e e sieee e sbeee e e g S s e e e sttt e e e snbbeeessnbeeeesanneeeesnnnneeessnnneeesnnneeshanieees 166
225.8 Initialization OF diSK ..ocveeiiiiiiiieiiie e e e e e e snneeessnnee s e 166
226  Recorded (Closed) diSK STTUCTUIE.....iiveeeiee sttt et e e e s s srteeee e e e e e s s st e e e ae e s snnnnnneeeeeeessshanenneees 166
P N ST R =T s 1T - | N PRSP SUPPRRUPPPRPIN IO 166
2216.2 DMA ZONES ...ieiiiiiiiiie ettt e e aeiiieeeea s (g ettt e e e e et e e e e e e e e e e e e a et e e e e e e nnnnreeeee e s e e b 166
226.3 Disk-Management StruCtUreS (DIMS) . ittt et ee e e e e e eebnreeee e e e e b 167
23 Assignment of Logical-Sector NUMDers (LSNS) .....oooiiiiiiiiiiiiiiiiieeieeeeeiiieeceee e eeeieiee e e 169
24 CharacterisStiCS Of GIrOOVEOAFEAS ......covvuiiiiieeeieiiiieee e eeeeeiee s e e e e e e eesbe e e s e e e s eeersbanseeeeessesrannsheeeereens 170
25 Method of testing fOr GrOOVEA AN a.......ccciii ittt ieiee e e e snrnneee b e 171
251 GeNEral oo R 171
252  Environment.........l 171
253 REfEIENCE AIIVE ..l e s e e e s snre e e s snneeessnneee s eneeee s 171
A B T R =T s [T - | PRSP SUUPRUPUPRPIN IR 171
S T = =T To I o 10 T T SRR PSRRI SRSSR 171
25.3.3 ReEAA ChANRITEIS ...ttt et e e s sbee e e s snreeessnneeeessnneee s anneeee s 171
25.3.4 TracKinG P€QUITEMENTS ....uuiiiii e icciiieie e e e e crt e e e e s e s e e e e e e s s st eeeeeeesssssnntenreeeeessnnsnnnenneeeessshunenneees 171
25.3.5 SCANAIAY VEIOCITIES i iiiiiieiiiie e sttt e e e e s st e e e e e e s s st e e e e e e e sssnnnrenreeeeessnnnnnnnneeeessshanennenes 171
254 Defiition Of SIGNAIS ... e e b 172
26 SIGNAlS froM HEM GrOOVE .....eeiiiiiiiiee ettt ettt e e e st e s 174
261 "PUSH-PUI POTAIITY oottt e e e et e e e e e e s snnnreee e e e e e e habeaeees 174

2—PushPolsighat——— e T T T T T T e 174
P4 e B 1V o] o] o L=T=] o ] o = | PP PRT TP 174
26.4  Jitter Of HFEM SIQNAI ...ttt e e e e e ekttt e e e e s s nb et e e e e e e e e e aanneeeeeas 174
27 Signals from WobbDIEd GrOOVE(S) ..ueeiiiiiiieeiiiiie ittt ettt ettt e e s b e e e eneees 175
2 A N = o - 1Y = o =7 o o PSS 175
P =V 1] o T U1 = T | - SR 175
P27 T V1 ] 1 o1 =T o 1o - | PSR 175
P (5 T R 1= 1= - | PSPPI 175
27.3.2 Measurement OF NWS ... ..ttt e e sttt e e sbb e e e sabbe e e e snbbeeessnnreee s 176
27.3.3 Measurement of WObbIe CNR ... 176
27.3.4 Measurement of harmonic distortion of wobble ... 176
27.4  HFM and Wobbled Groove transition reqUIr€mMents ... 176

© ISO/IEC 2016 — All rights reserved Vi


https://standardsiso.com/api/?name=e48e7f62e6c92076f38e0bcf8429bcb1

ISO/IEC 30190:2016(E)

28 Characteristics 0f RECOIAING LAYEI ....uuiiiiiie et e sttt e s e e e e e e s sear e e e e e s s e b neeeeeeeanns 177
29 Method of testing for RECOIAING LAYEK ..cooueuiiiiiie e e e s e e e e e e e e e e 178
P T R 1= o 1= - | PSP OTPRPPTPR 178
P T = VAT o] 010 1=] o SR OTPPPRTPR 178
P TR T = (Y =T = g oo | L PP OTPRPTPRR 178
P TR T R 1= o 1= - | PSP OTPRPPTPR 178
A RS I S U= To o 1o N1V TP PTUU RO 178
29.3.3 REAA CRANNEIS ...ttt e e e e e et e e e e e e e e e et bebe e e e e e e e e annbreneaeaeas 178
29.3.4 TracKing FEQUITEMENTS ...coiii ittt e ettt e e e s e s ettt e e e e e e e aaabbe e e e e e e e e s nnbbbeeeeaeeesaansbnneeeaens 178
29.3.5 SCANNING VEIOCITIES ....uuiiiiiiiiiiiitii ettt ettt e e e ettt e e e e e e e e anbbeaeaaaeas 178
29.4 FITE CONTITIONS ..eeeieii ettt ettt et e oo e ettt et e e e e e e o abb bt et e e e e e e s nbbbbeeeaaaeeeannbnbeeeaaasssandE 1j79
29.4.1 FITE-PUISE WAVETOIIM ..t e e e e e e ebbbe e e e e e e e e sennreeeeeesas e 1j79
29.4.2 L= L0 YT T PSRRI ) 180
29.4.3 rite conditions for jitter MEeASUIrEMENT ......ceviiiiiii e e 180
29.5  DEfiNItIoN Of SIGNAIS....uuiiiiiie i e e e e e e s snnrnreeees b Tk e rereeeees 180
30 Signals from ReCOrded ATCaAS .........cccuriiiiieeeiiiiiiiieeee s sesieeee e e e s s ssreneeeee e s s s snnnnenees S B o ene e e e e e e 182
L0 5 T o | =Y Yo o = 1O (o SRS 182
110 ToZ 2 Y| o Yo TV | o1 €= To A= T g o] 11 €0 Ko L=, g SRS 182
30.3  Reflectivity-Modulation ProdUCT ... e 183
30.4 ABYMMELIY oo T, 183
08 TN 11 o = . S PR 183
30.6  REAA StADTITY ...eueeiiiiieiiiei e e 184
31 I Tog= 1o 1] =T o £ U S DT PEUPT 185
32 CharacteristiCS Of USEI Dat@l.....ccueeiiiiiiiiiieieeeiiiiee e ettt e e e e st e e e e e e e s aabbeeeaaaeeeaans 185
33 Miethod Of teSting fOr USEr DAt .......uvviiiieiiiiiiiiieie e e e e e s s e ee e e e e e st e e e e e e s s snnrnne e e e e e e s e nnnneees 186
I3 N R €1 =T o 1= - | o SRR STPP 186
I3 7 VT oY oT o (=T o | R PRSPPI 186
I3 e B 1 (=T €=t Yot o L YL P - S PP 186
I T R €1 =T 0 1= - | S S PP 186
GG TR 0 = T Vo L0 1.V T . S SRS 186
33.3.3 REAA ChANNEIS....eiiiiiiiie e ettt e ettt e e e e s e e saab e e e e e e e e e s nnneeees 186
IR I I =1 (o] g oXo ] ¢ =103 (1o ] o FO U PP RRRTO 186
33.3.5 THACKING FEQUITEMIENTS ....ueiiiiiiiie e ittt e ettt e e e e s s bbb e e e e e e e e aanbb et e e e e e e e s anneeees 186
33.3.6  SEANNING VEIOCITIES ... Bttt ettt e e e e ettt e e e e e e e s bbbt e e e e e e e e e annbbeeeeaaeeeaannenees 186
334 DEfINITION Of SIGNAIS. ... i ettt e e e e et e e e e e e e aanbb e e e e e e e e e e nneeees 187
34 Mjnimum quality of recorded iNfOrMatioN ...........cooiiiiiiiiiii s 188
34.1  SYMDBOI EITOr RALE ..o bttt ettt e e st et e e e snb e e e sabe e e s snneeeas 188
34.2  MBXIMUM DUIST BIEOES . .o i ittt ittt ettt ettt ettt sttt e e s bttt e e sttt e e sabb e e e e snbe e e e e snnbeeessnneeeas 188
G B U = Y g (=T I - - S PP 188
35 2 5 PRSPPI 189
Annex A (normative) Thickness of Transmission Stacks in case of multiple layers .......cccoccveveeevinnns 1P0
A.l (€1 T L= g RSP TPRR 190
A.2 Refractive Index niof all layers in Cover and SPacer LAYErS .......ooccvveiiiiieiiiinie e 1P0
A.3 Thickness variation of TranSmMiSSION STACK .......uii ittt 1P0
A4 Example of thickness calculation fOr SL ... 190
Annex B (normative) Measurement of refleCtiVity ..........eooii e 191
B.1 (CT=T T - | PP RTP P TOPUPPRRTP 191
B.2 CaliDration METNOM .....oooi et e e e ettt e e e e e e e e s bt e e e e e e e e e s e nbbbeeeaaaeeaaaas 191
B.3 Y= LU o Yo T 42 =21 o T I PR 192
Annex C (normative) Measurement of scratch resistance of Cover Layer........ccovvveveeeviiiiiiiieeeeeeciennns 194
Cc1 LT L= o | RSP PTPRR 194
C.2 B o L=l N o] = 1S Lo I €= PR OTPPPPPR 194
Annex D (normative) Measurement of repulsion of grime by Cover Layer ........ccccvveveeeviiiciiieeeeee e, 196
D.1 LT L= o | RSP TPRR 196

Viii © ISO/IEC 2016 — All rights reserved


https://standardsiso.com/api/?name=e48e7f62e6c92076f38e0bcf8429bcb1

ISO/IEC 30190:2016(E)

D.2 SPECIfICAIONS Of STAMP coiii i e e e s e e e e e e e e s s nnnnrreareaeeen 196
D.3 =T o = U= 1 101 10 ) T 0P 197
D.4 = o= U= 1 1o ] 10 ) BT 01 G o - Lo SRR 197
D.5 L0 LYo AT S o= To = U o I3 - 1 o PR 198
Annex E (normative) Measurement of wobble amplitude ..o 199
E.1 MeEASUTEMENT METNOUS ...oiiiiiiiiiiiiiie ettt e e s et e e st b e e s anbbeeesanees 199
E.2 CaliDration Of FIILEIS .. .ottt e e e e e st e e e e e e e s anbbeeeaaae s 203
Annex F (normative) Write-pulse waveform for teStiNG ... 204
F.1 General WIte-pUISE WaVETOIM ....coii e e e e e e anbbe e e e e e e as 204
F.2 N—wHe-SHategy————— T T T e 205
F.B3 TR ] =] = L= OO PPU T RUPPPPPPPURTRRPN. (| SUTNE 208
F.4 CaStle WILE STrAtEQY ...veeiiieieiiiiiiiiie ettt et e e e e ebereeee e e e s s snnnneeeeeessssnnneneese ke hntanab e 211
F.5 Definition of pulse widths and rise and fall tiMes........cccociii s b 215
Annex G (normative) Optimum Power Control(OPC) procedure for disk .....ccccevveejimeeneecccibeneenen, 216
Gl LCT= oY= T | PP PRPPRPTTL S N SUUPRPUPURS SRR 216
GR Mathematical model for modulation versus power fuNCtioN ............ovvmeeitrieereeee b ee e 216
G Procedure for determination of OPC parameters for diSK ........oooccceudpbdieniniiinneeee e 218
Gy Procedure to determine Beta value ........ccoocueeiiiiiiiiinnni e N b 218
Annex H (normative) HF signal pre-processing for jitter measurementsS=..........cccccevviveenniieeennidbeeennnn 220
H.L LCT=T o] - | . TP UR T OUUPUUPURTTIN! SUPPPTP 220
H.p General implementation of equalizer ... S b 220
H.B Conventional EQUAaliZEr CIFCUIT ... cciiiiii i s et enab e 221
H.A Limit Equalizer CirCUit ......oocvveeeeiieiiiiieeceeee e Y e e 222
H.p Specifications of SUPPOItING CITCUITS ...uuieiiiiiie s B et e e e enab e 223
H.p.1  Amplifiers and filters ... 50 e e ab e 223
H.p.2 Open-loop transfer function fOr PLL .....c..ueve o it e e snnab e 224
[ ST T o] = T S PP PPUUPRPUPPPPTOURRN FOPPRPTN 225
H.p Condition fOr MEASUTEMENT......coiiiiieee e s i ettt e e e 225
H.Jf JItEEr MEASUTEIMENT ..eeiiiiiiiie e AT ettt ettt ettt e e s st e e e s sebe e e e s snbeeeessnbeeee s b aeeeennes 226
Annex | (normative) Measurement ProCRAUIE ........cccvi i ciiiiiere e cetiee e e e e e s s srrere e e e e s s s snnrnereeeeessnnnnnabereeeees 227
[.1] GeNeral ..o b 227
1.2 Initial adjustments of REfErEREE AriVe ......oooieiiiiiiii e reeee e e 227
1.3 JItEEr MEASUFEIMENT ... ettt ettt et e e e s et e e e e e e e s e nbbbe e e e e e e e s snnbnbeeeaaeeseshanbrnees 227
1.4 Modulated amplitude MEASUIEMENTS .....coiiiiiiiiiieiiee et e e re e e e e snrneeee b e e e 228
1.5 Measurements of Resolution lapp / lspp @nd Ispp/ lgpp..eveeieeriiiiiiiiiiiiiiiiciic e, 228
.91  Method for measufing lapp AN Igpp ..eeeeirreieiiiiieeeiiee e 228
.92  lapp / lspp, lepp / lsg@and asymmetry measurement proCedure .......ccccovveeeiiiiieenniieeesniieeesndbee e 229
1.6 Tracking-error-signal measurements (PPnorm measurement procedure)........cccoeevvvevveeee i fnennnn, 230
1.7 Residual errar of axial tracking measurement ProCedUre .........occcvvvveveeeiiiiieeeeee e sseiniees e e e 231
1.8 Residual‘epror of radial tracking measurement ProCeAUIE........ccccvveveeeeeeiiriiieireeeeesseiniees e e sesnns 232
1.9 RaNdON SER MEASUTEIMENT ....oiiiiiiiiiiiiiie ettt e st e e st e e s snsbe e e s snsbeeessnnbeeesennaheesnneees 233
Annex J (informative) Measurement of BirefringencCe ......cccccveeviiiiiiii b 234
J.1 PrNciple Of MEASUIEMENT ... ...t e e e srrie e e e e e e e s snnreneee b e e e 234
J.2 Measurements CONAITIONS .......iiiii ittt e e e e e e eebebeee e e e e e s snnrnneeeaheseenanes 234
J.3 Example of measurement ProCEAUIE ........uuuciiiiiiiieiiieeeieeeeeeeeeeeeeeeeeeeeeeeseeeeeeeeeteeeeseeeseensbiiinieens 235
J.4 Interchangeability Of MeasSUring reSUILS ... 235
Annex K (informative) Measurement of thickness of Cover Layer and Spacer Layer ..........ccoccvvveeeeenn. 236
K.1 FOCUSING MELNOM ... ettt et e e e e s e bbbt e e e e e e e e aanbbaeeeaaeeeaannnes 236
K.2 INterferometer MELNOT .. ...ttt e s st e e b e e e nnnaeee s 237
Annex L (informative) Measurement of impact resistance of Cover Layer.......ccccccovvvveeieieeciiicnvnennnnenn 239
L.1 LCT= oY= T | PR 239
L.2 ReCOMMENAALION FOF AIIVES ...oiiiiiiiie et e s enbbe e e s aneas 239
L.3 Measurements of impact resistance of COVEr LAYEI ....cc.uuuiiiieiiiiiiiiiieee e creeee e e e e e e e 239
Annex M (informative) Groove deviation and wobble amplitude .........cccceeiviiiiiiii 241
M.1 Relation between normalized wobble signal and wobble amplitude..........cccccccooiiii s 241

© ISO/IEC 2016 — All rights reserved iX


https://standardsiso.com/api/?name=e48e7f62e6c92076f38e0bcf8429bcb1

ISO/IEC 30190:2016(E)

M.2 Tolerance of normalized wWobble Signal ... 241

X © ISO/IEC 2016 — All rights reserved


https://standardsiso.com/api/?name=e48e7f62e6c92076f38e0bcf8429bcb1

ISO/IEC 30190:2016(E)

Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical

Commission) form the specialized system for worldwide standardization. National bodies that are m

embers of

ISO or IEC participate in the development of International Standards through technical committees

te¢hnical committees collaborate in fields of mutual interest. Other international organizations, go
non-governmental, in liaison with ISO and IEC, also take part in the work. In the fielehOf i
te¢hnology, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

THe procedures used to develop this document and those intended for its further maintenance are

and IEC
ernmental
formation

described

in the 1ISO/IEC Directives, Part 1. In particular the different approval criteria needed-for the differeft types of

ument should be noted. This document was drafted in accordance with ,the editorial rul
ISP/IEC Directives, Part 2 (see www.iso.org/directives).

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

Any trade name used in this document is information given“for the convenience of users and
copstitute an endorsement.

Fgr an explanation on the meaning of 1ISO specific t&fms and expressions related to conformity as
as|well as information about ISO's adherence to the*WTO principles in the Technical Barriers to Tr
seg the following URL: Foreword - Supplementaty’information

THe committee responsible for this document is ISO/IEC JTC 1, Information technology, SC 23
re¢orded media for information interchange and storage.

es of the

of patent
hils of any
n the ISO

does not

sessment,
ade (TBT)

, Digitally

THis second edition cancels and_ replaces the first edition (ISO/IEC 30190:2013), which has been fechnically

reyised. It also incorporates thesFechnical Corrigendum ISO/IEC 30190:2013/Cor 1:2015.
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Introduction

In March of 2002, nine companies known as the Blu-ray Disc Founders, or BDF, came together to create
optical-disk formats with the large capacity and high-speed transfer rates that would be needed for recording
and reproducing high-definition video content.

Then, in Qctober of 2004, more than a hundred companies joined and the BDF became an open forum ca::bd
the Blu-ray Disc Association (BDA). The BDA issued the first version of the Blu-ray Disc™ Recordable~Fornpat
Partl in Qctober of 2005, and Version 1.3 of the Blu-ray Disc™ Recordable Format Partl in April jof 2008,
which engbled the Recording Velocity up to 6x.

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

The BDA |also conducts verification activities for the disks and devices and has established more than [10
Testing Cénters in Asia, Europe and the USA.

The BDA [gave consumer applications the highest priority in the first few years. But it was known, of course,
that Interrjational Standardization would be required before many governfment entities and their contractgrs
would be allowed to use Blu-ray Disc™. In February and January of 201¥, the chair of ISO/IEC JTC 1/SC 3
and JIIMA (Japan Image and Information Management Association)\formally requested the BDA to consider
International Standardization. The reason for this was to enablexthe inclusion of writable BDs, along wjith
DVDs and CDs, in an International Standard specifying test methods for the estimation of lifetime of opti¢al
storage njedia for long-term data storage. In October 201%, the president of the BDA responded that his
organizatipn had decided to pursue International Standard of the basic physical formats for the Recordalle
and Rewritable Blu-ray™ Format.

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

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

Some technical errors were found during the editorial work for JIS X 6230, which is the Japanese Industrial
Standard (dentical with’tSO/IEC 30190:2013. In December of 2014, a Defect Report was submitted by the
Japan natjonal body.of ISO/IEC JTC 1/SC 23. The project editor proposed a Draft Technical Corrigendum fg
ISO/IEC 30190:2013 and it was approved by ISO/IEC JTC 1/SC 23 in May of 2015.This International
Standard [s the updated First edition of ISO/IEC 30190:2013, including the Technical Corrigendum and
additional [corrections for some minor editorial errors.

=

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

The International Organization for Standardization (ISO) and International Electrotechnical Commission (IEC)
draw attention to the fact that it is claimed that compliance with this International Standard may involve the
use of patents.
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ISO and IEC take no position concerning the evidence, validity and scope of these patent rights.

The holders of these patent rights have assumed ISO and IEC that they are willing to negotiate licenses under
reasonable and non-discriminatory terms and conditions with applicants throughout the world. In this respect,
the statements of holders of these patent rights are registered with ISO and IEC. Information may be obtained

as

follows.

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

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

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

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

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

Atfention is drawn to the possibility that some of the @lements of this International Standard m

su
ide
IS
to

co

NG

pbject of patent rights other than those identified *above. ISO and IEC shall not be held respd
ntifying any or all such patent rights.

D (http://www.iso.org/patents) and IEC (http://patents.iec.ch) maintain on-line databases of paten

hcerning patents.

TE Blu-ray™, Blu-ray Disc™ and the logos are trademarks of the Blu-ray Disc Association.

ay be the
nsible for

s relevant

their standards. Users are encouraged“to consult the databases for the most up to date ipformation
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Information technology — Digitally recorded media for
information interchange and storage — 120 mm Single Layer
(25,0 Gbytes per disk) and Dual Layer (50,0 Gbytes per disk) BD
Recordable disk

1| Scope
THis International Standard specifies mechanical, physical and optical characteristics of a(120 mm fecordable
optical disk with a capacity of 25,0 Gbytes or 50,0 Gbhytes. It specifies the quality. of the recorded and
unrecorded signals, the format of the data and the recording method, thereby, ‘allowing for ipformation
interchange by means of such disks. User data can be written once and read many times usihg a non-
reyersible method. This disk is identified as BD Recordable disk.
THis International Standard specifies the following:

— three related but different Types of this disk;

— the conditions for conformance;

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

— the mechanical and physical characteristics of the.disk, so as to provide mechanical interchangg between
data processing systems;

— the format of the information on the disk¢including the physical disposition of the Tracks and Se[tors;
—1 the error-correcting codes and the.ceding method used;

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

THis International Standard -provides for interchange of disks between disk drives. Together with 3 standard
fof volume and file structure, it provides for full data interchange between data processing systems.
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2 Conformance

2.1 Optical disk

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

Type.

2.2 Genperati 0 ay:tcu N

A generat
in accorda

2.3 Red

A receivin
Types of @

2.4 Compatibility statement

A claim of
statement
the optica
reading af

3  Norr

The follow

indispensable for its application. For dated references, only the edition cited applies. For undated referenc

the latest
ISO/IEC 6

ISO 9352,

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

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

cycle)

IEC 6095(

ng system shall be in conformance with this International Standard if the optical disk it generates
nce with 2.1.

eiving system

g system shall be in conformance with this International Standard if it is able“to handle all thr
ptical disk according to 2.1.

conformance by a Generating or Receiving system with this international Standard shall include
| disk Types supported (where appropriate) and whether, support includes reading only or bg
d writing.

hative references
ing referenced documents, in whole or in.part, are normatively referenced in this document and 3
pdition of the referenced document (including any amendments) applies.

46, Information technology — 1SO *7-bit coded character set for information interchange

Plastics — Determination of-resistance to wear by abrasive wheels

-1, Infermation technology equipment — Safety — Part 1: General requirements

S

a

listing any other standards supported. This statement shall spécify the numbers of the standardls,

th

LS,
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4 Terms and definitions

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

4.1
Application

application specified for a BD (4.2), for instance, a video application, which requires area for a Content-

protection system and for its own Defect-Management system on the disk

re¢orded by an OPU using 405 nm laser diode and NA = 0,85 lens

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

Channel bit
elgment by which the binary value ZERO or ONE is represented by Pits (4.22) or Marks (4.17) al
(4134) on the disk

4,

Cqver Layer

trdgnsparent layer with precisely-controlled optical properties that'covers the Recording Layer (4.27)
the¢ Entrance surface (4.10) of the disk

clyster in a User-Data Area (4.39) that has been registered in a Defect List as unreliable or uncorrec
4,
Dipital-Sum Value

arithmetic sum obtained(from a bit stream by assigning the decimal value +1 to Channel bits (4.3) S

the decimal value. =2 to Channel bits set to ZERO

4,

Digk reference-plane

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

4

k having a Cover Layer (4.4) around 0,1 mm thick and a Substrate (4.35) around 1,1 mm thick on which dath is read or

d Spaces

closest to

lable one

et to ONE

Df the disk

Embossed HFM Area

area on the disk where information has been stored by means of an HFM Groove (4.12) during the

manufacture of the disk
4.10

Entrance surface
surface of the disk onto which the optical beam first impinges
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411
Groove
trench-like feature of the disk, connected to a Recording Layer (4.27)

Note 1 to entry: In case of a Single-Layer disk, the Groove can be carried by the Substrate (4.35). In case of a Dual-Layer
disk, one Groove can be carried by the Substrate and the other Groove by the Spacer Layer (4.33) or the Cover Layer
(4.4) (see Figure 1, 2 and 3). Grooves are used to define the Track locations. The Groove corresponds to the area that
has been exposed to the mastering spot. In general, the Groove can be a depression in the carrier or an elevation on the
carrier. If the Groove is nearer to the Entrance surface (4.10) than the Land (4.15) (see Figure 55), the recording method
is called “On-Groove recording”. If the Groove is farther from the Entrance surface than the Land, the recording method is
called “In-Groove recording”. In the BD Recordable system, the following are the three types of Groove:
— Wobhled Groove (4.41) in Recordable Area (4.26) containing address information;

— HFM Groove (4.12) in Embossed HFM Area (4.9) containing Permanent Information and Controldata;
— Straight Groove without any modulation in the BCA Zone.

412
HFM Grogve

High-Frequency Modulated Groove

groove (4{11) modulated in the radial direction with a rather high bandwidth signal

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

4.13
Informatipn Area
area on thie disk in which information can be recorded

4.14
Informatipn Zone
recorded part of the Information Area (4.13)

4.15
Land
surface offthe Recording Layer (4.27) between successive windings of a Groove

4.16
Layer Ln
one Recolding Layer (4.27) of the disk identified by n

Note 1 to eptry: Layer L (n+1) is-clgser to the Entrance surface (4.10) of the disk than Layer, Ln.

4.17

Marks
feature of| the Recording Layer (4.27), which may take the form of lower/higher reflectivity domains in the
Unrecorddd Recording Layer, that can be sensed by the optical read-out system

Note 1 to eptry;) The pattern of Marks and Spaces (4.34) represents the data on the disk.

4.18
Measurement Velocity
linear velocity at which the disk is measured during reading

Note 1 to entry: nx Measurement Velocity means the Measurement Velocity of n times the Reference Velocity (4.29).

4.19

Modulation bit

alternative form representing the data that is more suited to be transmitted via a communication channel or to
be stored on a storage system
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4.20
NRZ/NRZI conversion
method of converting a Modulation-bit stream into a physical signal

4.21
Padding

process in a drive to fill up the missing Sectors (4.32) in a 64K Cluster, which is consisting of 32 Sectors, with

all 00h data when the host supplies less than 32 Sectors and need to fill up the Cluster

4.22
Pits

features of the Recording Layer (4.27) which may take the form of depressions in or elevations\or
surface that can be sensed by the optical read-out system

Ndte 1 to entry: The pattern of Pits and Spaces (4.34) represents the data on the disk

Prptective Coating
ional additional layer on top of the Cover Layer*(4.4) provided for extra protection against scrg
other types of damage

4.26

Recordable Area

are¢a on the disk where information is recorded by means of Marks (4.17) and Spaces (4.34) according to the
as|defined in Clause 13; either by the.manufacturer/supplier of the disk or by the end user of the disk

Ndte 1 to entry: The Recording-Layer (4.27) material in the Area is composed is such that, once the layer (4.1¢
re¢orded, any attempt to change“the information will result in Unreadable Data.

4.27
Regcording Layer

the Land

pagation of

y applying

tches and

Hata format

) has been

part of the disk/eonsisting of a stack of films of specific materials on or in which data is writfen during

manufacture-and/or use

4.28
Régcording Velocity

linkearzelacity at which the disk is recorded

Note 1 to entry: nx Recording Velocity means the Recording Velocity of n times the Reference Velocity (4.29).

4.29
Reference Velocity
linear velocity that results in the nominal Channel-bit rate of 66,000 Mbit/s

4.30
Reserved
<value> value(s) not used in this International Standard

Note 1 to entry: In future standards, the value can be released.
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431
Reserved
<field> field(s) not specified in use, to be ignored in interchange and to be set to ZERO as value

Note 1 to entry: In future standards, the use of a field can be defined and value can be assigned.
4.32

Sector
minimum-size addressable data part of a Track (4.36) in the Information Zone (4.14)

4.33

Spacer Liyer
transparemt layer with precisely-controlled optical properties separating two Recording Layers (4.27)
4.34

Spaces
areas sepprating Pits (4.22) or Marks (4.17) in the tangential direction in the context of HF sighal.

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

4.35
Substrate
layer which may be transparent or not, provided for the mechanical support of.the Recording Layer(s) (4.27)

4.36
Track
360° turn pf a continuous spiral, formed by the Grooves

4.37
Track Pit¢h
distance Hetween centrelines of a Groove (4.11) in adjacent Tracks, measured in the radial direction

4.38
Transmispgion Stack
all layers fogether between the Entrance surface (4.10) of the disk and the Recording Layer (4.27) concerneg

[oN

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

4.39
User-Data Area
collection [of all Data Zone(S) (4.5) on the disk and consists only of the Clusters in which User Data can pe
recorded

4.40
Virgin Grpove
blank Gropve on the disk which have never been recorded

4.41
Wobbled Groove
groove (4.11) that has a periodic sinusoidal deviation from its average centreline

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

4.42

Zone
annular area of the disk
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5 Conventions and notations

5.1 Terminology

5.1.1 Meaning of words

In this International Standard the following words have a special meaning:

May: indicates an action or feature that is optional.
Onfinnol' dascrihas - a faatira that mav ormavnat ha imnlamantad If imnlamantad tha faatiira cha”
L kA -~ i bk bl i "'"‘“‘"l""] A Al b ML M SE i ' T

be implemented as described.

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

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

5.1.2 Levels of grouping

Many times data is collected into groups, where these groups of data can bé collected into higher leyel groups.
Fgr the clarity of the grouping hierarchy, in this International Standard, thie“following levels of hierar¢hy will be
used:

Frame: the lowest level of grouping. Generally, Frames contain bytes of information.
Blpck: the second level of grouping. Generally, Blocks consist of a number of Frames.
Cluster: the highest level of grouping. Clusters consist of.several Blocks.

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

5.2 Representation of numbers

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

EXAMPLES:

—| The specification is:  x =4,26 393 .

(nominal value = 1,26 with-a positive tolerance of +0,01 and a negative tolerance of —0,02)
— A measured value in the range 1,235 < Xmeasured < 1,275 fulfills this specification.

— The specification.jsT x < 0,3.
— A measured value Xmeasured < 0,35 fulfills this specification
(rounding off is applied for 0,30 < Xmeasured < 0,35: Xrounded = 0,3).

—1 The specification is: x < 0,3.
— (A 'measured value Xmeasured = 0,299 fulfills this specification
(no rounding off needs to be applied).
— —ATeasuret value Xmeasured = 0,9 exactty does mot futfitt this specificatior:

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

EXAMPLES:
— The specification is max(imum) 0,3 mm.

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

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

— A measured value of 3,00 dB fulfills this specification.
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— A measured value of 2,99 dB does not fulfill this specification.

wn

Numbers in decimal notation are represented by the digits 0 to 9. The decimal symbol is “,” (comma). In large
numbers, the “ " (space) can be used as digit grouping symbol.

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

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

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

In a pattefn of n bits, bit bn-1y shall be the most-significant bit (msb) and bit bo shall be the least-significant it
(Isb). Bit yn_1y shall be recorded first.

An unintefrupted sequences of m Os in a bit pattern can be represented by [0™].
The settinp of bits is denoted by ZERO and ONE.

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

In a field of 8n bits, bit ben-1y shall be the most-significant bit (msb) and<bit b the least-significant bit (Isb). Bit
ben-1y sha|l be recorded first.

In data fie|[ds composed of nibbles, the data is recorded so that thesmost-significant nibble, identified as Niblple
0, shall bg recorded first and the least-significant nibble last.

In a field of 4n bits, bit bun-1y shall be the most-significant>bit (msb) and bit bo the least-significant bit (Isb). Bit
bn-1y sha|l be recorded first.

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

(=)

A list of infegers is indicated as i .. j. The list'eantains all numbers between i and j, including i and j (e.g. k =
7). If the step size is different from one, this is indicated as: i, (i + step) .. j (e.g. k =1, 4 .. 16, where step = 3).

A group of parameters is indicated as,Param m..n or Pm .. Pn. The group contains all parameters with an index
between m and n, including m and\n (e.g. byte 16..31, bit 7..4, Addo .. Addass).

If X is neafly equal to y, then-itis expressed as x = y.

5.3 Intgger calculus

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

For example: div(+11, +3) =+3 div(-11, +3) =-3  div(+11, -3) = -3 div(-11, -3) = +3
mod(+11, +3) = +2 mod(-11, +3) = -2 mod(+11, -3) =+2 mod(-11, -3) =-2

floor(x) represents the largest integer number <x
For example: floor(+3,7) = +3  floor(-3,7) = -4

5.4 Names

The name of specific entities, e.g. particular Tracks, fields, etc., are given with an initial capital. Other terms
having explicitly-defined meanings for the purpose of this International Standard are also capitalized.
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ac alternating current

ADIP Address In Pre-Groove
APC Automatic Power Control
AU Address Unit

AUN Address-Unit Number

BCA Burst-Cutting Area

BIS Burst-Indicating Subcode
BPF Band-Pass Filter

CAV constantAngular vefocity
cbs channel bits

CNR Carrier-to-Noise Ratio

dc direct current

D¢z Drive-Calibration Zone

DS Disk-Definition Structure
DFL Defect List

DI Disk Information

DL Dual Layer

DVMA Disk-Management Area
DMS Disk-Management Structure
D$V Digital-Sum Value

EH Emergency Brake

ECC Error-Correction Code

EDC Error-Detection Code

FAA First ADIP Address (of Data Zone)
FS Frame Sync

FWHM Full Width at Half Maximum
HE High Frequency

HEM High-Frequency Modulated
H¥MW Harmonic-Modulated Wave
HRPF High-Pass Filter

HTL High-To-Low

LAA Last ADIP Address (of Data Zone)
LOC Long-Distance Code

LRF Low-Pass Filter

LRA Last-Recorded-Address
LYB Least-Significant Byte

sl least-sjgnificant bit

LSN Logiecal-Sector Number

LTH Low<Fo-High

MM MSK Mark

M$EB Most-Significant Byte

ms millisecond

msb most-significant bit

M$K Minimum-Shift Keying

MYV Monotone Wobble

NA Numerical Aperture

NHWS Normalized HFM-Wobble Signal
NRZ Non-Return-to-Zero

NRZI Non-Return-to-Zero Inverting
ns nanosecond

NWA Next-Writable Address
NWL Nominal Wobble Length
NWS Normalized Wobble Signal
OPU Optical Pick-up Unit

PAA Physical ADIP Address

PIC Permanent Information & Control data
PLL Phase-Lock Loop

PoA Post-amble
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PP

pp
PrA
ps
PSN
RH
RHWG
RIN
RMTR
RS
RT
RUB
Rxln
RxM
SER
SHD
SHL
SL
SNR
SRM
SRR
SRRI
STW
Sync
TDDS
TDFL
TDMA
TDMS
TP
TS
Vref
wbs

10

Push-Pull

peak-to-peak

Pre-amble

picosecond

Physical-Sector Number

Relative Humidity

Ratio HFM-Wobbled Groove
Relative-Intensity Noise

Repeated Minimum-Transition Run-length
Reed-Solomon (code)

Ralativa Thiclnacce
ety C—T T eirc s

Recording-Unit Block

Reflectivity x I, Resolution
Reflectivity x Modulation

Symbol Error Rate
Second-Harmonic Distortion
Second-Harmonic Level

Single Layer

Signal-to-Noise Ratio
Sequential-Recording Mode
Sequential-Recording Range
Sequential-Recording Range Information
Saw-Tooth Wobble

Synchronization

Temporary Disk-Definition Structure
Temporary Defect List

Temporary Disk-Management Area
Temporary Disk-Management Structure
Track Pitch

Transmission Stack

Reference Velocity

wobbles
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7 General description of disk

The 120 mm optical disk that is the subject of this International Standard consists of a Substrate of about

1,1 mm nominal thickness. Clamping is performed in the Clamping Zone.

The Recording Layer of the disk may use High-To-Low (HTL) or Low-To-High (LTH) technology.

Recorded

HTL Marks have lower reflection than the Unrecorded Layer(s), recorded LTH Marks have higher reflection

than the Unrecorded Layer(s).

THis International Standard provides for three Types of such disks.

Tylpe SL/HTL disk the Substrate is covered with a HTL Recording Layer, consisting of severalNilms
this Recording Layer, a transparent Cover Layer of 0,1 mm is applied with precisely-defin
chiracteristics (see Figure 1). The capacity is 25,0 Gbytes.

Tylpe DL/HTL disk the Substrate is covered with two HTL Recording Layers, each consisting of se
THe two Recording Layers are separated by a transparent Spacer Layer of\about 0,025 mm
Recording Layer seen from the read-out side of the disk shall be semi-transparént. On top of this

On top of
bd optical

eral films.
The first
Recording

Layer, a transparent Cover Layer of about 0,075 mm is applied. Both the. Spacer Layer and the Cgver Layer

shill have precisely-defined optical characteristics (see Figure 2). The capacity is 50,0 Gbytes.

Tylpe SL/LTH disk the Substrate is covered with a LTH Recording<d.ayer, consisting of several films
this Recording Layer, a transparent Cover Layer of 0,1 mm _js applied with accurately defin
chiracteristics (see Figure 3). The capacity is 25,0 Gbytes.

On top of
ed optical

Td improve the scratch resistance, the Cover Layer optionally can be protected with an additional hgrd coating.

Dgta can be written on the disk with a high-power.focused optical beam. The data can be read With a low-

power focused optical beam, using the difference(n the reflectivity of the Marks and the Spaces.

THe Recording Layer(s) contain Wobbled \Groove(s) with addresses that enable a speed cgntrol and

nayvigation system for the data to be written-to the Recording Layer concerned.

Recording and read-out of the data‘“is accomplished through the Cover Layer or through the total stack of
Caver Layer, first Recording Layer.and Spacer Layer, depending on which Recording Layer is involved.

Fgr reference purposes all(layers that the light beam passes through when accessing a certain
Layer is called the Transmission Stack of that specific Recording Layer (see Figure 1, 2 and 3).

Recording

© ISO/IEC 2016 — All rights reserved
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direction of
rotation

-

Transmission |

Sldbl& y

Subhctrata
oS trote

HTLC
Recording
Layer

/ Cover Layer

(Protective Coating)

Entrance surface
for optical beam

Figure 1 — Outline of Type SL/HTL disk

direction of
rotation
HTL
Recording
Layer LO
Transmission —
Stack 0 ‘ Substrate
Trapsmission | HTL
Stagk 1 Recording
Spacer Layer Layer L1
/ Cover Layer
Entrance surface

(Protective.Coating) for optical beam

Figure 2 — Outline of Type DL/HTL disk
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Trtnsmission
Stack

(Protective Coating)

Cover Layer

for optical beam

Figure 3 — Outline of Type SL/LTH:disk

CTH
Recording
Layer

Entrance surface

THis International Standard specifies four kinds of Recording Veleeity: 1x, 2x, 4x, 6x.

Figure 4 shows the Recording Velocity requirements for each:Disk Type.

Disk Type Mark Push-Pull Layer Recording Velocity
polarity polarity Type 1x 2X 4x 6X
Type SL/HTL HTL On-Groove SL m m 0 0
Type DL/HTL HTL On-Groove? DL m m 0 0
Type SL/LTH LTH In-Groove. SL m m 0 0
m | Mandatory
0 | Optional
& | Groove polarity shall be On-Groove’for both Layer LO and Layer L1
Figure 4.5~ Recording Velocity requirements for Disk Type
Figure 5 shows the Recording Velocity requirements for the disk (see 15.8.3.7).
Type SL/HTL Type DL/HTL Type SL/LTH

1x 2X 4x 6X 1x 2X 4x 6X 1x 2X 4x 6X
2X disk M m - - m m - - m m - -
4x| disk m m m - m m m - m m m -
6X disk m m m m m m m m m m m m
m Mandatory
- Not allowed in this International Standard.

Figure 5 — Recording Velocity requirements for disk
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8 General requirements

8.1 Environments

8.1.1 Test environment

8.11.1

General

During measurements for testing conformance of a disk with this International Standard, the disk shall be in

the test eqviTormment_T e tEStENVITOMEN 1S e eNnviTomment where the air mmediatety surrounding thed
shall have] the following properties:

— temperature: (23 £ 2) °C;

— relatiye humidity: 45 9% to 55 %;

— atmo

No conde

8.1.1.2

Some parfameters can be rather sensitive to changes in the operatingenvironment. Where specified, me
wo tests shall be performed. In both cases, the required spegifications shall be fulfilled during the

following f{
time it tak
a) Apply
humig
b)  Apply
10,4

10 %

8.1.2 Oy

A disk in
ranges of
environme

— tempgq
— relati
— absol
— atmo

There shg
those spe

bpheric pressure: 86 kPa to 106 kPa.

Test conditions for sudden change in operating environment

bs for the disk to acclimatize to the new environment.

a sudden change in relative humidity, while keepingsthe temperature at a constant level: relat
ity = 90 %, temperature = 25 °C — relative humidity'= 45 %, temperature = 25 °C (see Figure 6).

a sudden change in temperature, while keepifig the absolute humidity at a constant level (abg

h/m?3 ): temperature = 25 °C, relative humidity = 45 % — temperature = 55 °C, relative humidity
(see Figure 6).

erating environment

conformance with this International Standard shall provide data interchange over the specifi

environmental parameters’/in the operating environment. The operating environment is f{
nt where the air immediately surrounding the disk shall have the following properties:
prature: 5°Cto 55 °C;
e humidity: 3 % to 90 %;
Lite humidity: 0,5 g/m®to 30 g/m3;
spheric pressure: 60 kPa to 106 kPa.

Il be 'no condensation of moisture on the disk. If a disk has been exposed to conditions outsi
Cified above, it shall be acclimatized in an operating environment for at least two hours before use

hsation on the disk shall occur. Before testing, the disk shall be conditioned in this environment fof
sufficient §ime.

sk
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Figure 6 — Operating €nvironment

.1.3 Storage environment

8.1.3.1 General

THe storage environment is an environment'where the air immediately surrounding the optical disk ghall have
the following properties:
—] temperature: —-10 °C to 55 °C;
relative humidity: 5 % to 90 %;
absolute humidity: 1 g/m?3 to 30 g/m3,;
— atmospheric pressure; 60 kPa to 106 kPa;
—1 temperature variation-max: 15 °C/h;
— relative humidity.variation max: 10 %/h.
8.1.3.2 Climdte storage tests
Td

checkwenvironmental stability of the disk, it shall be exposed to the following environments

Dry heat test according to IEC 60068-2-2 Ba:
F=55°C RH =50%_96 hours:

Damp heat cycle test according to IEC 60068-2-30 Db:
Thigh = 40 °C, Tiow = 25 °C, RH = 95 %, cycle time = (12 + 12) hours, 6 cycles.

After exposure to these environmental conditions, one should allow for some recovery time before measuring
[(24 or 48) hours].

© ISO/IEC 2016 — All rights reserved
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8.1.4 Transportation

8.14.1

General

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

8.1.4.2

Packaging

8.14.21

The form
agreemen

8.1.4.2.2

Insulation
of transpo

8.1.4.2.3

a)
b)
c)
d)

Avoid

Avoid

Disks|

The f
of dirt

8.2 Saf

The disk
foreseeab)

8.3 Fla

The disk {
specified i

9

Refe

General

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

Temperature and humidity

and wrapping should be designed to maintain the conditions for storage aver'the estimated peri
Ftation.

Impact loads and vibrations
mechanical loads that would distort the shape of the disk.
dropping the disk.
should be packed in a rigid box containing adequaté. shock-absorbent material.

nal box should have a clean interior and a cadstruction that provides sealing to prevent the ingre
and moisture.

pty requirements

e uses in an information system:.

mmability

hall be made from~materials that comply with the flammability class for HB materials, or better,
h IEC 60950-1.

rencedrive

shall satisfy the requirement, of. IEC 60950-1, when used in the intended manner or in any

as

9.1 General

A Reference drive shall be used for the measurement of optical and electrical signal parameters for
conformance with the requirements of this International Standard. The critical components of this device have
the characteristics specified in Clause 9.

9.2 Measurement conditions

During tests, the disk shall be in a test environment as defined in 8.1.1, unless stated otherwise.

16
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9.3 Optical system

The basic set-up of the optical system of the Reference drive used for measuring specified write and read
parameters is shown in Figure 7. Different components and locations of components are permitted, provided
that the performance remains the same as that of the set-up in Figure 7.

The optical system shall be aligned such that the focused optical beam is perpendicular to the Recording
Layer on which the beam is focused at the radius where the measurement is to be performed.

The opt|cal system shall be such that the detected light reflected from the Entrance surface of the disk is
mimimizedSo as not to affectthe aCCulracy Of e TITEaSUTETENLS.

li=la+1lp HF read channel

Radial PP read channel

lo=1lc+ld
| I
2 /\ b la|lb|lc|ld
— ' I Quadrant
Tangential \/ | ; | photodetector
track la le ]
direction !
:A
|
i
W"'*""5*“""*""*** Disk
Laser Collimator Polarizing SA A 14 Objective
diode lens beam.splitter corrector plate lens

Figure 7 — Optical system of Reference drive

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

THe optical-hg€am shall be compensated for Spherical Aberrations (SA) such that these aberrgtions are
minimized-for the thickness of the Transmission Stack of the Recording Layer on which the beam |s focused
atthe radius where the measurement is to be performed.

DLv- “Ao-maackramante an ana lovnary of o Naal L vy el ot vaflactad from tha athar Iavay oan nf uence the

g T eSO C T IC Tt U O y C T OT o D oo Cay C T O SIS g Tt TC e CtC O T o T e Ot T oty © T oo it

measurements on the layer under investigation. To cope with these effects, the photodetector shall have
limited dimensions. Its length and width shall be smaller than M x 5 ym, where M is the transversal optical
magnification from the disk to its conjugate plane near the quadrant photodetector.

© ISO/IEC 2016 — All rights reserved 17


https://standardsiso.com/api/?name=e48e7f62e6c92076f38e0bcf8429bcb1

ISO/IEC 30190:2016(E)

9.4 Optical beam

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

— Wavelength(A) of the laser beam : (405 = 5) nm.
— Polarization : circular.
— NA: 0,85 + 0,01.
— Light intensity at the rim of the pupil of the objective lens relative to the maximum intensity:
—  |pthetangentiat-directon: {60-+-5)-04-
— Ip the radial direction: (65 £ 5) %.
— Maxirhum wave-front aberration at the Recording Layer(s) : 0,033 x A rms.
(after|correction of tilt and spherical aberrations)
— Maxirhum Relative-Intensity Noise of the laser diode : —125 dB/Hz
ac light power density /Hz
10 x log -
dc light power
— Normplized detector size : S/ M? <25 um?2,
(where S is the total surface of the quadrant photodetector.)
— Read|power for disk testing (average) :
—  $L disk: (0,35 +0,1) mW.
— DL disk: (0,70 £ 0,1) mW.
— Write|power and pulse shape: see 29.4.2 and Annex F.

9.5 HFfead channel

The HF rgad channel is provided to supply a signal from which the User Data can be retrieved. This signal is
generated by summing the currents from all)four elements of the photodetector (Il + Ip + Ic + lg). Thesse
currents dre modulated by the user-written.information due to the difference in reflectivity of the Marks and
Spaces.

In the frequency range from dc te.22"MHz, the HF read channel including the photodetectors shall have a flat
amplitude|response within + 1,0.dB relative to its dc gain. The group delay variation shall be maximum 2 ns pp
in the frequency range fromy3:MHz to 22 MHz.

For measpirement of jitter; the characteristics of the signal processing, the data slicer and the PLL, etc. gre
specified ih Annex H:

9.6 RadialiPPread channel

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

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

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

While its parameters are being measured, the disk shall be clamped between two concentric rings covering
most of the Clamping Zone (see 10.6). The top Clamping Area shall have the same inner and outer diameters
as the bottom Clamping Area (Figure 8).

Clamping shall occur between di, = (23,5+0,5) mm and dout = (32,5+0,5) mm..

The total clamping force shall be F1 = 2,0 N + 0,5 N.

In order to prevent warping of the disk under the moment of force generated by the clamping force and the
chucking force F»,, which is exerted by the tapered cone on the rim of the centre hole of the disk; H. shall not
exceed 0,5 N (see Figure 8).

THe top angle a of the tapered cone for centering of the disk shall be 40,0° £ 0,5°.

Fl /':\ Fl

g )

F2

Figure. 8= Clamping conditions for measurement

9.8 Rotation of disk and.Measurement Velocity
THe direction of rotation shall be counter-clockwise as viewed from the objective lens.

All specifications<are”’based on a tangential speed during reading that is equal to the Reference Velocity,
unless otherwisé’specified. This corresponds to a Constant Linear Velocity of 4,917 m/s.
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9.9 Normalized servo transfer function

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

3xiw
L 2 1+ K
1) )
HN(ia))——x[_—O X 0 |1+ _mt]
1) 1+ 10) 1)
3/\(,(10
where
w F2mxf
wo F 21 % fo;
Wint q 21T X fin;
2 q4-1;
K order of integrator.

fo is the 0|dB crossover frequency of the open-loop transfer function. The cragssover frequencies of the lead-

lag netwotk of the servo are given by the following:

77 . . : .
The term 1+,—”“j in the formula above represents an integrator function. Such an integrator or equivalgnt

lead :L:eak frequency: fi=1/3;
lag brieak frequency: fo =fo x 3.

lw

function i used to further reduce low-frequency components, especially those due to deviations wjth

frequencigs equal to the rotational frequency of the disker’its harmonics.

Also, fint I the crossover frequency of the integrator function.

Another flequency of importance is the frequency fx at which a sinusoidal displacement with an amplitude
equal to [the maximum allowed residual.tracking error, emax, corresponds to the maximum expected

acceleratipn, amax. This frequency can-be:calculated as follows.

L am ax

A\ €max

Because the tracking-efror’signals from the disk can have rather large variations, the tracking-error signal fed
into each [Reference.sérvo loop shall be adjusted to a fixed level (effectively calibrating the total loop gain),

which gudrantees the’specified bandwidth.

9.10 Megsurement Velocities and Reference servos for axial tracking

9.10.1 General

The applicable Reference servo and conditions for measuring residual axial errors depend on the
Measurement Velocity of the disk under testing the following:

20

a Reference servo for 2x disks to be measured at 1x Measurement Velocity (see 9.10.2);

a Reference servo for 4x disks and for 6x disks at radii up to 36 mm to be measured at 2x Measurement
Velocity (see 9.10.3);

a Reference servo for 6x disks at radii 36 mm and higher to be measured at 3x Measurement Velocity
(see 9.10.3).
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The servo for all conditions has the same basic characteristics, however with a modified integrator.

9.10.2 Reference servo for axial tracking for 1x Measurement Velocity

Regarding the open-loop transfer function H(f) of the Reference servo for axial tracking, |1+H(f)| is shown
schematically by the shaded area in Figure 9:

gain (dB)

TH

is
55

TH

100

97,0 F--m--mmmenfoeee- .

80 _”/\

77,0 [EEEEEEEEEEEEEE \

2‘2‘38:::::::::::::::::?::fw\
40

\

.

20 \

) —

1 10 36 100 1x103

Figure 9 — Servo characteristic for axial tracking at 1x Measurement Velocity

100 x10°
frequency (Hz)

10 x103

e crossover frequency fo of Hy (f) (see 9.9) used to define the limits of |1+ H(f], is specified by the following

fofula. Here, amax = 6,0 m/s? is.the maximum expected axial acceleration due to local disturbance$ and amax
multiplied by a factor m = 1,25 for servo margin. The tracking error emax, caused by this m X amd, shall be

nm. Thus, the 0 dB crossover frequency shall be:

3xmxq

ax :i 3x125 x_?,O ~32 kHz
Ciax 2m\ 55x10

e integraftoh shall be first order (K = 1) with the crossover frequency of fi,: = 100 Hz.

thedfrequency range 100 Hz to 10 kHz:

L]

In

In

o la oy [P /AY B DU 72
U= T =T = LIX TG

the frequency range 36 Hz to 100 Hz:

4,78
0,9 x| 1+ Hy(f)] <1+ H(f)| < 11 x | 1+ Hy (fny)| x[f'fﬂj

the frequency range up to 36 Hz:
77,0dB < |1+H(f)| < 97,0dB

© ISO/IEC 2016 — All rights reserved

21


https://standardsiso.com/api/?name=e48e7f62e6c92076f38e0bcf8429bcb1

ISO/IEC 30190:2016(E)

1 |o 1
The frequency, fx, has the following value: f, =— &% = — 6.0

= ~ 1,6 kHz
21 € hax 2m 4| 55%10°

9.10.3 Reference servo for axial tracking for 2x Measurement Velocity and 3x Measurement Velocity

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

schematically by the shaded area in Figure 10:

gain (dB)

100
97,0

77,0

60

45,7
44,0

20

1x10® 10 x10® 100 x10%
frequency (Hz)

Figure 10 — Servo characteristics for axial tracking at 2x Measurement Velocity and 3x Measurement

Velocity

The 0 dB|crossover frequency, fo,~shall be 3,2 kHz, the same as the measurement condition for the

MeasurerrLent Velocity.

For the m
MELL NS

amax 3 max

3
_ > 3’§Xlo x 80x10°° = 10,8 m/s?

For the maximum-residual tracking error of 110 nm (see 11.4.4), this corresponds to an acceleration of

szt
ICAILEY SR Cii 3’2”0 x110x10° = 14,8 m/s?

[ef
max max
3

ximum residual ttacking error of 80 nm (see 11.4.3), this corresponds to an acceleration of

The integrator shall be second order (K = 2) with the crossover frequency of fi, = 200 Hz.

In the frequency range 200 Hz to 10 kHz:
0,9 x| L+Hy ()] <[ 1+H(F)| <11 x| 1+Hy(f)|

In the frequency range 66,5 Hz to 200 Hz:
536
09 x |12 y(F)] < [1eH0)| < 1 14|

In the frequency range up to 66,5 Hz:
|1+H(f)| = 77.0dB

1x
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9.11 Measurement Velocities and Reference servos for radial tracking

9.11.1 General

The applicable Reference servo and conditions for measuring residual radial errors depend on the following
Measurement Velocity of the disk under testing:

— a Reference servo for 2x disks to be measured at 1x Measurement Velocity (see 9.11.2);

— a Reference servo for 4x disks and for 6x disks at radii up to 36 mm to be measured at 2x Measurement
Velocity (see 9.11.3);

— a Reference servo for 6x disks at radii 36 mm and higher to be measured at 3x Measurement Velocity

(see 9.11.3).

THe servo for all conditions has the same basic characteristics, however with a modified integrator.
9.11.2 Reference servo for radial tracking for 1x Measurement Velocity

Fdr the open-loop transfer function H(f) of the Reference servo for radial(tracking, |1+H(f)| is shown
schematically by the shaded area in Figure 11:

gain (dB)

100
99,0 i '

[SA R !\
56,6 F--————-——-f<<or-
54,9w~~~;ﬂ\
. E AN
20 i

N

0
1 10 36 100 1x10° 10 x10%® 100 x10°
frequency (Hz)
l:igurn 11 — Servo characteristics for radial frnr\lzing at 1x Measurement \lnlnr\ify

The crossover frequency fo of Hy (f) (see 9.9), which is used to define the limits of |1+H(f)| , Is specified by

the following fomula. Here, amax = 2,2 m/s? is the worst-case maximum expected radial acceleration due to
local disturbances and amax is multiplied by a factor m = 1,25 for servo margin. The tracking error, emax,
caused by this m x amax shall be 16 nm. Thus, the 0-dB crossover frequency shall be:

f =t /M 1 /M _36kHz
2m €max 2m 16 x10

The integrator shall be first order with crossover frequency of fi,: = 100 Hz.
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In the frequency range 100 Hz to 10 kHz:

09 x| 1+Hy(f)] < |1+H(f)] < 21 x |1+ Hy(f)|

In the frequency range 36 Hz to 100 Hz:
4,78
09 x [1+Hy(f)| <|1+H(F )] < 21x |1+ Hy(f )| % [fi;“J

In the frequency range up to 36 Hz:
79,0dB < |[1+H(f)| < 99,0dB

The frequéncy fx has the following value: f, = Omax _ L L ~ 18 kHz
" 2m \/ 211\/ 16x10°° ' Q\b

9.11.3 Rdference servo for radial tracking for 2x Measurement Velocity and 3x MeasuremerQV locity

<

For the gpen-loop transfer function H(f) of the Reference servo for radial tracking, j(]bghfﬂ is shoywn

schematidally by the shaded area in Figure 12: Q
\Z

\
gain (dB) O

N

N
&

100
99,0

79,0

60

47,7
46,0

20

10 66,5 200 1x103 10 x10%® 100 x10°

D7
Q‘ frequency (Hz)
Figure 14 — Se@haracteristics for radial tracking at 2x Measurement Velocity and 3x Measurement
«?\ Velocity
The 0dB

Measurement Velocity. For the maximum reS|duaI tracking error of 20 nm (see 11 5. 4) this corresponds to an

3
acceleration of ap,,, —M NP Gl 3’§X1O x 20x107° = 3,4 m/s?

- 3 max

The integrator shall be second order (K = 2) with the crossover frequency of fi, = 200 Hz.

In the frequency range 200 Hz to 10 kHz:
09 x| L+Hy(F)] < |1+H(f)] < 21 x| 1+ Hy(f)|
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In the frequency range 66,5 Hz to 200 Hz:
f

5,36
09 x| yF)] < [1eH()] < 10 1+ )] 2

In the frequency range up to 66,5 Hz:
|1+H(f)] > 79,0dB

10 Dimensional characteristics

10.1 General

Dimensional characteristics are specified for those parameters deemed mandatory forcinterchange and
compatible use of the disk. Where there is freedom of design, only the functional characterisfics of the
elements described are indicated. Figure 13 shows the dimensional requirements in sutthmarized [form. The
different parts of the disk are described from the centre hole to the outside Rim.

: First Second
: transitio Area transition Area
; Clamping Rim
Centre i Zone . Arda
| hole | Information Area |
L 4
| L s
/ :
| | d7
I 1
i i do
i '
| i Oy
/ T
I ! dl

Figure 13 — Overview of disk dimensions

1Q.2 Disk reference planes and reference axis
Fqgr Disk reference planes, see also Figure 14 and Figure 15.

THe Disk reference plane P is the plane determined by the surface of the Clamping Zone (see 1(.6) at the
reqad=out side of the disk.

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

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

The Disk reference plane R is a plane parallel to the Disk reference plane P. The distance between Disk

reference plane R and Disk reference plane P shall be e4 = (100 + 25) ym towards the inside of the disk (see
Figure 14 and 15).
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The Disk reference plane R shall intersect with Recording Layer LO at Layer LO's average position between
radius ra = 23 mm and radius r, = 24 mm (Layer LO is the only Recording Layer on an SL disk or the deepest
Recording Layer on a DL disk).

Detail of smooth transition

T

Clamping Zone

|

i

i

i

: dg Information Area Rime Area
|/ ;

! / 7
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i <

| =

) et

|

i © ™

i < o

i

I

| £ ot
i

i

I ~

i e

| /.

|Cover Layer
| Entrance surface

Detail of the Protection'ring

Detail off the edge of
Centre jole

|:€
hy

Rigure 14 — Details of disk dimensions
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Centre hole

i Iy Recording layer LO
i r, Substrate

Coverl ayer

Figure 15 — Details of Disk reference planes P and R and Recording.[rayer LO

1Q.3 Overall dimensions

THe overall outer diameter of the disk shall be d; = (120,0 * 0,3) mm (see Figure 13).

THe diameter of the centre hole shall be d, = 15,00 *J35 mm (see Figure'13).

THere shall be no burr on the edge of the centre hole at the redd-out side.

THe edge of the centre hole at the read-out side is the reference for centering the disk and shall b

e rounded

off or chamfered. The rounding radius shall be maximum r. = 0,1 mm. The height of the chamfgr shall be

maximum h; = 0,25 mm from Disk reference plang:;P(see detail in Figure 14).

mKimum 0,1 mm above the bottom surface of the First transition Area. The rounding or chamfgr shall be

THe maximum thickness of the disk is definedyas the distance in the direction of the reference axis A between

the¢ highest structure protruding from the(Entrance surface of the disk and the highest structure
frgm the top surface of the disk.

protruding

THe maximum thickness of the disk; including the Cover Layer, Protective Coating and Label printing at any

raflius shall be e; = 1,40 mm (see*Figure 14).
THe minimum thickness ef.the disk in the Information Area shall be e, = 0,90 mm.

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

Outside the~Clamping Zone, the top surface may be outside the Disk reference plane Q by
hz|= 0,1 mm.(see Figure 14).

1Q.4-First transition Area

maximum

maximum

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

and Q, respectively (see Figure 13 and 14).
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10.5 Protection ring

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

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

Between qi7 5 i i i i i fgure
14).

10.6 Clamping Zone

The inner [diameter of the disk Clamping Zone shall be ds < 23,0 mm.
The outer|diameter of the disk Clamping Zone shall be d; = 33,0 mm (see Figure 13).

The thickrfess of the disk within the Clamping Zone shall be es = 1207372 mm (see Figure 14).

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

10.7 Sedond transition Area

The Second transition Area is an area between the Clamping Zone and the Information Area: d; < d < do. (sge
Figure 13).

In the aredq, the surface at the read-out side of the disk m@y be inside the Disk reference plane P by maximyim
he = 0,12 mm. This surface may be outside the Entrance surface in the Information Area by maximym
hio = 0,01|mm (see Figure 14).

In the ared, the top surface of the disk may he ‘eutside the Disk reference plane Q by maximum hi1 = 0,2 mn.
The step ffrom the top surface in the .area to the top surface in the Information Area is his. The distance
between the start and the end diaméters of the step is 1. If hig > 0,2 mm, then the slope down to the top
surface offthe Information Area shall be smooth and I; > 1,8 mm as indicated in Figure 14. If the top surfacelin

the Information Area is stepped(down from the top surface in the Second transition Area, then the step shall
end withinf diameter ds = 40,0.n1Mn.

10.8 Infgrmation Aréa

10.8.1 Gdneral

The Information Area shall extend from diameter do = 42 mm to diameter dio = 117 mm (see Figure 13 and
16).

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

The inner diameter dpz on Recording Layer Ln shall be dDz|n=48,O?’§2mm, and the outer diameter dpzo on
Recording Layer Ln shall be dpzon < 116,2 mm.

The area between dg and dpz is called the Inner Zone, and the area between dpzo and dio is called the Outer
Zone (see Figure 16).

The total thickness of the disk in the Information Area is as specified in 10.3.
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Information Area

Inner Zone Quter Zong
< Information Zone

|
L
|
i
: Lead-in Data Zone Lead-out
= (Lead-out) (Outer)
! dg
/ : dDZI
e dozo
p dio

Figure 16 — Division of Information Area

10.8.2 Subdivision of Information Zone on SL disks
THe Information Area is used to record the Information Zone.

THe Information Zone is subdivided into the following main parts (see Eigure 17):
—1 aLead-in Zone (part of the Inner Zone);

— a Data Zone;

—1 aLead-out Zone (Outer Zone).

Substrate
Recording d-i &V Lead-out Zone
Layer Lead-in Zone . O Data Zone

E—

spiral direction

Cover Layer

inner side ’Optical outer side
of'disk beam of disk

Figure 17 — Subdivision of Information Zone on SL disk

THe Lead-in Zofe-starts in the area extending from diameter 44,0 mm to diameter 44,4 mm and shall end at
the¢ beginning 'ofthe Data Zone at diameter dpz..

THe Lead=out Zone shall start at the end of the Data Zone at diameter dpzo and shall end af diameter
minimum 117 mm.

10.8.3 Subdivision of Information Zone on DL disks
The Information Area is used to record the Information Zone, divided over the two Recording Layers.
The Information Zone is subdivided into the following main parts (see Figure 18):
— on Recording Layer LO:
— aLead-in Zone (part of the Inner Zone 0);

— aData Zone 0;
— aOuter Zone O;
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— on Recording Layer L1:
— aOuter Zone 1,
— aData Zone 1;
— a Lead-out Zone (part of the Inner Zone 1).

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

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

The Lead
the beginr

The Oute
minimum

The Outer
diameter (¢

The Lead
extending

10.9 Rin

The Rim 4
the disk (9

In the firs
Entrance

In the rem
surface in

SUDsStrate

Recording .

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

—

Spacer Layer spiral direction

Recording / \

Layer L1 Lead-out Zone Data Zone 1 Outer Zoneyt

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

Figure 18 — Subdivision of Information Zone@n DL disk

in Zone starts in the area extending from diameter 44,0 mm to diameter 44,4 mm and shall end
ing of the Data Zone 0 at diameter dpzio.

Zone 0 shall start at the end of the Data Zone 0 at diameter dpzoo and shall end at diame
117 mm.

Zone 1 shall start at diameter minimum, 127 mm and shall end at the beginning of Data Zone 1
DzO1-

out Zone shall start at the end @f the Data Zone 1 at diameter dpz: and shall end in the ar
from diameter 44,0 mm to diameter 44,4 mm.

Area

A\rea is the area outside the Information Area, starting at dio and extending to the outer diameter
ee Figure 13).

burface inthe Information Area.

ainder of the Rim Area, the surface at the read-out side of the disk shall not be outside the Entran
the)lnformation Area by maximum hiz = 0,05 mm.

at

fer

at

of

f 0,5 mm ofsthe Rim Area, the surface at the read-out side of the disk shall not be outside the

In the Rim Area, the surface at the read-out side of the disk may be inside the Entrance surface in the

Informatio

n Area by maximum his = 0,12 mm (see Figure 14).

In the Rim Area, the top surface of the disk shall not be outside the top surface in the Information Area by

maximum

30

his = 0,05 mm (see Figure 14).
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11 Mechanical characteristics

11

Th

11

Th

.1 Mass

e mass m of the disk shallbe 12g<m <17 g.

.2 Moment of inertia

e moment of inertia of the disk shall be <0,032 g-m?2.

11

T

11

11

W
a

m

W

diffection of the reference axis A shall be maximum 0,1 mm.

At
ab

Dy
su
log

11

TH
m
(d
LA

SH
ex

TH

rell‘?rence plane R (see Figure 14 and 15) in the direction of the reference axis A shall be maximun

.3 Dynamic imbalance

e dynamic imbalance of the disk shall be 2,5 g-mm.
4 Axial runout

4.1 General

hen measured by an optical system using the Reference servo for axialtracking and with the disk
Ecanning velocity of 4,917 m/s (for all capacities), the distance betwéen each Recording Layer an

over the entire disk.
thin one Track (one revolution), the deviation of each Recording Layer from its average posit
the inner side of the disk, rotating at a velocity of 4,917 m/s, this corresponds to a maximum acced
out 4,6 m/s?, based upon a sinusoidal deviation-at the rotational frequency of the disk.
e to the integrator function in the Reference servo (see 9.10), this component will be s

fficiently such that the residual tracking errors, as defined in 11.4.2 ,11.4.3 and 11.4.4, are mai
al disturbances.

.4.2 Residual axial tracking érror for 1x Measurement Velocity

e residual axial tracking(error of each Recording Layer for frequencies below 1,6 kHz (= fx, s§
pasured using the Reference servo for axial tracking as specified in 9.10.2, shall be maximu
splacement of the .8bjective lens needed to move the focal point of the optical beam onto the
yer) with the disk&otating at 1xVie.

ikes in thegsidual axial tracking-error signal due to local defects, such as dust and scratches
cluded.

e measuring filter shall be a Butterworth LPF with f_345 = 1,6 kHz and slope = —60 dB/decade.

rotating at
d the Disk
N h12= 0,3

ion in the

leration of

ippressed
nly due to

e 9.10.2),
m 45 nm
Recording

, shall be

T

IS mealns that 10r Trequencies <1,0 KHZ the maximum loCal acceleration or the Kecording La

direction of the reference axis A will not exceed 6,0 m/s2.

er in the

The rms-noise value of the residual error signal in the frequency band from 1,6 kHz to 10 kHz, measured with
an integration time of 20 ms and using the Reference servo for axial tracking, shall be maximum 32 nm. The
measuring filter shall be a Butterworth BPF from f_zgg = 1,6 kHz with slope = +60 dB/decade to f_zqg = 10 kHz
with slope = —60 dB/decade.
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11.4.3 Residual axial tracking error for 2x Measurement Velocity

The residual axial tracking error of each Recording Layer for frequencies below 3,2 kHz, measured using the
Reference servo for axial tracking as specified in 9.10.2, shall be maximum 80 nm. (displacement of the
objective lens needed to move the focal point of the optical beam onto the Recording Layer) with the disk

rotating at

2%XVyet.

Spikes in the residual axial tracking-error signal due to local defects, such as dust and scratches, shall be
excluded. For 2x Measurement Velocity, local defects that cause large axial tracking errors shall be taken into
account as described in Annex |.

The meas|

This meal
direction

reduction
frequencig

The rms-r]
an integra
measuring
with slope

11.4.4 Rs

uring filter shall be a Butterworth LPF with f_sqg = 3,2 kHz and slope = -60 dB/decade.

bf the reference axis A will not exceed 10,8 m/s? (see 9.10.3). However, due to the’ additio
pf low-frequency components by the second order integrator function, the maximum_acceleration
s below about 400 Hz can reach values up to 45 m/s?.

oise value of the residual error signal in the frequency band from 3,2 kHz te'20 kHz, measured W
tion time of 10 ms and using the Reference servo for axial tracking, shall'be maximum 32 nm. T
filter shall be a Butterworth BPF from f_zqg = 3,2 kHz with slope = +60-dB/decade to f_zss = 20 k
= —60 dB/decade.

sidual axial tracking error for 3x Measurement Velocity

ns that for frequencies <3,2 kHz the maximum local acceleration of the Recording Layer in re

al
at

ith
he
Hz

The residyial axial tracking error of each Recording Layer for frequencies below 4,8 kHz, measured using the

Referencs

a) maxir

onto the Recording Layer) with the disk rotating at 3%¥res, Or

b) maxin
onto
windg

Spikes in
excluded.
account a

The meas|
This meal
direction
reduction
frequencig

The rms-n

servo for axial tracking as specified in 9.10.3, shall be
num 80 nm (displacement of the objective lens needed to move the focal point of the optical bea
num 110 nm (displacement of the objective-lens needed to move the focal point of the optical bea
he Recording Layer) with the disk rotating at 3xVies if the jitter performance at +/— 10 % pow
w meets the requirements.

the residual axial tracking-error, signal due to local defects, such as dust and scratches, shall
For 3x Measurement Velogity,-local defects that cause large axial tracking errors shall be taken ir
5 described in Annex |.

uring filter shall be a-Butterworth LPF with f_sqs = 4,8 kHz and slope = —60 dB/decade.

bf the reference axis A will not exceed 14,8 m/s? (see 9.10.3). However, due to the additio
pf low-frequency components by the second order integrator function, the maximum acceleration

s below-about 400 Hz can reach values up to 45 m/s?2.

oise value of the residual error signal in the frequency band from 4,8 kHz to 30 kHz, measured w

ns that for frequencies <4,8 kHz the maximum local acceleration of the Recording Layer in re

km

m
er

be
0

—

al
at

ith

an integratfon time of T0 M3 and USNg the Reference Servo for axial racking, shaflbe maximum 32 nm. The
measuring filter shall be a Butterworth BPF, from f_3qs = 4,8 kHz with slope = +60 dB/decade, to f_3qs = 30 kHz

with slope

32

= —60 dB/decade.
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11.5 Radial runout

11.5.1 General
The runout of the outer edge of the disk shall be maximum 0,3 mm pp.
The radial runout of the Tracks in each Recording Layer (including eccentricity and unroundness) shall be

measured by an optical system using the Reference servo for radial tracking, while the disk is rotating at a
scanning velocity of 4,917 m/s (for all capacities).

THe radial runout shall be maximum 75 pm pp (SL and DL disks).

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

Dye to the integrator function in the Reference servo (see 9.11), this compenent will be slppressed
sufficiently such that the residual tracking errors as defined in 11.5.2, 11.5.3,11.54 and 11.5.5 are mainly due
tolocal disturbances.

THe residual tracking error shall be determined by applying the radial PR read channel (I.— I2) signpl for both
measurement and radial servo control purposes as indicated in Figure &.

115.2 Residual radial tracking error for 1x Measurement Velocity on SL disks

THe residual radial tracking error for frequencies below 1,8 kHz (= fx, see 9.11.2), measured |using the
Reéference servo for radial tracking as specified in 9.11.25;shall be maximum 9 nm with the disk fotating at
14V ef.

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

THe measuring filter shall be a Butterworth LPF with f_3qs = 1,8 kHz and slope = —60 dB/decade.

THis means that for frequencies <1,8 kHz the maximum local acceleration of the tracks in the radigl direction
will not exceed 1,5 m/s?.

THe rms-noise value of the residual error signal in the frequency band from 1,8 kHz to 10 kHz, meapured with
an integration time of 20,msand using the Reference servo for radial tracking, shall be maximum 6,4 nm. The
measuring filter shall he-a-Butterworth BPF from f_z4s = 1,8 kHz with slope = +60 dB/decade to f_ssg = 10 kHz
with slope = —60 dB/decade.

1145.3 Residualradial tracking error for 1x Measurement Velocity on DL disks

THe residual radial tracking error in each Recording Layer for frequencies below 1,8 kHz (= fx, sge 9.11.2),
measured using the Reference servo for radial tracking as specified in 9.11.2, shall be maximum 13 nm with
the disk rotating at 1 x Vier.

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

The measuring filter shall be a Butterworth LPF, with f_s4s = 1,8 kHz and slope = —-60 dB/decade. This means
that for frequencies <1,8 kHz the maximum acceleration of the tracks in the radial direction will not exceed
2,2 m/s?.

The rms-noise value of the residual error signal in the frequency band from 1,8 kHz to 10 kHz, measured with
an integration time of 20 ms and using the Reference servo for radial tracking, shall be maximum 9,2 nm. The
measuring filter shall be a Butterworth BPF from f_zqg = 1,8 kHz with slope = +60 dB/decade to f_3qs = 10 kHz
with slope = —-60 dB/decade.
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11.5.4 Residual radial tracking error for 2x Measurement Velocity on SL and DL disks

The residual radial tracking error in each Recording Layer for frequencies below 3,6 kHz, measured using the
Reference servo for radial tracking as specified in 9.11.3, shall be maximum 20 nm with the disk rotating at
2XVef.

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

The measuring filter shall be a Butterworth LPF with f_3qg = 3,6 kHz and slope = —60 dB/decade.

This meaps that for frequencies <3,6 kHz the maximum local acceleration in the radial direction willonot
exceed 3, m/s? (see 9.11.3). However, due to the additional reduction of low-frequency components\by the
second older integrator function the maximum acceleration at frequencies below about 400 Hz-can reach
values uplto 15 m/s2.

The rms-rjoise value of the residual error signal in the frequency band from 3,6 kHz to 20 kHz,"measured wjith
an integration time of 10 ms and using the Reference servo for radial tracking, shall be maximum 9,2 nm. The
measuring filter shall be a Butterworth BPF from f_zqg = 3,6 kHz with slope = +60 dB/decade to f_3qs = 20 kHz
with slope|= —60 dB/decade.

11.5.5 Rgsidual radial tracking error for 3x Measurement Velocity on SL @nd DL disks

The residdial radial tracking error in each Recording Layer at frequencies below 3,6 kHz, measured using the
Referencq servo for radial tracking as specified in 9.11.3, shall be maximum 20 nm with the disk rotating|at
3%XViet.

Spikes in [the residual radial tracking-error signal due to localdefects, such as dust and scratches, shall pe
excluded.

The measpring filter shall be a Butterworth LPF with f_sag = 3,6 kHz and slope = —60 dB/decade.

This meaps that for frequencies <3,6 kHz the“maximum local acceleration in the radial direction will not
exceed 3, m/s? (see 9.11.3). However, due-to-the additional reduction of low-frequency components by the
second oilder integrator function, the maximum acceleration at frequencies below about 400 Hz can reach
values up|to 15 m/s2.

The rms-rjoise value of the residual efror signal in the frequency band from 3,6 kHz to 30 kHz, measured wjith
an integration time of 10 ms and using the Reference servo for radial tracking, shall be maximum 9,2 nm. The
measuring filter shall be a Buttesworth BPF from f_zqs = 3,6 kHz with slope = +60 dB/decade to f_zsqs = 30 kHz
with slope|= —60 dB/decade:

11.6 Dutability of Cever Layer

11.6.1 Impact resistance of Cover Layer

To prevent-excessi i age-in-case-an-objec s-hits-the =afe ad-gutsideof the
disk, the surface of the disk should have a minimum impact resistance. This impact resistance can be tested
by the procedures described in Annex L.

11.6.2 Scratch resistance of Cover Layer

To prevent excessive scratching, the surface of the disk shall have a minimum hardness. The scratch
resistance shall be tested by the procedure described in Annex C.
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11.6.3 Repulsion of fingerprints by Cover Layer

To prevent excessive contamination, the surface of the disk should repel grime as much as possible. The
repulsion of grime shall be tested by the procedure described in Annex D.

12 Optical characteristics in Information Area

12

.1 General

THe following requirements shall be fulfilled within the Information Area of the disk.
THese specifications of the Transmission Stacks (TS) include all possible layers on top of thé Recor

concerned (such as e.g. gluing layers in case of foils, the Spacer Layer and the semi-transparent
Layer of Layer L1 in case of TS0, the Cover Layer and possibly a Protective Coating).

13.2 Refractive index of Transmission Stacks (TS)

If

shiall be followed.

TH

12

TH
St

Th

b)

12

TH
Tr

TH

4.3 Thickness of Transmission Stacks (TS)

he layers making up the total TS have different refractive indices, then the)procedure described i

e refractive index n of the Cover Layer and Spacer Layer of the disk-shall be 1,45 <n < 1,70.

.3.1 Thickness of Transmission Stack of SL disks

e average thickness between radius ra and radiuSr, is called the Reference Thickness of the Trg
ek (TS) on the disk. (see 10.2 and Figure 15):

e thickness of the TS, measured over the whole disk, shall fulfill the following two requirements:
the thickness of TS as determined by its refractive index shall be within the upper shaded ared

19 (in case of a refractive index .of 1,6 the thickness shall be between 95 um and 105 ym, and t
line indicates the nominal thickness as a function of the refractive index);

the maximum deviation AD of the thickness of the TS from the Reference Thickness shall
requirement |[AD | £2,0-um.

.3.2 Thickness-0foTransmission Stacks of DL disks

e average ‘thickness between radius r, and radius r, is called the Reference Thickness of t
Ansmission/Stack (TS0 or TS1) on the disk.

e thickness of TS0 and TS1, measured over the whole disk, shall fulfill the following four requirem

ding Layer
Recording

N Annex A

nsmission

L in Figure
ne dashed

meet the

he related

ents:

a)

b)

d)

©l

the thickness of TS0 (all layers on top of Layer LO) as determined by its refractive index shall be within
the upper shaded area in Figure 19 (In case of a refractive index of 1,6 the thickness shall be between 95

pm and 105 um, and the dashed line indicates the nominal thickness as a function of the
index);

the thickness of TS1 (all layers on top of Layer L1) as determined by its refractive index shal

refractive

| be within

the lower shaded area in Figure 19 (In case of a refractive index of 1,6 the thickness shall be between 70
pm and 80 um, and the dashed line indicates the nominal thickness as a function of the refractive index);

the thickness of Spacer Layer shall be between 20 ym and 30 ym;

the maximum deviation AD of the thicknesses of TSO and TS1 from their respective
Thicknesses shall meet the requirement |AD | <2,0 ym.
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Thickness of the Transmission Stack (um)
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FFigure 19 — Thickness of Transmission Stacks as function of reflective index

© ISO/IEC 2016 — All rights reserved


https://standardsiso.com/api/?name=e48e7f62e6c92076f38e0bcf8429bcb1

ISO/IEC 30190:2016(E)

12.4 Reflectivity

12.4.1 Reflectivity of Recording Layer of SL disks

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

— in Unrecorded Virgin Groove: Rgv = 12 % to 24 %;
n Recaorded Groove:
— for HTL disks: Rgn = 11 % to 24 %;
— for LTH disks: Rgn = 16 % to 35 %;
— at each location on the disk:
— for HTL disks: 0,75 X Rg.v < Rgn < 1,25 X Ry.y;
— for LTH disks: 0,75 X Rg.v < RgL < 1,25'% Rg.v.

Written Marks shall have a lower reflectivity than the Unrecorded Layer forsHFL disks. Written Marks shall
have a higher reflectivity than the Unrecorded Layer for LTH disks.

1214.2 Reflectivity of Recording Layers of DL disks

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

— in Unrecorded Virgin Grooves: Rgv =4 % to 8 %;
—{ in Recorded Grooves: Rsn = 3,5 % to 8 %;
— at each location on the disk: 0,75 X Rg.v < Rgn < 1,25 % Rg.y.

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

13.5 Birefringence

THe in-plane birefringence of the Transmission Stacks shall be (see Annex J) An, <1,5 x 10™.

THe perpendicular bireffingence of the Transmission Stacks shall be (see Annex J) An| <1,2 x 107
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12.6 Angular deviation

The angular deviation is the angle, a, between a parallel incident beam, perpendicular to the Disk reference
plane P, and the reflected beam. The incident beam shall have a diameter in the range 0,3 mm to 1,0 mm.
The angle, a, includes deflections of the Entrance surface and lack of parallelism of the Cover Layer and/or
Spacer Layer (see Figure 20).

e\

Cover Layer

Recording Layer
Substrate gLay

Read-out
Surface

é 0 \4\ Reflected beam

AN
Ineident beam

Figure 20 — Definition of angular deviation

The requifements for the angle, a, shall be the following;

— in the|radial direction:
— ynder the normal test conditions specified-in 8.1.1: |almax. = 0,60°;

— Under the “sudden change” test conditions specified in 8.1.1: |almax. = 0,70°;

— in the|tangential direction:
— Under the normal test conditions specified in 8.1.1: |almax. = 0,30°.
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13 Data Format

13.1 General

The data received from the source (application or host), called User Data Frames, are formatted in a number
of steps before being recorded on the disk (see Figure 21).

User Data User-Control Data
oZ SECLUTS .
32 frames 32 units
x 2 048 bytes x 18 bytes
\
Data Frame
32 frames

x (2 048 bytes Data

+ 4 bytes EDC)

y

Scrambled Data || Phys.-Sector Number

Frame
32 frames Addr.-Unit Number
x 2 052 bytes 16 addresses
x 9 bytes
y / y
Data Block Access Block
304 columns 24 columns
216 rows 30rows
/ v
LDC Block BIS Block
304 columns 24 columns
216 rows data 30 rows data
32 rows (patity 32 rows parity
y /
LDC Cluster BIS Cluster
152 columns 3 columns
496 rows 496 rows
[ /A I
\ [4 X y X y X
LDC BIS LDC BIS LDC BIS 496 rows divided in
16 Address Units
38col. [1coll] 38col. [1col] 38col. [1coll 38col of 31 rows each
ECC Cluster
(155 columns)
Frame dc dc dc 496
sync | datal o data | contr data | congr Recording
20 25 1 45 1 45 1 Frames

Physical Cluster
(1 932 channelbits

=1 288 data hits)

Figure 21 — Schematic representation of encoding process
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They are t

The addre

an Ac

ransferred successively into

Data Frames, Scrambled Data Frames, a Data Block, an LDC Block and an LDC Cluster.

ss and Control Data, added by the BD Recordable system, are transferred successively into

cess Block, a BIS Block, and a BIS Cluster.

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

an ECC Cluster, subdivided into 16 Address Units, and

a Physical Cluster, consisting of 496 Recording Frames.

The data
with 2 048

First
Reed
efficie

Seco
(62,3

purpg
burst

The comb,

All the dafa is arranged in an array as indicated in Figure 22. This artay is read in the horizontal direction, r

after row,
Synchroni

The Error

errors on {he disk. Additionally, the LDC code-words havebeen interleaved in a diagonal direction.

bn BD Recordable disks is recorded in 64K partitions, called Clusters, containing 32 Data Fram
bytes of User Data. These Clusters are protected by two error correction mechanisms.

he data is protected by a Long Distance (LDC) Error-Correction Code, consisting of~(248,216,3
Solomon (RS) code-words. This code has ample parities and interleaving length wjth~a-good over
ncy, and can correct both random errors and burst errors.

ndly, the data is multiplexed with a powerful Burst-Indicating Subcode (BIS), which consists
D,33) Reed-Solomon (RS) code-words. These BIS code-words carry—addresses for allocati
ses and Control Information belonging to the User Data. They can dlso”be used to indicate lo
errors, by means of which the LDC can efficiently perform erasure corrections.

nation of these two codes is called an “LDC + BIS Code” (seeFigure 22).

and recorded on the disk after insertion of additional dc-control bits, modulation, and insertion
zation patterns.

Correction Codes are applied in the vertical direction, which gives a good basic break-up of bu

38
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1
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31
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Figure 22 — Schematic representation of Physical Cluster on disk
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Address Units, Physical Sectors and Logical Sectors

Address Units

For the purpose of allocating the optical pick-up to a certain position on the disk, the Physical Cluster is
subdivided into 16 Address Units, each consisting of 31 consecutive rows. The Address-Unit Numbers (AUN)
provide a fast addressing mechanism embedded in the written data.

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

Ldgical Sectors
Ngt all Physical Sectors are available for storage of User Data delivered by the applicatiofor host.|The Inner
and Outer Zones are excluded. The remaining Sectors are available for storing User-Data and fre called
Lagical Sectors.

13.2 Data Frame

A Data Frame consists of 2 052 bytes: 2 048 bytes of User Data and 4 hytes of Error-Detection Code (EDC).
THe 2 048 User Data bytes are identified as udo to udz 047 and the 4 ERCbytes as ed; oss t0 ed2 o051 ($€€ Figure
23).

T Udo T
2048
User Data :
bytes : 2052
N uds 047 bytes
T edz 48
4 ed2 049
EDC bytes edz 050
$ ed2 os1 J

Figure 23 — Data Frame

13.3 Error-Detection Code (EDC)

THe 4-byte field ed»,e45.t0 €d2 051 Shall contain an Error-Detection Code computed over the 2 048 bytes of User
D4ta. Considering-the Data Frame as a single-bit field, starting with the most-significant bit of the| first User
D4ta byte (udo) and ending with the least-significant bit of the last EDC byte (ed: 0s1), then the nisb will be
b1 415 and the\lsb will be bo.

Edch bit-biof the EDC is shown as follows for i = 0 to 31:

0
EDC(x)= Y bjx'=I(x)modG(x)
i=31
32 _
where I(x)z Z bixI and G(x)=x32+x31+x4+1
i=16 415
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13.4 Scrambled Data Frame

Each Data Frame, consisting of 2 052 bytes of User Data + EDC, shall be scrambled with the output of the
circuit defined in Figure 24, in which bits s7 (msb) to so (Isb) represent a scrambling byte at each 8-bit shift.

The heart of the circuit is a Linear-Feedback Shift Register (LFSR) based on the polynomial

D) =xC+xB+xB+xt+1

Here, so tasi1s form a 16-bit shift register. At each shift clock the content of s» shifts to sn.; (n = 0..14), while s
issettosfs @ siu @ S12 @ S3(@ stands for Exclusive-Or).

At the beginning of the scrambling procedure of each Data Frame, the shift register so to Si5 shall bepreget
with a value derived from the (virtual) PSN associated with the Data Frame (see Clause 17).~The 16-bit
preset valpie shall be composed in the following way:

— sis shall be set to ONE;

— S14..9oshall be set to PSi9.. PS5 of the PSN (see Figure 24);

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

PSN
MSB LSB
P P P P P P g
S s| s S| | [s| s 5 |7 3|7 5
3 iR I |12 |3 8| |7] |5]4 0
1 4 3 9 6
ONE \\
le YYVYVYVYVYYVYY
parallel 3 [<s[sT s <«— shift clock
S|IS[S[S|S|S|S|S
load szl 13 7|6|54(3|2|1|0}«
|r\ Jan A
NZARNY/ U

Figure 24 — Scrambler circuit
After load|ng the preset(value, s7 .. so are taken out as scrambling byte So. Then, an 8-bit shift is repeated
2 051 timgs and thefollowing 2 051 bytes are taken from s7 .. So as the scrambling bytes S;t0 S; os1.
The 2 052 bytes ud/edk of the Data Frame become scrambled bytes dk where

dk = Jdled« @ Sk fork=0to2051; (@ stands for Exclusive-Or)
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In the next step, 32 Scrambled Data Frames (F = 0..31) are combined into one block of data (see Figure 25).

<« 32 Frames -
0 1 F 31
0 do,o do.1 dor do31
dio0 dis dir di31
2 052 : : :
bytes :
d2 0500 d2 050,1 d2 050 F d2 05031
J d2051,0 d2051,1 d2 051 F d2081,31

Figure 25 — 32 Scrambled Data Frames

THese data are rearranged into an array of 216 rows x 304 columns by dividing each’ Scrambled Data Frame
intb 9,5 columns as shown in Figure 26. This new array is called a Data Block., it-should be noted that every
even Scrambled Data Frame ends halfway down a column, and every odd\Scrambled Data Frgme starts
halfway down a column.
«— 304 columns -
0 1 : 9 10 \ 18 19 303
T do,o d216,0 : di9440 | diosa : d1836,1 do d1 83631
dl,O d217,0 dl 945,0 d109,1 dl 837,1 dl,2 dl 837/31
d2 050,0
216 d2 0510
rows do
O11
d106,1
l« d215,0 d431,0 d107,1 d323,1 d2 051,1 d215,2 d2 05131
Figure 26 — Composition of Data Block from 32 Scrambled Data Frames
43
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13.6 LDC Block

The bytes in each column of the Data Block are renumbered as shown in Figure 27 starting from the top of
each column as follows: egL €1L .. €L .. t0 e2151, in which L represents the code-word number (= the column
number: 0 to 303).

The LDC Block is completed by extending each of the columns with 32 Parity bytes according to a
(248,216,33) Long-Distance RS Code. The Parity bytes are numbered: p2is L P217.L .. PjL .. tO P2a7.L.

«— 304 columns —
Code word | Code word Code word Code word | Code word
0 1 L 302 303
T T €o0,0 €o0,1 €o,L €0,302 €0,303
216 €10 e11 eLL €1,302 €1303
rows €20 : : : :
with :
1{LDC data
code-word | €215,0 €215,1 €215.L ©215,302 €215,303
4248 T P216,0 P216,1 P216,L P216,302 216,303
Rytes 32 : : : : :
rows
with
parity :
y 1 P247,0 P247,1 P247,L P247,302 P247,303

Figure 27 — Renumbering data bytes and forming LDC Block by adding parities

13.7 LDC code-words

The LongiDistance RS Code is defined over the finite field GF(28). The non-zero elements of the finite fi¢ld

GF(28) are generated by a primitive element a, where a is a root of the primitive polynomial p(x).

P(X) X+ xt +x3+ x+ 1

The symbpls of GF(28) are represented, by bytes (groups of 8 bits), using the polynomial-base representation,
with (a’, of, @, .., @?, a, 1) as a basis; The root a is thus represented as

a = 00000010

Each LDQ code-word, represented by the vector lgc = (€oL .. €L .. €251 P2l .. PjL .. P2sa7L), IS @ Read-
Solomon fode over GR(2%) having 32 parity bytes and 216 information bytes. Such a code word can pe
represented by a poelynomial lqc(x) of degree 247 (possibly having some coefficients equal to zero), where the
highest degrees.corfespond to the information part of the vector (eoL .. etc.) and the lowest degrees
corresponf to the-parity part of the vector (pzis.L .. €tC.).

lac(X) is a ||nu|tiple of the generator polynomial g(x) of the LDC code-word. The generator polynomial equals

31

ob0=TT ')

i=0
The LDC is systematic. The 216 information bytes appear unaltered in the highest-degree positions of each
code word. The parity-check matrix Hipc of code lyc is such that

Hipc X lgc' = O for all LDC code-words lgc

The second row, hipc 2, of the parity-check matrix, Hipc, corresponding to the zero a of the generator
polynomial g(x), defines the code-word positions to be used for error locations. This second row, hipcz, of the
parity-check matrix, Hipc, is given by the formula below.
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hiocz = (0%, a®* .. a?, a, 1)

13.8 LDC Cluster
13.8.1 General

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

13.8.2 First interleaving step

In
an

E4
TH
od
fra

13

Tg
ad

the first interleaving step, the 304 columns of height 248 are rearranged into a new array with 45
d 496 rows.

ch new column is formed by multiplexing each even column from the LDC Block withcthe’' next od
e new column is filled by taking the first byte from the even LDC Block column, then‘the first byt

P columns

d column.
e from the
cond byte

d LDC Block column, next the second byte from the even LDC Block column, follewed by the se
m the odd LDC Block column, etc. as shown in Figure 28.
“— 152 columns —
0 151
T €0,0 €0,2 €0,302 D
€01 €0,3 €0,303
432 €1,0 €12 €1,302
rows €11 €13 €1,303
with :
data
€215, €215,2 €215,302
1 €2151 €2153 €215,303 496
T P216,0 P216,2 P216,302 rows
P216,1 P216,3 P216,303
64 P217,0 P247.2 P217,302
rows P217.1 P217,3 P217,303
with : : :
parity
P247,0 P247,2 P247,302
1 P247,1 P247,3 247,303 J

.8.3 Second.interleaving step

Figure 28 — First step of interleaving

reduce. the influence of error propagation and further improve the burst-error correcting capal
ditional interleaving is introduced.

bilities, an

Al

rows of an LDC Block, resulting from the first interleaving step, shall be shifted over mod(k x 3,

152) bytes

to the left where k = div(row_number,2), O < row_number £495. The bytes that shift out at the left side are re-
entered in the array from the right side (see Figure 29).

After this process, the bytes are renumbered in the horizontal direction through all the rows resulting in the

numbering Do to D7s 391 as indicated in Figure 22.
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<« 152 -
bytes

« shift €0,0 edz €0300 | €0302

0 €0,1 eds €0301 | €0303

<« shift €16 els E1300 | €130p €10 €12 €14

3 €17 eqo €1,301 €1,30B €11 €13 €15

« shift €212 €214 €2,302 €20 €22 €24 €256 €28 €210

6 €2,13 €2)15 €2,303 €271 €23 €25 €27 €29 €211
<« shift €s50300 | €soBo2 [ €s00 €50,208
150 €50301 | €sos03 | €s01 €50,299

<« shift €512 €s).4 €s51300 | €51302 [ €510

1 €513 €515 €51301 | €51,303 €511

<« shift
mod(kx3, 152)

<« shift 130 | pass,260 | P2ad62 P246.302 | P246.0 P246,258
P246,261 | P244,263 P246,303 P246,1 P246,259
« shift 133 P247,266 | P247,268 P247,302 | P247,0 P247,2 P247,4 P247,6 247,264
P247,267 | P247,269 P247,303 | P2aza P247,3 P247,5 P247,7 247,265

46

Figure 29 — LDC Cluster
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13.9 Addressing and Control Data

13.9.1 General

For the purpose of accessing the data on the disk, addressing and Control Data is included.
13.9.2  Address Units

13.9.2.1 General

Fgr positioning the optical head onto the desired Track, a fast addressing mechanism is impleipented by
supdividing the 64K Physical Clusters into 16 Address Units. Each Address Unit contains anaddress, which is
placed in such a way into the BIS code-words (see 13.11) that it can be accessed quickly (see“Figure 30).

Edch Address Field consists of 9 bytes:

—1 4 bytes for the Address-Unit Number (see Clause 17);
—1 1 byte for flag bits;

—1 4 bytes for error correction.

« 16 addresses N
0 1 : S : 15
T AFoqo AF0,1 . AFoYS . AF0,15
Address- AFlvo AFJ_,]_ . . . AF1,15
Unit Numbers : : : : : :
9 AF3,0 AF3,1 . AF3,S . AF3,15
bytes Flag bits AF40 AF41 : AF4s : AF415
AF5,0 AF5,1 . AFs,S . AF5,15
Parities : $ : : : :
l« Aquo AF3,1 : AF&S . AF3,15

Figure-30 — 16 Address Fields

139.2.2 Byte assignment for Address Fields

AHRos = MSB of the Address-Unit-Number.
AH1 s = 2"? SB of the Address-Unit Number.
AH2s = 3™ SB of the Address‘Unit Number.
AHR3s = LSB of the Address-Unit Number.
AHR.s = flag bits:  These’bits can be used to indicate a status of individual Data Frames in a Cluster{or can be
used to hold other information, such as an address. The basic format for assigning some of
these flag bits is specified in 13.9.2.4. Flag bits not used shall be set to ZERO.
ARss .. AFg s = parity bytes for forming an (9,5,5) RS code over the Address Field.

THis RS-code is defined over the finite field GF(28). The non-zero elements of the finite field GF(28) are
generated by a primitive element a, where a is a root of the primitive polynomial p(x).

px) =xB+x*+x3+x2+1

The symbols of GF(28) are represented by bytes (groups of 8 bits), using the polynomial-base representation
with (a7, a®, @®, .., @2, a, 1) as a basis. The root a is thus represented as

a = 00000010

Each Address-Field code-word, represented by the vector afc = (AFgs .. AFis .. AFgs), is a Reed-Solomon
code over GF(28) having 4 parity bytes and 5 information bytes. Such a code word can be represented by a
polynomial afc(x) of degree 8 (possibly having some coefficients equal to zero), where the highest degrees
correspond to the information part of the vector (AFgs .. etc.) and the lowest degrees correspond to the parity
part of the vector (AFss .. etc.).
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afc(x) is a multiple of the generator polynomial g(x) of the Address-Field code-word. The generator polynomial
equals

g(X)=f[(X—ai)

i=0
The Address-Field code is systematic. The 5 information bytes appear unaltered in the highest-degree
positions of each code word. The parity-check matrix Harc of code afc is such that

Harc % afcT = 0 for all Address-Field code-words afc

The secopd row, harc 2, Of the parity-check matrix, Harc, corresponding to the zero a of the generajor
polynomidl g(x), defines the code-word positions to be used for error locations. This second row, hage,) of the
parity-chegk matrix Harc is given by

harc 2= (08, a’ .. &2, a, 1)

13.9.2.3 |Address-Unit Numbers

The 16 Afddress Fields to be recorded in the BIS columns of the Physical Clustereach contain a 4-byte
Address-Unit Number (AUN).

The Addrgss-Unit Numbers shall be derived from the Physical-Sector Numbers(PSN) as defined in Figure 31.

The Addrgss-Unit Numbers increase by two for each successive Address Unit, for reasons of synchronizatipn
with the PENs (see Clause 17).

The Addrgss-Unit Number of the first Address Unit of each Physical Cluster is a multiple of 32.
The first Address-Unit Number in Data Zone 0 will be 00 10.00°00h (1 048 576 decimal).

The last Address-Unit Number in Data Zone 1 will be O:*EF FF FEh (32 505 854 decimal).
The bits of the Address-Unit Numbers shall be settas follows.

— AUgs; |. AUs shall be a copy of PSs; .. PSs from the PSNs.

— AUy4 .| AU, shall count from 0 to 15 inside“the Physical Cluster.
— AU ghall be Reserved.

PSN
MSB LSB
P P P Pl [rlp P
S S S S S
3 3|2 i 8 |7 Bla| | | |8
in Cluster
count ERO
VYVVYYYYY YVYVYVYYYYY VYVVYYVYVYYVY VYVYVYYY ¢
A AlA| |A A A A
e )P 819199 | B8
1 7161 14 3 6 5 8 54 1o

Address-Unit Number

Figure 31 — Composition of AUNs from PSNs
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13.9.2.4 Assignments for flag bits

Bit b7 bs bs b4 b3 b, b1 bo

Byte

AFas
AF4,0 Sap1 Saia Saoo Saio Rsv Rsv Rsv Rsv
AF41 Saza Sas1 Sazo Sasp Rsv Rsv Rsv Rsv
AFs> Sass Sas Sauo Saso Rsv Rsv Rsv Rsv
AF43 Sas1 Sara Saso Saro Rsv Rsv Rsv Rsv
AF44 Sas1 Sag1 Saspo Sago Rsv Rsv Rsv Rsv
AF45 Saio1 Saiia Saio,0 Saii0 Rsv Rsv Rsv Rsv
AF46 Sai Sais; Sano | Saisp Rsv Rsv Rsy Rsv
AF47 Saia Sais Sais Sais Rsv Rsv Rsy Rsv
AF4g Sais,1 Sai71 Saiso | Sairo Rsv Rsv Rsv Rsv
AF49 Sais1 Saig1 Saiso Saio0 Rsv Rsy Rsv Rsv
AF4.10 Sazo1 Sari1 Sazoo Sazio Rsv Rsv Rsv Rsv
AF411 | Saz: Saps Saxo | Sazpo Rsv Rsv Rsv Rsv
AF4.12 Saga Sags1 Sao Sass o Rsv. Rsv Rsv Rsv
AF413 | Saze: Sax71 Sazo | Sazo Rsv Rsv Rsv Rsv
AF414 Sags 1 Sagg 1 Sas o Sag o Rsv Rsv Rsv Rsv
AF415 Saszo1 Sasi Saso0 Sasie Rsv Rsv Rsv Rsv

Rsv : Reserved unless otherwise specified by the Application
Figure 32 — Flag'bits from 16 Address Fields

Stptus bits Saij (0 <i <31, 0 <j < 1): Because each Cluster contains 32 Data Frames and there are only 16
Address Units, each such Address Unit:has to hold the flag bits for 2 Data Frames (see Figure 32).

Bil b7 and bit bs of successive flag bytes AF.s are defined as status bits Saxsi1 and Sazs, respegtively, for
Dgta Frame 2S.

Bil bs and bit bs of successive flag bytes AF4s are defined as status bits Says+1,1 and Sazs+1,0, respegtively, for
Dgta Frame 2S+1.

Bits bs to bo of allflag bytes AF4 s shall be Reserved unless otherwise specified by the Application.

139.2.5 Usage of status bits Saij

Egch-pair of status bits Sai1/Saio is used to indicate the status of an individual Data Frame in a Cluster. The
following settings are defined:

Saii/Saip = 00: the Data Frame contains general User Data;

11: the Data Frame contains Padding data inserted by the drive to complete Clusters
before recording them onto the disk;

other settings: Reserved unless otherwise specified by the Application.

In the User-Data Area, the status bits Saj1/Saio shall be set to 11 in Data Frames that have been inserted by
the drive to complete Clusters before recording them onto the disk (Padding).

In other cases, where the data for Data Frame i is supplied by the host, the status bits Sai1/Saio shall be set to
00.

© ISO/IEC 2016 — Al rights reserved 49


https://standardsiso.com/api/?name=e48e7f62e6c92076f38e0bcf8429bcb1

ISO/IEC 30190:2016(E)

13.9.3 User-Control Data

For accessing the User Data, special Control Data can be added to each User Data Frame. These additional
bytes can carry Application-dependent information. A User Data Frame accompanied by its User-Control Data
Unit is called a Sector. Each User-Control Data Unit consists of 18 bytes (see Figure 33).

<« 32 Units N
0 1 : S : 31
) UCoo UCo1 : UCos : UCo.31
UC1,0 UCi11 . . . UC131
18 bytes : : :
N UCi7,0 UCi71 : UCi7s : UCi7,31

Figure 33 — 32 User-Control Data Units
13.9.4 Byte/Bit assignment for User-Control Data

The UseriControl Data bytes are Application dependent. If this setting is not specified by the Applicatign,
these bytgs shall be set to 00h.
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« 24 columns -
T AFo,0 AF10 AF20 AFo7 AF17 AF27 AFoe AF16 AF26 AFos AFq1 AF11 AF21 T
6 rows AFoys AFlys AFzys AF0,15 . . AFO,14 . . AFO,13 Achg AF1,9 Aqug
with AF41 AFs 1 AF31 AF40 AFs o AF3o AF47 AFs7 AF37 AFa6 AF42 AFs» AF32
Physical AF49 . . AF43g AFsg AF3g AF4 15 . . AF414 AF4l0 AFs 10 AF3 10
Addresses Angz AFe,z AF7,2 AFg,l AFe,l AF7,1 AFsvo AFevo AF7,0 AF8,7 AFE,3 AF6,3 AF7,3
N AFs 10 : : AFgg : : AFggs AFes AF7s AFg 18 AFgli1 AFg 11 AF711
T UCo,0 UCe,1 UCyop» UCo4 : : : : : : UC1230
UCi7.2 UC17.30 30
24 rows UCo.3 UCo 31 rows
with : : :
User UCi71 '
Control UCo. UCos0
Data : : : .
UC17,0 UC17,4
UCO,1 UCO,S
J UCs1 UCi1 UCi73 UC1130 | UCi731 J
Figure 34 — Composition of Access Block
(from 16.Address Fields and 32 User-Control Data Units)
51
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13.10 Access Block

The data for the Address Fields and User-Control Data Units is mapped into an array of 30 rows x 24 columns,
that is called an Access Block.

Because of the need for a fast access of the Address Fields, the data for these Address Fields is mapped in a
special pre-interleaved way.

The 9 bytes of each of the 16 addresses (see Figure 34) are grouped into three groups of 3 bytes.

The three| groups of bytes of each of the addresses 0 to 7 are placed in the Access Block in a diagonal
direction ip the first, third and fifth row, starting with address 0 and each successive address shifted cyclicglly
three posjtions to the left (see Figure 34).

The three|groups of bytes of each of the addresses 8 to 15 are placed in a diagonal direction.in’the second,
fourth and sixth row, starting with address 8 and each successive address shifted cyclically. three positions|to
the left.

Within ea¢h group of bytes in the third and fourth rows, the bytes are shifted cyclically*to the left over 1 byte
position.

Within ea¢h group of bytes in the fifth and sixth rows, the bytes are shifted-€yclically to the left over 2 byte
positions.

Mathematjcally, this mapping of the address bytes into the Access Block can be represented by the followihg
formulae:

byte AFxy shall be allocated in: row r = 2 x div(x,3) + div(y;8)
and column ¢ = 3 x mod{[div(X,3) + 16 — y],8} + mod{[x — div(x,3)],3}

The User-Control Data Unit is placed in the column direction, whereby each User-Control Data Unit only fills| %4
of a colunn (4 User-Control Data Units in 3 full columns; see Figure 34).

13.11 B|S Block

The bytes|in each column of an Access:Block are renumbered as shown in Figure 35 starting from the top| of
each column as follows: bgc bic ..-bic'.. to b c, where C represents the code-word number (= the column
number: Qto 23).

The BIS Block is completed-by-extending each of the columns with 32 Parity bytes according to a (62,30,33)
RS code. [The Parity bytes are numbered: pbso.c pbsic .. pbjc .. to pbsi.c.
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.12 BIS code-words

« 24 columns -
Code word | Code word Code word Code word | Code word
0 1 C 22 23
T T bo.o bo1 bo.c bo 23
b1 b1 bic b1,23
30 : : : :
Information bn.c
One BIS bytes : : : :
code-word v b29,0 D291 D29 .c D2g 23
= 62 bytes ) pbzo,o pbzo,1 pbzo,c pbap 23
32 : : : :
Parity bytes
\ : : : :
{ pbs1,0 pbs1.1 pbsi.c pbs} 23

Figure 35 — Renumbering data bytes and forming BIS Block sy adding parities

e BIS RS code is defined over the finite field GF(28). The non.zere’ elements of the finite field
nerated by a primitive element a, where a is a root of the primitive polynomial p(x).

pX) =x8+x* +x3+x2+1

e symbols of GF(28) are represented by bytes (groups’of 8 bits), using the polynomial-base repre
h (a7, a8 @® .., a2, a, 1) as a basis. The root a is thus represented as

a = 00000010

ch BIS code-word, represented by the, vector bis = (boc .. bic .. bagc pbsoc .. pbic.. pbeic), i
lomon code over GF(2%) having 32(parity bytes and 30 information bytes. Such a code wo
bresented by a polynomial bis(x) of degree 61 (possibly having some coefficients equal to zero),
hest degrees correspond to the information part of the vector (boc .. etc.) and the lowes
Frespond to the parity part of the*vector (pbaoc .. etc.).

(x) is a multiple of the generator polynomial g(x) of the BIS code-word. The generator polynomial

31

o(x)=] ] (x=a))

i=0

e BIS cadelis systematic: the 30 information bytes appear unaltered in the highest-degree positio
de word. The parity-check matrix Hgis of code bis is such that

5F(28) are

sentation,

5 a Reed-
d can be
where the
t degrees

equals

s of each

=l bhicl = O far all RIS ~ada vvarde hic
131S oS oo toat—woras oS

The second row hgs 2 of the parity-check matrix Hgis corresponding to the zero a of the generator polynomial
g(x), defines the code-word positions to be used for error locations. This second row hgs 2 of the parity-check
matrix Hgs is given by the formula below.

hgis2 = (061, a0 .. C(z, a, 1)

13.13 BIS Cluster

After generating the BIS code-words, the BIS Block is mapped in an interleaved way into an array of

49
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6 rows x 3 columns. This newly formed array is called a BIS Cluster.
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The BIS Cluster is subdivided according to the Address Units as shown in Figure 22. The Units are numbered
u = 0 to 15 the rows in such a Unit are numbered r = 0 to 30 and the columns are numbered e = 0 to 2 (see
Figure 36).

The essentials of the BIS interleaving scheme are the following (see Figure 35, Figure 36 and the examples in
Figure 37 and 38):

— each row of a BIS Block is split into eight groups of 3 bytes. These 3-byte groups are each placed in one
row of the BIS Cluster;

— the e ed

into Units 8 to 15;

— the 3ibyte groups from an even row of the BIS Block are placed each in the same row of Units O to|7,
wherg¢by the Units are used in reverse order (according to their numbering);

— the fifst 3-byte group of each successive row of the BIS Block shall be placed in a Unit with a numher
whicl) is one higher than the start Unit used for the previous row:

— rov N = 0 of the BIS Block is placed on rows r =0 of Units: 0, 7, 6, 5, .. , 2/1;
— row N = 2 of the BIS Block is placed on rows r = 1 of Units: 1, 0, 7, 6, &3, 2;
— rov N = 4 of the BIS Block is placed on rows r = 2 of Units: 2, 15,0,/7, .. , 4, 3 etc.;

— th|s process is repeated cyclically until row N = 60, which\s placed on rows r = 30 of Units: 6, 5,|4,
3,..0,7;

— now, within each Unit, each row r is shifted cyclically te-the right by mod(r,3) positions: so row r = 0 is not
shiftef, row r = 1 is shifted 1, row r = 2 is shifted 2, row r = 3 is not shifted, row r = 4 is shifted 1, etc.;

— for thé odd rows of the BIS Block, the same kindof procedure is followed, but then using the Units 8 to [L5.
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fol

<« 3 -
columns
D T Bo B1 B2 T D
31 : : : |
N Bao Boz Boo |
T Bos Boa Bos |
31 . . . |
! |
|
|
|
du
T T
496 | 16
rows 31 e Ir Units
rows | «——
J
T
31
\ J B14s7 \

Figure 36— BIS Cluster

owing formulae:

Byte bn,c or pbnc (see Figure 35) is placed

Th

in Unit : u = mod{fdiv(N,2) + 8 — div(C,3)],8} + 8 x mod(N,2),
on row : r = diy(N,2),
in column : e = med{[C + div(N,2)],3}.

e byte number m, giving the sequence number, Bm, as the Physical Cluster is written to the disk (§
22):

m=(ux3Lxr)x3+e

©l
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ee Figure
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Byte number N,C from BIS Block Shift right Filling in upward direction
(= mod(r,3))
columne
Unitu row r 0 1 2
0 0 0,0 0,1 0,2 0 start of Block row N = 0
1 2,5 2,3 2,4 1 1 continuation of Block row N = 2
2 4,7 4,8 4,6 2
3 6,9 6,10 6,11 0
7 14,23 14,21 14,22
8 16,1 16,2 16,0 start of Block row N = 16
30 60,18 60,19 60,20 0
1 0 0,21 0,22 0,23 0 end of Block row N = 0
1 2,2 2,0 2,1 1 start of Block row N = 2
2 4,4 4,5 4,3 2
3 6,6 6,7 6,8 0
2 0 0,18 0,19 0,20 0
1 2,23 2,21 2,22 1 end of Block row N = 2
2 4,1 4,2 4,0 2 start of ‘Block row N = 4
3 6,3 6,4 6,5 0
3 0 0,15 0,16 0,17 0
1 2,20 2,18 2,19 1
2 4,22 4,23 4,21 2
3 6,0 6,1 6,2 0 start of Block row N = 6
4 0 0,12 0,13 0,14 0
1 2,17 2,15 2,16 1
2
5 0,9 0,10 0,11 0
2,14 2,12 2,13 1
6 0,6 0,7 0,8
2,11 2,9 2,10
4,13 4,14 4,12
7 0,3 0,4 0,5 1 continuation of Block row N = 0
2,8 2,6 2,7 1 continuation of Block row N = 2
4,10 4,11 4,9
I 14,2 14,0 14,1 1 start of Block row N =14
30 60,21 60,22 60,23 0 end of Block row N = 60

Figure 37 — Example of mapping (partial) of BIS bytes into first 8 Units
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Byte number N,C from BIS Block Shift right Filling in upward direction
(= mod(r,3))
column e
Unitu row r 0 1 2
8 0 1,0 1,1 1,2 0 start of Block row N =1
1 3,5 33 34 1
2 57 5,8 5,6 2
3 7,9 7,10 7,11 0
8 17,1 17,2 17,0 2 start of Block row N = 17
30 61,18 61,19 61,20
9 0 1,21 1,22 1,23 end of Block row N =1
10 0 1,18 1,19 1,20
11 0 1,15 1,16 1,17
12 0 1,12 1,13 1,14
13 0 1,9 1,10 1,11
14 0 1,6 17 18
15 0 1,3 1,4 15 0 7T continuation of Block row N = 1
1 38 3,6 3,7 1
2 5,10 5,11 59 2
7 15,2 15,0 15,1 1 start of Block row N = 15
30 61,21 61,22 61,23 0 end of Block row N = 61
Figure 38 — Example of mapping (partial) of BIS bytes into last 8 Units
THe following are some conclusions:
— all information bytes of‘a-BIS Block are found in the first 15 rows of each Address Unit;
— all parity bytes of a-BIS Block are found in the last 16 rows of each Address Unit;
—1 each Address Field-is found in the first 3 rows of each Address Unit (see Figure 39).
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13.14 ECC Cluster

After constructing the LDC Cluster and the BIS Cluster, the LDC Cluster is split into four groups of 38 columns
each. In between these four groups, the 3 columns from the BIS Cluster are inserted one by one. After

multiplexing the BIS Cluster with the LDC Cluster, the ECC Cluster of Figure 39 is reached.

58

LDC BIS LDC BIS LDC BIS LDC
38 1 38 1 38 1 38
columns | column | columns | column | columns | column | columns
«~— - “— - — = |« S5« S5 |« 5| « >
T AFo0 AF1 AF2,
AF3 AF40 AFso
AFs0 AF7.0 AFgo Address
UCu,V . . WUnit O
AFo1 AF11 AF21
496 AF31 AF41 AFs1
rowp AFs1 AF71 AFs1 Address
UCxy : : Unit 1
\

Figure 39 — ECC Cluster after multiplexing«0f'BIS Cluster with LDC Cluster
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13.15 Recording Frames

Each row of the ECC Cluster is transformed into a Recording Frame by adding locations for Frame Sync bits

and for dc-control bits.

For this purpose, a stream of 1 240 data bits which is formed by the 155 bytes of each row of the ECC Cluster

is divided into one group of 25 data bits and 27 groups of 45 data bits (see Figure 40) with the most-

bits of the bytes handled first.

significant

The first group of 25 data bits is extended with 20 data-bit positions for the insertion of the Frame Sync, which

is p special sequence of 30 modulation/Channel bits.

Ngxt, each group of 45 data bits is completed with one additional bit position to form a dc-contrel Blo

ck.

< 155 bytes >
38 1 38 1 38 1 38
bytes byte bytes byte bytes byte |\ bytes
< 1 240 bits >
25 45 45 45 45
bits bits bits | s bits bits
Frame: data dc data olo data dc
Sync ! control control contro
20 @ 25 1 45 N 45 1

dc-control Block #27

dc-control Block #0 dc-contrel Block #1

dc-control Block #2..26

<

> <

46 bits 46 bits 25 x46 bits 46 bits

<

1 288 bits
Figure 40 — Composition of Recording Frame
3.16 Physical Cluster

THe 496 rows from an ECC Cluster, transformed into Recording Frames, are called a Physical Clust

1%
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13.17 17PP modulation for Recordable data

13.17.1 General

All the bits of Recording Frames except the Frame Sync are converted to Modulation bits according to the
17PP modulation code. This is an RLL(1,7) code with run-lengths 22T and <8T and some special properties.
PP means: Parity preserve/Prohibit RMTR.

— Parity preserve:

the Modulation-bit stream is even.

if the number of ONEs in the data-bit stream is even, then also the number of ONEs in

I the numpber of ONES 1T the data-bit Stream 1S odd, then also e number of ONES] in
the Modulation-bit stream is odd.
This property makes it easy to control the low-frequency content of the recorded signal efficiently (see
13.17.3).
— Prohipit RMTR: the number of consecutive minimum run-lengths (2T) is limited to 6.
Becayise of the low signal levels on minimum run-lengths this improves the read-out performance.
13.17.2 |Bit conversion rules
The table|in Figure 41 defines the conversion rules from data bits to Modulation-bits. The data bits shall pe
processed from the left to the right (msb first, see Figure 40). Remaining bits at the end of the Recording
Frame shall be encoded according to the table for terminating bits.
A ONE in|the tables represents a transition in the recorded signal. The Modulation-bit stream is converted|to

an NRZI C

60

hannel-bit stream (see 13.18), and subsequently recorded,onto the disk.
Data bits Modulation bits
00 00 00 00 010 100 100 100
00 00 10 00 000 100 100 100
00 0000 010 100 000
000001 010100 100
000010 000 100000
000011 000 100100
0001 000 100
0010 010 000
0011 010 100
01 010
10 001
11 000 if preceding Modulation bits = xx1
101 if preceding Modulation bits = xx0
Data bit pattern Substituting
to'be substituted Modulation bits Condition for substitution
110111 001 000 000 if next Modulation bits = 010
Terminating Terminating
data bits Modulation bits
00 00 010 100
00 000

Figure 41 — 17PP modulation code conversion table
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Because a ONE in the Modulation-bit stream means a transition in the recorded signal, the polarity of this
signal can be inverted if an odd number of ONEs is added to the Modulation-bit stream in a controlled way.
Because of the parity-preserve property of the 17PP modulation code, this is possible just by inserting
additional bits into the data-bit stream and setting these to ONE if an inversion is needed.

In this way the accumulated DSV of the recorded signal shall be minimized after each dc-control Block by
setting the dc-control bit at the end of the previous dc-control Block to ZERO or ONE (see Figure 40).

1

TH

(s¢e Figure 22 and Figure 40).

A modulated Recording Frame starts with a Frame Sync consisting of 30 Channel bits.

TH
ru

TH
Sig

If {he last data bits preceding the Frame Sync have been coded according to the termination table (3

49

TH

the recorded signal. Before recording onto the disk the(Frame-Sync codes are converted to an NRZ

bit

B¢
idg
Fr
or
Fr

17.4 Frame Sync

e Physical Clusters consist of 16 Address Units, where each Address Unit contains 31 Recordir

e main body of the Frame Sync is formed by a 24-bit pattern violating the 17PR.modulation rules
n-length 97T).

e last 6 bits define a signature, that identifies one of seven different Frame Sync patterns.

, then the first Modulation bit of the Frame Sync # = ONE,.else # = ZERO (see Figure 42).

stream (see 13.18).
Sync number 24-bit'Sync body 6-bit Sync ID
FSO #01 010 000°000 010 000 000 010 000 001
FS1 #01 010,000 000 010 000 000 010 010 010
FS2 #01°010 000 000 010 000 000 010 101 000
FS3 #01 010 000 000 010 000 000 010 100 001
FS4 #01 010 000 000 010 000 000 010 000 100
FS5 #01 010 000 000 010 000 000 010 001 001
FS6 #01 010 000 000 010 000 000 010 010 000

Figure 42 — 30-bit Frame-Sync codes

cause sevepdifferent Frame Syncs are insufficient to identify 31 Recording Frames, each

hme.Sync (see Figure 43).

g Frames

two times

The 6-hbit

natures for the Frame Sync IDs are selected such that their distance with relation to transition shifts is 22.

ee Figure

e Frame Sync patterns are defined in terms of Modulation bits. A ONE in the table represents a transition in

Channel-

frame is

entified by the-combination of its own Frame Sync and the Frame Sync of one of the preceding Recording
pmes. Thie mapping of these combinations can be made such that, even with missing Frame Symcs in 1, 2
3 preceding frames, a Recording Frame can still be identified by its own Frame Sync and the last present

©l

Rec. Frame n—4 | Rec. Frame n—3 | Rec. Frame n—-2 | Rec. Frame n—1 | Rec. Frame n

Recording Frame n can be identified from the Frame Sync IDs of:
Recording Frame n + Recording Frame n-1
Recording Frame n + Recording Frame n—2
Recording Frame n + Recording Frame n-3
Recording Frame n + Recording Frame n—4

Figure 43 — Identification of Recording Frames
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The first Recording Frame of each Address Unit has a unique Frame Sync: FSO.

The other Frame Syncs are mapped as specified in Figure 44.

Frame number Frame Sync Frame number Frame Sync

0 FSO

1 FS1 16 FS5
2 FS2 17 FS3
3 FS3 18 FS2
4 FS3 19 FS2
5 FS1 20 FS5
6 FS4 21 FS6
7 FS1 22 FS5
8 FS5 23 FS1
9 FS5 24 FS1
10 FS4 25 FS6
11 FS3 26 FS2
12 FS4 27 FS6
13 FS6 28 FS4
14 FS6 29 FS4
15 FS3 30 FS2

Figure 44 — Mapping of Frame-Sync codes on Recording Frames

13.18 Modulation and NRZI conversion

Before be|ng recorded onto the disk, data bits are converted te'Modulation bits, which in turn are converted|to
NRZI Chahnel bits according to the following process (seg Figure 45):

Data Modulation NRZI converted
. . Ex-OR .
bits bits NRZ Channel bits
» Modulator > . -+
conhversion

\/

1T
T = 1 Channel clock period |  delay

Example of data bit pattern:. 0 1 01 10 01 -

Modulation-bit pattern; 0 1 0/0 1 0|0 0 1/0 1 0|0

NRZ converted signal: [ ]
NRZI converted signal:

Figure 45 — Modulation and NRZI conversion
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14 Physical Data Allocating and Linking

14

.1 General

The unit of recording is a Recording-Unit Block (RUB), consisting of a Physical Cluster preceded by a Data
Run-in and followed by a Data Run-out.

Recording-Unit Blocks can be written one by one or in a continuous sequence of several RUBs

P Channel
e nominal

r of 496 x

(V\l itp_qtrpaming)

Infthe Recordable Areas of the disk, a wobble cycle shall correspond to 69 Channel bits if the Ehanmel-bit rate
is locked to the wobble frequency. This means that a modulated Recording Frame, which'is,1 93

bits (= 1 288 data bits), covers exactly 28 wobble cycles. This locked case is considered to be th

situation.

14.2 Recording-Unit Block (RUB)

142.1 General

Edch RUB consists of a Data Run-in of 2 760 cbs (nominally 40 wobble periods), a Physical Cluste

D32 cbs (nominally 496 x 28 wobble periods) and a Data Rdn-out of 1 104 cbs (nominally ]
riods).

Run-in Physical Cluster Run-out Guard_3

<40 wbs— | <496 x 28wbs— [«16 wbs— | <8 whs—

Figure 46 — Layout ofsingle written Recording-Unit Block

|6 wobble

Edch single written RUB or each continuéusly written sequence of RUBs shall be terminated by 4 Guard_3
fieJd, ensuring that no gaps (Unrecorded:Areas) will ever occur between any 2 RUBs.
Sych a Guard_3 field shall consist.of 540 cbs (nominally = 8 wobble periods).

Rpn-in Physical Cluster-{ “Run-out Run-in Physical Cluster Physical Cluster | Run-out Guard_3
«4Q wbs— (<496 x 28wbs—| <16 wbs— | <40 wbhs— [«496 x 28 wbs— <496 x 28 whs—| <16 wbs—|| <8 whs—
Figure 47 — Layout of continuously written sequence of Recording-Unit Blocks
© ISO/IEC 2016 — Al rights reserved 63
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14.2.2 Dat

a Run-in

14.2.2.1 General

The Data Run-in consists of the following parts:

— Guard_1: 1 100 Channel bits;

— PrA (Pre-amble): 1 660 Channel bits.

The PrA field is meant as a run-in for signal processing (for locking and synchronization).

The Guargl

|1 field is meant to cope with the overlaps due to inaccuracies in determining the start Jocation|of
recording pequences (see Figure 48).
Guard_1 PrA
1100 cbs 1 660 cbs
optional APC repeated bit pattern nominally
=~ 5 wobbles =~ 11 wobbles = 24 wobbles

14.2.2.2

The Guard

The contept represented in Modulation bits is 55 times repeated01[0%]1[02]10101[0%]1[03].

Figure 48 — Layout of Data Run-in

Content of Guard_1 fields

1 field has a length of 1 100 Channel bits.

These pajterns result in a repeated 3T/3T/2T/2T/5T/5F sequence, which is well-suited to re-settle the

electroniccircuits.

14.2.2.3

The first H
Automatic|
chosen frdg

in 14.2.2.2.

14.2.2.4

The PrA figld has a length of 1 660 Channel bits.

The contept of the-PrA field shall be as shown in Figure 49:

Automatic Power Control (APC)
wobbles of the Guard_1 field.at the start of a recording sequence can be used for performing gn

Power-Control procedure. Fhe*Modulation-bit pattern to be used for such an APC procedure can pe
ely by the recorder manufagturer and is allowed to be different from the repeated pattern as defined

Content of PrA fields

771 times repeated 2 times repeated

01[0%]1[0?]10101[0%]1[0%] Sync_1 01[0?]1[0%]10101[0%]1[0%] Sync_2 | 01[02]1[0%]10101[0%1[0%]

In general
after the P

«——1540cbs—— | <30 cbhs— <«———40 cbhs —— <30 cbs— «———20chs ——

Figure 49 — Layout of PrA field

Sync_1 shall be FS{mod[(N+4),7]} and Sync_2 shall be FS{mod[(N+6),7]} if the first Frame Sync
rAis FS(N)(N = 0..6, see 13.17.4).

This means that Sync_1 shall be FS4 and Sync_2 shall be FS6 (the first Frame Sync after the PrA is

64
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FSO0).The first bit of each of Sync_1, Sync_2 and the first Frame Sync after the PrA is allowed to be used for
dc-control (# = ZERO or ONE, see Figure 42).

14.2.3 Data Run-out

14.2.3.1 General

The Data Run-out consists of the following parts:

PoA (Post-amble):

b64 Channel bits:

Th

Th

Guard_2:

(s¢e Figure 50).

14

Th

TH

In

540 Channel bits.

e PoA field is meant as a runout for signal processing.

e Guard_2 field is meant to cope with inaccuracies in determining the start location-of recording s

PoA Guard_2
564 chs 540 cbs
nominally nominally
=~ 8 wobbles ~8 wobbles

Figure 50 — Layout of Data Run-out

.2.3.2 Content of PoA fields
e PoA field has a length of 564 Channel bits.

e content of the PoA field shall be as shown in Figure 51:

Sync_3

01[0®]1{08]1[08]1[0®]1[08]1[07]

24 times repeated
01[02]1[0%]10101[0%]1[0%]

< 30 chs—

54 cbs

480 cbs ——

Figure 51 — Layout of PoA field

the¢ PoA ends with Frame number n (see 13.17.4).

TH

TH

is means that Sync_3 shall be FSO.

general, Sync/3"shall be chosen such that it corresponds to a Frame number n+1 if the User D

equences

ata before

e first bit of the Qynr‘_? patterns shall be 11sed as defined in 1317 4

The 9T/9T/9T/9T/9T/9T pattern after Sync_3 can be used as a “stop of User Data” indicator.

14.2.3.3 Content of Guard_2 fields

The Guard_2 field has a length of 540 Channel bits.

The content represented in Modulation bits is 27 times repeated 01[0?]1[02]10101[0%]1[03].

© ISO/IEC 2016 — All rights reserved
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14.2.4 Guard_3 field

14.2.4.1 General

Guard_3
540 cbhs
repeated bit pattern optional APC
= 3 wobbles = 5 wobbles
Ciouran £9D Lavaoutaof Cuard 2 finld
Figure-52—tayeut-of-Guard—3-field

The Guard_3 field has a length of 540 Channel bits.

The contet represented in Modulation bits is 27 times repeated 01[0%]1[0%]10101[0%]1[0%] (see Figure 52).

14.2.4.2 |Automatic Power Control (APC)

The last § wobbles of the Guard_3 field at the end of a recording sequence can be\tUsed for performing pn
Automatic| Power-Control procedure. The Modulation-bit pattern to be used for such an APC procedure can pe
chosen frgely by the recorder manufacturer and is allowed to be different from theZrepeated pattern as defined
in 14.2.4.1.

14.2.4.3 |Linking requirements

The Guarﬂ_l and Guard_3 fields shall be used for linking separately,written Recording-Unit Block sequencegs.
The Guard_3 Area of the previous Recording-Unit Block sequence shall be overwritten by the Guard_1 field| of
the actual|written Recording-Unit Block sequence. The SER.requirement for linked sequences is specified|in
34.1.

A linking gxample of 3 separately-written single Recording-Unit Blocks is given in Figure 53.

Run-in Run-out
< > < >
Run-in Run-out Physical
G1 | PrA PoA| G2 | G3
& > < > Cluster
Run-in Run-out Physical
G1 | PrA PoA| G2 | G3
< D < > Cluster
Physical T
G1 | PIA PoAy G2 | G3 .
Cluster Link
T G1 = Guard_1 field
Link G2 = Guard_2 field

G3 = Guard_3 field

Figure 53 — Linking of 3 separately-written single Recording-Unit Blocks

14.3 Logating data relative to wobble addresses

The nominal start positions for recordings (and single RUB) as continuous sequences of several RUBs, are
the locations of the middle of the wobble in NWL 25 in the Reference Unit between the Sync_3 Unit and the
first Data_x Unit of the ADIP words with a PAA of which bits AA1,AA0 = 00 (see 15.7).

The accuracy for determining the start positions shall be better than +34 cbs.

As a consequence, the length of the OverWritten Area shall be between 7 and 9 wobble lengths.
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15 Track format

15.1 General

A Track is formed by a 360° turn of a continuous spiral.

Each Recording Layer shall have the same basic Tracks at about the same locations (see Figure 54).

Fq

rcaonsistencv reasons.the sole Recordina Laver on an Sl disk is also called Laver LQ
7 7 ~ 7 7

15

TH
Cl

en

sh
un

TH
21
or

In
co|

TH

.2 Track shape

e Zone between radius r1 = 21,0 mm and radius rz = 22,2 mm is reserved to be used for the
huse 35). In this Zone, there shall be Tracks formed by a Single Spiral Groove startingfrom (on L3

ding at (on Layer L1) radius 210°%, mm.

fransition from Straight Groove to the HFM Groove between the BCA Zpnevand the Embossed
all occur between radius r, = 22,0 mm and r; (see Figure 54). At this transition the Spiral GrooV
interrupted.

e Groove Tracks in the BCA Zone shall be Straight Groove(s) (without any modulation) between

mm and the point where the encoding of the HFM Groove in‘the Embossed HFM Area starts of
the Wobbled Groove ends on Layer L1 (see Clause 18).
Inner Zone'n _, Data Zone n
BCA EmbossediHFM Area Recordable Area
S mm— | > (<
—_— —> —_—
Layer LO — VaUa U UaWe UaUaUaw
P, Straight Groove HFM Groove Wobbled Groove tragking
/ f— r2 —> N direction
/£ I3 <
Layer L1 UaUa Ve UaUe UaUaUaw
Straight Groove Wobbled Groove tracking
« 4 «—
yoA . - DZ| direction
Connection Connection
Area Area

Figure 54 — Connection Areas between different Groove Types

the Embassed HFM Area on Layer LO (see Clause 16), the Tracks are formed by a Single Spir
htinuinguninterruptedly from the end of the Straight Groove in the BCA Zone.

ese Groove Tracks in the Embossed HFM Area move with a rather high frequency deviation in

BCA (see
lyer LO) or

HFM Area
e shall be

h radius of
Layer LO

al Groove

the radial

dir

ection around their nominal centrelines, thereby providing a high bit rate/nigh capacity data chan

storage of replicated information (HFM Groove).

The shape of each Track is determined by the requirements in Clause 26.

nel for the

In the Recordable Areas (see Clause 16) the Tracks are formed by a Single Spiral Groove, starting from the
end of the Embossed HFM Area on Layer LO or ending at the beginning of the Straight-Groove Area on Layer
L1. The Groove in the Recordable Areas move with a mainly monotone sinusoidal deviation in the radial
direction around their nominal centrelines [Wobbled Groove(s)]. The sinusoidal deviation is modulated by
replacing some cycles at certain locations by different patterns.
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The wobble can be used for speed control of the disk and synchronization of the write clock of the drive, and
the modulated parts represent addressing information called Address In Pre-Groove or ADIP (see 15.7). The
shape of each Track is determined by the requirements in Clause 27.

NOTE Although the term of "Pre-Groove" is not defined in this International Standard, "ADIP" is widely used as an
acronym of "Address In Pre-groove" in optical disk standards. Meaning of "Pre-Groove" is the same as that of "Groove" in
this International Standard.

At the connection between the Embossed HFM Area and the Recordable Area, the Spiral Groove shall be
uninterrupted. Between the replicated information in the HFM Groove and the ADIP information in the
Wobbled Groaove it is allowed to have a (?.mn\/p-ﬂnly part (\I\IiThnIlT any mndlllafinn) for maximum 1 mm in the

tangential|direction along the Track.

Groove gpometry
On each layer either On-Groove recording or In-Groove recording is allowed.

For On-Gfoove recording a geometry is used where the Grooves are nearer to the Entrance surface of the
disk than the Land. For In-Groove recording a geometry is used where Grooves are farther ffom the Entranice
surface offthe disk than the Land. The outline of the Groove geometry is presented in Figure 55.

Land Land

Groove Substrate Groove

Substrate

Transmission Stack Transmission*Stack
read-out read-out
beam beam
On-Groove recording In-Groove recording

Figure 55 ‘=)Outline of Groove geometry

(Radial cross-section of disk)

15.3 Tragk path

On Layer L0 the spiral shall-ruin from the inner side of the disk towards the outer side of the disk when the d{sk
rotates acpording to the-specification in 9.8.

On Layer |1 the spiral'shall run from the outer side of the disk towards the inner side of the disk when the d{sk
rotates acpording\to'the specification in 9.8.

On an Sl disk, the Tracks shall start at the beginning of the Inner Zone, terminate at the end of the Outer
Zone and be continuous In the Information Zone (see Figure 17).

On a DL disk, the Tracks on Layer LO shall start at the beginning of the Inner Zone, terminate at the end of the
Outer Zone 0 and be continuous in the Information Zone. On Layer L1, the Tracks shall start at the beginning
of the Outer Zone 1, terminate at the end of Inner Zone 1 and be continuous in the Information Zone (see
Figure 18).
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15.4 Track Pitch

15

4.1 Track Pitch in BCA Zone

The Track Pitch (TP) in BCA Zone is the distance between the average centerlines of a Groove in adjacent
Tracks, measured in the radial direction.

The Track Pitch shall be (2,0 + 0,1) ym.

In

the area between r; and rs, the Track Pitch has to change over from 2,0 ym to the Track P

jitch of the

En

15

TH

Th

T

15

TH

Th

Th

15

Th
Tr

15

15

In
Cl

TH
D4

hbossed HFM Area (on Layer LO) or to the Wobbled Groove Area (on Layer L1).

.4.2 Track Pitch in Embossed HFM Area

e Track Pitch in Embossed HFM Area is the distance between the average centrelines of an HH
adjacent Tracks, measured in the radial direction.

e Track Pitch shall be (0,350 + 0,010) pm.

e Track Pitch averaged over the Embossed HFM Area shall be (0,350, £-0,003) pm.

.4.3 Track Pitch in Recordable Area(s)

e Track Pitch in Recordable Area(s) is the distance betweenithe average centrelines of a Wobbl
pdjacent Tracks, measured in the radial direction.

e Track Pitch shall be (0,320 + 0,010) uym.

e Track Pitch averaged over the Recordable Area(s) shall be (0,320 + 0,003) uym.

4.4 Track Pitch between Embossed HEM Area and Recordable Area

e change in Track Pitch from 0,35 ym to 0,32 um (on Layer LO) shall be realized within max|
hcks (revolutions), which Tracks shall be located completely in Protection-Zone 2 (see Figure 84).

.5 Track layout of HEM\Groove

.5.1 General

15.5, only the-eéncoding format of the data will be described. The locations and the content will be
huse 18 and-18.2.

e datasin"HFM Groove is recorded in 4K partitions, called PIC Clusters. Each such PIC Cluster

thtf procedures to build up fully formatted partition are very similar to those described in Clause 13.

ita Frames, each with 2 048 bytes of data. The Error-Correction mechanisms used to protect this

M Groove

pd Groove

mum 100

defined in

contains 2
data and

A reduced combination of LDC+BIS Code is used as shown schematically in Figure 56.

For detailed descriptions of the related processing steps and applied codes, reference will be made to the
descriptions in Clause 13.

©l
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15.5.2 Ddta Format

155.2.1

Each Dats

15.5.2.2

Each Datd
scrambler

15.5.2.3

Each 2 Sd
indicated

15.5.2.4
Next 32 rq

with the d
248 rows

15.5.25

The interl

Sync
1 byte 10 bytes 1 byte 9 bytes
T Do ......... Dg Bo Dlo ....... Dls T
D19 ..... ng Bl ng ............
Data stream : 216 Data
ZA8 TOWS > > .
on disk :
J
T
32 Parities
d B4z oo D711 N

Figure 56 — Schematic representation of 4K PIC Cluster on disK

Data Frame

Frame is extended with a 4-byte Error-Detection Code (EDE) as described in 13.2 and 13.3.

Scrambled Data Frame

AUN3s .. AUN; (see 15.5.3.2 and 13.9.2.2) shall’lbe used instead of PSig .. PSs.

Data Block

n Figure 26 (only columns 0..18):

LDC Block
ws with Error-Correction Parities are added according to the procedure described in 13.5 and 13

fference being that-there are only 19 columns (L = 0..18). The result of this processing is a matrix|
x 19 columns.

Interleaving

Paving’ procedure is different from the one described in 13.8. Only the second interleaving st

L Frame with its EDC is scrambled according thesprocedure described in 13.4. For the preset of the

rambled Data Frames are mapped into an array of 216 rows x 19 columns as described in 13.5 ahd

6,
of

EP

described

in-13.8.3 is applied., That is each successive row is shifted one more byte position to the left [shif

I =

mod(k, 1

), wnere K IS the row numbper, U = K= Z47)]. The Dyles that shiit out at the et Slde are re-entere

the array from the right side (see Figure 57).
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<« 19 -
bytes
< shift 0 €0,0 €0,1 €0,18 T
« shift 1 €11 €12 €1,18 €1,0
< shift 2 €22 €23 €218 €2,0 €21
<« shift 18 €18,18 €180 €18,17 248
<« shiftQ 494 €494 4949 QWS
< shift mod(k,19)

< shift 18 P24618 | P246,0 246,17
<« shift 0 P247,0 P247,1 P247.18 4

After this process the bytes are renumbered in the horizontal direction ¢hrough all the rows resul
numbering Do to D4 711 as indicated in Figure 56.

15.5.3 Addressing and Control Data

195.3.1 General

Unlike the format in Recordable Areas of the disk, a BIS'Block is composed of 4 BIS code-words ar
with 8 addresses of 9 bytes each, in 18 rows and 2 User-Control Data Units of 24 bytes each, in 12

Figure 58).

Figure 57 — Interleaving of PIC LDC Block

© ISO/IEC 2016 — All rights reserved
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72

4 columns >
0 1 2 3
T 0 AFop AFqs AFo, AFo1 T
1 AFO,4 AFO,7 AFo,e AFO,S
2 AF11 AFi1 AF13 AF1,
3 AFi5 AF14 AF17 AFi16
4 AF; 2 AF3 1 AF20 AF33
5 AFs6 AF;5 AF2 4 AF2 7
6 AI:q'n AI:q'n Al:n’1 A I:q'n
7 AF37 AF36 AF35 AFz4
8 AF4,0 . . AF4,1 18 rows
9 AFa4 : : Addresses
10 AFs 1 AFso
11 AF5,5 . .
1BIS 12 AFe2 AFe.1 AFs,0
cpde-word 13 AFs s : : :
=(62 bytes 14 AF73 AF71 AF70
15 AF7,7 . .
16 AFg,o . . AFg,l
17 AFg4 AFg AFge AFs 5 J
18 UCo, UC120 UCo, UC121 T
19 UCl,o UC13,0 UCl,l UC13,1 12 rows
: : : : : User Control
28 UC10,0 UC220 UC164 UC221 Data
29 UCi1p0 UCas3p0 UG 1 UCos1 1
30 pbso.o pbso.1 pbso,2 pbsos T
31 pbsio pbs11 pbsi 2 pbsis 32 rows
: : : : : Parities
\ 61 pbs1.0 pbs1 pbsy,2 pbsi3 \
Code word Code,word Code word Code word
0 1 2 3

kigure 58 — PIC BIS Block
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15.5.3.2 Address Fields

Comparable to the Recordable Areas of the disk, where each 1/16 of a 64K Cluster (= 4K bytes) is identified
by one Address-Unit Number (see 13.9.2), each 4K PIC Cluster shall be identified by one Address-Unit

Number. These Address-Unit Numbers shall increase by two for each successive 4K PIC Cluster.

Each PIC BIS Block contains eight repetitions (S = 0 .. 7) of the same address, where the flag bits are used to

identify the repetition number.

AFos = MSB of the Address-Unit Number (all the same for S=0 .. 7)

Al s=2" 5B of the Address-Unit Number (all the same tor S =0 .. /)
AF,s = 3"¥ SB of the Address-Unit Number (all the same for S=0 .. 7)
AF3s = LSB of the Address-Unit Number (all the same for S=0..7)
AF4s = flag bits
Bits b7 to bs: Reserved
Bits b, to bo: set to the binary value of S
AFss .. AFgs = parity bytes for forming an (9,5,5) RS code over the Address Field
The parity bytes shall be calculated according to the definitions given in 13,92,

THe 8 addresses are mapped into the PIC BIS Block in a special pre-interleaved way.

THe bytes of addresses 0 to 3 are placed in a diagonal direction in the-even-numbered rows, starting
0 ¢f address 0 in row 0, column 0 and each successive address beingshifted cyclically one position

(s¢e Figure 58).

THe bytes of addresses 4 to 7 are placed in a diagonal direction in the odd-numbered rows, starting

0 of address 4 in row 1, column 0 and each successive address being shifted cyclically one more
the left.

Mathematically, this mapping of the address bytes into the PIC BIS Cluster can be represent
following formulae:

byte AFxy shall be allocated in row =2 x x + div(y,4)
and in column ¢ = mod[(x + 8 — y),4].

159.5.3.3 User-Control Data

THere are two User-Control_Data Units, each consisting of 24 bytes. Bytes 0 to 11 of the first US

Data Unit shall be placed jin column O, rows 18 to 29 of the PIC BIS Block and bytes 12 to 23 in
roys 18 to 29. In the same way, bytes 0 to 11 of the second User-Control Data Unit shall be placed
2 and bytes 12 to 237n column 3 (see Figure 58).

All bytes of both-User-Control Data Units shall be Reserved.

15.5.3,4>-BIS code-words

ThePIC BIS Rlock is completed hy adding 32 rows with parity bytes (see Figure 58) accord

with byte
to the left

with byte
bosition to

ed by the

er-Control
column 1,
in column

procedure described in 13. 11 and 13. 12, with the difference that there are only "4 columns (c =
result is now a matrix of 62 rows x 4 columns.

© ISO/IEC 2016 — All rights reserved
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15.5.3.5

BIS Cluster

Finally, the matrix of BIS code-words is reconstructed into one-column of 248 bytes that can be inserted in the
PIC Cluster as indicated in Figure 56.

Bytes Bo to Bis are filled by successively copying bytes from the even rows by going through the BIS Block
cyclically in a diagonal direction starting from row 0, column 0 (see Figure 59).

Bytes Bi24 to Bos7 are filled by successively copying bytes from the odd rows by going through the BIS Block

cyclically i

n a diagonal direction starting from row 1, column 0.

Mathemat
by the foll

Let by
and b

then
and
As a resu

where eal
successio

bwing formulae:
ite brc be the byte in row r and column c of the BIS Block,
yte Biis the it" byte in the column of the BIS Cluster,

r=mod(2 x i, 62) + div(i,124),
¢ = mod(i,4),

ice versa i=124 x mod(r,2) + div(r,2) + 31 x mod{[4 — ¢ + div(r,2)],4}.

cally, the mapping of the bytes from the PIC BIS Block into the PIC BIS Cluster can be represent

t of this interleaving, the one-column 248-byte BIS Cluster is divided-into eight groups of 31 bytg
ch 31-byte group is composed of 9 address bytes, 6 UC data bytes, and 16 parity bytes

ed

n

74

N. The address bytes, due to the pre-interleaving, appear in the correct order for direct access.
BIS Block BIS Cluster
i c=0 1 2 3 < 1 byte >
r=0 0 93 62 31 Bo T
1 124 217 186 155 :
2 32 1 94 63
3 156 125 218 187
4 33 2 95 :
5 157 126 219 = Bi
6 34 3 :
7 158 127
8 4 35
9 128 159
10 5
11 129 Bi2s 248
12 6 Bi24 rows
13 130 :
53 243
54 120 27
55 244
56 28 121 =
57 152 245
58 60 29 122
59 184 153 246
60 92 61 30 123
61 216 185 154 247 B247 y

Figure 59 — Reading order for constructing PIC BIS Cluster
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15.5.4 Recording Frames

15.5.4.1 General

In the next processing step, the 19 columns of an interleaved LDC Block are multiplexed with the one-column
BIS Cluster and extended with a column of Synchronization patterns as defined in Figure 56.

Each row of this 21-column by 248-row matrix is called a PIC Recording Frame.

15-542—Modulation

THe 168 bits of each PIC Recording Frame, except some of the bits of the Synchronizatien pgttern are
converted into modulation bits by applying a Biphase modulation method. In this modulation.method} a bit with
vaJue ZERO is represented by a transition at the start of the bit cell and a bit with value ONE is reprgsented by
a fransition at the start and in the middle of the bit cell (see example in Figure 60)..The”modulatign bits are
recorded on the disk by a deviation of the Groove from its average centreline as indijeated in Figuffe 60. The
length of each bit cell shall be 36 T, where T corresponds to the length of a Ghannel bit in the Recordable
Argas.

Example of data-bit stream

Average \ J Q_/ -
Groove- 4= =mimim el _Q. o —|-..

centre <Q
\ N /
<« |<——>
36T 36T

Figure 60 — Biph@se modulated HFM Groove

1945.4.3 Frame Sync
Edch Recording Frame starts with @ Synchronization pattern equivalent to 8 data bits. The first [4 bits are
replaced by 4 bit cells with a special pattern that violates the normal Biphase encoding rules (see Figure 61:
twp possible patterns depending:on the initial phase).

Sync pattern

A
\ 4

Data Sync body Sync identification Dat
_> <_

» | <
» | €

I3

\/

A

C - - - IDo ID1 1D, Parity

1 1}0 O|1 O|]O0O 1|1 x|1 x|1 x|1 x |1

Figure 61 — Biphase Synchronization pattern
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Seven different Sync patterns are identified by the last 4 bits: IDg .. ID, and a Parity bit (see Figure 62).

Sync number IDo

IDy ID2

Parity

FSO

0

FS1

FS2

FS3

By meang
Recording
15.5.3.5).

The 31 s
patterns (

The other

FS4

FS5

PR P|O|O|O|O

FS6

OOl |Fk|O|O
O O |0k |O

O|OR|O|F |-

Figure 62 — Sync identification

of the PIC BIS column, the 248 rows of a PIC Cluster can be divided into gight groups of B1
Frames, where each group of Recording Frames carries an address in4ts first nine rows (see

iccessive Recording Frames of each such group are identified by ‘@ special sequence of Sync

ee also 13.17.4). The first Recording Frame of each group has the @inique Sync pattern FSO.

Sync patterns are mapped as specified in Figure 63.

Frame number | Sync number || Frame number | Sync number

0 FSO

1 FS1 16 FS5
2 FS2 17 FS3
3 FS3 18 FS2
4 FS3 19 FS2
5 FS1 20 FS5
6 FS4 21 FS6
7 FS1 22 FS5
8 FS5 23 FS1
9 FS5 24 FS1
10 FS4 25 FS6
11 FS3 26 FS2
12 FS4 27 FS6
13 FS6 28 FS4
14 FS6 29 FS4
15 FS3 30 FS2

Figure 63 — Mapping of Sync patterns on PIC Recording Frames

76
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.6 Track layout of Wobbled Groove(s)

15.6.1 General

The wobble of the Tracks is a more or less sinusoidal deviation from their average centrelines.

The Nominal Wobble Length NWL (equivalent to 69 Channel bits) shall be 5,140 5 ym + 0,005 pym for a disk

wit]

Th

h a User Data capacity of 25,0 GB per layer, averaged over the Recordable Areas.

is corresponds to a fundamental frequency f.o. = 956,522 kHz at the Reference Velocity

159.6.2 Modulation of wobbles

15.6.2.1 General

TH
“M

Sq

m@dulated by MSK-cos only and NOT by HMW.

Bd

M$K-cos modulation is applied by replacing three consecutive Monotone Wobbles by one MSK M

in Figure 64:

e basic shape of the wobble is a cosine wave: cos(21 x fwop % t). Wobbles with this basic shape
onotone Wobbles” (MW).

me wobbles are modulated, where two modulation methods shall be used simultaneously:
the first modulation method is called “MSK-cos” (Minimum-Shift Keying — cosine variant);
the second modulation method is called “HMW?” (Harmonic-Modulated Wave).

the Protection-Zone 3 Area in the Outer Zone(s) (seé Clause 16 and 20.2.10) the Groove

th modulation methods shall represent ADIP inforination as defined in 15.7.

.6.2.2 MSK-cos modulation

MSK Mark consists of three Nominal Wobble Lengths NWL with the following wobble patterns ag

the first NWL starts the MSK Mark with a cosine wobble with a frequency = 1,5 X fyob;
the second NWL gontinues the MSK Mark with a cosine wobble with a frequency = fwob;

the third NWK terminates the MSK Mark with a cosine wobble with a frequency = 1,5 x fyop

are called

shall be

ark (MM).
indicated
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start of

wobble:

—cos(2mr xf,, xt)

wobble: wobble:
}bbles +COS[217 X (15 X fwob)x t] l —COS[ZIT X (1,5 X fwob)x t]
inner side \4 v v
of disk «— > |l—|——>
| /\ /\ / \
| | | | | | | | | | | ]
\4 / \
outer side |[«——> | «——> |« > | ————> |«—>
of dibk '\V\ MSK Mark (MM) /V/V
Monotone wobbles (MW): +cos(2r xf,, ><t)
Figure 64 — Definition of MSK Mark (on Groove)
15.6.2.3 |HMW modulation

HMW modlulation is applied by replacing a number of consecutive Menotone Wobbles with the same numk
oth Wobbles (STW). A Saw-Tooth Wobble is formed*by combining the basic cosine with a sine

of Saw-T¢

wave of twice the frequency

cos(2r x fuop X t) £ @ x sin[21r x (2 x fwop) X t ] in whieh'a = 0,25

Such a cq
represents
where the
ZERO (seE Figure 65).

er

mbination of a cosine with the fundamental frequency and a certain amount of second harmonic
a first-order approximation of a saw-tooth-wave. The “+” or
“+” sign is used to represent the bit value ONE and the

sign creates a left or right inclinatipn,
sign is used to represent the bit value

+cos (2m xf,, xt)+axsin[2m x (2xf, )xt] +cos (2 xf,, xt)-axsin[2m x (2xf,, )xt]
inner shde ONE ¥ ‘¢ ONE _ ZERO v ) ZERO _
of disk A - = >
‘ \
\
\|
\
I
U
\ /[
outer side
of disk < > A

waobbles

Monotone wobbles (MW):

SawTooth Wobbles

+cos (2 xf,, xt)

Figure 65 — Definition of Saw-Tooth Wobbles (on Groove)
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15.6.3 Wobble polarity

When Push-Pull polarity (see 26.1) is negative, then the Wobbled Groove shall start its first wobble deviation
towards the outer side of the disk.

When Push-Pull polarity (see 26.1) is positive, then the Wobbled Groove shall start its first wobble deviation
towards inner side of the disk.

15.7 ADIP information

159.7.1 General

D4qta to be recorded onto the disk shall be aligned with the ADIP addresses modulated-in the wobble.
THerefore 56 NWLs shall correspond to 2 Recording Frames (see 13.16). Each group-of’such 5¢ NWLs is
called an ADIP Unit (see Figure 66).

2 Recording Frames
«—— 1932 Channel bits 1-932 Channel bits ——>
Sync Data Syng Data
«—~95-> «~~95->
wobbles wobples
one ADIR Unit
56-NWLs

Figure 66 — General ADIP structure

15.7.2 ADIP-Unit Types

By inserting MMs into the 56/NWLs of an ADIP Unit with unique distances between adjacent MMs, different
types of ADIP Units can be Created.

THe ADIP Units representing a data bit are additionally modulated with STWs.
Fdrthermore a reference STW Unit is defined. Each type of ADIP Unit starts with an MM.
THe following'types of ADIP Units are defined (see Figure 67).

Monotone Unit: consisting of one MM followed by 53 MWs
Reference Unit: consisting of one MM followed by 15 MWs, 37 STWs and one MW
Sync_0 Unit: CONSIStng of one MM folfowed Dy 13 MWS, one MM, 7 MWS, one Mviand 27 MWs
Sync_1 Unit: consisting of one MM followed by 15 MWs, one MM, 7 MWs, one MM and 25 MWs
Sync_2 Unit: consisting of one MM followed by 17 MWs, one MM, 7 MWs, one MM and 23 MWs
Sync_3 Unit: consisting of one MM followed by 19 MWs, one MM, 7 MWs, one MM and 21 MWs
Data_x Unit: with x representing 1 or 0:

Data_1 Unit: consisting of one MM followed by 9 MWs, one MM, 3 MWs, 37 STWs and one MW

Data_0 Unit: consisting of one MM followed by 11 MWSs, one MM, one MW, 37 STWs and one

MW

The 4 Sync Units are used for synchronization purposes while the Data_1 Unit is used to represent the bit
value ONE, and the Data_0 Unit is used to represent the bit value ZERO.
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NWL 0..3. 18 ... .55
Monotone Unit [ EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
Reference Unit I T T T T T T TTTTTTT T NRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRN]]
Sync_0 Unit -IIIIIIIIllllmIIII-IIIIIIIIIIIIIIIIIIIIIIIIII
Sync_1 Unit [ EEEEEEEEEEEEEE EEEEEE SEEEEEEEEEEEEEEEEEEEEEEEE
Sync_2 Unit | HEEEEEEEEEEEEEEEEE SEEEEEE $SEEEEEEEEEEEEEEEEEEEEEEE
Sync_3 Unit [ EESESEESEESEEEEEEEE SEEEEEE $SEEEEEEEEEEEEEEEEEEEEE
BTN NI EEEEEEEEEEE ENNNNVNNNNNNNNNNNNNNN NN NN NN NN N NN NN NN NN
DatailUnit N (T TTT TN T [ ANANAANANANAAAAAAAAAAAAAAAAAAAAAAAAAAN

B \vISK Mark
O Monotone Wobble
N Saw-Tooth Wobble representing ZERO [4 Saw-Tooth Wobble representing ONE

Figure 67 — ADIP-Unit Types

15.7.3 ADIP word structure

83 ADIP Units are grouped into one ADIP word. This means that 3 ADIP words“correspond to 3 x 83 x 2 =
498 Recolding Frames, which is equivalent to one Recording-Unit Block (RUB) (see 14.2).

Each ADIP word shall be constructed as indicated in Figure 68.
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ADIP Unit number ADIP-Unit Type ADIP nibble ADIP code-word
bit number nibble number
0 Monotone
1 Sync_0
2 Monotone —
3 Sync_1 -
4 Monotone
5 Syrre—s
6 Monotone —
7 Sync_3 -
8 Reference
9 Data_x b3
10 Data_x b2
11 Data_x b1 co
12 Data_x bo
13 Reference
14 Data_x bs
15 Data_x b2
16 Data_x b1 o
17 Data_x bo
18 Referencé
8+ix5 Réference
9+ix5 Data.x bz
10+ix5 Data) x b
11+ix5 Data_x b1 ¢
12+ix5 Data_x bo
/8 Reference
79 Data_x bs
80 Data_x b
81 Data_x by C14
82 Data_x bo

Figure 68— ADIPWord Structure
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15.7.4 ADIP data structure

15.7.4.1 General

Each ADIP word contains a total of 60 bits, which form a code word according to a non-systematic Reed-
Solomon Error-Correction Code. This code word is constructed from 36 information bits. Before encoding the
information, the 36 information bits are ordered into 9 4-bit nibbles, ng to ng, as defined in the array of Figure

69.
Nibble b3 by b1 bo
No AA23 AA22 AA21 AA20 || T
ny AA19 AA18 : : 6 nibbles ADIP
: : : : : address
Ns AA3 : : AAO J
N6 AX11 : : : 0
: : : : : 3 nibbles _AUX data
Ns AX3 : : AXO0 N

Figure 69 — ADIP-information structure

The nibblgs no to ng are transcoded to nibbles co to c14 by an error correction.system (see 15.7.5). Because
this error-forrection system is non-systematic, there is no simple direct relationship between the bits in the

informatiop array and the coded bits in the ADIP Unit.

15.7.4.2 |ADIP-information bit assignments

The informpation contained in the ADIP data bits shall be as follows.

— AA23..AA0: These 24 bits shall contain the Physical ADIP Address (PAA). AA23 shall be the msb and

AAO ghall be the Isb. This address shall consist of three parts.

— AA23..AA21: These 3 bits shall indicatethe Layer number and shall be set to: 000 on Layer LO ahd

tp 001 on Layer L1. All other settings shall be Reserved.

— AAZ20..AA2: These 19 bits shall'contain a sequential number, which shall increase by one after each

3 consecutive ADIP words (§ynchronized to the RUB'’s, see 14.2).

— AA1,AAQ: These 2 bits _shall be set to 00, 01 and 10 consecutively in 3 successive ADIP wor

dorresponding to one RUB. The setting 11 shall not be used.

The first gddress in the lnformation Zone on Layer LO shall be such that the first address in the Data Zor

which is PIAA 02 00,00h; is located at radius 24,0°%, mm.

The last afldress’of the Data Zone on Layer LO (LAA) shall be located at a radius <58,1 mm.

ds

e’

The first atidressof the BataZoneonrtayertH(FAAshattbetocatedataradius<587mm:
The last address of the Data Zone on Layer L1 (3D FF FEh) shall be located at radius 24,09 mm.

— AX11..AX0: These 12 bits contain auxiliary information about the disk.

— In the Data Zone(s) and the Outer Zone(s) of the disk, the auxiliary bits shall be set to ZERO.

— Inthe Inner Zone(s) of the disk, the auxiliary bits shall be used as follows:
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AX11..AX0 from 96 consecutive ADIP words (equivalent to 32 RUBs), shall form one
Frame with 144 bytes.

multiple of 128 (PAA = XXXX XXXX XXXX XXxX X000 0000).

The content of the 144 bytes are defined in 15.8.

.7.4.3 Relation between Physical ADIP Addresses on Layer LO and Layer L1

ADIP Aux

The first bits of each ADIP Aux Frame shall be located in an ADIP word with a PAA that is a

TH
L1
ZQ

In
tra
the

ere shall be a fixed relation between the PAAs on Layer LO and Layer L1. The PAAs on Layer O
located at the same radius (having the same distance in number of ADIP words from their respe
ne) shall have inverted bits AA20 to AA2 (see Figure 70).

this way, the PAAs on Layer L1 increase from the outside towards the inside of the-disk, whic
cking direction. Simultaneously the inverted address bits AA20..AA2 of PAAL havejthe same re
e radius as the equivalent non-inverted bits on Layer LO.

and Layer
Ctive Inner

h is in the
ation with

Layer number

Sequence number:

Intra-RUB numbe

PAA, on Layer LO

AA23 .. AA21 =000

AA20.. AA2

AA1,AA0 = 00,01,]
from inner to oute

PAA; on Layer L1

AA23 .. AA21 = 001

AA1,AA0 = 00,01,1
from outer to inne

Layer LO

First address

Last address

Inner Zone

02 00 00h

!

3D FF FEh

PAAo

!

PAA.

LAA

!

..... FAA

Outer Zone

Layer L1

Last address

First address

Figure 70 — lllustration of PAA relation between Layer LO and Layer L1

Mathematically this can be éxpressed in the following way.

Af
P/

er adding CO 00 QIhyto PAAo, all 24 bits are inverted resulting directly in the full correspondin
A on Layer L1.

Mathematically=~PAA; = PAA,+C0 0001h .

(T
of

he addition of 1 corrects for the order of the intra-RUB numbers, while the addition of CO 00 00h
the correct Layer number.)

0 address

akes care

In this way, the last address of Data Zone 1 can be derived as follows: 3D FF FEh = 02 00 00h+CO0 00 01h,

an

d the first address of Data Zone 1 is: FAA= LAA+C00001h.
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15.7.5 ADIP error correction

The error-correction system is a nibble-based, (15,9,7) non-systematic Reed-Solomon (RS) code defined over
the finite field GF(24). The total number of nibbles in a code word is 15, the code words are calculated from 9
information nibbles and the minimum distance of this code is 7.

The non-zero elements of the finite field GF(2%) are generated by a primitive element a, where a is a root of
the primitive polynomial p(x).

p(x) x4+ x + 1

The symbols of GF(2%) are represented by nibbles (groups of 4 bits), using the polynomial-bajse
representation, with (a®, a2, a, 1) as a basis. The root a is thus represented as

a=0010

The code jword, represented by the vector (co €1 .. C13 C14), can be calculated from the infoffhation symbols|ng
to ng with the following formula:

+n8x gp( )

14
Cx)F Y cyx xM
i=0
where gp(X) is the parent generator polynomial

13 )
gp(x :H(x—a').
i=0

and gV(x)|is a specific generator polynomial for each symbolaf\(i=0 .. 7).
g®(x) is derived from the parent generator polynomial gp(x) by removing one of the zeroes zi of gy(x) ahd
normalizirlg the result such that g¥(zi) = 1. The zero zi to.lle removed is given by the formula below.

N M\n

zi = af*®

The geneffator polynomials are then calculated-as follows.

D)) 9"
g"(x 5

gp( )
X—

where g@l(x)= and 8=g"(z].

Before reqording on the disk, all bits of the nibbles cg to c14 shall be inverted.

Remark 1|

S

Because the,code is non-systematic, an additional calculation is needed to derive the information symbgo
from the cprrected code-word symbols after standard RS-decoding.

The information symbols no to n; can be obtained by evaluating the corrected code word C(x) in the zero
corresponding to the information symbol, i.e. by calculating a syndrome.

ni :Si+6 ZC(GI +6): ZCM—j Xa(l+6)><]
j=0

ng is a systematic symbol and can be obtained from C(x) directly by copying symbol co.
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Each information symbol n; corresponds to a zero in the parent generator polynomial gp(x). This Figure 71
gives the corresponding zero factor for each information symbol (note that ng does not have a corresponding

zero).
Symbol Corresponding
zero factor
(x-a%)
(x=1"
(x -0
(x-a’
(x—a’)
(x-a%)
No (X — C(G)
Ny (x—a’)
Nz (X — (18)
N3 (x—a%
N4 (x—a'9)
Ns (x—ah
Ne (x—a'd
N7 (x <a*®
Figure 71 — Corresponding zero factor fér €ach information symbol
If |]an information symbol is known and its corresponding zero extends the existing series |of zeroes
cofresponding to (x — a®) .. (x — @®) .., the Hamming distance will increase. For instance if ng is Known, the
Hgmming distance will become d = 8. If both no and n1 are known, the Hamming distance will become d = 9
et¢.
In|other words: prior knowledge of information symbols can increase the Hamming distance of|the code.

B

Th

cause the addresses in the ADIP increase linearly, such prior knowledge is present.

is phenomenon can be used for additional checking of the reliability of the decoding result.
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15.8 Disk Information in ADIP Aux Frame

15.8.1 General

The information nibbles from the auxiliary fields of 96 consecutive ADIP words are grouped into frames of
bytes and carry several disk parameters. The nibbles are re-ordered into bytes according to Figure 72.
Several Disk-Information (DI) Aux Frames can be grouped into a DI Block. All Disk-Information Blocks shall
have the same content.

Byte
humber D7 D6 Ds D4 D3 D2 D1 Do
0 AX11 AX10 AX9 AX8 AX7 AX6 AX5 AX4
word1l | word1 | word1l | word1l | word1 | word1l | word1 | word 1
1 AX3 AX2 AX1 AXO0 AX11 AX10 AX9 AX8
word1l | word1 | word1l | word1l | word2 | word2 | word 2 | word2
5 AX7 AX6 AX5 AX4 AX3 AX2 AX1 AX0
word?2 | word?2 | word?2 | word2 | word?2 | word?2 | word 2 |, word 2
3 AX11 AX10 AX9 AX8 AX7 AX6 AX5 AX4
word3 | word3 | word3 | word3 | word3 | word3 | word 3 | word 3
141 AX11 AX10 AX9 AX8 AX7 AX6 AX5 AX4
word 95 | word 95 | word 95 | word 95 | word 95_|‘word 95 | word 95 | word 95
142 AX3 AX2 AX1 AXO0 AX11 AX10 AX9 AX8
word 95 | word 95 | word 95 | word 95 | word 96 | word 96 | word 96 | word 96
143 AX7 AX6 AX5 AX4 AX3 AX2 AX1 AXO0
word 96 | word 96 | word 96 | word 965 word 96 | word 96 | word 96 | word 96

Figure 72 — ADIP Aux\Frame byte ordering

15.8.2 Erfor protection for Disk-Information Aux Frames

The DI AYx Frames are protected by a Long=Distance RS Error-Correction Code according to 13.7. Because
such a Lopg-Distance Code is built up from 248 bytes, 104 dummy bytes (not recorded on the disk) are added
to complefe the Long-Distance DI Aux Frame code-words (see Figure 73). Bytes eoL .. €103L in 13.7 represent
the dummly bytes (all set to FFh), bytes eiosL ..€215L represent the Disk-Information bytes, and bytes p2is,
p247,L représent the Parity bytes.
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< DI Block

DI Aux Frame | DI Aux Frame | DI Aux Frame DI Aux Frame | DI Aux Fram
N-1 0 1

e

ST

15

15

A
Fr
the

TH
fra

In
85
Wi

Th
sh

Figure 73 — Disk-Information structure and error-cotrection format
.8.3 Disk-Information data structure

.8.3.1 General

DI Block can consist of a multiple of 144-byte Aux DI Frames (see Figure 73). If needed, additio
hmes, up to a maximum total of 31 can be used. Eachi/Recording Layer shall carry the same DI B
e same DI Aux Frames.

e sequence of DI Aux Frames shall be repeated throughout the Inner Zones, starting with DI Au
m PAA 01 B8 00h on Layer LO and from PAA 3E 00 00h on Layer L1.

Protection-Zone 2 of Layer LO (see.kigure 84) and Buffer Zone/OPC1/Buffer Zone of Layer L1 (3
the auxiliary bits can be set to ZERO or can contain DI Aux Frames (such that the sequence is g
h a DI Aux Frame 0 at the addresses specified above).

e 112 Disk-Information bytes in each DI Aux Frame are called a Disk-Information (DI) Unit. Ea
all start with 8 bytes, forming the DI-Unit header (see 15.8.3.2).

B
of

If

co

Units can contain_different sets of parameters, such as different write strategies. To distinguis
t have differentdefinitions for their content, a unique identification of such DI Units is needed.

e 2 in the-DI-Unit header, the DI-Format Number, shall be used for this purpose. With this byte,
DI Units'with different content can be distinguished.

he_number of parameters of a single set do not fit in one DI Unit, such a set shall be stored

<— Dummy bytes: > (< 1 DI Aux Frame from disk: ——— >
104 bytes added to each DI Aux Frame 96 ADIP words x 12 bits = 144 bytes
FFh Disk-Information Unit (112 bytes) ’q/@\rity
< 216 N<— 32 1>
Long-Distance Error-Correction code-word

nal DI Aux
locks with

XK Frame O

ee Figure
ontiguous

ch DI Unit

h DI Units

256 types

n multiple

ntinuation of the actual one.

Usage of DI Units for write strategy is given in 15.8.3.7.

ence is a

In future extensions of this International Standard, additional DI Aux Frames may be needed, e.g. to define
higher Recording Velocities and new write strategies. Whenever new DI Aux Frames are added, the existing
ones can still be used if appropriate, and in that way backwards compatibility with existing drives can be
facilitated. Each drive should check all DI Aux Frames present on the disk and, based on the DI-Format
Number (byte 2) and the indicated Recording Velocity (bytes 32 to 35), only use the ones that it is supporting
(see also 15.8.3.7).
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15.8.3.2 General definitions for DI Unit

Each DI Unit shall consist of a header, a body and a footer as depicted in Figure 74.

Byte number Content Number
of bytes

Otol Disk-Information identifier
2 DI-Format Number

Number of DI Aux Frames in each DI Block (5 bits)
Number of the layer to which this DI Unit applies (3 bits)
Reserved
DI-Unit sequence number in DI Block
Continuation flag (1 bit)
Number of DI bytes in use in this DI Unit (7 bits)
7 Reserved
Body 8 t0 99 DI-Unit content 9
100 to 105 |Disk-Manufacturer ID
106 to 108 |Media-Type ID
109to 110 |Time stamp

111 Product Revision number

Header

o (O~ ] W

Y i N LN

N

Fpoter

RINW|O®

Figure 74 —General DI-Unit format

Bytes 0 tg 1: Disk-Information identifier

These 2 bytes shall be set to 44 49h, representing the characters “DI".
Byte 2: DI-Format Number

This byte shall identify the content of the DI Unit or DI Unit set (see description of byte
6).

For disks with BCA codejthe msb of this byte shall be set to ZERO.
For disks without BCA code, the msb of this byte shall be set to ONE.

NOTE The DI-Format Number only déefines the content of the DI Unit and has no relation with the Class number gnd
the Versior] number as defined in byte\11.

In the futurg, this International Standard may be extended to allow for new features, such as higher Recording Velocitieq or
higher datg densities. To pfevént backwards-compatibility problems of such newer disks with older drives as much [as
possible, a|Class numberéand a Version number have been introduced.

The Class number wilNge incremented if a BD Layer according to the new specifications should not be accessed by leggcy
drives at al|, neither-for reading nor for writing (e.g. to prevent possible damage to the disk or to the drive).

If the read ¢gompatibility can be made to conform to an existing Class, no new Class number is needed.

The Version number will be incremented if the new specifications imply an extension/change for which no Class-number
update is needed (read compatibility is maintained), but which new specifications will result in a write-compatibility break.
Although such a BD Layer is carrying a higher Version number, it still could contain a DI Unit according to a previously
defined DI Format, if this layer can be recorded according to the write strategy as defined in such DI Unit.

As a consequence of this, drives should always check for the presence of a DI Unit with a DI-Format number known to the
drive. In such cases, the recording parameters (such as e.g. Recording Velocities, recording power, timing requirements)
needed to set the related write strategy can be checked and if these are within the capabilities of the drive, the drive
should accept the disk for recording.

By using the Class number and the Version number as described above, backwards compatibility of future disks can be
maximized while still preventing possible damage to disks and drives.
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Each Layer Type (defined by bytes 8 to 10) has its own independent DI-Format numbering. The DI-Format Number is also
an indication for the write-strategy type, which is specified in the DI Unit.

Byte 3: Number of DI Aux Frames in each DI Block / Number of the layer to which this DI
Unit applies
Bits b7 to ba: These 5 bits shall specify the number of DI Aux Frames N in each DI Block (1 <N < 31).
Bits b, to bo: These 3 bits shall specify the number of the Recording Layer to which the
specifications in this DI Unit apply.
Byte 4: Reserved
This byte shall be set to 00h.
Byte 5: DI-Unit sequence number in DI Block

This byte specifies the sequential DI-Unit number within thé DI Block.

It shall be set to a number n, where n indicates the actual number of the DI Unit within
the actual DI Block (0 £ n < N-1).

The sequence of DI Units shall be ordered (see-Figure 75) first according to |ncreasing
Nominal Recording Velocity (byte 32 to 33),"second within each sequence af DI Units
with the same Nominal Recording Velocity,”according to ascending Layer number (byte
3) and third according to the preference of the write strategy (identified by the DI-
Format Number, but need not be in‘the sequence of DI-Format Numbers).

Sequence number Recording Velocity Layer number Write strategy
0 0 preferred WS
1 alternative WS
: 1 preferred WS
k-1 v alternative WS
k ! preferred WS
: alternative WS
: kel preferred WS
2k-1 alternative WS
2k 0 most preferred WS
3 Vo > V1
: k-1 least preferred WS
: V3 > Vo 0 :
N-1 etc. etc.

Figure /5 — Example of DI-BIOCK Sequence

© ISO/IEC 2016 — All rights reserved
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Byte 6: Continuation flag / Number of DI bytes in use in this DI Unit
Bit b7: This bit specifies whether the parameter set in this DI Unit is continued in the next DI
Unit or if the next DI Unit is the start of a new set of parameters.
It shall be set to
ZERQO if the next DI Unit is the start of a new set of parameters, or
ONE if the parameter set in this DI Unit is continued in the next DI Unit (see Figure
T6Y-
Bits b to bo: These 7 bits shall indicate the number of bytes in use in the actual DI Unit up to.the last
unused (Reserved) bytes immediately preceding the footer (see e.g. Figure Z:7):
Byte 2 = ..
Byte 3 =N/ Layer LO
Byte 5 = n-1
Byte 6, bitb; =0 end of preceding parameter set
2 Byte 2 = x start of actual parameter set
| Byte 3 =N/ Layer L1 :
| Byte 5=n
| Byte 6, bitbh;=1
Byte 2 = x
Pfara[“merflet Byte 3 = N / Layer L1 o
or Layer Byte 5 = n+1 continuation of actual parameter set
spans 3 DI Units : _
| Byte 6, bit by =1
| Byte 2 = x
| Byte 3 =N/ Layer L1
l Byte 5 = n+2 :
Byte 6, bit bz =0 end of actual parameter set
Byte 2 = .. start of next parameter set
Byte 3 = N/ Layer LO
Byte 5= n+3
Byte-6,-bit bz = ..
Figure 76 — Example of DI-Unit extension
Byte 7: Resetved
Fhis byte shall be set to 00h.
Bytes 8 tg 99: DI-Unit content
These 92 bytes shall store the specific content of the DI Unit, such as e.g. general disk

Bytes 100 to 105:

90

parameters, read/write powers and write-strategy parameters.
Disk-Manufacturer ID

The format and the content of these 6 bytes require agreement between the
interchange parties, else these bytes shall be set to all 00h.
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Bytes 106 to 108: Media-Type ID

The format and the content of these 3 bytes require agreement between the
interchange parties, else these bytes shall be set to all 00h.

Bytes 109 to 110: Time stamp

These 2 bytes provide information about the production date of the Master disk from
which this disk has been replicated. All disks with the same Disk-Manufacturer ID and
the same Media-Type ID, regardless of the Time stamp, shall have the same recording
plupcﬁ.ica (Ulliy minor—differences—are—attowed —the—Fme stamp strattbe-irrelevant for
recorders).

Bits b7 to by of byte 109 plus bits b7 to bs of byte 110 shall form-one 12tbit binary
number representing the year of production.

Bits bz to bg of byte 110 shall form one 4-bit binary number‘representing thg month of
production.

If the Time stamp is not used, both bytes shall be set00h.
Byte 111: Product Revision number

This byte shall identify the Product Revision number in binary notation. All disks with
the same Disk-Manufacturer ID and the‘same Media-Type ID, regardless of the Product
Revision numbers, shall have the same\recording properties (only minor diffefences are
allowed: Product Revision numbers“shall be irrelevant for recorders).

The content of this byte can' be chosen freely by the disk manufactlrer. This
International Standard does hot specify the format and the content of this byte. It shall
be ignored in interchange\
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15.8.3.3 Definitions for DI format 1 (N-1 write strategy)

The content of the body of DI Units according to format 1 shall be as depicted in Figure 77.

Byte number Content Number of
bytes

Oto7 DI-Unit header 8
810 10 BD Layer-Type identifier 3
11 Disk size/Class/Version 1
12 BD-structure 1
13 Channel-bit length 1
14 Push-Pull polarity flag bits 1
15 Recorded-Mark polarity flag bits 1
16 BCA descriptor 1
17 Maximum transfer rate 1
18 to 23 Reserved 6
24 to 31 Data-Zone allocation 8
3210 35 Recording Velocities 4
36 to 39 Maximum dc read powers 4
40 to 43 Maximum HF-modulated read powers 4
44 to 47 Reserved 4
48 to 55 Write-power settings 8
56 Twmp Write multi-pulse duration 1
57 to 68 dTiop first-write-pulse start time 12
69 to 92 Tiop first-write-pulse duration 24
93 to 94 T.p last-pulse duration 2
95 to 97 dTs start time of Space-level 3
98 to 99 Unused = all 00h 2
100to 111 DI-Unit footer 12

Figure 77 — Content of-Disk Information for DI format 1

Bytes 0 tg 1: Disk-Information identifier
See 15.8.3.2.
Byte 2: DI-Format Number
Thishyte shall be set to 01h for disks with BCA code.
This byte shall be set to 81h for disks without BCA code.
Byte 3: Number of DI Aux Frames in each DI Block / Number of the layer to which this|DI
Unit applies
See 15.8.3.2.
Byte 4: Reserved
See 15.8.3.2.
Byte 5: DI-Unit sequence number in DI Block
See 15.8.3.2.
Byte 6: Continuation flag/Number of DI bytes in use in this DI Unit
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This byte shall be set to 62h indicating that the first 98 bytes of the DI Unit are used and
that there is no continuation in the next DI Unit. All remaining bytes of the DI-Unit body
(excluding the bytes in the DI-Unit footer) are unused and shall be set to 00h.

Reserved

See 15.8.3.2.

BD Layer-Type identifier

and shall

be set to 42 44 52h, representing the characters “BDR” in each Recordableayer.
Byte 11: Disk size/Class/Version
Bits b7 to be: These 2 bits specify the disk size. They shall be set to 00, indicating a 120 mm disk.
Bits bs to ba: These 2 bits specify the Class number. The Class numbér identifies BD Layers of the
same Layer Type but with different basic specifications;
BD Layers according to this International Standard-shall have these bits set td 00.
Drives that are not familiar with a particular Class of layers should not access the Data
Zone of such layers (neither for reading narfor writing).
Bits b3 to bo: These 4 bits specify the Version number. They shall be set to 0001, indicating a layer
according to this International Standard.
Byte 12: BD structure
Bits b7 to ba: These 4 bits specify the tatal number of BD Recording/Recorded Layers on the disk.
On SL disks they shall be set to 0001, indicating one Recording Layer.
On DL disks they shall be set to 0010, indicating two Recording Layers.
Bits bs to bo: These 4 bits specify the type of BD Recording/Recorded Layer to which this DI Unit
applies;
BitS bs to bo shall be set to 0010, indicating a recordable Recording Layer.
Byte 13: Channel-bit length
Bits bz40)ba: These 4 bits shall be set to 0000.
Bits\bs to bo: These 4 bits specify the main data Channel-bit length, which shall be the same on all
BD Recording Layers.
They shall be set to
0001: indicating a Channel-bit length of 74,5 nm (25,0 GB per layer),
other settings:  Reserved.
Byte 14: Push-Pull polarity flag bits
Bit b : Each bit bi shall specify the polarity of the Push-Pull signal on Recording Layer Li (see

26.1). They shall be set to
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Byte 15:

Bit b :

ZERO: indicating that the Push-Pull polarity on Layer Li is positive,

ONE: indicating that the Push-Pull polarity on Layer Li is negative.
For Recording Layers that are not present, bit b; shall be set to ZERO.
Recorded-Mark polarity flag bits

Each bit bi shall specify the polarity of the Recorded Marks on Recording Layer Li.

Byte 16:
Bits by to ba:

Bits bk to bg:

Byte 17:

Bytes 18 {o 23:

Bytes 24 1o 31:

Teyshattbesetto

ZERO: indicating a Layer Type on which Recorded Marks have.- @) lower
reflectivity than the Unrecorded Layer (HTL disks),

ONE: indicating a Layer Type on which Recorded Marks~have a higher
reflectivity than the Unrecorded Layer (LTH disks).

For Recording Layers that are not present, bit bi shall be set to ZERO.
BCA descriptor
These 4 bits shall be Reserved.
These 4 bits shall indicate the presence of a BCA code on this disk:
0000: indicates that there is no BCA code,
0001: indicates that BCA codg,is’present,
other settings: Reserved:
Maximum transfer rate

This byte specifies the’maximum read transfer rate needed by the Application ag a
number n such that

n = maximum read transfer rate in Mbit/s (n < 255; M = 106),
n shall.be)set to 00h, indicating no maximum transfer rate is specified
Reserved
These bytes shall all be set to 00h.

Data-Zone allocation

Bytes 24 to 27:

Bytes 28 to 31:

94

These bytes specify the first Physical ADIP Address of the Data Zone of the related
layer.

In each DI Unit relating to Layer LO these bytes shall be set to 00 02 00 00h, indicating
PAA 131 072 as the first PAA of Data Zone O.

In each DI Unit relating to Layer L1 these bytes shall be set to a value FAA, which shall
be 00 26 B1 80h for a disk with a User-Data capacity of 25,0 GB per layer, indicating
FAA as the first PAA of Data Zone 1.

These bytes specify the last Physical ADIP Address of the Data Zone of the related
layer.
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In each DI Unit relating to Layer LO these bytes shall be set to a value LAA, which shall
be 00 19 4E 7Eh for a disk with a User-Data capacity of 25,0 GB per layer, indicating
LAA as the last PAA of Data Zone O.

In each DI Unit relating to Layer L1 these bytes shall be set to 00 3D FF FEh, indicating
PAA 4 063 230 as the last PAA of Data Zone 1.

Recording Velocities

These bytes specify the Nominal Recording Velocity, to be used with the parameters as
defined in this DI Unit, as a 2-byte binary number (byte 32 is MSB).

Byte 34:

Byte 35:

Bytes 36 t0,39:

It shall specify the Nominal Recording Velocity as a number n such that
n =100 X Vnom
n shall be equal to

01 ECh to indicate a Nominal Recording Velocity of 4,92 m/s,

or:
03 D7h to indicate a Nominal Recording Velocity of 9,83 m/s,

This byte specifies the Maximum RecordingVelocity, to be used with the pargmeters as
defined in this DI Unit.

It shall specify the Maximum Recording Velocity as a number n such that
N =100 X Vmax / Vnom (N 2:1Q0).

Here n shall be equal to64h to indicate a Maximum Recording Velocity edual to the
Nominal Recording Velocity.

This byte specifies the Minimum Recording Velocity, to be used with the pargmeters as
defined in this(DINUNit).

It shall specify the Minimum Recording Velocity as a number n such that
n= 100 X Vmin /Vnom (n < 100)

Here n shall be equal to 64h to indicate a Minimum Recording Velocity equal to the
Nominal Recording Velocity.

Maximum dc read power
The maximum read power is defined as the maximum optical power on thg Entrance

surface of the disk, at which at least 10® successive reads can be appligd without
degrading the recorded signals (see 30.6). Maximum read powers in 15.8.3)3 shall be

Byte 36:

Bytes 37 to 39:

greater than or equal to the read powers defined in 30.6. By default, the powers defined
in 30.6 shall be used.

This byte shall specify the maximum dc read power P; at the Reference Velocity, in
milliwatts, as a number n such that

n =100 x P;.
These bytes each shall specify the maximum dc read power P,, at a read velocity

corresponding to the Nominal Recording Velocity, as defined in byte 32 and 33 of this
DI Unit, in milliwatts, as a number n such that
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n =100 x P,.

NOTE For reading at lower velocities than the lowest specified velocity, a reduction of the read power might be
necessary to guarantee stability of the recordings on the disk.

Bytes 40 to 43:

Byte 410

Byteq 41 to 43:

NOTE For reading at lower velocities than the lowest specified velocity) & reduction of the read power might
necessary {o guarantee stability of the recordings on the disk.

Bytes 44 1o 47:

Bytes 48 o 55:

Byte 48:

Byte 49:

Maximum HF-modulated read powers

The maximum read power is defined as the maximum optical power on the Entran

ce

surface of the disk, at which at least 10° successive reads can be applied without

This byte shall specify the maximum HF-modulated read power P, at the Referen
Velocity, in milliwatts, as a number n such that

n =100 x P;.
These bytes each shall specify the maximum HF-modulated réad power P;, at a re
velocity corresponding to the Nominal Recording Velocity ag-defined in byte 32 and

of this DI Unit, in milliwatts, as a number n such that

n =100 x P;.

Reserved
These bytes shall all be set to 00h.
Write-power settings

Pino: Pino can be used:aS;)a starting value for the determination of Priarger in the OF
procedure (see Annex G).

This byte shall_speécify the indicative value Pinp Of Prarget, in milliwatts, as a numbe
such that

n =20.-x P\p.

mugos, Mino can be used as a starting value for the determination of Ptaget in the OF
procedure (see Annex G).

ad
33

PC

This byte shall specify the modulation at Pip, as determined by the media

manufacturer, as a number n such that

n=200XMmums

Byte 50:

Byte 51:

96

p: This byte shall specify the write-power multiplication factor p, used in the OPC

algorithm (see Annex G), as a number n such that

n =100 x p.

gew: This byte shall specify the write-bias/write-peak power ratio ggw, used in the OPC

algorithm (see Annex G), as a number n such that

n =200 X &gw.
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Byte 52: gc: This byte shall specify the cooling/write-peak power ratio &c, used in the OPC
algorithm (see Annex G), as a number n such that
n =200 x &c.
Byte 53: &s: This byte shall specify the Space/write-peak power ratio €s, used in the OPC

algorithm (see Annex G), as a number n such that
n =200 x &s.

—Byte 54 ———=x—This byte—shatt—specify the—targetvatoe—for xused—nmthe—OPC—procedure (see

Annex G), as a number n such that
n =20 x K.

Byte 55: B: This byte shall specify the target value for 3, used in the alternative OPC procedure
(see Annex G), as a humber n such that

n =500 x (8 + 0,2).
Byte 56: Twme Write multi-pulse duration

This byte specifies the duration of the second and higher pulses of the multi-pulse train
of the N-1 write strategy, for recording Marks'(see Annex F).

The multi-pulse duration Tye consistsrof two contributions: a variable part ahd a fixed
part (TMP = Tmpvar + TMP,fix)-

The first 4 bits (bits by to ba)_of'this byte shall specify the variable part, as a [fraction of
the actual Channel-bit clock period, as an unsigned binary number p such thaf

T
p=1ex% (0<p<15).
W,

The last 4 bits (bits bs to bo) of this byte shall specify the fixed part as a fragtion of Tx,
where T%=115,15 ns at 1xV,es or Tx = 7,58 ns at 2xV,er. The value is expressed as an
unsigned’binary number g such that

Too s
q=16x“"TL'f'X (0<q<15).
X

Bytes 57 to 68; dTp first-write-pulse start time.

The first 5 bits (bits b7 to bs) of these bytes shall specify the start time of thelfirst pulse
of the multi-pulse train, of the N-1 write strategy, for recording Marks with run-lengths
of 2T, 3T and = 4T that succeed a Space with a run-length of 2T, 3T, 4T or & 5T (see
Annex F).

The first pulse start time dTop is expressed as a fraction of the actual Channel-bit clock
period as a signed two’s-complement binary number i such that

dTiop

i=16x (-14<i<15).

Tw

The last 3 bits (bits b to bo) of these bytes shall be Reserved.
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Bytes 57 to 60:

These bytes specify the start time of the first pulse of the multi-pulse train for recording
Marks with run-lengths = 4T that succeed a Space with a run-length of 2T, 3T, 4T or
25T, relative to the trailing edge of the first Channel bit of the data pulse (positive
values are leading, negative values are lagging; see Annex F).

Byte 57 shall represent the start time of the first pulse for recording Marks with run-
lengths 24T that succeed a Space with a run-lengths =5T.

Byte 58 shall represent the start time of the first pulse for recording Marks with run-
lengths 24T that succeed a Space with a run-length of 4T.

Byteg 61 to 64:

Byteq 65 to 68:

Byte 59 shall represent the start time of the first pulse for recording Marks with&un-
lengths 24T that succeed a Space with a run-length of 3T.

Byte 60 shall represent the start time of the first pulse for recording Marks with rdn-
lengths 24T that succeed a Space with a run-length of 2T.

These bytes specify the start time of the first pulse of the multi-pulse train for recording
Marks with run-length of 3T that succeed a Space with a run<léngth of 2T, 3T, 4T|or
25T, relative to the trailing edge of the first Channel bit of\the data pulse (positive
values are leading, negative values are lagging; see Annex-B).

<

Byte 61 shall represent the start time of the first pulse-for recording Marks with a ryn-
length of 3T that succeed a Space with a run-lengthy=5T.

Byte 62 shall represent the start time of the first pulse for recording Marks with a rdn-
length of 3T that succeed a Space with a run:fength of 4T.

Byte 63 shall represent the start time of the first pulse for recording Marks with a rdn-
length of 3T that succeed a Spacewith a run-length of 3T.

Byte 64 shall represent the start time of the first pulse for recording Marks with a rdn-
length of 3T that succeed atSpace with a run-length of 2T.

These bytes specify thelstart time of the first pulse of the multi-pulse train for recording
Marks with run-length of 2T that succeed a Space with run-lengths of 2T, 3T, 4T or =pT,
relative to the trailing edge of the first Channel bit of the data pulse (positive values gre
leading, negative values are lagging; see Annex F).

Byte 65 shall represent the start time of the first pulse for recording Marks with a rdn-
length.of 2T that succeed a Space with a run-length 25T .

Byte 66 shall represent the start time of the first pulse for recording Marks with a rdn-
length of 2T that succeed a Space with a run-length of 4T.

Byte 67 shall represent the start time of the first pulse for recording Marks with a rdn-
length of 2T that succeed a Space with a run-length of 3T.

Bytes 69 to 92:

98

Byte 68 shall represent the start time of the first pulse for recording Marks with a run-
length of 2T that succeed a Space with a run-length of 2T.

Tiop first-write-pulse duration.
These bytes specify the duration of the first pulse of the multi-pulse train, of the N-1
write strategy, for recording Marks with run-lengths 2T, 3T and 24T that succeed a

Space with a run-length of 2T, 3T, 4T or =25T. (see Annex F).

The first pulse duration T, consists of two contributions: a variable part and a fixed
part (Tiop= Ttopvar + Ttop,fix)-
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For each of the byte fields f to f +1, with f = 69, 71, ....91 the following values are
defined:

Byte f: The first 5 bits (bits by to bs) of this byte shall specify the variable part, as a fraction of
the actual Channel-bit clock period, as an unsigned binary number j such that

T
j=16><—tf’|_p'var (0<j<30).
'\

The last 3 hits (hits h, to hg) of this byte shall he Reserved

Byte (f +1): The first 5 bits (bits b7 to bs) of this byte shall specify the fixed part asa.fragtion of T,
where Tx = 15,15 ns at 1xV,et or Tx = 7,58 ns at 2xV(er. The value is expressed as an
unsigned binary number k such that

T .
k=16x—22 (0 <k <30).
TX

The last 3 bits (bits b to bo) of this byte shall be Reserved.

Bytes 69 to 76: These bytes specify the duration of the first pulse of the multi-pulse train for| recording
Marks with run-lengths 24T that succeed a/Space with a run-length of 2T,|3T, 4T or
25T (see Annex F).

Byte 69 and 70 shall represent the duration of the first pulse for recording Marks with
run-lengths =4T that succeed a Space with a run-length =5T.

Byte 71 and 72 shall represent the duration of the first pulse for recording Marks with
run-lengths 24T that succe€d a Space with a run-length of 4T.

Byte 73 and 74 shallirepresent the duration of the first pulse for recording Marks with
run-lengths 24T thatsucceed a Space with a run-length of 3T.

Byte 75 and.76"shall represent the duration of the first pulse for recording Marks with
run-lengths'24T that succeed a Space with a run-length of 2T.

Bytes 77 to 84: These_bytes specify the duration of the first pulse of the multi-pulse train for| recording
Marks with a run-length of 3T that succeed a Space with a run-length of 2T (3T, 4T or
=5T (see Annex F).

Byte 77 and 78 shall represent the duration of the first pulse for recording Marks with a
run-length of 3T that succeed a Space with a run-length =5T.

Byte 79 and 80 shall represent the duration of the first pulse for recording Marks with a
run-length of 3T that succeed a Space with a run-length of 4T.

Byte 81 and 82 shall represent the duration of the first pulse for recording Marks with a
run-length of 3T that succeed a Space with a run-length of 3T.

Byte 83 and 84 shall represent the duration of the first pulse for recording Marks with a
run-length of 3T that succeed a Space with a run-length of 2T.

Bytes 85t0 92: These bytes specify the duration of the first pulse of the multi-pulse train for recording
Marks with a run-length of 2T that succeed a Space with a run-lengths of 2T, 3T, 4T or
25T (see Annex F).

Byte 85 and 86 shall represent the duration of the first pulse for recording Marks with a
run-length of 2T that succeed a Space with a run-length =5T.
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Bytes 93 to 94:

Byte 87 and 88 shall represent the duration of the first pulse for recording Marks with a
run-length of 2T that succeed a Space with a run-length of 4T.

Byte 89 and 90 shall represent the duration of the first pulse for recording Marks with a
run-length of 2T that succeed a Space with a run-length of 3T.

Byte 91 and 92 shall represent the duration of the first pulse for recording Marks with a
run-length of 2T that succeed a Space with a run-length of 2T.

T.p last-pulse duration.

Byte 93:

Byte 94

Bytes 9510 97:

These bytes specify the last-pulse length of the multi-pulse train, of the N-1 wrlite
strategy, for recording Marks with run-lengths of 3T and 24T (see Annex F).

The last-pulse duration T.p consists of two contributions: a variable part and-a fixed pprt
(Tie = Tipvar + Tipiix)-

The first 4 bits (bits by to ba) of this byte shall specify the variable part, as a fraction|of
the actual Channel-bit clock period, as an unsigned binary numbeyr’s such that

T
s=16x% (0<s<15).
w

The last 4 bits (bits bs to bg) of this byte shall speeify the fixed part as a fraction of Tx,
where Tx = 15,15 ns at 1xV,e or Tx = 7,58 ns.at 2xV(er. The value is expressed as pn
unsigned binary number t such that

Tos
t:16xLTL"X (0<t<15).
X

This byte shall specify the duration of the last pulse of the multi-pulse train for recording
Marks with run-lengths = 4T-(see Annex F).

This byte shall specify~the duration of the last pulse of the multi-pulse train for recording
Marks with a run-length of 3T (see Annex F).

dTs start timeof Space level.
The first'® bits (bits b7 to by) of these bytes shall specify the start time of the Space
level‘ofithe N-1 write strategy, succeeding the recording Marks with run-lengths of 2T,

3% and = 4T (positive values are leading, negative values are lagging; see Annex F).

The start time of the Space level dTs is expressed as a fraction of the actual Channgl-
bit clock period as a signed two’s-complement binary number u such that

Byte 95:

Byte 96:

100

[Oa)
~—

1l 1
T = —-o ==

The last 2 bits (bits by to bo) of these bytes shall be Reserved.

This byte shall specify the start time of the Space level, of the N-1 write strategy,
succeeding the recording Marks with run-lengths =24T.

This byte shall specify the start time of the Space level, of the N-1 write strategy,
succeeding the recording Marks with a run-length of 3T.
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Byte 97: This byte shall specify the start time of the Space level, of the N-1 write strategy,
succeeding the recording Marks with a run-length of 2T.

Bytes 98 to 99: Unused
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15.8.3.4

Definitions for DI format 2 (N/2 write strategy)

The content of the body of DI Units according to format 2 shall be as depicted in Figure 78.

Byte number Content Number of bytes
Oto7 DI-Unit header 8
810 10 BD Layer-Type identifier 3

11 Disk size/Class/Version 1
12 BD structure 1
13 Challllc: blt :Cllyth 1
14 Push-Pull polarity flag bits 1
15 Recorded-Mark polarity flag bits 1
16 BCA descriptor 1
17 Maximum transfer rate 1
18 to 23 Reserved 6
24 t0 31 Data-Zone allocation 8
3210 35 Recording Velocities 4
36 to 39 Maximum dc read powers 4
40 to 43 Maximum HF-modulated read powers 4
44 to 47 Reserved 4
48 to 55 Write-power settings 8
56 to 57 Twmp Write multi-pulse duration 2
58 to 61 dTiop first-write-pulse start time 4
62 to 69 Tiop first-write-pulse duration 8
70t0 73 T.p last-pulse duration 4
7410 77 dTs start time of Space-level 4
78 t0 99 Unused = all 00h 22
100to 111 DI-Unit footer 12

Figure 78 — Content of Bisk Information for DI format 2

Bytes 0t 1: Disk-Information identifier
See 15.8.3.2.
Byte 2: DI-Format Number
This byte_shall be set to 02h for disks with BCA code.
Thisbyte shall be set to 82h for disks without BCA code.
Byte 3: Number of DI Aux Frames in each DI Block / Number of the layer to which this|DI
Unit applies
See 15.8.3.2.
Byte 4: Reserved
See 15.8.3.2.
Byte 5: DI-Unit sequence number in DI Block
See 15.8.3.2.
Byte 6: Continuation flag/Number of DI bytes in use in this DI Unit
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Byte 7:

Bytes 8 to 10:
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This byte shall be set to 4Eh indicating that the first 78 bytes of the DI Unit are used
and that there is no continuation in the next DI Unit. All remaining bytes of the DI-Unit
body (excluding the bytes in the DI-Unit footer) are unused and shall be set to 00h.
Reserved

See 15.8.3.2.

BD Layer-Type identifier

and shall

be set to 42 44 52h, representing the characters “BDR” in each Recordableayer.
Byte 11: Disk size/Class/Version
Bits b7 to be: These 2 bits specify the disk size. They shall be set to 00, indicating a 120 mm disk.
Bits bs to ba: These 2 bits specify the Class number. The Class numbér identifies BD Layers of the
same Layer Type but with different basic specifications;
BD Layers according to this International Standard-shall have these bits set td 00.
Drives that are not familiar with a particular Class of layers should not access the Data
Zone of such layers (neither for reading, noryfor writing).
Bits b3 to bo: These 4 bits specify the Version number. They shall be set to 0001, indicating a layer
according to this International Standard.
Byte 12: BD structure
Bits b7 to ba: These 4 bits specify the total number of BD Recording/Recorded Layers on the disk.
On SL disks they shall be set to 0001, indicating one Recording Layer.
On DL disks they shall be set to 0010, indicating two Recording Layers.
Bits bs to bo: These @\bits specify the type of BD Recording/Recorded Layer to which this DI Unit
appliés,
BitS bs to bo shall be set to 0010, indicating a recordable Recording Layer.
Byte 13: Channel-bit length
Bits bz40)ba: These 4 bits shall be set to 0000.
Bits\bs to bo: These 4 bits specify the main data Channel-bit length, which shall be the same on all
BD Recording Layers.
They shall be set to
0001: indicating a Channel-bit length of 74,5 nm (25,0 GB per layer),
other settings: Reserved.
Byte 14: Push-Pull polarity flag bits
Bit b : Each bit bi shall specify the polarity of the Push-Pull signal on Recording Layer Li (see

26.1). They shall be set to
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Byte 15:

Bit b :

ZERO: indicating that the Push-Pull polarity on Layer Li is positive,

ONE: indicating that the Push-Pull polarity on Layer Li is negative.
For Recording Layers that are not present, bit b; shall be set to ZERO.
Recorded-Mark polarity flag bits

Each bit bi shall specify the polarity of the Recorded Marks on Recording Layer Li.

Byte 16:
Bits by to ba:

Bits bk to bg:

Byte 17:

Bytes 18 {o 23:

Bytes 24 1o 31:

ey shattbesetto

ZERO: indicating a Layer Type on which Recorded Marks have- @) lower
reflectivity than the Unrecorded Layer (HTL disks),

ONE: indicating a Layer Type on which Recorded Marks~have a higher
reflectivity than the Unrecorded Layer (LTH disks).

For Recording Layers that are not present, bit bi shall be set to. ZERO.
BCA descriptor
These 4 bits shall be Reserved.
These 4 bits shall indicate the presence of a BCA code on this disk:
0000: indicates that there is no BCA code,
0001: indicates that BCA codge,is present,
other settings: Reserved:
Maximum transfer rate

This byte specifies the’maximum read transfer rate needed by the Application ag a
number n such that

n = maximum read transfer rate in Mbit/s (n < 255; M = 106),
n shall.be)set to 00h, indicating no maximum transfer rate is specified.
Reserved
These bytes shall be set to all 00h.

Data-Zone allocation

Bytes 24 to 27:

Bytes 28 to 31:

104

These bytes specify the first Physical ADIP Address of the Data Zone of the related
layer.

In each DI Unit relating to Layer LO these bytes shall be set to 00 02 00 00h, indicating
PAA 131 072 as the first PAA of Data Zone 0.

In each DI Unit relating to Layer L1 these bytes shall be set to a value FAA, which shall
be 00 26 B1 80h for a disk with a User Data capacity of 25,0 GB per layer indicating
FAA as the first PAA of Data Zone 1.

These bytes specify the last Physical ADIP Address of the Data Zone of the related
layer.
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In each DI Unit relating to Layer LO these bytes shall be set to a value LAA, which shall
be 00 19 4E 7Eh for a disk with a User Data capacity of 25,0 GB per layer, indicating
LAA as the last PAA of Data Zone O.

In each DI Unit relating to Layer L1 these bytes shall be set to 00 3D FF FEh, indicating
PAA 4 063 230 as the last PAA of Data Zone 1.

Recording Velocities

These bytes specify the Nominal Recording Velocity, to be used with the Parameters

Byte 34:

Byte 35:

Bytes 36t0~39:

asdefinedinthis BHonitasa2-byte binary number-{(byte-32-sMmSB):
It shall specify the Nominal Recording Velocity as a number n such that
n =100 X Vnom
n shall be equal to
01 ECh to indicate a Nominal Recording Velocity of.4,92 m/s,
or:
03 D7h to indicate a Nominal Recording’Vetocity of 9,83 m/s.

This byte specifies the Maximum Recording Velocity, to be used with the pargmeters as
defined in this DI Unit.

It shall specify the Maximum Recording Velocity as a number n such that
N =100 X Vmax / Vnom_(1,= 100).

Here n shall be equakto 64h to indicate a Maximum Recording Velocity equalfto the
Nominal Recording/Melocity.

This byte specifies the Minimum Recording Velocity, to be used with the pargmeters as
defined in this DI Unit.

It shall specify the Minimum Recording Velocity as a number n such that
n= 100 X Vmin /Vnom (n < 100)

Here n shall be equal to 64h to indicate a Minimum Recording Velocity equal {o the
Nominal Recording Velocity.

Maximum dc read powers

The maximum read power is defined as the maximum optical power, on thg Entrance

Byte 36 :

surface of e disk, at which at feast 10° SUCCESSIVE reads can be apptied without
degrading the recorded signals (see 30.6). Maximum read powers in 15.8.3.4 shall be
greater than or equal to the read powers defined in 30.6. By default, the powers defined
in 30.6 shall be used.

This byte shall specify the maximum dc read power P; at the Reference Velocity, in
milliwatts, as a number n such that

n =100 x P;.
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Bytes 37 to 39:

These bytes each shall specify the maximum dc read power P,, at a read velocity
corresponding to the Nominal Recording Velocity as defined in byte 32 and 33 of this DI

Unit, in milliwatts, as a number n such that

n =100 x P,.

NOTE For reading at lower velocities than the lowest specified velocity, a reduction of the read power might be
necessary to guarantee stability of the recordings on the disk.

Bytes 40 to 43:

Maximum HF-modulated read powers

Byte 410

Byteq 41 to 43:

NOTE For reading at lower velocities than the lowest specified velocity, a reduction of the read power might
necessary [o guarantee stability of the recordings on the disk.

Bytes 44 1o 47:

Bytes 48 o 55:

Byte 48:

Byte 49:

The maximum read power is defined as the maximum optical power on the Entfamice

surface of the disk, at which at least 10° successive reads can be applied withq

ut

degrading the recorded signals (see 30.6). Maximum read powers in 15.8.3.4/shall be
greater than or equal to the read powers defined in 30.6. By default, the pewers defined

in 30.6 shall be used.

This byte shall specify the maximum HF-modulated read-power(P, at the Reference

Velocity, in milliwatts, as a number n such that
n =100 x P,.

These bytes each shall specify the maximum HF-modulated read-power P, at a read

velocity corresponding to the Nominal Recording Velocity as defined in byte 32 and 33

of this DI Unit, in milliwatts, as a number n suchdhat

n =100 x P;.

Reserved
These bytes shall be set.to;all 00h.

Write-power settings

be

Pino: Pino can'be used as a starting value for the determination of Prarget in the ORPC

procedure.(see Annex G).

This byte’shall specify the indicative value Pinp Of Prarget, in milliwatts, as a numbe
sughythat

n=20 x Pinp.

Mmino: Minp €an be used as a starting value for the determination of Ptarget in the OF
procedure (see Annex G).

Byte 50:

106

PC

This byte shall specify the modulation at Pip, as determined by the media

manufacturer, as a number n such that

n =200 x MiND.

p: This byte shall specify the write-power multiplication factor p, used in the OPC

algorithm (see Annex G), as a number n such that

n =100 x p.
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Byte 51: gsw: This byte shall specify the write-bias/write-peak power ratio gsw, used in the OPC

algorithm (see Annex G), as a number n such that
n =200 x &aw.
Byte 52: &c. This byte shall specify the cooling/write-peak power ratio &c, used in the OPC
algorithm (see Annex G), as a number n such that
n =200 x &c.
52- s—Fhisbyte-specifiesthe-Spacetwrite-peakpowerratiozsusetHmthe-©£€ algorithm
(see Annex G), as a number n such that
n =200 % &s.

Byte 54: k: This byte shall specify the target value for k, used in the OPC procedure (see

Annex G), as a number n such that
n =20 x K.
Byte 55: B: This byte shall specify the target value for 8, used in the alternative OPC procedure
(see Annex G), as a number n such that
n=>500 x (8 +0.2).
Bytes 56 to 57: Twme Write multi-pulse duration
These bytes specify the duratien~of the second and higher pulses of the multi-pulse
train, of the N/2 write strategy; for recording Marks (see Annex F).
The multi-pulse duration-Twe consists of two contributions: a variable part ahd a fixed
part(Tve = Tvpvar + Tk jix).

Byte 56: The first 5 bits_(bits' b7 to bs) of this byte shall specify the variable part, exprgssed as a
fraction of thesattual Channel-bit clock period, as an unsigned binary number p such
that

T
p=16x—MPvar (g < p<31).
Tw
The last 3 bits (bits b to bo) of this byte shall be Reserved.

Byte 57 The first 5 bits (bits b7 to bs) of these bytes specify the fixed part, expregsed as a

fraction of Tx, where Tx = 15,15 ns at 1xV,e or Tx = 7,58 ns at 2xVier. The value is

expressed as an unsigned binary number g such that

Bytes 58 to 61:

T ..
qﬂGx% (0<qg<31).
X

The last 3 bits (bits b to bo) of this byte shall be Reserved.

dTwp first-write-pulse start time

These bytes specify the start time of the first pulse of the multi-pulse train, of the N/2
write strategy, for recording Marks with run-lengths of 2T, 3T, [4T, 6T, 8T], and [5T, 7T,

9T] (positive values are leading, negative values are lagging, see Annex F).
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Bytes 62 {o 69:

108

Byte 58:

The first-pulse start time dTip is expressed as a fraction of the actual Channel-bit clock

period as a signed two’s- complement binary number i such that

dT
i=16x —®  (-16<i<15).
TW

The last 3 bits (bits b to bo) of these bytes shall be Reserved.

The first 5 bits (bits b7 to bs) of this byte shall specify the start time of the first pulse
the multi-pulse train for recording Marks with run-lengths of [5T, 7T, 9T] relative to

of
e

Byte $9:

Byte 60:

Byte 1:

Byte 1

trailing edge of the first Channel bit of the data pulse (positive values are leadiy
negative values are lagging; see Annex F).

The first 5 bits (bits b to bs) of this byte shall specify the start time of the first pulse
the multi-pulse train for recording Marks with run-lengths of [4T, 6T, 8T relative to {
trailing edge of the first Channel bit of the data pulse (positive values are leadi
negative values are lagging; see Annex F).

The first 5 bits (bits b to bs) of this byte shall specify the start\time of the first pulse
the multi-pulse train for recording Marks with a run-length-of/3T relative to the traili
edge of the first Channel bit of the data pulse (positive*values are leading, negat
values are lagging; see Annex F).

The first 5 bits (bits b7 to bs) of this byte shall specify the start time of the first pulse
the multi-pulse train for recording Marks withsa run-length of 2T relative to the traili
edge of the first Channel bit of the data pulse (positive values are leading, negat
values are lagging; see Annex F).

Trop first-write-pulse duration

These bytes specify the duration of the first pulse of the multi-pulse train, of the N
write strategy, for recording Marks with run-lengths of 2T, 3T, [4T, 6T, 8T] and [5T, 1
9T]. (see Annex F).

The first-pulse duration Tiop consists of two contributions: a variable part and a fix
part (Tiop = Ttopvar-t Ttopfix)-

For each of the byte fields f to f +1, with f = 62, 64, 66 and 68, the following values 3
defined;

The-fitst 6 bits (bits b to by) of this byte shall represent the variable part, expressed

afraction of the actual Channel-bit clock period, as an unsigned binary number j su
that

-
jzlﬁx% (0<j<46).

g,

of
he

gy

of

ng
ve

of

ng
ve

as
ich

w

Byte (f +1):

The last 2 bits (bits by to bo) of this byte shall be Reserved.
The first 6 bits (bits b to b,) of this byte shall represent the fixed part, as a fraction of

where Tx = 15,15 ns at 1xVe Or Tx = 7,58 ns at 2xV,e;. The value is expressed as
unsigned binary number k such that

T .
k=16x—2™  (0<k<46).
TX

The last 2 bits (bits by to bg) of this byte shall be Reserved.

Tx
an
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Bytes 68 to 69:
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These bytes shall specify the duration of the first pulse of the multi-pulse train, of the
N/2 write strategy, for recording Marks with run-lengths of [5T, 7T, 9T] (see Annex F).

These bytes shall specify the duration of the first pulse of the multi-pulse train, of the
N/2 write strategy, for recording Marks with run-lengths of [4T, 6T, 8T] (see Annex F).

These bytes shall specify the duration of the first pulse of the multi-pulse train, of the
N/2 write strategy, for recording Marks with a run-length of 3T (see Annex F).

These bytes shall specify the duration of the first pulse of the multi-pulse train, of the

Bytes 70 to 73:

Byte f:

Byte (f +1):

Bytes 70 to.71:

Bytes 72 to 73:

Nf2-write-strategyforrecordingMarks-witharom=tengthrof 2F(seeAnmex+):
T.p last-pulse duration

These bytes specify the last-pulse length of the multi-pulse traity; of the|[N/2 write
strategy, for recording Marks with run-lengths of [4T, 6T, 8T}~and [5T, 7T, 9T]; (see
Annex F).

The last-pulse duration T p consists of two contributions;\@variable part and g fixed part
(TLp = Tipvar + TP fix).

For each of the byte fields f to f +1, with f = 70, 72, the following values are dgfined:
The first 5 bits (bits b7 to bs) of this byte shall represent the variable part, exgressed as

a fraction of the actual Channel-bit clock/périod, as an unsigned binary number s such
that

T
szlax% (0<s«31).
w

The last 3 bits (bits by to bg) of this byte shall be Reserved.
The first 5 bits (bits b~ to bs) of this byte shall represent the fixed part, as a fragtion of Tx,

where Tx = 15,15 ns at 1xV e or Tx = 7,58 ns at 2xV,er. The value is expressed as an
unsigned binary number t such that

Tos
tzlﬁx%‘f'x (0<t<31).
X

The last 3 bits (bits b to bo) of this byte shall be Reserved.

These bytes shall specify the duration of the last pulse of the multi-pulse trgin, of the
N/2 write strategy, for recording Marks with run-lengths of [5T, 7T, 9T] (see Apnex F)

These bytes shall specify the duration of the last pulse of the multi-pulse trgin, of the
N/2 write strategy, for recording Marks with run-lengths of [4T, 6T, 8T] (see Afnex F).

Bytes 74to 77:

dTs start time of Space level

The first 6 bits (bits b; to by) of these bytes shall specify the start time of the Space
level, of the N/2 write strategy, succeeding the recording Marks with run-lengths of 2T,
3T, [4T, 6T, 8T] and [5T, 7T, 9T] (positive values are leading, negative values are
lagging, see Annex F).

The start time of the Space level dTs is expressed as a fraction of the actual Channel-
bit clock period as a signed two’s-complement binary number u such that
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Byte 74:

Byte 75:

dTg

Tw

u=16x (-31<u<15).

The last 2 bits (bits by to bo) of these bytes shall be Reserved.

This byte shall specify the start time of the Space level of the N/2 write strategy
succeeding the recording Marks with run-lengths of [5T, 7T, 9T].

This byte shall specify the start time of the Space level of the N/2 write strategy
succeeding the recording Marks with run-lengths of [4T, 6T, 8T]

Byte Y6:

Byte 77:

Bytes 78 o 99:

This byte shall specify the start time of the Space level of the N/2 write strategy
succeeding the recording Marks with a run-length of 3T.

This byte shall specify the start time of the Space level of the N/2:\write strategy
succeeding the recording Marks with a run-length of 2T.

Unused

110
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15.8.3.5 Definition for DI format 3 (Castle write strategy)

The content of the body of DI Units according to format 3 shall be as depicted in Figure 79.

Byte number Content Number of
bytes
Oto7 DI-Unit header 8
810 10 BD Layer-Type identifier 3
11 Disk size/Class/Version 1
12 BD-structure 1
13 Channel-bit length 1
14 Push-Pull polarity flag bits 1
15 Recorded Mark polarity flag bits 1
16 BCA descriptor 1
17 Maximum transfer rate 1
18 to 23 Reserved 6
24 to 31 Data-Zone allocation 8
3210 35 Recording Velocities 4
36 to 39 Maximum dc read powers 4
40 to 43 Maximum HF-modulated read powers 4
44 to 46 Reserved 3
47 to 55 Write-power settings 9
56 to 58 dTc cooling-level start time 3
59 to 67 dTop Start time of Tiop level 9
68 to 76 Twop level duration 9
77 Tip last-pulse-level duratign 1
78 to 80 dTs start time of Space-level 3
81 to 99 Unused = all 00h 19
100to 111 DI-Unit footer 12
Figure 79 — Content of Disk Information for DI format 3
Bytes O to 1: Disk-Informatien identifier
See 158y3.2.
Byte 2: DI-Format Number
This byte shall be set to 03h for disks with BCA code.
This byte shall be set to 83h for disks without BCA code.
Byte 3: Number of DI Aux Frames in each DI Block / Number of the layer to whigh this DI
Unit applies
See 15.8.3.2.
Byte 4: Reserved.
See 15.8.3.2.
Byte 5: DI-Unit sequence number in DI Block
See 15.8.3.2.
Byte 6: Continuation flag / Number of DI bytes in use in this DI Unit

© ISO/IEC 2016 — All rights reserved 111


https://standardsiso.com/api/?name=e48e7f62e6c92076f38e0bcf8429bcb1

ISO/IEC 30190:2016(E)

Byte 7:

Bytes 8 to 10:

Byte 11:
Bits b

Bits b

Bits b

Byte 12:

Bits b

Bits b

Byte 13:
Bits b

Bits b

2 tO bs:

5 O ba:

L to bo:

2 10 ba:

L t0 bo:

7 t0 ba:

L 100t

This byte shall be set to 51h indicating that the first 81 bytes of the DI Unit are used al
that there is no continuation in the next DI Unit. All remaining bytes of the DI-Unit bo
(excluding the bytes in the DI-Unit footer) are unused and shall be set to 00h.
Reserved

See 15.8.3.2.

BD Layer-Type identifier

be set to 42 44 52h, representing the characters “BDR” in each Recordable Layer.
Disk size/Class/Version

These 2 bits specify the disk size. They shall be set to 00, indicating a 20 mm disk.

nd
dy

all

These 2 bits specify the Class number. The Class number identifies BD Layers of the

same Layer Type but with different basic specifications.
BD Layers according to this International Standard shall have these bits set to 00.

Drives that are not familiar with a particular Class of Jlayers should not access the D4
Zone of such layers (neither for reading, nor for wiriting).

These 4 bits specify the Version number. They shall be set to 0001, indicating a lay
according to this International Standard.

BD structure
These 4 bits specify the total number of BD Recording/Recorded Layers on the disk.
On SL disks they shall be set to 0001, indicating one Recording Layer.

On DL disks they shall-be set to 0010, indicating two Recording Layers.

These 4 bits speeify the type of BD Recording/Recorded Layer to which this DI Upni

applies.

On disks-bits bs to bg shall be set to 0010, indicating a recordable Recording Layer.
Channel-bit length

‘These 4 bits shall be set to 0000.

These 4 bits specify the main data Channel-bit length, which shall be the same on

wta

er

all

BD Recording Layers.

Byte 14:

Bit b :

112

They shall be set to
0001: indicating a Channel-bit length of 74,5 nm (25,0 GB per layer),
other settings: Reserved.

Push-Pull polarity flag bits

Each bit bi shall specify the polarity of the Push-Pull signal on Recording Layer Li (see

26.1). They shall be set to
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ZERO: indicating that the Push-Pull polarity on Layer Li is positive,
ONE: indicating that the Push-Pull polarity on Layer Li is negative.

For Recording Layers that are not present, bit b; shall be set to ZERO.

Byte 15: Recorded-Mark polarity flag bits
Bit b : Each bit bi shall specify the polarity of Recorded Marks on Recording Layer Li. They
shall be set to
ZERO: indicating a Layer Type on which Recorded Marks hatg a lower
reflectivity than the Unrecorded Layer (HTL disks),
ONE: indicating a Layer Type on which Recorded Marks have|a higher
reflectivity than the Unrecorded Layer (LTH disks):
For Recording Layers that are not present, bit bi shall be set to ZERO.
Byte 16: BCA descriptor
Bits b7 to ba: These 4 bits shall be Reserved.
Bits b3 to bo: These 4 bits shall indicate the presence of ayBCA code on this disk:
0000: indicates that there is no;BCA code,
0001: indicates that BCAceode is present,
other settings, Reserved.
Byte 17: Maximum transfer rate

Bytes 18 to 23:

Bytes 24%0"31:

Bytes 24 to 27:

This byte specifies the maximum read transfer rate needed by the Application as a
number n such-that

n ' maximum read transfer rate in Mbit/s (n < 255; M = 106).
n¢Shall be set to 00h, indicating no maximum transfer rate is specified.
Reserved
These bytes shall be set to all 00h.

Data-Zone allocation

These bytes specify the first Physical ADIP Address of the Data Zone of the related

Bytes 28 to 31:

Tayer.

In each DI Unit relating to Layer LO these bytes shall be set to 00 02 00 00h, indicating
PAA 131 072 as the first PAA of Data Zone 0.

In each DI Unit relating to Layer L1 these bytes shall be set to a value FAA, which shall
be 00 26 B1 80h for a disk with a User Data capacity of 25,0 GB per layer, indicating
FAA as the first PAA of Data Zone 1.

These bytes specify the last Physical ADIP Address of the Data Zone of the related
layer.
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Bytes 32 to 35:

Bytes 32 to 33:

In each DI Unit relating to Layer LO these bytes shall be set to a value LAA, which shall
be 00 19 4E 7Eh for a disk with a User Data capacity of 25,0 GB per layer, indicating
LAA as the last PAA of Data Zone 0.

In each DI Unit relating to Layer L1 these bytes shall be set to 00 3D FF FEh, indicating
PAA 4 063 230 as the last PAA of Data Zone 1.

Recording Velocities

These bytes specify the Nominal Recording Velocity, to be used with the Parameters
as defined in this DI Unit, as a 2-byte binary number (byte 32 is MSB).

Byte $4:

Byte B5:

It shall specify the Nominal Recording Velocity as a humber n such that
n =100 X Vnom
n shall be equal to
01 ECh to indicate a Nominal Recording Velocity of 9,83 m/s;
or:
03 D7h to indicate a Nominal Recording Velocity of 19,68 m/s,
or:
0B 86h to indicate a Nominal Recording-Velocity of 29,50 m/s.

This byte specifies the Maximum Recording Velocity, to be used with the parameters jas
defined in this DI Unit.

It shall specify the Maximum Recording Velocity as a number n such that
N =100 X Vmax / Vnori (N = 100).

Here n shall be equal to 64h to indicate a Maximum Recording Velocity equal to the
Nominal Recording Velocity.

This byte speeifies the Minimum Recording Velocity, to be used with the parameters jas
defined in\this DI Unit).

It shallspecify the Minimum Recording Velocity as a number n such that
n= 100 X Vmin /Vnom (n < 100)

Here n shall be equal to 64h to indicate a Minimum Recording Velocity equal to the
Nominal Recording Velocity.

Bytes 36 to 39:

Byte 36 :

114

Maximum dc read powers

The maximum read power is defined as the maximum optical power on the Entrance
surface of the disk, at which at least 10 successive reads can be applied without
degrading the recorded signals (see 30.6). Maximum read powers in 15.8.3.5 shall be
greater than or equal to the read powers defined in 30.6. By default, the powers defined
in 30.6 shall be used.

This byte shall specify the maximum dc read power P; at the Reference Velocity, in
milliwatts, as a number n such that
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n =100 x P,.

These bytes each shall specify the maximum dc read power P,, at a read velocity
corresponding to the Nominal Recording Velocity as defined in byte 32 and 33 of this DI
Unit, in milliwatts, as a number n such that

n =100 x P,.

NOTE For reading at lower velocities than the lowest specified velocity, a reduction of the read power might be
necessary to guarantee stability of the recordings on the disk.

Bytes 40 to 43:

Byte 40:

Bytes 41 to 43:

Maximum HF-modulated read powers

The maximum read power is defined as the maximum optical power-on thg Entrance
surface of the disk, at which at least 10° successive reads canche”appligd without
degrading the recorded signals (see 30.6). Maximum read powers)in 15.8.3J5 shall be
greater than or equal to the read powers defined in 30.6. By default, the powdrs defined
in 30.6 shall be used.

This byte shall specify the maximum HF-modulated read power P, at the Reference
Velocity, in milliwatts, as a number n such that

n =100 x P;.
These bytes each shall specify the maximum HF-modulated read power P, [at a read
velocity corresponding to the Nominal.Recording Velocity as defined in byte B2 and 33

of this DI Unit, in milliwatts, as a number n such that

n =100 x P;.

NQTE For reading at lower velocities than the lowest specified velocity, a reduction of the read powgr might be

negessary to guarantee stability of the recordings on-the disk.

Bytes 44 to 46:

Bytes 47 to 55:

Reserved
These bytes shall be set to all 00h.

Write-power settings

Byte 47 to 48: Pitios ‘Pino can be used as a starting value for the determination of Piarger if] the OPC
procedure (see Annex G).
These bytes shall specify the indicative value Pinp Of Prarget, in milliwatts, as ajnumber n
such that
n=20 x Pinp.
Bit b7 of Byte 47 is msb and bit by of Byte 48 is Ish.
Byte 49: Mino: Minp €an be used as a starting value for the determination of Ptarger in the OPC
procedure (see Annex G).
This byte shall specify the modulation at Pip, as determined by the media
manufacturer, as a number n such that
n =200 x minp.
Byte 50: p: This byte shall specify the write-power multiplication factor p, used in the OPC

algorithm (see Annex G), as a number n such that
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Byte 51:

Byte 52:

n =100 xp.

&v: This byte shall specify the middle/write-peak power ratio eu, used in the OPC
algorithm (see Annex G), as a number n such that

n =200 x &y.

&c. This byte shall specify the cooling/write-peak power ratio &c, used in the OPC
algorithm (see Annex G), as a number n such that

Byte $3:

Byte $4:

Byte $5:

Bytes 56 {o 58:

Byte §6:

Byte $7:

86
= ZUU A CC.

&s: This byte shall specify the Space/write-peak power ratio ¢s, used in the ORC
algorithm (see Annex G), as a number n such that

n =200 X &s.

k. This byte shall specify the target value for k, used in the, ORC procedure (sge
Annex G), as a number n such that

n=20xK.

B: This byte shall specify the target value for 8, used in"the alternative OPC procedd
(see Annex G ), as a number n such that

=

e

n =500 x (8 +0,2).
dTc cooling-level start time

These bytes specify the cooling-level start time for writing pulse, of the Castle wijite
strategy, for recording Marks with\run-lengths of 3T, 4T and 25T (see Annex F).

The first 6 bits (bits b to hb) of these bytes shall specify the start time as a fraction|of
the actual Channel-bit:clock period as a signed two's-complement binary numbey k
such that

df;

W

k =16x

(-31<k<8).

The last 2 bits (bits by to bo) of these bytes shall be Reserved.

This” byte shall specify the start time of the cooling level of the writing pulse, of the
Castle write strategy, for recording Marks with run-lengths =5T.

This byte shall specify the start time of the cooling level of the writing pulse, of the
Castle write strategy, for recording Marks with a run-length of 4T.

Byte 58:

Bytes 59 to 67:

116

This byte shall specify the start time of the cooling level of the writing pulse, of the
Castle write strategy, for recording Marks with a run-length of 3T.

dTop Start time of Tip level
The first 5 bits (bits by to bs) of these bytes shall specify the start time of the T, part of
the writing pulse, of the Castle write strategy, for recording Marks with run-lengths 2T,

3T and 24T that succeed a Space with run-lengths of 2T, 3T, or 24T (see Annex F).

The first-pulse start time dTip is expressed as a fraction of the actual Channel-bit clock
period as a signed two’s-complement binary number i such that
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dT.
i=16x —® (-16<i <15).
TW

The last 3 bits (bits by to bo) of these bytes shall be Reserved.

Bytes 59 to 61: These bytes specify the start time of the first pulse of the multi-pulse train for recording
Marks with run-lengths 24T that succeed a Space with run-lengths of 2T, 3T, or 24T
Space, relative to the trailing edge of the first Channel bit of the data pulse (positive
values are leading, negative values are lagging; see Annex F).

Byte 59 shall represent the start time of the first pulse for recording Markg with run-
lengths 24T that succeed a Space with a run-length 24T.

Byte 60 shall represent the start time of the first pulse for recording Markq with run-
lengths 24T that succeed a Space with a run-length of 3T.

Byte 61 shall represent the start time of the first pulse for recording Markg with run-
lengths 24T that succeed a Space with a run-length of 2T.

Bytes 62 to 64: These bytes specify the start time of the first pulse-of-the multi-pulse train for recording
Marks of a run-length of 3T that succeed a Space with a run-length of 2T, 3T or 24T,
relative to the trailing edge of the first Channel it of the data pulse (positive yalues are
leading, negative values are lagging; see Aanex F).

Byte 62 shall represent the start time.of the first pulse for recording Marks with a run-
length of 3T that succeed a Space with a run-length 24T.

Byte 63 shall represent the statt time of the first pulse for recording Marks with a run-
length of 3T that succeed a Space with a run-length of 3T .

Byte 64 shall represent, the start time of the first pulse for recording Marks with a run-
length of 3T that succeed a Space with a run-length of 2T.

Bytes 65to 67: These bytes specify the start time of the first pulse of the multi-pulse train for| recording
Marks with a run-length of 2T that succeed a Space with a run-length of 2T, 3T or 24T ,
relative te-the trailing edge of the first Channel bit of the data pulse (positive yalues are
leading,_negative values are lagging; see Annex F).

Byte' 65 shall represent the start time of the first pulse for recording Marks with a run-
length of 2T that succeed a Space with a run-length 24T.

Byte 66 shall represent the start time of the first pulse for recording Marks with a run-
length of 2T that succeed a Space with a run-length of 3T.

Byte 67 shall represent the start time of the first pulse for recording Marks with a run-
length of 2T that succeed a Space with a run-length of 2T.

Bytes 68 to 76: Twp level duration

These bytes specify the duration of the Tip level of the write pulses, of the Castle write
strategy, for recording Marks with run-lengths 2T, 3T and 24T that succeed a Space
with a run-length of 2T, 3T or 24T (see Annex F).

The first 6 bits (bits b7 to by) of these bytes shall specify the length of the Tiop level, as a

fraction of the actual Channel-bit clock period, as an unsigned binary number j such
that

© ISO/IEC 2016 — All rights reserved 117


https://standardsiso.com/api/?name=e48e7f62e6c92076f38e0bcf8429bcb1

ISO/IEC 30190:2016(E)

Bytes 68 to 70:

j:16mep(os j <46).
TW

The last 2 bits (bits by to bo) of these bytes shall be Reserved.

These bytes specify the duration of the Ty level of the write pulses for recording Marks

of run-lengths 24T that succeed a Space with a run-lengths of 2T, 3T or 24T (s
Annex F).

Ryfp 68 shall represent the duration of the first InuIQr-\ for rpr‘nrding Marks with ri

ee

n_

Byteq 71 to 73:

Byteg 74 to 76:

Byte 77:

lengths 24T that succeed a Space with a run-length 24T.

Byte 69 shall represent the duration of the first pulse for recording Marks' with ru
lengths 24T that succeed a Space with a run-length of 3T.

Byte 70 shall represent the duration of the first pulse for recording:Marks with ru
lengths 24T that succeed a Space with a run-length of 2T.

These bytes specify the duration of the first pulse of the multi:pulse train for recordi
Marks with a run-length of 3T that succeed a Space with arun-lengths of 2T, 3T or 2
(see Annex F).

Byte 71 shall represent the duration of the first pul§e for recording Marks with a ru
length of 3T that succeed a Space with a run-length’=4T.

Byte 72 shall represent the duration of théfirst pulse for recording Marks with a ru
length of 3T that succeed a Space with a fun-length of 3T.

Byte 73 shall represent the duratiofof the first pulse for recording Marks with a ru
length of 3T that succeed a SpaceWwith a run-length of 2T

These bytes specify the duration of the first pulse of the multi-pulse train for recordi
of Marks with a run-lengthyof 2T that succeed a Space with a run-length of 2T, 3T
24T (see Annex F).

Byte 74 shall represent the duration of the first pulse for recording Marks with a ru
length of 2T that.succeed a Space with a run-length 24T.

Byte 75-shall represent the duration of the first pulse for recording Marks with a ru
length'ef-2T that succeed a Space with a run-length of 3T.

Byte” 76 shall represent the duration of the first pulse for recording Marks with a ru
fength of 2T that succeed a Space with a run-length of 2T Space.

Top last-pulse-level duration

n-

n_

ng
0T

n_

n-

n-

ng
or

n_

n_

n-

ite

Bytes 78 to 80:

118

This byte specifies the last-pulse-level length of the write pulses of the Castle wn
strategy, for recording Marks with run-lengths 24T (see Annex F).

The first 5 bits (bits b7 to bs) of this byte shall specify the length of T.p, as a fraction
the actual Channel-bit clock period, as an unsigned binary number s such that

s=16xEB(OSSs3n.
TW

The last 3 bits (bits b to bo) of this byte shall be Reserved.

dTsstart time of Space level

of
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The first 6 bits (bits by to b,) of this byte shall specify the start time of the Space level,
of the Castle write strategy, succeeding the recording of Marks with run-lengths of 2T,
3T and 24T (positive values are leading, negative values are lagging; see Annex F).

The start time of the Space level dTs is expressed as a fraction of the actual Channel-
bit clock period as a signed two’s-complement binary number u such that

dT,

w

u =16 x (-31<u<15).

The last 2 bits (bits b to bo) of these bytes shall be Reserved.

Byte 78: This byte shall specify the start time of the Space level of the writing” pulse, of the
Castle write strategy, succeeding the recording of Marks with run-lehgths 24T,

Byte 79: This byte shall specify the start time of the Space level ofythe writing pulse, of the
Castle write strategy, succeeding the recording of Marks with a’run-length of 3T.

Byte 80: This byte shall specify the start time of the Space-level of the writing pulse, of the
Castle write strategy, succeeding the recording of Marks with a run-length of 2T.

Bytes 81 to 99: Unused
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Additional

Examples
2x disks

So-called
the Refers

These dis

30190:2016(E)

Write-strategy requirements

strategy requirements for disks according to this specification are depicted in Figure 80.
) Recording Write strategy
Disk type .
Velocity N-1 N/2 Castle
1x Mandatory Optional —
HTL 2X Optional® Optional® Optional
ax — o Vandatory
6X — — Mandatory
1x Mandatory Optional —
LTH 2X Optional® Optional® Optional
4x — — Mandatory
6X — — Mandatory
— Not allowed in this International Standard.
Castle write strategy is allowed for 4x and 6x disks only.
See also Figure 5.
& At least one of the two write strategies shall be present and they shall be defined
as most-preferred write strategy for compatibility with 2x only devices.

Figure 80 — Write-strategy type requirements

Usage of DI Units for write strategy
the concept of multiple DI Units, identified by their DI-Format Number(byte 2), the BD systé
the (future) use of disks with different Recording Velocities and with one, two or more Recordi
hile keeping backwards compatibility in the(best possible way.

each different Recording Velocity might need a different write strategy (different set of parameter
b strategy furthermore can depend.oh the applied technology.

y, each Recording Layer might'need a different set of values for the write-strategy parameters.

of DI sequence for.2xdisks, 4x disks and 6x disks

‘2x" disks_(applicable Recording Velocities shall be one time the Reference Velocity and two tim
nce Velagity), can have one (SL disk) or two (DL disk) Recording Layer(s).

ks-Shall contain at least 2 DI Units for each Recording Layer, one containing the parameters for

Recordin

eS

1X

Velocity and the other containing the parameters for 2x Recording Velocity (see Fiqure 81).

Additional DI Units, containing alternative write-strategy parameter sets, may be added in order of preference

(see Figur

120

e 75).
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In the DI Unit defining the parameters for 1x Recording Velocity, bytes 32 to 35 are set as follows.
— Bytes 3210 33: These bytes are set to 01 ECh to indicate a Nominal Recording Velocity of 4,92 m/s.

— Byte 34: This byte is set to 64h to indicate a Maximum Recording Velocity equal to the Nominal
Recording Velocity.

— Byte 35: This byte is set to 64h to indicate a Minimum Recording Velocity equal to the Nominal
Recording Velocity.

InffAe DT UNIt defining the parameters 1or 2X Recording Velocity, byte 3210 35 are Set as 10llows.
— Bytes 32t033: These bytes are set to 03 D7h to indicate a Nominal Recording Velocity*of 9,43 m/s.

— Byte 34: This byte is set to 64h to indicate a Maximum Recording Velocity-equal to the Nominal
Recording Velocity.

— Byte 35: This byte is set to 64h to indicate a Minimum Recording’ Melocity equal to the Nominal
Recording Velocity.
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2x disk (DL) with
2x disk (SL) with 1x & 2x N-1 (Layer L0O)
Ix N-1 & 2x N/2 and
write strategy 1x N-1 & 2x N/2 (Layer L1)
write strategy

byte 2: DI-Format Number 1 byte 2: DI-Format Number 1

byte 3: :# of DIs / L# 2/0 byte 3: # of DIs / L# 4/0

byte 4° --- 00h byte 4° --- 00h

byte 5: sequence # 0 byte 5: sequence # 0

msb of byte 6: 0 msb of byte 6: 0

byte 32 to 35: Velocity 1x byte 32 to 35: Velocity 1x

byte 36 to 85: WS N-1 byte 36 to 85: WS N-1

byte 2: DI-Format Number 2 byte 2: DI-Format Number 1

byte 3: :# of DIs / L# 2/0 byte 3: # of DIs / L# 471

byte 4: --- 00h byte 4: --- 00h

byte 5: sequence # 1 byte 5: sequence # 1

msb of byte 6: 0 msb of byte 6: 0

byte 32 to 35: Velocity 2X byte 32 to 35: Velogity 1x

byte 36 to 77: WS N/2 byte 36 to 85: WS N-1
byte 2: DI-Format Number 1|

REPEAT byte 3: #0f Dls / L# 40 |
byte 4::-¢ 00h
byte'5: sequence # 2
msb of byte 6: 0
byte 32 to 35: Velocity 2X
byte 36 to 85: WS N-1
byte 2: DI-Format Number 2
byte 3: # of DIs / L# 4/1
byte 4: --- 00h
byte 5: sequence # 3
msb of byte 6: 0
byte 32 to 35: Velocity 2X
byte 36 to 77: WS N/2
REPEAT
Figure 81 — Example of DI sequence for 2x disks
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Parameters in this International Standard have been defined for so-called “4x” disks (applicable Recording
Velocities shall be one time, two times and four times the Reference Velocity ), which can have one (SL disk)
or two (DL disk) Recording Layer(s) (see Figure 82). Each Recording Layer shall fulfill the write-strategy
requirements as indicated in Figure 80.

These disks shall contain at least 3 DI Units for each Recording Layer, one containing the parameters for 1x
Recording Velocity, one containing the parameters for 2x Recording Velocity one containing the parameters
for 4x Recording Velocity. Additional DI Units, containing alternative write-strategy parameter sets, may be

al

In

Bytes 32 to 33:

Byte 34:

Byte 35:

Bytes 32 to 33:

Byte 34:

Byte 35:

Byte 32 to 33:

Byte 34:

Byte 35:

P~ 2l £ £ L = ZL
CU T uUructT Ul pgIrciCiTtlicT (oCT TTyurc rJj.

the DI Unit defining the 1x recording parameters, bytes 32 to 35 are set as follows.

These bytes are set to 01 ECh to indicate a Nominal Recording Veélaeity of 4,9

This byte is set to 64h to indicate a Maximum Recording Velogity equal to th
Recording Velocity.

This byte is set to 64h to indicate a Minimum Recording Velocity equal to th
Recording Velocity.

the DI Unit defining the 2x recording parameters for 2x Recording. Velocity, bytes 32 to 35 are set

These bytes are set to 03 D7h to indicatela Nominal Recording Velocity of 9,4

This byte is set to 64h to indicate-a Maximum Recording Velocity equal to th
Recording Velocity.

This byte is set to 64h to.ifdicate a Minimum Recording Velocity equal to th
Recording Velocity.

the DI Unit defining the 4x recording,parameters for 4x Recording Velocity, bytes 32 to 35 are set

These bytes.are set to 07 BOh to indicate a Nominal Recording Velocity of 19

This byte)is set to 64h to indicate a Maximum Recording Velocity equal to th
Recording Velocity.

J-his byte is set to 64h to indicate a Minimum Recording Velocity equal to th
Recording Velocity.

D2 m/s.

e Nominal

e Nominal

as follows.

3 m/s.

£ Nominal

£ Nominal

as follows.

68 m/s.

e Nominal

e Nominal
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124

ax disk (SL) with 4x disks (DL) with
1x N—1 & 2% N/2 1x & 2x N-1 & 4x Castle
& 4x Castle (Layer LO) and 1x N-1 & 2x
. N/2 & 4x Castle (Layer L1)
write strategy .
write strategy
byte 2: DI-Format Number 1 byte 2: DI-Format Number 1
byte 3: :# of DIs / L# 3/0 byte 3: # of DIs / L# 6/0
h\}rh:- Y C— Q0h h\}rh:- Y Ca— Q0h
byte 5: sequence # 0 byte 5: sequence # 0
msb of byte 6: 0 msb of byte 6: 0
byte 32 to 35: Velocity 1x byte 32 to 35: Velocity 1x
byte 36 to 85: WS N-1 byte 36 to 85: WS N-1
byte 2: DI-Format Number 2 byte 2: DI-Format Number 1
byte 3: :# of DIs / L# 3/0 byte 3: # of DIs / L# 6/1
byte 4: --- 00h byte 4: --- 00h
byte 5: sequence # 1 byte 5: sequence # 1
msb of byte 6: 0 msb of byte 6: 0
byte 32 to 35: Velocity 2x byte 32 to 35: Velocity. 1x
byte 36 to 77: WS N/2 byte 36 to 85: WS N-1
byte 2: DI-Format Number 3 byte 2: DI-Fafmat'Number 1
byte 3: :# of DIs / L# 3/0 byte 3: # of\DIs / L# 6/0
byte 4: --- 00h byte 4: %> 00h
byte 5: sequence # 2 byte.57sequence # 2
msb of byte 6: 0 msb of byte 6: 0
byte 32 to 35: Velocity 4x byte 32 to 35: Velocity 2X
byte 36 to 80: WS Castle byte 36 to 85: WS N-1
byte 2: DI-Format Number 2
REPEAT
byte 3: # of DIs / L# 6/1
byte 4: --- 00h
byte 5: sequence # 3
msb of byte 6: 0
byte 32 to 35: Velocity 2x
byte 36 to 77: WS N/2
byte 2: DI-Format Number 3
byte 3: # of DIs / L# 6/0
byte 4: --- 00h
byte 5: sequence # 4
msb of byte 6: 0
byte 32 to 35: Velocity 4x
byte 36 to 80: WS Castle
byte 2: DI-Format Number 3
byte 3: # of DIs / L# 6/1
byte 4: --- 00h
byte 5: sequence # 5
msb of byte 6: 0
byte 32 to 35: Velocity 4x
byte 36 to 80: WS Castle

Figure 82 — Example of DI sequence for 4x disks
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Parameters in this International Standard have been defined for so-called “6x” disks (applicable Recording
Velocities shall be one time, two times, four times and six times the Reference Velocity), which can have one
(SL disk) or two (DL disk) Recording Layer(s) (see Figure 83). Each Recording Layer shall fulfill the write-
strategy requirements as indicated in Figure 80.

These disks shall contain at least 4 DI Units for each Recording Layer, one containing the parameters for 1x
Recording Velocity, one containing the parameters for 2x Recording Velocity, one containing the parameters
for 4x Recording Velocity and one containing the parameters for 6x Recording Velocity. Additional DI Units,

C

In

the DI Unit defining
Bytes 32 to 33:

Byte 34:

Byte 35:

the DI Unit defining

Bytes 32 to 33:

oo 1+ 44 Y + % + +. ™S Aalacl i i £ £ L =
ATy Aanciimatvo WIntTo ol dlTyy pAaralticic otTio, TTay DT aUUTU T UTUTT UT PJITITTTTICT (oTT T Tyul

the 1x recording parameters for 1x Recording Velocity, bytes 32 to 35 afe,set
These bytes are set to 01 ECh to indicate a Nominal Recording Veélaeity of 4,9

This byte is set to 64h to indicate a Maximum Recording Velogity equal to th
Recording Velocity.

This byte is set to 64h to indicate a Minimum Recording Velocity equal to th
Recording Velocity.

the 2x recording parameters for 2x Recording Velocity, bytes 32 to 35 are set

These bytes are set to 03 D7h to indicatela Nominal Recording Velocity of 9,4

e 75).
as follows.
D2 m/s.

£ Nominal

e Nominal

as follows.
3 m/s.

£ Nominal

e Nominal

as follows.
68 m/s.

£ Nominal

e Nominal

as follows.

50 m/s.

Nominal

Byte 34: This byte is set to 64h to indicate-a Maximum Recording Velocity equal to th
Recording Velocity.
Byte 35: This byte is set to 64h to.fdicate a Minimum Recording Velocity equal to th
Recording Velocity.
the DI Unit defining the 4x recording, parameters for 4x Recording Velocity, bytes 32 to 35 are set
Bytes 32 to 33: These bytes.are set to 07 BOh to indicate a Nominal Recording Velocity of 19
Byte 34: This byte)is set to 64h to indicate a Maximum Recording Velocity equal to th
Recording Velocity.
Byte 35: J-his byte is set to 64h to indicate a Minimum Recording Velocity equal to th
Recording Velocity.
the DI Unit defining the 6x recording parameters for 6x Recording Velocity, bytes 32 to 35 are set
Bytes:32 to 33: These bytes are set to OB 86h to indicate a Nominal Recording Velocity of 29
Byte 34: This byte is set to 64h to indicate a Maximum Recording Velocity equal to th
Recording Velocity.
Byte 35: This byte is set to 64h to indicate a Minimum Recording Velocity equal to the Nominal

Recording Velocity.
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6x disk with 1x N-1 & 2x N
4x & 6x Castle
write strategy

12 &

byte 2: DI-Format Number 1
byte 3: :# of DIs / L# 4/0
byte 4: --- 00h
byte 5: sequence # 0
msb of byte 6: 0
byte 32 to 35: Velocity 1x
byte 36 to 85: WS N-1
byte 2: DI-Format Number 2
byte 3: :# of DIs / L# 4/0
byte 4: --- 00h
byte 5: sequence # 1
msb of byte 6: 0
byte 32 to 35: Velocity 2X
byte 36 to 77: WS N/2
byte 2: DI-Format Number 3
byte 3: :# of DIs / L# 4/0
byte 4: --- 00h
byte 5: sequence # 2
msb of byte 6: 0
byte 32 to 35: Velocity 4x
byte 36 to 80: WS Castle
byte 2: DI-Format Number 3
byte 3: :# of DIs / L# 4/0
byte 4: --- 00h
byte 5: sequence # 3
msb of byte 6: 0
byte 32 to 35: Velocity 6X
byte 36 to 80: WS Castle

REPEAT

6x disk with 1x & 2x N-1 & 4x & 6x Castle
(Layer LO) and 1x N-1 & 2x N/2 & 4x & 6x
Castle (Layer L1) write strategy

byte 2: DI-Format Number 1 byte 2: DNFormat |Number 3
byte 3: # of Dis / L# 8/0 byte 3: #0fDls / L# 8/0
byte 4: --- 00h byte 4.+ 00h
byte 5: sequence # 0 byte 57 sequence # 4
msb of byte 6: 0 fmsb of byte 6: 0
byte 32 to 35: Velocity 1x byte 32 to 35: Velocity 4x
byte 36 to 85: WS N-1 byte 36 to 80: WS Castle
byte 2: DI-Format Number 1 byte 2: DI-Format Numbégr 3
byte 3: # of DIs / L# 8/1 byte 3: # of DIs / L# 8/1
byte 4: --- 00h byte 4: --- 00h
byte 5: sequence # 1 byte 5: sequence # 5
msb of byte 6: 0 msb of byte 6: 0
byte 32 to 35: Velocity 1x byte 32 to 35: Velocity 4x
byte 36 to 85: WS N-1 byte 36 to 80: WS Castle
byte 2: DI-Format.Nunber 1 byte 2: DI-Format Numbégr 3
byte 3: # of DIs /L# 8/0 byte 3: # of DIs / L# 8/0
byte 4: --- 00h byte 4: --- 00h
byte 5: sequence # 2 byte 5: sequence # 6
msh-of byte 6: 0 msb of byte 6: 0
byte 32 to 35: Velocity 2X byte 32 to 35: Velocity 6X
byte 36 to 85: WS N-1 byte 36 to 80: WS Castle
byte 2: DI-Format Number 2 byte 2: DI-Format Numbgr 3
byte 3: # of DIs / L# 8/1 byte 3: # of DIs / L# 8/1
byte 4: --- 00h byte 4: --- 00h
byte 5: sequence # 3 byte 5: sequence # 7
msb of byte 6: 0 msb of byte 6: 0
byte 32 to 35: Velocity 2X byte 32 to 35: Velocity 6X
byte 36 to 77: WS N/2 byte 36 to 80: WS Castle

Figure 83 — Example of DI sequence for 6x disks
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General description of Information Zone

16.1 General

The Information Zone, which contains all information on the disk that is relevant for data interchange, is
located in the Information Area extending from dg to dio. (see 10.8.1 and Figure 16).

The inner part of Inner Zone 0 (Protection-Zone 1 + PIC) shall contain HFM Groove which can carry replicated

info

mation about the disk The other parts of lnner 7nnp(e) Data 7nnp(e) and Quter 7nnp(e) can

itute the

Req

16.p Format of Information Zone on Single-Layer disk

For

The

0 and a Lead-out Zone (Outer Zone 0) (see Figure 84).

The
Cor
alsq

16.

The
and
Zon

Dat
con
and
Info

17

The
and
cen

The
eac

ordable Area in which the information can be recorded on the Wobbled Groove(s).

consistency reasons, the sole Recording Layer on an SL disk is also called Layer L@,

Information Zone on SL disks is divided in three parts: a Lead-in Zone (part ofnner Zone 0), a D

Data Zone is intended for recording User Data. The Lead-in Zone.cgntains replicated and Reg
trol Information and an area for disk and drive testing. The Lead-out.Zone allows for a smooth ru
contains Control Information.

B Format of Information Zone on Dual-Layer disk

Information Zone on DL disks is divided in six parts: asLead-in Zone (part of Inner Zone 0), a Dat|
an Outer Zone 0 on Layer LO and an Outer Zone'q; a Data Zone 1 and a Lead-out Zone (part
e 1) on Layer L1 (see Figure 84 and Figure 85).

h Zone 0 and Data Zone 1 are intended for-recording User Data. The Lead-in Zone and Lead-
fain replicated and Recordable Control Infermation and an area for disk and drive testing. Oute|

Outer Zone 1 allow for a smooth run-in/runout for their respective layer and also contair]
rmation.

Layout of Recordable Area of Information Zone

Recordable Area of-the’Information Zone is constituted from parts of the Inner Zone(s), the Datg
the Outer Zone(s)\Fhe starting radii for the Zones indicated in Figure 84 are the nominal valu
fre of the first/lastyGroove Track in those Zones.

Physical ADIP Addresses (PAA) shown in Figure 84 are the first/last addresses in the Groove
h Zone, ‘Also the numbers of Physical Clusters (RUBSs) that can be recorded per Zone are indicate

Aata Zone

cordable
nout and

A Zone 0
of Inner

but Zone
r Zone O
Control

Zone(s)
s of the

racks of
d.
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The values given in the table of Figure 84 are for a disk capacity of 25,0 Gbytes or 50,0 Gbytes.

Nominal First PAA
Descrip- | starting of Zone Number
Layer LO tion radius : of Phys.
(mm) Last PAA |Clusters
of Zone
First transition Area ending radius 11,5 mm
Clamping Zone starting radius 11,5 mm
ending radius 16,5 mm
Secqre-ransition-Area Startingradius—16-5-mm
ending radius 21,0 mm
starting radius “wide pitch”
21,0 mm Groove BCA
Protection
-Zone 1 22,2 o
Embossed (First AUN =
HFM 00.0D-8E COh
(HFM PIC 22,512 : 2720
Groove) Last AUN = | (x4KB)
00 0D A3 FEh)
Protection 01 B‘_‘ 80h 204
-Zone 2 23,252 :
Lead-in 01 B7 FEh
Zone
01 B8 00h
(ﬁ’r?;te?f INF&2 | 23,289 : 256
Zone 0) 01 BB FEh
01 BC 00h
| OPCO | 23,329 : 2048
J 01 DB FEh
Infofmation | Information 01 DC 00h
Area Zone TDMA O 23,647 : 2 048
l 01 FB FEh
01 FC 00h
tracking direction | pacortable INFO 1 23,961 : 256
01 FF FEh
(Wobbled 24,000 02 00 00h
Groove) Data 381 856
Zone O :
LAA
58,000 LAA + 2h
Lead-out | INFO 3/4 : 268
Zone LAA + 4 30h
/ LAA + 4 32h
Outer DCZ0 58,017 : 512
Zone 0 CAA F C 30n
Protection LAA + C 32h
-ZOﬂe 3 58,049 ===
ending radius 58,5 mm
Rim Area starting radius 58,5 mm | | | |

Figure 84 — Layout of Information Zone on Layer LO
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The values given in the table of Figure 85 are for a disk capacity of 50,0 Gbytes.

Nominal Last PAA
Descrip- ending of Zone Number
Layer L1 tion radius : of Phys.
(mm) First PAA | Clusters
of Zone
ending radius  “wide pitch”
21,0 mm Groove
Protection
Tomne Ter| 22 |
3E 94 00h
3E 93 FEh
Bz‘gf:]eer 22,512 : 1408
3E-7ZE*00h
3EJ7D FEh
2 (048
OPC1 22,740 :
3E 5E 00h
3E 5D FEh
Buffer
Zone 23,067 : 1408
Lead-out 3E 48 00h
Zone 3E 47 FEh |
(rlJr?rr]te trnf INFO27| 53 589 : 256
tracking direction Zone 1) 3E 44 00h
3E 43 FEh
T TDMA 1 23,329 : 2 048
) Information 3E 24 00h
Information Zone 3E 23 FEh
Area 0 Reserved| 23,647 : 2 (048
| 3E 04 00h
3E 03 FEh 256
INFO 1 23,961 :
Recordable 3E 00 00h
(Wobbled 24,000 3D FF FEh
Groove) Data 381856
Zone 1l :
FAA 2
58,000 FAA —2h
INFO 3/4 : 268
FAA — 4 30h
Outer DCZ1 58,017 A 512
Zone 1 ! FAA — C 30h
Protection FAA — C 32h
Zone3 | 8049 :
starting radius 58,5 mm

aFAA = LAA + C0 00 01h (see 15.7.4.3)

Figure 85 — Layout of Information Zone on Layer L1
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Physical-Sector numbering

A Cluster contains 32 Physical Sectors, and each Physical Sector contains 2K data bytes. Although their
numbers are not included in the data recorded on the disk, each Physical Sector is associated with a (virtual)
Physical-Sector Number (PSN).

The PSNs increase by one for each successive Physical Sector in the tracking direction of the related
Recording Layer.

The PSN of the first Physical Sector of each Physical Cluster is a multiple of 32.

Bits PS3q to PS,7 of the PSN shall be Reserved.

Bits PS4 to PS»4 of the PSN shall be set to the Layer number.

The firstPSN in the Data Zone 0 is 00 10 00 00h.

The last PSN in the Data Zone 0 is 8 x LAA + 15, which is 00 CA 73 FFh on a 25,0 GB and 50,0 GB disk.
The firstPSN in the Data Zone 1 is 8 x FAA, which is 01 35 8C 00h on a 50,0 GB(disk.

The last PSN in the Data Zone 1 is 01 EF FF FFh.

set to
Layer number PSN
MSB LSB
P Plp| [P P P P p Pl PP P
S sis| |s S S S S s| |s|s S
3 2(2| |2 2 1 1 8 7| |54 0
7 6 5
in Cluster
count
—
Addréss-Unit Number l l i i
YYVYVVY vyvvyNv vy YYVVVVYVYY YVYY
A Alal |A A A A A Al [AlA AlA
u ulu| |u u u u u u| |ufu ulu
3 2(2| |2 2 1 1 8 7| |54 1|0
1 7 6
set to
00, 01, 10
consecutively
Y YVVVYYN YVYVYVYY \ A 4 A Vll
Al |AlA AlA A
Al |AIA A|A A ﬁ ﬁ ﬁﬁﬁ
2| [2]2 1|1 1 8 7 2|10
3l 1110 716 5

Physical ADIP Address

Figure 86 — Physical ADIP Addresses derived from PSNs

These PSNs are converted to Address-Unit Numbers, which shall be recorded in the BIS columns of the ECC
Clusters (see 13.9.2).

Finally, a Physical ADIP Address is derived from the PSN/AUN as defined in Figure 86. This PAA identifies
the location on the disk where the data has to be recorded.
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Inner Zone

18.1 General

On Layer LO the innermost Zone of the Information Zone is called the Lead-in Zone. On Layer L1, the
innermost Zone of the Information Zone is called the Lead-out Zone.

Inner Zone 0 contains an Embossed HFM Area and a Recordable Area. Inner Zone 1 contains an embossed

woh

bled part and a Recaordable Area (qpp Eigllrp 87 and Figllrp RR)

In the Embossed HFM Area on Layer LO, all Groove shall be encoded according to the format defined

On
AUI

The
AUI

In A
the

The

Int
othg

In the Recordable Area and the Wobbled Groove Area (Protection-Zone 1 on Layer L1), all Groove(s

wol

The
to S

Als® a Zone has been reserved where-drives can store their own specific information.

Layer LO this encoding shall start at a radius 22,2_%% mm, such that the AUN of the first Cluster
N =00 0D 85 F4h.

addressees shall be continuously increasing as described in 15,53.2, and shall g
N = 00 0D A3 FEh in the last 4K Cluster at the outermost radius of the PIC Zone.

rotection-Zone 1 of Inner Zone 0, the content of the Data Frames can‘be/set to all 00h or it can be
content in the PIC Zone.

Protection-Zone 1 is intended to protect against overwriting of.the PIC Zone by BCA code.
br information can be stored in the Embossed HFM Groove.
bled as defined in 15.6.

Recordable Area of the Inner Zone(s) issused to execute OPC (Optimum Power Control) proced
tore specific information about the disk;-such as Disk Management Information and Control Inf

in 15.5.

shall be

nd with

equal to

ne Permanent Information & Control data (PIC) Zone(s),\general information about the disk andl various

shall be

ures and
brmation.
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Figure 87= Inner Zone 0 (Lead-in Zone)

Inner Description First PAA Number of Purpose
Zone 0 of Zone | Phys.Clusters
Protection- . .
Zone 1
Embossed PIC . Permanent Information &
HFM Control data Zone
Protection” | 0184 8o 224
Reserved 8 01 B8 00h 32 future extension
Reserved 7 | 01 B8 80h 32 future extension
Reserved 6 | 01 B9 00h 32 future extension
INFO 2 Reserved 5 | 01 B9 80h 32 future extension
PAC 2 01 BA 00h 32 Physical-Access Control
d DMA 2 01 BA 80h 32 Disk"Management
Regcordable Control Data 2 | 01 BB 00h 32 data information
J Buffer 2 01 BB 80h 32
tracking direction OPC O Test Zone 01 BC 00h 2044 OPC testing
OPC 0 Buffer | 01 DB FOh 4 buffer
TDMA 0 01 DC 00h 2 048 Temporary DM Area
Pre-write Area | 01 FC 00h 32 Drive calibration
Drive Area 01 FC 80h 32 Drive-specific information
Drive Area 01 FD 00h 32 Drive-specific information
Drive Area 01 FD 80h 32 Drive-specific information
INFO 1 Drive Area 01 FE 00h 32 Drive-specific information
DMA 1 01 FE/80h 32 Disk Management
Control Data 1 | 01 FF 00h 32 data information
PAC 1 01 FF 80h 32 Physical-Access Control
(Data Zone-Qy | 02 00 00h
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Inner Description First PAA Number of Purpose
Zone 1 of Zone | Phys.Clusters
(Data Zone 1)
PAC 1 3E 00 00h 32 Physical-Access Control
Control Data 1 | 3E 00 80h 32 data information
DMA 1 3E 01 00h 32 Disk Management
INEA 1 Drive Area 3E 01 80h 32 Drive-specific information
T Drive Area 3E 02 00h 32 Drive-specific informgdtion
Drive Area 3E 02 80h 32 Drive-specific informdgtion
Drive Area 3E 03 00h 32 Drive-specific’ informdgtion
Pre-write Area | 3E 03 80h 32 DriveCcalibration
Reserved --- 3E 04 00h 2048 futlre extension
TDMA 1 --- 3E 24 00h 2048 Femporary DM Arda
\ Buffer 2 3E 44 00h 32
Recordable Control Data 2 | 3E 44 80h 32 data information
N DMA 2 3E 45 00h 32 Disk Managemen
INFO 2 PAC 2 3E 45 80h 32 Physical-Access Qortrol
Reserved 5 3E 46 00h 32 future extension
Reserved 6 3E 46 80h 32 future extension
Reserved 7 3E 47 00h 32 future extension
tracking direction Reserved 8 3E 47 80h 32 future extension
Buffer 3E 48:00h 1 408
OPC 1 Test Zone 3E\5E 00h 2 048 OPC testing
Buffer 3E 7E 00h 1408
Wobbled Protectionr
Groove Zone 1
Figure'88 — Inner Zone 1 (Lead-out Zone)
18.2 Permanent Informations& Control data (PIC) Zone
18.2.1 General
Thg Permanent Infortaation & Control data (PIC) Zone is an Embossed HFM Area with data fof various
purposes, such as\Disk Information. If no specific PIC is supplied, all User Data bytes (before scfambling)
shall be set to QOK."Permanent Information & Control data (PIC) is only present on Layer LO.
18.2.2 Content of PIC Zone
Theg PIC Zone shall consist of five repetitions of a PIC-Info Fragment, where each PIC-Info Fragment consists

of 544 PIC Clusters (for a total of Z 720, Se€ Figure 89). The PIC CIusters shall be formatted as described in
15.5.

The PIC-Info Fragments shall start on Layer LO at AUNs: 00 OD 8E COh, 00 0D 93 00h, 00 0D 97 40h,

00 0D 9B 80h and 00 0D 9F COh
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The first
the ADIH
Frame g
remainin

The last
(see 18.1

All other

PIC-Info Fragment PIC-Cluster AUN
number number on Layer LO

0 00 OD 8E COh
1 00 OD 8E C2h
IFO 2 00 OD 8E C4h
543 00 0D 92 FEh
0 00 OD 93 00h

IF1 : :
543 00 0D 97 3Eh
0 00 OD 97 40h

IF2 : :
543 00 OD 9B 7Eh
0 00 0D 9B 80h

IF3 : :
543 00 OD 9F BEh
0 00 OD 9F COh

IF4 : :
543 00 OD A3.FEh

Figure 89 — PIC Zone

PIC Cluster of each Info Fragment shall contain a copy of the Disk-Information Block as containe|

Aux Frames (see 15.8.3 and Figure 90). Only the first\112 bytes of each Disk-Information
hall be included (excluding the 32 parity bytes). If léss than 32 DI Units are present, then
0 bytes up to byte 3 584 shall be set to 00h.

512 bytes of the first PIC Cluster of each Info Etagment shall contain the Emergency-Brake datal

.3 and Figure 90).
Byte Position
in PIC Cluster Content Number of bytes
O0to 111 DI Unit 0 112
112 to 223 DI Unit 1 112
: : 112 x 28
3360t03471 DI Unit 30 112
347210 3583 Reserved 112
3584 to 4 095 EB Data Set 512

Figure 90 — First PIC Cluster of each Info Fragment

PIC Clusters shall be Reserved unless otherwise specified by the Application.

d in
AUX
the

set
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18.2.3 Emergency Brake

As a protective measure, a data set is defined that can be used by specific drive models to recognize disks
that need special handling to prevent destructive malfunction.

This data is called Emergency Brake (EB) data.

EB data is specified in bytes 3 584 to 4 095 of the first PIC Cluster of each Info Fragment. It consists of an EB
Header, EB-data field(s) and an EB Footer. EB-data fields shall be included only upon mutual agreement,
between the disk manufacturer and the drive manufacturer involved, that specific drives require special
actipns when handling such disks, e.g. to prevent damage o the disk or the drive. Up to a maximum ¢f 62 EB-

data fields may be applied.
Thg Emergency-Brake data shall be implemented as depicted in Figure 91.
Byte number Function Definition Number of bytes
3584 to 3585 Identifier 2
3586 EB Version 1
3587 Resgrved 1
Header -

3588 Listdength 1
3589103591 Reserved 3
3592 to 3593 Drive-Manufacturer ID 2
3594 to 3 595 5 E'?_ y Drive Model 2
3596 to 3597 atal '€ Firmware Version 2
3598 to 3599 Drive Actions 2
(3584 +i%x8)to(3584+ix8)+1 Drive-Manufacturer ID 2
(3584 +ix8) +210 (3584 +ix 813 | E]'fld_ Drive Model 2
(3584 +i%x8)+41t0(3584+ix8)\+5 (1at<ai LeN)I Firmware Version 2
(3584 +i%x8)+61t0(3584+.i%x8)+7 Drive Actions 2
(3584 +N x8)t0/(3584 +N x8) +1 EB Drive-Manufacturer ID 2
(3584 + N x 8) +2t0(3584 +N x 8) +3 | pData Field Drive Model 2
(3584 +Nx8)+41t0(3584+Nx8)+5 N Firmware Version 2
(3584 + NX8Yy+61t0 (3584 +Nx8)+7 | (N<62) Drive Actions 2

[3 584 +(N+1) x 8] .
0 [3 584 + (N+1) x 8] + 7 EB Footer Terminator 8

[3584 + (N+2) x 8] to 4 095 Unused Reserved 512 — (N+2)(x 8
Lare-Q4 Daofinitiaon of Coanrannoyg Rralea data
Figure-94+—Definritton-of Emergenrcy-Brake-data

Bytes 3 584 to 3 585: EB Identifier
These bytes shall be set to 45 42h, representing the characters “EB”.
Byte 3 586: EB Version

This byte shall be set to 01h, representing Version 1 of the Emergency Brake format.
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Byte 3 587: Reserved
This byte shall be set to 00h.
Byte 3 588: EB list length N
This byte shall represent the number of EB-data fields.

This byte shall be set to 00h when no EB-data fields are present.

Bytes 3 p89to3 591 Reserved
These bytes shall be set to 00 00 00h.
Bytes (31584 +i x 8)to (3584 +ix 8)+1(1=i<N): Drive-Manufacturer ID

The format and the content of these 2 bytes require agreement between [the
interchange parties, else these bytes shall be set to all 00h.

Bytes (3584 +ix8)+2to (3584 +ix8)+3(1L<i<N): Drive-Model Number
These 2 bytes represent the Drive-Model Number and shall be defined by the drive
manufacturer. This International Standard does not specify the format and contert of
these bytes. It shall be ignored in interchange.

Bytes (3]584 +ix8)+4to (3584 +ix8)+5(1<i<N): Drive-Fitmware Version
These 2 bytes represent the Drive-Firmware Version and shall be defined by the drive
manufacturer. This International Standard does not specify the format and content of
these bytes. It shall be ignored ingdnterchange.

Bytes (3]584 +i x 8) + 6 to (3584 +i x 8) + 7 (1 <i(S N): Drive-Manufacturer Actions
These 2 bytes represent-the actions to be performed by the drive model to handle [this
disk. These bytes ‘shall be defined by the drive manufacturer. This Internatignal
Standard does not specify the format and the content of these bytes. It shall be igngred
in interchange:

Bytes [3]584 + (N+1) x 8] to [3584 + (N+1) x 8] + 7 (0 = N = 62): EB Terminator

These bytes shall be set to FF FF FF FF FF FF FF FFh to indicate the end of the| EB
data.

Bytes [3]584 + (N42) x 8] to 4 095 (0 £ N = 62): Reserved

These bytes shall be Reserved.

18.3 Recordable Area of Inner Zone 0

18.3.1 Protection-Zone 2

This Zone comprising 224 Physical Clusters starts at PAA 01 B4 80h and is intended to be a buffer Zone for
the transition from the Embossed HFM Area to the Recordable Area (see 15.4.4).
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18.3.2 INFO 2/Reserved 8

This Zone comprising 32 Physical Clusters starts at PAA 01 B8 00h and is Application dependent.

2016(E)

For disks with BCA code, this Zone shall be left unrecorded unless otherwise specified by the Application.

For

disks without BCA code, this Zone shall be recorded all 00h before being shipped.

18.3.3 INFO 2/Reserved 7

This

18.1

This

18.

This

For

For

18.1
This

for
unr

18.3

This

Mamagement system. Until the disk is closed (see 22.6), these Clusters shall be left unrecorded.

18.1
Thig
Lay|
isc
18.

Thig

3.5 INFO 2/Reserved 5

3.9 INFO2/Buffer 2

Zone comprising 32 Physical Clusters starts at PAA 01 B8 80h and shall be left unrecorded.

.4 INFO 2/Reserved 6

Zone comprising 32 Physical Clusters starts at PAA 01 B9 00h and shall be left unrecorded.

Zone comprising 32 Physical Clusters starts at PAA 01 B9 80h and is Application dependent.
disks with BCA code, this Zone shall be left unrecorded unless otherfwise specified by the Applica

disks without BCA code, this Zone shall be recorded all 00h befere being shipped.
.6 INFO 2/PAC 2
Zone comprising 32 Physical Clusters starts at PAA 01 BA 00h on Layer LO and is intended to

storing Physical-Access Control (PAC) Clusters \(see 21.2). Unused Clusters in this Zone sha
bcorded.

.7 INFO 2/DMA 2

Zone comprising 32 Physical Clusters starts at PAA 01 BA 80h and is intended for use by

.8 INFO 2/Control Data2
Zone comprising 32 Physical Clusters starts at PAA 01 BB 00h on Layer LO and at PAA 3E 4

pr L1 and is intended*to store Control Information. Unused Clusters shall be left unrecorded unti
osed.

Zone/comprising 32 Physical Clusters starts at PAA 01 BB 80h and shall be left unrecorded.

on.

be used
Il be left

the Disk

1 80h on
the disk

18.

.10 OPC O/Test Zone

The Test Zone comprising 2 044 Physical Clusters starts at PAA 01 BC 00h and is reserved for testing and/or
OPC procedures. The OPC 0 Area shall be used according to 18.3.11.

©IS
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18.3.11 Usage of OPC Areas

18.3.11.1 OPC procedure order

The OPC Areas shall be used consecutively in descending PAA order. The first area used for an OPC
procedure ends at the end of the last PAA. The last usable Physical Cluster of the OPC Area is located at the
first PAA of the OPC Area (see Figure 92).

c e
8 m
O m
m a
— —
o o
o o
o o
< <
E OPC usage direction < EE
Layer LO
ORCO 2044 (2043 |2 042 <L mmn e <<- 4 3 2 16
Track direction >
<«——  Track direction
Lgyer L1
03/01 1 2 3| |4 LR ETEER r TP > 2046 |2 047|2 048
e X : <
L » OPC usage difection 8
S 7
W &
S 8
< <
< &
Figure 92 — Direction of usage of OPC Area of Layer LO and Layer L1
18.3.11.2 OPC Physical Chuster usage
The lendgth of one OPE€ procedure may be chosen by the drive and is not restricted to an integer numbar of
Physical|Clusters¢see Figure 93). The transition between the used and unused OPC Area shall be indicated
by an OPC Marker. The distance between any two consecutive OPC Markers shall not exceed 16 Physgical
Clusters/ In gas€e an OPC procedure needs more than 16 Physical Clusters, OPC Markers shall be inserted to
fulfill this| requirement. The OPC Marker shall have a length of at least 868 NWLs (equal to one AUN) an1i its
modulatiorrsthattbesuchthattepftsr=0736-
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Cluster # N -2 Cluster # N -1 Cluster # N Cluster # PE Cluster#P + 1 !

. ’IA
<€ <€

B 4

n
»

1
)
1
»id
N

OPC Area

NNNN

Recording direction —p '
1
] ]

A 4

--Y
v

18.1

Eag
Layi

18.1

This
tran

18.

This
tem

18.

This

recorded by the first drive that writes on Layer LO and shall contain all 00h.

Driy

18.

T+ # O0dO
W g OdO

¢t OdO
T+ # 191N OdO~ { KNS

¢+ # 1IelN OdO
N # 19)1elN OdO ™

OPC #M occupies exactly one Cluster, OPC #M+1 exceeds one Cluster, OPC #M+2 is smaller
Cluster.

Figure 93 — Example of position of OPC Markers

.11.3 OPC update in TDMA

h OPC procedure shall be completed by updating the corresponding “next available PSN of Test
er Ln in the TDDS, see 22.4.4.

.12 OPC 0/OPC 0 Buffer

Zone comprising 4 Physical Clusters starts at-RAA 01 DB FOh and is intended as a buffer Zon
sition from OPC 0 Area to the TDMA 0 Area and’shall be left unrecorded.

.13 TDMAO

Zone comprising 2 048 Physical Clusters starts at PAA 01 DC 00h and is intended for use as a
porary DM Area.

.14 INFO 1/Pre-write Area

Zone comprising.32) Physical Clusters starts at PAA 01 FC 00h and all 32 Physical Clusters

es that write.the INFO 1 / Pre-write Area shall update Pre-write Area flags of the TDDS (see 22.4.

.15 «INFO 1/Drive Area

than one

Zone on

e for the

shall be

).

151 General

18.3

The use of this Zone, divided into four parts of 32 Physical Clusters each, starting at PAA 01 FC 80h is

opti

onal.

This Zone can be used by drives to store Drive-specific Information, restricted to be used only by the drive that
has created the information. To guarantee that drives can allocate their own information, the following format
shall be used. These Clusters in this Zone shall be ignored in interchange.
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18.3.15.2 Format of Drive-specific Information

Each Drive-specific Information shall be contained in one 2K Data Frame. The first 128 bytes of such a Data
Frame shall contain a signature of the drive that has created the related Data Frame, according to the
following format:

— 48 bytes for the Manufacturers name, represented by characters from the ISO 646 character set;

— 48 bhytes of additional identification, represented by characters from the ISO 646 character set;

— 32 bytesTor a unique Serial number of the drive.

The format of the remaining 1 920 bytes of the Data Frame is not defined and can be chosen freely. by gach
drive degigner.

The Drive-specific Information of the last 32 drives that have used this option shall be stared in the newest
recorded Physical Cluster. Each time a new drive is going to write its Drive-specific_Information in a hew
Physical|Cluster, the oldest Drive-specific Information located in Data Frame 31 of the last Physical Cluster is
removed, the content of Data Frames 0 to 30 in the last Physical Cluster are copied\nto Data Frames 1 t¢ 31
in the ngw Physical Cluster and the new information is written in Data Frame 0(in) the new Physical Cluster
(see Figpre 94). Initially, the Physical Cluster starting at PAA 01 FC 80h shall_be used to store the Dijive-
specific Information.
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Phys. Cluster Data Frame
(Data Frame 0) Manufacturers
drive i name
(Data Frame 1) Onex2K | Additional ID
drive i-1 Sector
32x2K | : Unique Ser. Num.
Drive Area Sectors | :
Reqorded (Data Frame 30) Drive-specific
Phys.Cluster drive i-30 Information
Reqorded (Data Frame 31)
Phys.Cluster drive i-31
Last Recorded
Phys.Cluster
New Recorded
Phys.Cluster
Unrecorded (Data Frame 0)
Phys.Cluster new drive
: (Data Frame 1)
drive i
32x2K | :
Sectors | :
(Data Frame 30)
drive i-29
(Data Frame 31)
drive i-30

18.]

This

18.1
This
Lay]
isc

18.

.16

A7

osed.

3.18

Figure 94 — Format of Drive Area (example)

INFO 1/DMA 1

INFO 1/ContreDData 1

INFO 1/PAC 1

Zone comprising 32 Physical Clusters starts at PAA 01 FE 80h and is intended for use by
Mamagement system. Until the disk is closed (see 22.6), these Clusters shall be left unrecorded.

Zone compyrising 32 Physical Clusters starts at PAA 01 FF 00h on Layer LO and at PAA 3E 0
pr L1 and issintended to store Control Information. Unused Clusters shall be left unrecorded unti

the Disk

D 80h on
the disk

This Zone comprising 32 Physical Clusters starts at PAA 01 FF 80h on Layer LO and is intended to be used
for storing Physical-Access Control (PAC) Clusters (see 21.2). Unused Clusters in this Zone shall be left
unrecorded.
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18.4 Recordable Area of Inner Zone 1

184.1 B

uffer

This Zone comprising 1 408 Physical Clusters starts at PAA 3E 7E 00h and shall be left unrecorded.

18.4.2 OPC1

This Zone comprising 2 048 Physical Clusters starts at PAA 3E 5E 00h is reserved for testing and OPC

procedures—Hhe-OPc+Areashal-beusedaeceerding 83— M —Mm

1843 B

This Zon

18.4.4 1N

This Zon

For diskq

For diskq

18.4.5 1IN

This Zon

18.4.6 N

This Zon

18.4.7 1N

This Zon

For diskq

For diskd

18.4.8 1IN

This Zon
for storin
unrecord

uffer

e comprising 1 408 Physical Clusters starts at PAA 3E 48 00h and shall be left unrecorded.

\FO 2/Reserved 8

e comprising 32 Physical Clusters starts at PAA 3E 47 80h and is Application.dependent.

with BCA code, this Zone shall be left unrecorded unless otherwise specified by the Application.
without BCA code, this Zone shall be recorded all 00h before bging shipped.

NFO 2/Reserved 7

e comprising 32 Physical Clusters starts at PAA 3E 47:00h and shall be left unrecorded.

NFO 2/Reserved 6

e comprising 32 Physical Clusters starts att PAA 3E 46 80h and shall be left unrecorded.

\FO 2/Reserved 5

e comprising 32 Physical Clusters starts at PAA 3E 46 00h and is Application dependent.

with BCA code, this Zone_shall be left unrecorded unless otherwise specified by the Application.
without BCA codey this Zone shall be recorded all 00h before being shipped.

\FO 2/PAC 2

e compfising 32 Physical Clusters starts at PAA 3E 45 80h on Layer L1 and is intended to be u

g Physiecal-Access Control (PAC) Clusters (see 21.2). Unused Clusters in this Zone shall be
ed.

sed
left

18.4.9 INFO 2/DMA 2

This Zone comprising 32 Physical Clusters starts at PAA 3E 45 00h and is intended for use by the Disk
Management system. Until the disk is closed (see 22.6), these Clusters shall be left unrecorded.

18.4.10

INFO 2/Control Data 2

This Zone comprising 32 Physical Clusters starts at PAA 3E 44 80h and is intended to store Control

Informati

142

on. Unused Clusters shall be left unrecorded until the disk is closed.
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18.4.11 INFO 2/Buffer 2
This Zone comprising 32 Physical Clusters starts at PAA 3E 44 00h and shall be left unrecorded.

18.4.12 TDMA1

This Zone comprising 2 048 Physical Clusters starts at PAA 3E 24 00h and is intended for use as a
Temporary DM Area.

18.4-13—Reserved

Thig Zone comprising 2 048 Physical Clusters starts at PAA 3E 04 00h and shall be left unrecorded.

18.4.14 INFO 1/Pre-write Area
Thig Zone comprising 32 Physical Clusters starts at PAA 3E 03 80h and all 32 Physical Clusters|shall be

recorded by the first drive that writes on Layer L1 and shall contain all 00h. Drives that write the INFO 1/Pre-
write Area shall update Pre-write Area flags of the TDDS (see 22.4.4).

18.4.15 INFO 1/Drive Area
Thg use of this Zone, divided into four parts of 32 Physical Clustersgstarting at PAA 3E 01 80h is optipnal.
Thig Zone can be used by drives to store Drive-specific Information, restricted to be used only by the drive that

had created the information. To guarantee that drives can allocate their own information, the format specified
in 1B.3.15 shall be used. The Clusters in this Zone shall bg ignored in interchange.

18.4.16 INFO 1/DMA 1

Thi$ Zone comprising 32 Physical Clusters starts at PAA 3E 01 00h and is intended for use by [the Disk
Mamagement system. Until the disk is closed (see 22.6), these Clusters shall be left unrecorded.

18.4.17 INFO 1/Control Data 1

Thi$ Zone comprising 32 Physical Clusters starts at PAA 3E 00 80h and is intended to storq Control
Infgrmation.

Unysed Clusters shall beleft unrecorded until the disk is closed.

18.4.18 INFO 1/RAC"1

Thi$ Zone comprising 32 Physical Clusters starts at PAA 3E 00 00h on Layer L1 and is intended to|be used
for storing_Rhysical-Access Control (PAC) Clusters (see 21.2). Unused Clusters in this Zone shgll be left
unr¢corded.

19 Data Zone

On an SL disk the Data Zone can contain a total of 381 856 Clusters of User Data, which results in a 25,0 GB
disk.

On a DL disk the Data Zones can contain a total of 763 712 Clusters of User Data, which results in a 50,0 GB
disk.
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20 Outer Zone(s)

20.1 General
On an SL disk, the outermost Zone of the Information Zone functions Lead-out Zone.

On a DL disk, Outer Zone 0 and Outer Zone 1 function as a transition area between the Data Zones on Layer

LO and Layer L1 (see Figure 95 and Figure 96).

Outer Description First PAA Number of Purpose
Yone 0 of Zone Phys.Clusters
Buffer 4 LAA + 2h 32
. INFO 3 DMA 3 LAA + 82h 32 Disk Management
R . Control Data 3 LAA +1 02h 32 data-information
qeordable Angular buffer | LAA + 1 82h 76
v DMA 4 LAA + 2 B2h 32 Disk Management
- INFO 4 Control Data 4 LAA + 3 32h 32 data information
tracking direction
Buffer 6 LAA + 3 B2h 32 -
DCz0 Test Zone LAA + 4 32h 512 Drive calibration
Protection-Zone | LAA + C 32h
3
Figure 95 — Outer Zone 0/ Lead-out Zone
Duter Description First PAA Number of Purpose
Z4one 1 of Zone Phys.Clusters
- Protection-Zoné-3 - -
DCz1 Test Zone FAA — C 30h 512 Drive calibration
. Buffer 6 FAA — 4 30h 32
Rebordabl INFO 4 Control Data 4 FAA — 3 BOh 32 data information
€ ‘Oi able DMA 4 FAA — 3 30h 32 Disk Management
--- Angular buffer FAA — 2 B0Oh 76
o Control Data 3 FAA — 1 80h 32 data information
track{ng direction -
INEO 3 DMA 3 FAA — 1 00h 32 Disk Management
Buffer 4 FAA —80h 32
Figure 96 — Outer Zone 1
20.2 Rgcardable Area of Outer Zone(s)

20.2.1 INFO 3/Buffer 4

This Zone comprising 32 Physical Clusters shall be left unrecorded.

20.2.2 INFO 3/DMA 3

This Zone comprising 32 Physical Clusters is intended for use by the Disk Management system. Until the disk
is closed (see 22.6), these Clusters shall be left unrecorded.
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20.2.3 INFO 3/Control Data 3

This Zone comprising 32 Physical Clusters is intended to store Control Information. Unused Clusters shall be
left unrecorded until the disk is closed.

20.2.4 Angular buffer

This Zone comprising 76 Physical Clusters shall be left unrecorded.

20.2-54NFO4/DMAA4

This
isc

20.9

This
left

20.7

This

20.7

The

be dised according to 20.2.9.

20.1

20.7

The
cali
loca

Zone comprising 32 Physical Clusters is intended for use by the Disk Management system:>Unti
osed (see 22.6), these Clusters shall be left unrecorded.

.6 INFO 4/Control Data 4

Zone comprising 32 Physical Clusters is intended to store Control Information.JUnused Clusters
unrecorded until the disk is closed.

.7 INFO 4/Buffer 6

Zone comprising 32 Physical Clusters shall be left unrecorded.

p.8 DCZ 0/Test Zone and DCZ 1/ Test Zone

se Test Zones comprising 512 Physical Clusters are feserved for drive calibrations. The DCZ Ar

.9 Usage of DCZ Area

P.9.1 DCZ procedure order

Drive-Calibration Zone shall be, used consecutively in descending PAA order. The first area u
bration procedure ends at the‘'end of the last PAA. The last usable Physical Cluster of the DCZ
ted at the first PAA of the DCZ Area (see Figure 97).

the disk

shall be

eas shall

sed for a
[ Area is
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S e
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N )
b +
<
> g
f,: DCZ usage direction < }
Layer LO —= a
DCZ0 512 |511 (510 <K== —-- ---- << 4 3 2 1
Track direction >
<«—  Track direction
vl I I D O >> [510 [ 511 | 512
DCz1
S 5
& —» DCZ usage direction ™
N J
I |
i 3
: :

Figure 97 — Direction of usage of DCZ Area of Kayer LO and Layer L1

20.2.9.2| DCZ Physical Cluster usage

The length of one calibration procedure may be chosen bythe drive and is not restricted to an integer nunber
of Physital Clusters (see Figure 98). The transition .bgtween used and unused Calibration Areas shall be
indicated by a Calibration Marker. The distance between any two consecutive Calibration Markers shall|not
exceed [L6 Physical Clusters. In case a calibration procedure needs more than 16 Physical Clusters,
Calibratipn Markers shall be inserted to fulfill thisirequirement. The Calibration Marker shall have a length ¢f at
least 864 NWLs (equal to one AUN) and its medulation shall be such that Igyp/lsn = 0,30.

Cluster # N -2 Cluster# N -1 Cluster # N Cluster # PE Cluster#P + 1 '

)
<% <

Bl
»

A 4

)

I

SN

DCZ Area

NN

Recording direction — '
1
1 1

y
y
v

N # uoneuiqied

T+IN # uoneiqied

Z+IN # Uoneiqied
T+IN # 1B Uozeiaied ™| - RN

2+ # ISP UOIRIGIED
I # ISR UOIRIGIED

Calibration #M occupies exactly one Cluster; Calibration #M+1 exceeds one Cluster; Calibration
#M+2 is smaller than one Cluster.

Figure 98 — Example of position of Calibration Markers
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20.2.9.3 Update of TDMA

Each calibration procedure performed at any of the DCZ Zones shall be completed by updating the
corresponding next available PSN of Drive-Calibration Zone on Layer Ln in the TDDS, see 22.4.4.

20.2.10 Protection-Zone 3
This Zone contains an Unrecorded Groove.

All ADIP Units in the Grooves in this Zone shall be modulated by MSK-cos only and not by HMW (see 15.6.2).
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21 Physical-Access Control Clusters

21.1 General

Physical-Access Control (PAC) Clusters provide a structure on the disk for the exchange of additional

information between interchange parties. PAC Clusters shall be recorded in the INFO 1/PAC 1 Zone

and

backup copies shall be recorded in the INFO 2/PAC 2 Zone. All PAC Clusters shall have the same format for

their first 384 data bytes, which constitute the PAC Header.

In the futlure new PACs can be defined for specific applications/functions.

Drives dgsigned before the introduction date of a new PACs will, in general, not be able to interpret it
thereforg shall treat such a PAC as a so-called “Unknown PAC”. By obeying standard “Unknown-PAC Rul
defined [n the header of the PACs, compatibility problems and unwanted destruction of data for spe
applicatipns can be avoided as much as possible.

Drives dpsigned after the introduction date of a new PAC can be assumed to be 4amiliar with the spe
applicatipn/function connected to the new PAC. Such drives can therefore ignore-the “Unknown-PAC RU
and applly the rules defined in the “PAC-specific information” fields of the PAC.Eor’'such “Known PACs” th
are no physical-access restrictions unless specified otherwise in the “PAC-specific information” fields.

21.2 Layout of PAC Zones

On SL disks, the INFO 1/PAC 1 and INFO 2/PAC 2 Zones each form one area of 32 Clusters available for
storage ¢f PAC.

On DL djsks, the INFO 1/PAC 1 Zones on Layer LO and Layer L1 form one area of 64 Clusters availablg
e of PAC, and the INFO 2/PAC 2 Zones on Layer LO and Layer L1 form another area of 64 Clus
for the storage of PAC.

ate Count of the PAC Cluster.recorded in the INFO 2/PAC 2 Zone shall be the same as the P
Update Qount of the PAC Cluster recerded in the INFO 1/PAC 1 Zone.

The statdis of all locations in both the INFO 1/PAC 1 and INFO 2/PAC 2 Zones shall be indicated in the TL
(see 22.4.4) by a 2-bit patterzas-follows:

b(n+1),bn Content in PAC location

unrecorded

00 (also to be used if layer not present)

and
eS”,
cific

cific
les”
ere

the

for
ters

be
and
The
AC-

DS

01 (this bit setting is Reserved)
10 contains an invalid PAC 2
11 contains a valid PAC

a PAC Clusters with status 10 as indicated in the TDDS
are not allowed to be transferred outside the drive
(independent on the setting of bit bo and bz of the
Unknown-PAC Rules)

Figure 99 — Status of PAC locations
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If the PAC Cluster is found to be defective during recording, then the defective Cluster shall be skipped and
indicated as invalid in the TDDS (see Figure 99). A replacement PAC shall be recorded in the next available
Cluster.

If a PAC has to be updated, the new version of the PAC shall be recorded in the next available Cluster and
the previous location containing the old version of the PAC shall be indicated as invalid in the TDDS.

21.3 General structure of PAC Clusters

The User Data of PAC Clusters shall be formatted according to Figure 100. The first 384 bytes constitute the

PAC Header.
Byte position
Data Frame | in Data Frame Content Number, of byteg
0 Oto2 PAC_ID 3
0 3 PAC format 1
0 4t07 PAC-Update Count 4
0 8to 11 Unknown-PAC Rules 4
0 12 Unknown-PAC Entire_Disk_Flags 1
0 13to 14 Reserved 2
0 15 number of Segments 1
0 16 to 23 Segment 0 8
0 2410 31 Segmenti 1 8
0 32 to 263 : 29 x 8
0 264 to 271 Seégment_31 8
0 272 to 383 Reserved 112
0 384 Known-PAC Entire_Disk_Flags 1
0 385 to 387 Reserved 3
0 388 to 2 047 PAC-specific information 1660
1 Oto 2 047 PAC-specific information 2048
30 0 to 2 04% PAC-specific information 2048
31 0 to 20047 Reserved 2048
Figure 100 — General layout of PAC Clusters

Thg PAC_ID shall identify the specific type of PAC Cluster.

— | If set to 49,53 31h, the PAC Cluster is the IS1 PAC as defined in 21.4.

— | If set to49 53 32h, the PAC Cluster is the 1IS2 PAC as defined in 21.4.

Other values for the PAC_ID can be assigned in future releases of this International Standard.

Each new PAC added to the INFO 1/PAC 1 Zone or INFO 2/PAC 2 Zone shall be recorded in the first
available Cluster in these Zones (indicated by status 00 in the TDDS (see Figure 99).

The PAC-format field shall indicate the version nhumber of the specific PAC.
The PAC-Update Count shall specify the total number of update operations of the current PAC. This field
shall be set to 00 00 00 00h during the first format operation only, and it shall be incremented by one each

time the current PAC is updated.

The Unknown-PAC Rules shall specify the required actions when the content and use of the PAC are
unknown (i.e. the PAC_ID is not set to a known value). These bytes form a field consisting of 32 individual bits
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(bit b1 shall be the msb of byte 8 and bit by shall be the Isb of byte 11). The actions described below shall be
taken (when the PAC is unknown) for any Cluster contained within the related area (see Figure 101). The
actions described for the User-Data Area shall be taken only within the specified Segments, if Segments have
been defined; else these actions shall be taken for any Cluster contained within the full User-Data Area.

If a drive encounters multiple unknown PACs on one disk, it shall use the OR-function of the Unknown-PAC
Rules (in other words, if one of the PACs excludes an action, the same rule of the other PACs is irrelevant).

Control Mandatory
Area Bits type setting
b31 to b2a Reserved 0000 0000
b rite -
Reserved 8 2 L
b2, read -
b write ONE
Reserved 7 bZl oad
INFO 2 2 :
b1 write ONE
Reserved 6
bis read -
b ite -
Reserved 5 v wilk
ble read -
Drive Area (part 4) b1s write ZERO
P bis read ZERO
b write ZERO
Drive Area (part 3) =
bis read ZERO
INFO 1 -
Drive Area (part 2) s write ZERO
P b1o read ZERO
Drive Area (part 1) bo write ZERO
P bs read ZERO
TDMA Zones (not including the TDDS; see b write i
22.6.2.1) !
Reserved unless
bs otherwise specified -
by the Application
bs write -
INFO 1,2,3,4 | Control-Data Zones
ba read -
b3 write -
[pata Zones User-Data Area / Segments
b2 read -
b1 write -
INFO 1&2 PAC Cluster
bo read -
“I° no-mandatory setting specified,as well ZERO as ONE can be allowed depending
gn_specific PAC

Figure 101 — General bit assignments for Unknown-PAC Rules
For all Zones/areas, except the PAC Cluster, the bits have the following meaning.
— Control type = write
— If setto ZERO: indicating that writing in the related Zone/area is allowed.
— If setto ONE: indicating that writing in the related Zone/area shall not be allowed.

— Control type = read
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— Ifsetto ZERO: indicating that reading in the related Zone/area is allowed.
— If setto ONE: indicating that reading in the related Zone/area shall not be allowed.

The meaning of “reading shall not be allowed” in this context is the data content of the Clusters in the related
Area(s) are not allowed to be transferred outside the drive.

For the PAC Cluster, the bits have the following meaning.

— Control type = write

— If setto ZERO: indicating that re-writing the current PAC Cluster or changing its status\bity in the
TDDS is allowed.

— If setto ONE: indicating that re-writing the current PAC Cluster and changing-its status hits in the
TDDS shall not be allowed.

— | Control type = read

— Ifsetto ZERO: indicating that reading and transferring the content of the current Clustef outside
the drive is allowed.

— If setto ONE: indicating that the content of the currentRAC Cluster, except for the first 384 bytes
of the first Data Frame, shall not be transferred outside the drive, to be enforced by
setting all bytes not belonging to.the PAC Header to 00h before pagsing the
content of the Cluster.

Thg Unknown-PAC Entire_Disk_Flags byte specifies;nknown-PAC Rules that cover the entire disk.
— | Bits by to by: These bits shall be Reserved.
— | Bit  bo: This bit shall be set ONE, indicating Re-initialization is not possible.

Thg number of Segments shall specify'the total number N (0 < N < 32) of Segments specified in the current
PAC.

Morteover the total number of . Segments defined for all PACs on a disk shall not exceed 32.

> number of SegmentsinPAC; < 32
over allPACs

Thg Segment_ field shall specify the starting and ending address of a contiguous range of Clusters] called a
Segment.

Sedmentssshall be assigned, starting from Segment_0 to Segment_(N-1) (N < 32). Segments specified within
onel PAC shall not overlap and shall be sorted in ascending order according to their addresses. Segments

shall r\nl\jl start and and at Cluster haundarias Al Qngmnnf Liaelds wharae i => N _shall ha set ta all 00K
O+ e Ra-eRaat-uHstesedihiaaiesS—~AdH HRe—-HeaSAWReFet=+—SHaHB HO-—&aH H.

— The first 4 bytes of a Segment_i field, if used, shall contain the first PSN of the first Cluster belonging to
the Segment.

— The last 4 bytes shall contain the last PSN of the last Cluster belonging to the Segment.
These Segments shall only be applied to the Unknown-PAC Rules. If overlapping Segments in different PAC

Clusters are encountered, the drive shall apply the OR-function to the related Unknown-PAC Rules in the
overlap areas.
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The Known-PAC Entire_Disk_Flags byte specifies rules for the entire disk in case the drive is able to
interpret the PAC.

— Bits b7 to b;: These bits shall be Reserved.

— Bit bo: This bit shall be set ONE, indicating Re-initialization is not possible

21.4 1S1 and IS2 PAC Clusters

The I1S1 PAC and IS2 PAC may be recorded on an Unrecorded disk. When BCA code is not recorded on an
Unrecorded disk, 1S1/1IS2 PAC structures shall be recorded in INFO 1/PAC 1 and INFO 2/PAC 2 before;heing
shipped.[When BCA code is recorded on an Unrecorded disk, IS1/IS2 PAC structures shall not be recorded.

The layopt of the IS1 PAC and 1S2 PAC Cluster shall be formatted as depicted in Figure 102.

Byte position
Data Frame | in Data Frame Content Number of bytes

0 Oto2 PAC_ID 3

0 3 PAC format 1

0 4t07 PAC-Update Count 4

0 8to 11 Unknown-PAC Rules 4

0 12 Unknown-PAC Entire_Disk~Flags 1

0 13t0 14 Reserved 2

0 15 number of Segments 1

0 16 to 23 Segment 0 8

0 2410 31 Segment_1 8

0 32 to 263 : 29 x 8
0 264 to 271 Segment_31 8

0 272 to 383 Reserved 112
0 384 known-PAC Entire_Disk_Flags 1

0 385 to 2 047 Reserved 1663
1 0to 2 047 Reserved 2048
31 0to 2 047 Reserved 2048

Figure 102 — General layout of IS1 and 1S2 PAC Clusters

The PAQ_ID shall bessetto 49 53 31h, representing the characters “IS1” for IS1 PAC. The PAC_ID shal| be
set to 49|53 32h, representing the characters “IS2” for IS2 PAC.

The PA({-format.field shall be set to 00h for both PACs, indicating this is a Version 0.

The PA{-Update Count shall be set to 00 00 00 00h for both PACs.

The Unknown-PAC Rules shall be set 00 AA 00 00h for IS1 PAC and shall be set 00 AA 00 CBh for 1S2 PAC.
The Unknown-PAC Entire_Disk_Flags byte shall be set to 01h for both PACs.

The number of Segments shall be set to 00h for both PACs.

The Segment_i fields shall all be set to all 00h for both PACs.

The Known-PAC Entire_Disk_Flags byte shall be set to 01h for both PACs.
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22

ISO/IEC 30190:

Disk Management

22.1 General

Disk Management defines and controls method of recording User Data on the disk.

22.2 Recording Management

Use
Info
Info
(sef

The

22.

Dur
add|

BDRecordabiesyste Oppo I Seguential-Recordi
uential-Recording Range Information (SRRI) structure.

.2.1 Sequential-Recording Mode (SRM)

disk has a continuous area, referred to as the Sequential-Recording Ranges (SRR):Inside the
r Data shall be recorded sequentially in the direction of increasing addresses.

rmation about the location and status of the SRR shall be stored in a‘Sequential-Recordin
rmation (SRRI) structure. The SRRI shall be recorded in Temporary Disk-Management Areas
p 22.3). On a Recorded disk, the final SRRI is recorded in a Disk-Manageimnent Area (DMA).

SRR shall start at a Cluster boundary and has only one point from where new data can be record

.2 Recording User Data in SRR

ng continuous sequential recording, User Data, presented by the host in 2KB Logical Sectors,
ed immediately after the last-written Sector in the \SRR. However, when the host computer ask

nex
co

| address available for recording in the SRR, the drive shall return the first PSN of the next—é
pletely-Unrecorded Cluster in the SRR. This, address is called the Next-Writable Address (NWA

the sequential recording process, the NWA is dyrdamically incremented in units of Physical Clusters, 3
to the size of the written User Data.

When sequential recording is terminated and the size of the User Data is not matching with the boun
a Physical Cluster, the remaining part_of the last Physical Cluster shall be padded with ZERO dat]
each individual Data Frame containing Padding data shall be identified by setting its status bits Sa;1/S

(se

The

13.9.2.5). The NWA shall peint to the first Sector of the next Unrecorded Cluster.

SRR entry (see 22.4/6:4) contains a Last-Recorded User-Data Address (LRA), indicating the la

in the SRR filled with Usef; Data (non-Padding data) (see Figure 103).

Recorded Physical Cluster

Y

one Sector
—> |«

2016(E)

SRR, the

j Range
TDMAS)

ed

shall be
s for the
wailable,
. During
ccording

daries of
A, where
aioto 11

5t Sector

Va X
LRA NWA
—»<— Unrecorded ——

v
A
N
m
Py
o

Recorded >«
User Data padded

Figure 103 — Example of last RUB with Recorded User Data and padded ZEROs
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22.2.3 SRR status

An SRR can have one of the following states:
— Open: the SRR has a valid NWA and data can be appended;
— Closed: the SRR does not have an NWA and appending data is not allowed.

The number of Open SRR shall be one. During recording in the DMA of the disk the SRR shall have the status
Closed

22.2.4 Iosing SRR

When ar] Open SRR was closed, the Open SRR number bytes shall be set to 00h (see 22.4.6.3)..Optionglly,
one or more Clusters can be padded with all bytes set to 00h and the status bits Saii/Sai for all-Data Frames
setto 11

It is not necessary to record the remaining Unrecorded Clusters of the SRR on closing. The L RA of the Clgsed
SRR shdll be correct.

22.3 Tgmporary Disk-Management Areas (TDMA)

22.3.1 General

The Recprding-Management Information may need to be updated many-times during use. For this purposg, a
special drea is available in the Lead-in/Lead-out Zone called the Temporary Disk-Management Area (TDMA).

For an gL disk, this area is located in the Lead-in Zone and called TDMA 0. For a DL disk, there is the same
TDMA 0fin the Lead-in Zone of Layer LO and a second areaycalled TDMA 1, in the Lead-out Zone of Layef L1.
Both TDIMA 0 and TDMA 1 shall have a fixed size of 2 048;Physical Clusters.

In the case of a DL disk, TDMA 0 and TDMA 1 shall be used sequentially in the following order; TDMA ¢ >
TDMA 1

Each TOMA shall be filled contiguously and)in the direction of ascending PSNs. All elements of the adtual
TDMS (dee 22.4.2) shall be located in orie TDMA. If insufficient space is left in the actual TDMA, then a pew
completq TDMS set shall be createdfinithe next available TDMA, and the indicator for this next TDMA (see
22.3.2) shall be recorded.

All remaiping unused Clusters:in-a full TDMA shall be recorded with all 00h data while the status bits Sai/$aio
for all Ddta Frames shall be set to 11.

22.3.2 TIDMA Access<ndicators

To find qut quicklyxwhich TDMA is currently in use, the first Clusters of TDMA 0 shall be used as indicators.
On an disk-the first 3 Clusters shall be reserved for this purpose and on a DL disk the first 6 Clusters.
These TPMA\Access indicator Clusters shall be used in the direction of descending addresses as indicated in
Figure 104

If TDMAL is in use, (TDMA 0 having been completely used) then an indicator for TDMA 1 shall be recorded.
When the disk is closed also the first indicator Cluster of TDMA 0, indicating the DMA, shall be recorded.

Moreover, to find out quickly the location of the TDMA that is currently in use, the TDMA Access indicator
Clusters shall contain the TDDS according to the status of the disk at the moment when the TDMA Access
indicator Cluster was recorded. For robustness, all 32 Data Frames in the indicator Clusters shall contain a
copy of the first TDDS recorded in the TDMA related to the actual indicator Cluster. The first indicator Cluster
of TDMA 0, indicating that the DMA has been recorded, shall contain 32 repetitions of the DDS as this is
recorded in DMA 1 (see 22.6.3).
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Indicator Clusters Single Layer Disk

/—/\—\

DMA

Reserved
Reserved

Inner
Zone |

TDMAO Inner
~ Zone

Indicator Clusters Dual Layer Disk

DMA
Reserved
Reserved
Reserved
Reserved

TDMA1

Figure 104 — TDMA indicator Clusters
22.4 Disk-Management Structure (DMS)

22.4.1 General

Thg DMS holds structures for Disk-Management and Recording-Mode information. There are two|kinds of
Disk-Management Structures.

— | Disk-Management Structures (DMS; see 22.6.3), recorded in the DMA Zones when a disk is closed (to
preserve all Disk Management information contained-\in the last Temporary Disk-Management Stfucture).

— | Temporary Disk-Management Structures (TDMS), recorded in the TDMA Zones as long as the|disk has
not been closed.

22.4.2 Temporary Disk-Management Structure (TDMS)

Thg Temporary Disk-Management *Structure consists of the following three elements depending on the
recording mode. All of these elements shall be present in the same TDMA n that is actually in use.

For|Sequential-Recording Mode, the TDMS consists of the following:
— | Temporary Disk-Definition Structure (TDDS);

— | Temporary Defeet List (TDFL);

— | Sequential-Recording Range Information (SRRI).

Thg last Data-krame of the last of the Clusters constituting a TDMS Update Unit shall always containfa TDDS.
Thig TDDS_contains pointers to the latest recorded TDFL Clusters and SRRI. After an update of ong or more
of these &lements, the TDDS pointers shall be updated.

TheeF-BMS-shall consist-of the latest recorded-versions of the TDDS the TDEL and-the SRRI

The TDMS Update Units shall be recorded sequentially in the direction of ascending PSNs in each TDMA
(see 22.3). If a Physical Cluster is perceived as defective during recording, this Cluster shall be skipped and
the data recording shall continue in the next available Physical Cluster in the TDMA. If defective Clusters are
detected immediately after writing of the full TDMS Update Unit (verify-after-write) then it is allowed to only
rewrite the defective Clusters and the last Cluster of the TDMS Update Unit (for updating of the TDFL pointers
in the TDDS) at the next available locations (as a consequence of this the order of the TDFL Clusters as
recorded on the disk need not to be the same as their order in the Defect List. This last one shall be indicated
by the pointers in the TDDS).
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22.4.3 TDMS in Sequential-Recording Mode

In the Sequential-Recording Mode, the TDMS Update Units for the SRRI shall always contain a Temporary
Disk-Definition Structure (TDDS) in the last Data Sector and a Sequential-Recording Range Information
(SRRI) Block in the Sectors immediately preceding the TDDS (see Figure 105). The SRRI Block shall start at
a Sector boundary and the length of the SRRI Block is limited to 31 Data Sectors. The SRRI Block is
terminated with an SRRI terminator (see Figure 114).

Cluster | Data Frame Content
. 0..29 Set to 00h
g SRRI
g 30 (one Sector)
5 a1 TDDS
(one Sector)

Figure 105 — Example of TDMS Update Unit for SRRI forSRM

The TDHL always starts in the first Data Sector of the first Cluster of a TDMS Update Unit (see Figure 1p6).
The TDHRL shall be terminated with a Defect-List Terminator (see Figure 112). The last Data Sector of|the
Cluster df the TDMS Update Unit for the TDFL shall contain a TDDS. Ifboth the SRRI and TDFL are recorded,
the two gtructures can be combined in one TDMS Update Unit as indicated in Figure 106, where the TDHL is
located gt the top of the TDMS Update Unit and the SRRI at the battoam, immediately preceding the TDDS.

Cluster | Data Frame Content
TDFL
0 (one Sector)
o
o 1..29 Set to 00h
>
© SRRI
S 30 (one Sector) ¢
TDDS
31 (one Sector)

Single-Cluster TDMS Update Unit

Figure 106 — Examples of combined TDMS Update Units for SRM

22.4.4 Temporaty Disk-Definition Structure (TDDS)

The TDOS contains information about the format and status of the disk. The last recorded TDDS is the ang¢hor
to the addrésses of the other parts/elements of the TDMS. Pointers in the TDDS shall only point to addregdses
of previously written structures (no forward pointers), which all shall be in the same TDMA n as the TDDS
itself. The format of the TDDS is defined in Figure 107.

The TDDS Identifier shall be set to 44 53h, representing the characters “DS”.
The TDDS format field shall be set to 00h, identifying a TDDS.
The TDDS-Update Count shall specify the total number of update operations on TDDS. This field shall be set

to 00 00 00 00h during the initialization operation, and shall be incremented by one each time a TDDS is
recorded on the disk.
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Byte position Number
Data Frame in )Iljtatg Frame Content of bytes
31 Oto1l TDDS identifier 2
31 2 TDDS format 1
31 3 Reserved 1
31 4t07 TDDS-Update Count 4
31 81to 15 Reserved 8
31 16 to 19 First PSN of Drive Area (P_DA) 4
31 20 to 23 Reserved 4
31 24 t0. 27 Eirst PSN of Defect List (D_nl:l )
31 28to 31 Reserved a
31 3210 35 Location of LSN 0 of User-Data Area a
31 36 to 39 Last LSN of User-Data Area 1
31 40 to 51 Reserved unless otherwise specified by the Application: 12
31 52 Flag A L
31 53 to 55 Reserved B
31 56 Pre-write Area flags L
31 57 to 63 Reserved 1
31 64to 71 Status bits of INFO 1/PAC 1 locations.on Layer LO B
31 721079 Status bits of INFO 2/PAC 2 locatiens on Layer LO B
31 80 to 87 Status bits of INFO 1/PAC 1 locations on Layer L1 B
31 88 to 95 Status bits of INFO 2/PAC.2Vocations on Layer L1 B
31 96 to 1 023 Resérved 928
31 1024 Recqrding Mode L
31 1 025to 1027 Reserved unless otherwise specified by the Application. B
31 10281to0 1031 Reserved a
31 1032t0 1035 Last-Recarded Address of User-Data Area a
31 1036 to 1039 Reserved a
31 1040to 1051 Reserved unless otherwise specified by the Application. 12
31 1052 to 1087 Reserved 36
31 1088to0 1091 Next'available PSN of Test Zone on Layer LO (P_TZ0) a
31 1092 to 1 095 Next available PSN of Test Zone on Layer L1 (P_TZ1) a
31 1096to 1103 Reserved B
31 1104 t0 1 107 Next available PSN of Drive-Calibration Zone on Layer LO 1
(P_CZz0)
31 1108 tgt 111 Next available PSN of Drive-Calibration Zone on Layer L1 1
(P_CZ1)
31 1142101119 Reserved B
31 1120to 1123 First PSN of first Cluster of Defect List (P_first DFL) a
31 1124 t0 1 151 Reserved unless otherwise specified by the Application. 28
31 1152t01 183 Reserved 32
sl 118410 1 187 First PSN of Sequential-Recording Range Information 1
(P_SRRI)
31 1188to01 191 Reserved unless otherwise specified by the Application. a
Sl 11921017215 Reserved 4
31 1216t0 1231 Reserved unless otherwise specified by the Application. 16
31 1232t01915 Reserved 684
31 1916t0 1919 Reserved unless otherwise specified by the Application. 4
Drive ID: Manufacturers Name 48
31 1920to 2 047 Additional ID 48
Unique Serial Number 32

Figure 107 — Format of TDDS

The First PSN of Drive Area field shall specify the first PSN of the Cluster that contains the latest Drive-
specific Information Frames. If the Drive Area is unrecorded, this field shall be set to 00 00 00 00h.
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The First PSN of Defect-List field shall be set to 00 00 00 00h in all TDDS Sectors appearing in the TDMASs.

When the disk is being closed and the final DDS is written in the DMA, this field shall specify the first PSN of
the first Defect List that can be retrieved error free in the DMA Zone containing the particular DDS. If no

Defect Li

st could be stored error free, this field shall be set to FF FF FF FFh.

The Location of LSN 0 of User-Data Area field shall specify the PSN of the first User Data Frame in the first
Cluster and shall be set to 00 10 00 00h unless otherwise specified by the Application.

The Last LSN of User-Data Area field shall specify the Logical-Sector Number (LSN) (see Clause 23) of the

last Sec
01 74 ET

The 8-bit
OFh on [

The 8-bi
Layer. If

Clusters

HPu | £ ) + ol Dok ol L [T P AQ-RA—Za ) £ faY |
Ul avallauic 1Ol 1T SluTaytc Ul USTT Udla dallu olidit Ut STL U UU DA 7o TTTH TUIN Ol UIoR

FFh for a DL disk unless otherwise specified by the Application.

and

and

O.

32
1.2.

Flag A field specifies the status of the SL disk or DL disk. This byte shall be set 03h on.SLldisks
L disks unless otherwise specified by the Application.
Pre-write Area flags field specifies the status of the INFO 1/Pre-write Areas‘for'each Recorging
the Pre-write Area on Layer i is recorded then bit bi shall set to ONE, else bit bishall be set to ZER
The Stafus bits of INFO 1/PAC 1 locations on Layer LO field shall specify théyrecording status of al
in the INFO 1/PAC 1 Zone on Layer LO (see Figure 108). The bit pairs shall be set as defined in 2
Byte position Bits INFO 1/PACA location PAA
64 b7 be 0L RF 80h
64 bs b4 Q1 FF 84h
64 bs b, 01 FF 88h
64 by bo 01 FF 8Ch
65 b7 be 01 FF 90h
70 by bo 01 FF ECh
71 b7 be 01 FF FOh
71 bs b4 01 FF F4h
71 b3:b2 01 FF F8h
71 bt bo 01 FF FCh

Figure 108 — Status hifs and related INFO 1/PAC 1 address locations on Layer LO

The Stafus bits of INFO 2/PAC 2 locations on Layer LO field shall specify the recording status of al

Clusters

in the INFO 2/PAC~2Zone on Layer LO (see Figure 109). The bit pairs shall be set as defined in 2

32
1.2.

158
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The
Clu

The
Clu

Byte position Bits INFO 2/PAC 2 location PAA
72 b7 bs 01 BA 00h
72 bs bs 01 BA 04h
72 bs b2 01 BA 08h
72 b1 bo 01 BA 0Ch
73 b7 bs 01 BA 10h
78 b1 bo 01 BA 6Ch
79 b7 bs 01 BA 70h
79 bs by 01 BA 74h
79 bs b2 01 BA 78h
79 b1 bo 01 BA 7Ch

Figure 109 — Status bits and related INFO 2/PAC 2 address locations on.Layer LO

Status bits of INFO 1/PAC 1 locations on Layer L1 field shall specify the recording status
sters in the INFO 1/PAC 1 Zone on Layer L1 (see Figure 110). The bit pairs shalibe set as defineg
Byte position Bits INFO 1/PAC 11ocation PAA

80 b7 bs 3E.00.00h

80 bs by, 3E00 04h

80 bs b, 3E 00 08h

80 b1 bo 3E 00 0Ch

81 b7 bs 3E 00 10h

86 b1 bo 3E 00 6Ch

87 b7 bs 3E 00 70h

87 bs by 3E 00 74h

87 bz b 3E 00 78h

87 b1 bo 3E 00 7Ch

Figure 110 — Status bits'and related INFO 1/PAC 1 address locations on Layer L1

Status bits of INFO 2/PAC:2 locations on Layer L1 field shall specify the recording status

Sters in the INFO 2/PAC 2°Zoene on Layer L1 (see Figure 111). The bit pairs shall be set as defined
Byte_position Bits INFO 2/PAC 2 location PAA
88 b7 bs 3E 45 80h
88 bs by, 3E 45 84h
88 bs b, 3E 45 88h
88 b1 bo 3E 45 8Ch
89 b7 bs 3E 45 90h
97 b1 Do 3E 45 ECh
95 b7 bs 3E 45 FOh
95 bs by, 3E 45 F4h
95 bs b, 3E 45 F8h
95 b1 bo 3E 45 FCh

Figure 111 — Status bits and related INFO 2/PAC 2 address locations on Layer L1

of all 32
in 21.2.

of all 32
in 21.2.

The Recording-Mode field specifies the mode in which User Data is going to be recorded in the User-Data
Area. This field shall be set to 00h to indicate Sequential-Recording Mode unless otherwise specified by the
Application.
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The Last-Recorded Address of User-Data Area field shall specify the PSN of the highest numbered
Physical Sector in the User-Data Area recorded with data supplied by the host. This address shall be equal to
the LRA of the highest numbered SRR containing User Data (see 22.4.6.4). If no User Data is recorded in

User-Data Area, the value of this field shall be set to 00 00 00 00h.

The Next available PSN of Test Zone on Layer LO field shall specify the first PSN of the next usable Clu

ster

available for testing and OPC procedures in the Test Zone on Layer LO. The initial value for this field in case
of an unused Test Zone is 00 OE DF 60h (the highest addressed 4 Clusters of the Test Zone on Layer LO shall
be reserved as a Buffer Zone). If the Test Zone on Layer LO has no free Cluster, this field shall be set to

FF FF FF FFh.

NOTE If an OPC procedure fails, the drive might not be able to correctly update the TDMS.

The Nex}| available PSN of Test Zone on Layer L1 field shall specify the first PSN of the next usable Clu
availabld for testing and OPC procedures in the Test Zone on Layer L1. In case of an SL disk;this field s
be set tg 00 00 00 00h. The initial value for this field in case of an unused Test Zone is 01.F3 EF EOh. If
Test Zone on Layer L1 has no free Cluster, this field shall be set to FF FF FF FFh.

NOTE If an OPC procedure fails, the drive might not be able to correctly update the TDMS«

The Nex} available PSN of Drive-Calibration Zone on Layer LO field shall specify the first PSN of the
usable Qluster available for drive calibration procedures in the Drive-CalibrationZone on Layer LO. The in

value for this field in case of an unused Drive-Calibration Zone is 8 x (LAAL+ C 2Eh). If the Drive-Calibrai

Zone on|Layer LO has no free Cluster, this field shall be set to FF FF FE-FEh.
NOTE If an OPC procedure fails, the drive might not be able to correctly update the DCZ.

The Nex} available PSN of Drive-Calibration Zone on Layep,L1 field shall specify the first PSN of the
usable dluster available for drive calibration procedures in the Drive-Calibration Zone on Layer L1. In cas

ster
hall
the

next
itial
on

next
e of

an SL digk, this field shall be set to 00 00 00 00h. The .initial value for this field in case of an unused Dijive-

Calibratipn Zone is 8 x (FAA — 4 34h). If the Drive-Calibration Zone on Layer L1 has no free Cluster, this
shall be et to FF FF FF FFh.

NOTE If an OPC procedure fails, the drive might;not be able to correctly update the DCZ.

The Firsf PSN of first Cluster of Defect-List field shall specify the first PSN of the first Cluster of the I3
Tempordry Defect List in the TDMA Zene.

The Firsf PSN of Sequential-Recording Range Information field shall indicate the PSN of the first Sectd
the latest Sequential-Recording Range Information in the TDMA Zone.

The Drije ID: Manufacturers Name/Additional ID/Unique Serial Number fields shall uniquely identify]
drive thaf has recorded.this TDDS. These 128 bytes shall contain a drive signature according to the follov
format (ee 18.3.15:\Drive Area):

— 48 bytes Manufacturers Name, represented by characters from the ISO 646 character set;
— 48 hytes*Additional Identification, represented by characters from the ISO 646 character set;

ield

test

r of

he
ving

—

— 32 hytes Unique Serial Number of the drive

22.4.5 Temporary Defect List (TDFL)

22.4.5.1 General

The first Data Frame of the TDFL contains the Defect-List Header followed by a List of Defects. The List of

Defects shall be terminated by a Defect-List Terminator.

The List of Defects is Reserved unless otherwise specified by the Application.
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22.4.5.2 TDFL data structure

The TDFL Data Frame shall be composed as shown in Figure 112.

ISO/IEC 30190:2016(E)

Byte position Content
Data Frame in Data Frame Number of bytes
0to 63 Defect-List Header 64
0 641071 Defect-List Terminator 8
7210 2 047 set 00h 1976

Figure 112 — Format of Temporary Defect List

The Defect-List Header (DLH) identifies the Defect List and contains information about the composition of the

List|of Defects (see 22.4.5.3).

The Defect-List Terminator closes the List of Defects and shall be written immediately following the actual
last|entry in the List of Defects. The Defect-List Terminator shall be located in the last Data Frame of the TDFL

(se¢ 22.4.5.4).

All femaining bytes following the Defect-List Terminator in the last Data Frame shall be set to 00h.

22.4.5.3 Defect-List Header

Figlire 113 shows the format of the Defect-List Header.

Data Frame Byte position Content Number of bytes
in Data Frame
0 Oto1l DFL identifier 2
0 2 DFL format 1
0 3 Reserved 1
0 4t07 DFL-Update Count 4
0 8to 11 Reserved 4
0 12 to 23 Reserved unless otherwise 12
specified by the Application
0 24 t0,63 Reserved 40

Figure 113 — Format of Defect-List Header

Theg DFL Identifier shall’be’set to 44 4Ch, representing the characters “DL".

Theg DFL format fi€ld Shall be set to 00h, identifying a DFL.

Theg DFL-Update Count shall specify the total number of update operations of the Defect List. This field shall
be $et to 00-00 00 00h during the Initialization operation, and shall be incremented by one each time| the DFL

is recordedon the disk.

22 454 Defect-List Terminator

The Defect-List Terminator shall be composed of two 4-byte parts:

— the first 4 bytes shall be set FF FF FF FFh;

— the second 4 bytes shall be equal to the TDFL-Update Count in the header of the TDFL (can be used to

check the validity of the Defect List).
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22.4.6 Sequential-Recording Range Information (SRRI)

22.4.6.1 General

The SRRI Structure specifies the recording status for Sequential-Recording Mode (SRM). One structure
covers both SL and DL disks. The data structure of the SRRI is described in 22.4.6.2.

22.4.6.2 SRRI data Structure

The SRR structure. consisting of one Sector. contains an SRRI Header followed by a list of SRR entries

SRRI terminator shall terminate the List of SRR entries.

Relative Byte position Content Number of bytes
Oata Frame in Data Frame
0 to 63 SRRI Header 64
30 64t0 71 SRR entry 8
72to 79 SRRI Terminator 8
80 to 2 047 set 00h 1968
31 (TDDS)

The SRRI Header identifies the SRRI and contains information about\the composition of the List of S
entries ($ee 22.4.6.3).

The SRR entry contains a list of SRRs and their related information (see 22.4.6.4). The number of SRR

Figure 114 — Format of SRRI table

one unleps otherwise specified by the Application.

The SRRI Terminator closes the List of SRR entries and-shall be written immediately following the actual

entry in the List of SRR entries (see 22.4.6.5).

All remaining bytes following the SRRI Terminator until the Data Frame boundary shall be set to 00h.

22.4.6.3| SRRI Header

The SRRI Header shall be composed-as shown in Figure 115.

Relative Data _Byte position Content Number of bytes
Frame in Data)Frame
0Dto1l SRRI identifier 2
2 SRRI format 1
3 Reserved 1
4t07 SRRI-Update Count 4
8to 11 Reserved 4
b0 12to 15 number of SRR entries 4
16 number of Open SRRs 1
17 t0 19 Reserved 3
20to 21 Open SRR number 2
Reserved unless otherwise
221051 specified by the Application 30
52 to 63 Reserved 12
Figure 115 — SRRI Header

The SRRI Identifier field shall be set to 53 52h, representing the characters “SR”.

The SRRI format field shall be set to 00h, identifying an SRRI.

162
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The SRRI-Update Count shall specify the total number of update operations of the SRRI structure. This field
shall be set to 00 00 00 00h during the Initialization operation, and shall be incremented by one each time the
SRRI structure is updated.

The number of SRR entries shall indicate the total number of SRR entries in the SRRI. The number of SRRs
is one unless otherwise specified by the Application.

The number of Open SRRs field shall indicate the number of SRRs with status Open. The maximum value of
this field is one unless otherwise specified by the Application. The value of this field shall be set to 00h after
the disk is recorded.

The

22.4

The

SRI

The

Open SRR number shall indicate all SRR numbers with status Open.

1.6.4 SRR entry
SRR entry shall be formatted as shown in Figure 116.
R entry consists of 8 bytes and is recorded contiguously.

bytes of the SRR entry are converted into a 64-bit sequence with the.msb first. The List of SR

R entries

shall be sorted in ascending order as if each entry were a single 64-bit unsigned integer. SRR num~iers shall
be assigned as one unless otherwise specified by the Application.
bytte O/bit 7..4 byte O/bit 3.0 & byte 4/bit 7 | <byté 4/bit 6.4 byte 4/bit 3.0 &
of SRR entry byte 110 3 of SRR entry of SRR entry byte 5 to 7
of SRR entry of SRR entry
k63 . b60 b59 . b32 b31 b30 . b28 b27 . bO
Reserved Starting PSN of the SRR | Sessionstart Reserved LRA in the SRR
Figune 116 — SRR entry
Thg Starting PSN of the SRR shall spegify the first PSN of the first Cluster of the SRR and shall pe set to
00 10 00 00h unless otherwise specified by the Application.
Thg Session start bit shall indicate if this SRR is the first SRR in a Session and shall be set to ONE unless
otherwise specified by the Application.
Thg LRA in the SRR shall’specify the PSN of the last Sector in the SRR recorded with data supplied by the
host For an empty SRR, the value of this field shall be set to 0 00 00 00h. For an Open SRR, the¢ relation
betyveen NWA and{LRA shall be given by the following fomula:
NWA = 32\x [floor(LRA/32) + 1] if the LRA # 0 00 00 00h;
NWA =-Start PSN of the SRR if the LRA =0 00 00 00h.
22,465 SRRI Terminator
The SRRI Terminator shall be composed of the following two 4-byte parts:
— the first 4 bytes shall be set FF FF FF FFh;
— the second 4 bytes shall be equal to the SRRI-Update Count in the header of the SRRI structure.
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22.5 Unrecorded (blank) disk structure

22.5.1 General

Some Zones of a Unrecorded disk may be pre-recorded before shipment of the disk. The status of Zones on

an Unrecorded (blank) disk is summarized in 22.5.

22.5.2 Pre-recorded Areas on Unrecorded disk

The Areas on the Unrecorded (blank) disk that are specified in Figure 117 and Figure 118 may be pre-

recorded:
Zdne Description First PAA Number of Pre-recorded Reference
name of Zone | Phys.Clusters condition
BCA BCA either2 See Clause) 35
P|C PIC --- --- recorded -3
Reserved 8 01 B8 00h 32 either @ See-18.3.2
Reserved 7 01 B8 80h 32 unrecorded
Reserved 6 01 B9 00h 32 unrecorded
INHO 2 Reserved 5 01 B9 80h 32 either @ See 18.3.5
PAC 2 01 BA 00h 32 either @ See 18.3.6
DMA 2 01 BA 80h 32 unrecorded
Control Data 2 | 01 BB 00h 32 unrecorded
Buffer 2 01 BB 80h 32 unreeorded
oPC 0 Test Zone 01 BC 00h 2044 either 2 See 18.3.10
OPC 0 Buffer | 01 DB FOh 4 unrecorded
TDNA 0 01 DC 00h 2048 either @ See 18.3.13
Pre-write Area | 01 FC 00h 32 either? See 18.3.14
Drive Area 01 FC 80h 32 unrecorded ---
Drive Area 01 FD 00h 32 unrecorded ---
INHO 1 Drive Area 01 FD 80h 32 unrecorded ---
Drive Area 01 FE 00h 32 unrecorded ---
DMA 1 01 FE 80h 32 unrecorded ---
Control Data 1 | 01 FF 00h 32 unrecorded ---
PAC 1 01 EF\80h 32 eithera See 18.3.18
(Data Zone 0) | 02 00 00h unrecorded ---
& rpeans that the Zone may'or may not be pre-recorded according to its description.
Figure 117 Pre-recorded Areas of Inner Zone 0 (Lead-in Zone)
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229

BC/

Apq
Cla

221

Wh
Writ]
an

225
Wh

Description First PAA Number of Pre-recorded Reference
of Zone | Phys.Clusters condition
(Data Zone 1) unrecorded
PAC 1 3E 00 00h 32 either 2 See 18.4.18
Control Data 1 | 3E 00 80h 32 unrecorded
DMA 1 3E 01 00h 32 unrecorded
INFO 1 Drive Area 3E 01 80h 32 unrecorded
Drive Area 3E 02 00h 32 unrecorded
Drive Area 3E 02 80h 32 unrecorded
Drive Area sk 05 00h 32 unrecorded ---
Pre-write Area | 3E 03 80h 32 either? See 18,4.14
Reserved --- 3E 04 00h 2048 unrecorded
TDMA 1 --- 3E 24 00h 2048 unrecorded See'18.4.12
Buffer 2 3E 44 00h 32 unrecorded
Control Data 2 | 3E 44 80h 32 unrecorded
DMA 2 3E 45 00h 32 unrecorded
INEO 2 PAC 2 3E 45 80h 32 e?ther’cl See 18.4.8
Reserved 5 3E 46 00h 32 either? See 18.4.7
Reserved 6 3E 46 80h 32 unrecorded
Reserved 7 3E 47 00h 32 unfecorded
Reserved 8 3E 47 80h 32 either2 See 18.4.4
Buffer 3E 48 00h 1408 unrecorded
OPC 1 Test Zone 3E 5E 00h 2048 either 2 See 18.4.2
Buffer --- 3E 7E 00h 1408 unrecorded
Protection
Zone 1
&  means that the Zone may or may not be pre-recorded according to its description.

Ise 35).

1al

Figure 118 — Pre-recorded Areas of the Inner Zone 1 (Lead-out Zone)

b.3 Pre-recorded BCA

.5 Pre=recorded INFO 1/PAC 1 and Pre-recorded INFO 2/PAC 2

pn-BCA code is not recorded on an Unrecorded disk, 1S1/1S2 PAC structures are recorded in INF
ndINFO 2/PAC 2. When BCA code is recorded on an Unrecorded disk, these Zones are unreco

\ code may or may not be recorded. The BCA code is not recorded unless otherwise specifie
lication. The modulation and format of the BCA code are not specified in this International Stand

b.4 Pre-recorded INFO.2/Reserved 5, Reserved 8 and Pre-recorded INFO 1/Pre-write Area
bn BCA code is notvrecorded on an Unrecorded disk, INFO 2/Reserved 5, Reserved 8 and INR

b Area in both 4dnher Zone 0 and Inner Zone 1 are recorded with all 00h. When BCA code is rec
Unrecorded disk; these Zones are unrecorded (see 18.3.5, 18.4.7, 18.3.2, 18.4.4, 18.3.14 and 18.4

d by the
ard (see

O 1/Pre-
brded on
1.14).

O 1/PAC

(ded and

IS1/1S2 PAC structures are not recorded (see 21.4).

22.5.6 OPC 0/Test Zone and OPC 1/Test Zone

When BCA code is not recorded on an Unrecorded disk, some Clusters in OPC 0 Test Zone and OPC 1 Test
Zone may be used to perform OPC to record the Pre-recorded Zones (see 18.3.10 and 18.4.2).
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2257 T

DMA 0

When BCA code is not recorded on an Unrecorded disk, Zones that specified in Figure 117 and 118 may be
recorded. When some Zones are recorded on the Unrecorded disk, TDMS in the TDMA O is recorded to
specify the following:

— zones are recorded;

— ane

mpty SRR is created from LSN O;

—  som

22.5.8 In
BD Recq
write Aré
recorded

A newly
from the

BD Recd
Applicati
106):

— ane

— an S

— aTl
22.6 Rq

22.6.1 G
The Rec
the area
be consi

The 4 DN

22.6.2 D

The stru
was finis

e OPC Clusters are used.

itialization of disk
rdable disks are initialized before use. When a Temporary Disk-Management Structure and

pa(s) (see 18.3.14 and 18.4.14) are not recorded on an Unrecorded disk, these areas shal
before recording in the User-Data Area.

first Cluster following the TDMA Access Indicators of TDMA 0.

rdable disks may be formatted for the Sequential-Recording Modecunless otherwise specified by,
bn. A newly created a single-Cluster TDMS contains the following elements (see 22.4.3 and Fig

mpty TDFL, containing only a header, no DFL entries and a Terminator;

RRI with at least one Open SRR (the first SRRI entry shall have the Session start bit set to ONE);
DS with all relevant information like (see Figure-107).

corded (Closed) disk structure

eneral

5 of the disk shall be recorded as specified. If all Clusters in all TDMAs have been used, the disk 3
jered a Recorded disk.

WA Zones of a Reeorded disk and the DMA Access Indicator (see 22.3.2) shall be recorded (close

MA Zones

Dre_
be

created TDMS shall have all Update-Count fields set to ZERO. The TDMS\shall be recorded stafting

the
ure

prded disk structure is summarised in 22.6. When data recording on an Unrecorded disk is finished,

hall

TDMA o

data (see Figure 119).

Other un

166

written areas on the disk need not to be recorded.
Inner Zone Outer Zone
DMA 2| DMA 1 Data Zone DMA 3| DMA 4

Figure 119 — Disk-Management Areas

ctures-in the DMA Zone describes the exact status of the disk at the moment when data recordli
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The DMAs 1, 2, 3 and 4 shall be recorded with copies of the information contained in the latest TDMS.

The DDS in the DMA Zones preserves the references to these TDMS.

22.6.3 Disk-Management Structures (DMS)

22.6.3.1 General

A Disk-Management Structure (DMS) is made up of a Disk-Definition Structure (DDS) and a Defect List (DFL).

The _DDS is combined in one Cluster with an SRRI and shall be repeated
congists of 4 consecutive Clusters on an SL disk and 8 consecutive Clusters on a DL disk and

repgated seven times.

All four occurrences of the DMS, recorded in the DMA Zones in the Inner and Outer Zone(s);yshall cg
sanme information, except for the First PSN of Defect List (see 22.4.4, byte 24 of Data Franme 0 of the

Thg DMA Zones shall be updated in the order DMA 1, DMA 2, DMA 3 and DMA-4 for ease of

posgible power-down failures.

22.6.3.2 Disk-Management Structure (DMS) on SL disk

On pn SL disk the DMAs consist of 32 consecutive Clusters as indicated’in Figure 120.

Tracking direction

Layer LO Cluster
1

Cluster
2

Cluster
3

Cluster
31

Cluster
32

Thg DDS + SRRI shall be repeatedly recorded.irnthe first 4 Clusters of each DMA. The DFL is req
Clusters 5 to 8 of each DMA and may be optignally repeated in the Clusters 9 to 32 (if no repetition ig

Clusters 9 to 32 shall contain all 00h) (see-Figure 121).

Figure 120 — Clusters-of DMAs on SL disk

Cluster 1to 4

DDS + SRRI

four repetitions

Cluster 5t0 8

15t position of DFL

DFL

Cluster 9 ta.12

2"d position of DFL

optional copy of DFL

or 00h

Cluster 13to 16

3" position of DFL

optional copy of DFL

or 00h

Cluster 29 to 32

7" position of DFL

optional copy of DFL

or 00h

The first Data Frame 0 of each of the Clusters 1 to 4 is designated as the DDS and shall contain a co

Figure 121 — Example of DMA Zone on SL disk

for robustness reasons. The DFL

can be

ntain the
DDS).

handling

orded in
applied,

py of the

lateST TDDS, except Tor the First PSN of Delect List, which address shall be set to the 1irst PSN of Cluster 5,
9 .. or 29 of the DMA Zone containing this DDS. The indicated address shall identify the occurrence of the first
full DFL that can be retrieved error free.

Data Frames 1 (see 22.4.3) of each of the Clusters 1 to 4 are designated as the SRRI and shall contain a
copy of the latest SRRI from the TDMS. All remaining Data Frames 2 to 31 shall contain all 00h.

The DFL, recorded in Clusters 5 to 8, shall contain a copy of the latest TDFL, which TDFL shall be padded
with ZERO data up to a length of 4 Clusters. The DFL may be repeated for robustness reasons in each
following group of 4 Clusters in each DMA.
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22.6.3.3 Disk-Management Structure (DMS) on DL disk

On a DL disk, the DMAs consist of 64 Clusters divided over the two Recording Layers as indicated in Figure

122.

Tracking direction

7

Layer LO Cluster Cluster Cluster Cluster Cluster
1 2 3 31 32

Layer L1 Cluster Cluster Cluster Cluster Cluster
64 63 35 34 33

The DDS
is record
repetition

The first
latest TO
17 .. or §
first full [

Data Fra
of the lat

The DFL
with ZER
following

Tracking direction
Figure 122 — Clusters of DMAs on DL disk
+ SRRI shall be repeatedly recorded (see Figure 123) in the first 4 Clusters of each DMA. The

ed in Clusters 9 to 16 of each DMA and may be optionally repeated in the Clustérs*17 to 64 (i
is applied, Clusters 17 to 64 shall contain all 00h).

DDS + SRRI
Reserved

Cluster 1to 4
Cluster 5to 8

four repetition

Cluster 9 to 16 15t position of DFL DFL

Cluster 17 to 24 | 2" position of DFL optional copy of DFL
0r,'00h

Cluster 25 to 32 | 3 position of DFL optional copy of DFL

or 00h

optional copy of DFL

Cluster 57 to 64 or O0h

7t position of DFL

Figure 123 — Example of DMA Zone on DL disk

Data Frame O of each of the Clusters:\}'to 4 is designated as the DDS and shall contain a copy of
DS, except for the First PSN of Defect List, which address shall be set to the first PSN of Cluste
7 of the DMA Zone containing.this DDS. The indicated address shall identify the occurrence of
FL that can be retrieved error free.

mes 1 (see 22.4.3) of gach of the Clusters 1 to 4 is designated as the SRRI and shall contain a g
st SRRI from the TDMS. All remaining Data Frames 2 to 31 shall contain all 00h.

, recorded in Clusters 9 to 16, shall contain a copy of the latest TDFL, which TDFL shall be pad
O data up.io.a length of 8 Clusters. The DFL may be repeated for robustness reasons in €
group of@ Clusters in each DMA Zone.

DFL
no

the
ro,
the
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23 Assignment of Logical-Sector Numbers (LSNs)

Logical-Sector Numbers shall be assigned contiguously over all Clusters available for storage of User Data,
starting from LSN 0 and increasing by one for each successive User Data Frame (see Figure 124).

LSN 0 is assigned to the first User Data Frame in the first Cluster after the Lead-in Zone,
(at PSN =1 048 576).

The last LSN on Layer LO is equal to 8 x LAA + 15 — 1 048 576 and is assigned to the last User Data Frame in
the [last Cluster before the Outer Zone 0
(at PSN =8 x LAA + 15 = X).

The first LSN on Layer L1 shall be one higher than the last LSN on Layer LO and is assigned 0 the first User
Dath Frame in the first Cluster after the Outer Zone 1
(at PSN =8 x FAA = X + FE 00 00 00h).

Thg last LSN on Layer L1 is equal to 16 x LAA + 31 — 2 097 152 and is assigned,to’the last User Data Frame
in the last Cluster before the Lead-in Zone
(at PSN = 01 EF FF FFh).

Inner Outer Outer Imner

radius La;sr Lo radius radius Layer L1 hdius

=

LSN —

User Data Area

User-Data Area

|l Lead-in Outer Outer Legd-out
§ Zone Zone 0 Zone 1 Zorle
g II/I A —

Figure 124 — Assignment of Logical-Sector Numbers
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24 Characteristics of Grooved Areas

The signal values specified in Clauses 24 to 27 are valid for all disk capacities, unless specified otherwise.
In this International Standard, the following two types of signals are distinguished:

— signals generated by the Groove structures on the disk;

— signals generated by User-written Marks.

In Clauses 25 to 27, the signals generated by the Groove structures are defined and specified (the format of
the Groojves has been defined in Clause 15).

All requifements in Clauses 25 to 27 shall be fulfilled in all layers independent of the recording status of ofher
Recordinig Layer (whether unrecorded, recorded or partially recorded) from the inner radius.of the Embogsed
HFM Arga(s) (start/end of the PIC Zone) at nominal radius 22,4 mm up to the inner radius of the Opter
Zone(s) t+ 20 uym (dpzo/2 + 20 ym). It is recommended that the requirements are also/fulfilled in the remainder
of the Outer Zone(s).
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25 Method of testing for Grooved Area

25.1 General

The tests shall be performed in the Recordable Areas. The write and read operations necessary for the tests
shall be made on the same Reference drive.

When measuring the signals, the influence of local defects, such as dust and scratches, are excluded. Local
defects migh'r calse 'rmr‘king errors or uncaorrectable Data (QPP Clause ’%A)

25.p Environment

All gignals shall be within their specified ranges if the disk is in its range of allowed envifonmental cpnditions
as defined in 8.1.1.

25.B Reference drive

25.8.1 General

All signals shall be measured in the appropriate channels of a Reference drive as specified in Clausel9 and in
Anrex H.

25.83.2 Read power

The read power is the optical power, incident on the Entrance surface of the disk and only used fof reading
the [information. The read power shall be (0,35 £+ 0,1) mW for an SL disk and (0,70 £ 0,1) mW for a DL disk.

25.3.3 Read channels

Theg drive shall have two read channels as:defined in 9.5 and 9.6. The HF signal from the HF read channel
shall not be equalized, except when measuring jitter (see Annex H).

Forlmeasurement of the Push-Pulksignals, the radial PP read channels shall be filtered by a first ofder LPF
with f_zqg = 30 kHz.

Forlmeasurement of the wobble signals, the radial PP read channels shall be filtered by a first order [LPF with
f_3dE =8 MHz.

25.8.4 Trackinggeguirements

Durjng the writing and reading of the signals, the axial tracking error between the focus of the opti¢al beam
and the Recording Layer shall be: emax.(axial) = 80 nm, and the radial tracking error between the focus of the
optical’beam and the centre of the Track shall be emax (radial) = 20 nm.

For 4x and 6x disks, local defects that cause large axial tracking errors shall be taken into account as
described in Annex .

25.3.5 Scanning velocities

The actual rotation speed of the disk shall be such that it results in an average Channel-bit rate of 66,000
Mbit/s or an average wobble frequency of 956,522 kHz.
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25.4 Definition of signals

The amplitudes of all signals are linearly related to currents through a photodetector and, therefore, linearly
related to the optical power falling on the detector.

Some signals are normalized relative to the total detector current in an Unrecorded, Grooved Area.
This total detector current is referred to as

le = (|1 + |2)groove

Push-PJll signal:

The Push-Pull signal is the Low-Pass Filtered sinusoidal difference signal (I1— I2) in the radial PP réadchannel
(see Figlire 7), when the focus of the optical beam crosses the Tracks. The Push-Pull signal canybe used by
the drivelfor radial tracking (see Figure 125).

In genergl, the difference signal (I. — I.) is normalized relative to the Low-Pass Filtered-total detector curfent
(I + 12). The peak-to-peak value of this real-time normalized Push-Pull signal is defined as
PP Il(t)—lz(t) E(Il_lz)attz (Il_lz)attl

norm __ll(t)—'—lz(t)}peak—peak (|1+|2)att2 (|1+|2)attl

detect

current \ \
(mA) ! !
(b +12) v :
sum signal : :
| :
] I
1 I
: (ll - |2)max :
| :
1 I

0 : ' .

lL~1 t1 i t2 | ,
d(iﬁterei)ce signal : , radial position
g ! ! (time)
(ll - |2)min : :
on Track on Track
Figure 125 — Detinition or Push-Pult signals
Wobble signal

The wobble signal Iwpp is the peak-to-peak value of the sinusoidal difference signal (I, — I2) in the radial PP
read channel (see Figure 7), when the focus of the optical beam follows the Tracks according to 25.3.4. See
also Annex M and Annex E for a measurement method.

The signal shall be normalized by the peak-to-peak value of the Push-Pull signal (11— 12) pp:

|y
NWS =—PE
(Il_IZ)pp
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Ratio between normalized Push-Pull of the HFM Groove Area and the Wobbled Groove Area

The ratio between normalized Push-Pull signals of the HFM Groove Area and the Unrecorded Wobbled
Groove Area is defined as

RHWG = I:)F)norm,HFM

norm,WG, Unrec
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26 Signals from HFM Groove

26.1 Push-Pull polarity

The polarity of the Push-Pull signal is said to be positive if the signal has the same polarity as the Push-Pull

signal de

tected from the following Pit/Groove geometry:

“On-Groove recording” (see 15.2);

— the
If the pol

The pold
Informati

26.2 Py

The peal
requirem

— inth

26.3 W

The Nor
centrelin
shows a

At locat
Normaliz

At locati
Normaliz

NOTE
the wobb

measuring these HFM wobble signals.

26.4 Jitter of HFM signal

The bing

bingle pass phase depth of the Grooves is less than 90°.
Arity is opposite to the polarity of the specified case, it is said to be negative.

rity of the Push-Pull signal on each Recording Layer of the disk shall be indicated in the I
pn (see 15.8.3).

sh-Pull signal

k-to-peak value of the real-time normalized Push-Pull signal (PProriiem) shall meet the folloy

ents:

e Embossed HFM Areas 0,26 < PRformnem < 0,52.

bbble signal

malized HFM-Wobble Signal is a measure of the\deviation of the Groove Track from its aver

variation (called “wobble beat”).

ons where the HFM wobble signal shéws minimum amplitudes due to the wobble beat,
ed HFM-Wobble Signal (NHWS) shall be-0,30 £ NHW S < 0,60.

pns where the HFM wobble signal shows maximum amplitudes due to the wobble beat,
ed HFM-Wobble Signal shall be NHWSpyax < 3 x NHWSpin.

Because the shape of the" HFM wobble signal detected in the Embossed HFM Areas differs significantly
e signal in the Recordable.Areas, the measurement procedure as described in Annex E is not suitablg

rized wobble signal from the HFM Groove represents the embossed HFM information in the

Zone. T
measur

e jittersof the leading edges and the jitter of the trailing edges of this binarized signal shal
sepdrately relative to a PLL clock.

Disk

ving

age

b. Due to interference with the wobbles of adjacent*Tracks, the amplitude of the HFM wobble signal

the

the

rom

for

PIC
be

Both the
The jitter

— acc

leading-edge Jitter and the traing-edge Jiter shall be <4,5 %.
shall be measured under the following conditions:

oupling (High-Pass Filter): first order, f_sqs = 10 kHz;

— no equalization;

— normalized by 18T clock period (see 15.5.4.2).
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27 Signals from Wobbled Groove(s)

27.1 Phase depth

The single-pass phase depth of the Groove shall not exceed 90°.

27.2 Push-Pull signal

The peak-to-peak value of the real-time normalized Push-Pull signal (PPnorm) shall meet the following
req Trerments meach iayt:l.

— | in Unrecorded Areas (all neighboring Tracks unrecorded):
— for HTL disks: 0,21 < PPnormunrec. < 0,45;
— for LTH disks: 0,21 £ PPnorm,unrec. < 0,60;

— | maximum variation of Push-Pull signal within 150 Tracks in Unrecorded Areas:

(Ppnorm,unrec )max - (PPnorm,unrec )min

— for SL disks: <015;
(P Pnorm,unrec )max + (P Pnorm,unrec )min

__ for DL disks: (Ppnorm,unrec)max_ Ppnorm,unrec)min < 0,18 :
(PPnorm,unrec)maX + PPnorm,unrec)min

— | maximum variation of Push-Pull signal within one layer in Unrecorded Areas:

(P I:’norm,unrec )max - (P Pnorm,unrec )min
(Ppnorm,unrec )max + (Ppnorm,unrec )min

<0,25;

— | in Recorded Areas (all neighboring Tracks recorded):
— for HTL disks: 0,21 £ RPnormrec .< 0,45;
— for LTH disks: 0,29 < PPnorm,rec- < 0,60;

— | ratio of average Push*Pull signals in Recorded and Unrecorded Areas within one layer:

PP
— for HTLdisks: 0,75 < —9MI€C <195

norm,unrec

PP
= “or LTH disks: 050 < —1MI€ <10,

faVataaaWiTald=Yal

27.3 Wobble signal

27.3.1 General
The normalized wobble signal is a measure of the deviation of the Groove Track from its average centreline.

The distance that the actual centre of the Wobbled Groove Track deviates from the average Track centre line
can be calculated according to Annex M.
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27.3.2 Measurement of NWS

Due to interference with the wobbles of adjacent Tracks, the amplitude of the wobble signal shows a variation
(called “wobble beat”). The wobble signals shall be measured in an Unrecorded Area while continuously
tracking the Spiral Groove. A measurement procedure is described in Annex E.

At locations where the wobble signal shows minimum amplitudes (excluding the effects of MSK Marks), the
Normalized Wobble Signal shall be 0,20 < NWSmin < 0,55.

At locations where the wobble signal shows maximum amplitudes due to the wobble beat, the

Normaliz

27.3.3 M
The narr
of the di
minimun

The carr

27.3.4 M

CII ‘vAv'u'u'u:c SiUIIQ: aha“ 'uc N‘v‘v’Smax <3 NWSm.n.

easurement of wobble CNR
bw band SNR (or CNR) of the wobble signal after recording, at minimum and the maximum veloc
bk as defined in 15.8.3, shall be greater than 26 dB at the locations where the wabble signal sh

amplitudes.

er shall be measured at 956,5 kHz, and the noise level shall be measured at500 kHz (see Annex

easurement of harmonic distortion of wobble

To guargntee a minimum quality of the HMW modulation, the SecondéHarmonic Distortion of the wo

signal sh
The Sed
measurir
of the dis

The ratio
the follov

— SHIO
— SHIO

The mea

27.4 HH

To guars

all be sufficiently low compared to the Second-Harmonic Leyelroriginating from the HMW modulat
ond-Harmonic Level (SHL) and the Second-Harmonic. Distortion (SHD) shall be determined
g the fundamental wobble frequency level and the second harmonic frequency level at two locat
k. Both levels shall be measured in the Data Zone ‘and in Protection-Zone 3.

of the SHD and SHL, normalized to the local-fundamental wobble frequency level, shall meet on
y/ing requirements:

/ SHL < -12 dB with zero radial tilt;
/ SHL < —6 dB within + 0,70° of radial tilt.

surements shall be made-using a spectrum analyzer (see Annex E).

M and Wobbled Groove transition requirements

ntee a minimum quality of Groove tracking of the HFM Groove and the Wobbled Groove Areas,

ratio of the normalized®ush-Pull signals of the HFM Groove and the Unrecorded Wobbled Groove Areas 4

fulfill the

for U

following«aequirement:

TH.disks: RHWG =0,50.

ties
DWS

E).

bble
on.

by
ons

e of

the
hall
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28 Characteristics of Recording Layer

The signal values specified in Clauses 28 to 31 are valid for all disk capacities, unless specified otherwise.
In this International Standard, two types of signals are distinguished

— signals generated by Groove structures on the disk, and

— signals generated by User-written Marks.

Clayises 29 to 31 specify a series of tests to assess the recording properties of the Recording Layer] as used
for yriting data.

All fequirements in Clauses 29 to 31 shall be fulfilled in all layers independent of the recording statug of other
Reqording Layer (whether unrecorded, recorded or partially recorded) from the innerfadius of the Regcordable
Areh (start/end of the INFO/OPC Zone) at nominal radius 23,2 mm up to the innerradius of the Outef Zone(s)
+ 20 pym (dpzo/2 + 20 pym). It is recommended that the requirements are also fulfiled in the remainder of the
Outer Zone(s).
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29 Method of testing for Recording Layer

29.1 General

The tests shall be performed in the Recordable Areas. The write and read operations necessary for the tests
shall be made on the same Reference drive.

When measuring the signals, the influence of local defects, such as dust and scratches, are excluded. Local
defects might cause tracking errors, or uncorrectable Data (see Clause 33).

29.2 Ern

All signals shall be within their specified ranges if the disk is in its range of allowed environmental condit

as define
29.3 Rd
29.3.1 QG

All signal
Annex H

29.3.2 R

The read

the informnation. The read power shall be (0,35 £ 0,1) mW for an ‘Si/disk and (0,70 £ 0,1) mW for a DL disk|

29.3.3 R

The drivi
shall not

29.3.4 T

During th
and the

at radii u
or maxin

vironment

din 8.1.1.
ference drive
eneral

s shall be measured in the appropriate channels of a Reference drive as)specified in Clause 9 an

ead power

power is the optical power, incident on the Entrance surface of the disk and only used for rea

ead channels

be equalized, except when measuring jittef_(see Annex H).

racking requirements

e writing and reading of the signals, the axial tracking error between the focus of the optical be
Recording Layer shall be maximum 55 nm for 2x disks, maximum 80 nm for 4x disks and for 6x d
p to 36 mm. For 6x diskslat radii 36 mm and higher, the axial tracking error shall be maximum 80
um 110 nm if the disk(meets the jitter performance.

The radi
16 nm f

For 4x dnd 6x disks, local defects that cause large axial tracking errors shall be taken into account

describe

29.3.5

2x disks, maximum 20 nm for 4x disks and 6x disks.

in Annex |.

ons

d in

ling

b shall have two read channels as defined in\9.5 and 9.6. The HF signal from the HF read channel

bam
sks
nm

| tracking error hetween the focus of the optical beam and the centre of the Track shall be maxinjum

as

canning velocities

Write tests shall be carried out at the velocities defined in the DI Units that are present on the disk (see 15.8.3).

During reading, the actual rotation speed of the disk shall be such, that it results in an average Channel-bit
rate of 66,000 Mbit/s or an average wobble frequency of 956,522 kHz.
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29.4 Write conditions

29.4.1 Write-pulse waveform

Marks and Spaces are written on the disk by pulsing a laser. The laser power is modulated according to one
of the write-pulse waveforms given in Annex F. A 2T to 9T NRZI run-length is written by applying a multi-pulse
train of write pulses.

The laser power during recording has the following four levels, which are the optical powers incident on the
Entrance surface of the disk:

— | the write-peak power Py;

— | the bias-write power Pgw or the middle power Py;

— | the Space power Ps;

— | the cooling power Pc.

Maiks are created by the write-peak power Py , Spaces are created by the'Space power Ps.
Thg values of Pw, Psw, Ps, Pm and Pc shall be optimized according to Annex G.

Thg actual powers Pw, Psw, Ps, Pm and Pc for testing shall be within +5 % of their optimum values, where Pgw,

Pc | Pu and Ps shall be proportional to Pw according to the ratios, ¢, as specified in the Disk Informdtion (see
15.8.3).
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29.4.2 Write powers

The optimized write powers Pwo , Pewo , Pso, Pmo and Pco shall meet the conditions as shown in Figure 126.

+1),

2 | Media Type High-To-Low (HTL) disks Low-To-High (LTH) disks
3 | Layer SL DL SL DL
(]
> | Power (mW) Min. Max. Min. Max. Min. Max. Min. Max.
Pwo (MW) 3,0 6,0 6,0 12,0 3,0 6,0
1x Pewo (MW) 0,10 4.0 0,10 8.0 0.10 4.0 --- ---
Pso (mW) 0,30 4,0 0,60 8,0 0,30 4,0
Pco (MW) 0,10 4,0 0,10 8,0 0,10 4,0
Pwo (MW) 3,0 7,0 6,0 14,0 3,0 7,0
Pewo (MW) 0,10 7,0 0,10 14,0 0,10 7,0
2x | Pso (mW) 0,30 54 0,60 10,8 0,30 54
Pco (MW) 0,10 54 0,10 10,8 0,10 54
Pmo (MW)2 1,50 7,0 3,0 14,0
Pwo (MW) 4,0 10,5 7,0 18,0 4,0 10,56
Pswo (MW) - - - - - - - -
4x | Pso (mW) 0,30 54 0,60 10,8 0,30 5,4
Pco (MW) 0,10 54 0,10 10,8 0,10 5,4
Pmo (MW) 2,0 10,5 3,50 18,0 2,0 10,5
Pwo (MW) 5,0 14,0 8,5 22,0 5,0 14,0
Pswo (MW) - - - - - - . -
6x | Pso (MW) 0,3 7,2 0,6 13,2 0,3 7,2
Pco (MW) 0,1 7,2 0,1 13,2 0,1 7,2
Pmo (MW) 2,5 14,0 4,2 22,0 2,5 14,0
2 [ Only when Castle strategy is applied.
Figure 126 — Write power requirements+for Single and/or Dual Layer LTH and HTL disk
In additign to the conditions shown in Figure 126, the write powers shall be such that
— at 1xVies: Pwo > Pse=Pco and Pso 2 Pswo:
— at 2xVier : Pwo> Pso 2 Pco and Pwo 2 Pswo;
— at 4xVier and 6xVier: (Pwo = Pymo > Pso 2 Pco.
29.4.3 Write conditions for jitter measurement
The test ffor jittershall be carried out on any group of five adjacent Tracks, designated (m-2), (m-1), m, (m
(m+2) infthe‘Reécordable Areas of the disk.
The five Tracks are recorded with random data with a write power Pw = Pwo as specified in 29.4.1.
measure the jitter, all five Tracks are written with random data with a write power Pw = Pwo.

29.5 Definition of signals

To

The amplitudes of all signals are linearly related to currents through a photodetector and, therefore, linearly
related to the optical power falling on the detector.

Jitter

Jitter is the standard deviation o of the time variations of the transitions in the binary read signal. This binary
read signal is obtained by feeding the HF signal from the HF read channel through an equalizer, a LPF and a
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slicer (see Annex H). The jitter of the leading edges and the jitter of the trailing edges is measured separately
relative to a PLL clock and normalized by the Channel-bit clock period.
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30 Signals from Recorded Areas

30.1 HF signals

The HF signal is obtained by summing the currents of the four elements of the photodetector. These currents
get modulated by the different reflectivity of the Marks and Spaces representing the information on the

Recording Layer (see Figure 127).

302 M )UILI:atUUI alllp“tudc

The modulated amplitude lgpp is the peak-to-peak value of the HF signal generated by the largest Mark

Space lehgths. The peak value lgy is the peak value of the HF signal before ac coupling.

The modulated amplitude I2pp is the peak-to-peak value of the HF signal generated by the smallest Mark
Space lghgths. The 0 level is the signal level obtained from the measuring device when nad disk is inserted.

NOTE In the Sync patterns, run-lengths of 9T do occur. However, the recurrence of\these 9Ts is very low

therefore their influence on the HF peak-to-peak signal is negligible.
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Figure 127/~ Schematic representation of HF signal from Marks and Spaces

and

and

and

Because| the Izpp.ds & relatively small signal, its amplitude can not be determined reliably from a random| HF
signal. Therefore; it is recommended to record an area with consecutive 2T Marks and Spaces only angl to
record ap area with consecutive 8T Marks and Spaces only. The signals can now be measured accurgtely

with appfopriate measuring equipment.

The modulation signals shall meet the following requirements:

—  lgpp/lsn = 0,40;

—  l3pp/lgpp = 0,25;

—  l2pp/lgpp 2 0,040 for disks with a capacity of 25,0 GB and 50,0 GB.
The variations of the modulation signals shall be

—  (lgnmax — lsHmin)/lsnmax < 0,33 within one layer (continuously recorded), and
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(Ismax — lgkmin)/Isnmax < 0,15 within one revolution (continuously recorded).
DL disks, the ratio between the modulation signals on Layer LO and Layer L1 shall be

-0,25< (|8H,LO — |8H,L1) / (|8H,L0+ |8H,L1) <+0,25 (continuously recorded),

2016(E)

where lgn 0 and lsn, 1 are measured at the same position, both in radial and in tangential direction.

30.3 Reflectivity-Modulation product

Ths
Anr

The

30.

The

30.
The

The

reflectivity of the disk multiplied by the Modulation (= normalized lspp modulated amplitude) shal
ex B)

|
mM:R%x{%%,WM 0050<RxM <015 for SL HTL disks,
8H

0,060<RxM < 0,18 for SL LTH disks, and

|
RxM =R, x[ﬂj , with 0,016 <RxM <0,048 for DL disks.

8H

reflectivity of the disk multiplied by the I, resolution (= normalized Igpp'modulated amplitude) shall

I
Rxl, = Rgy x (ﬂJ , Rxl, >0,0036 for SL disks with capacity of 25,0 GB, and
lgp

I
Rxl, = Ry, x( ZPPJ ,  RxI,>0,0012 for DL diskswith capacity of 50,0 GB.
lgr

1 Asymmetry

HF signal asymmetry shall meet the following requirement:

|8H + I8L _ I2H + I2L

—010<| —2 2 123045

8pp

b Jitter
Tracks on Wwhich the jitter is to be measured, shall be recorded as specified in 29.4.3.

jittershall be measured on the centre Track m of the five recorded Tracks at the Reference Velog

Bot

be (see

be

ity.

p ‘the leading-edge jitter and the trailing-edge jitter in Track m (measured separately) shall

fulfill the

following requirements.

On

For

an SL disk and on Layer LO of a DL disk

all disks, independent on capacity:

<7,0 % when measured using the circuit specified in Annex H and this circuit set to Limit-Equaliz
and

er mode,

<6,5 % when measured using the circuit specified in Annex H and this circuit set to Limit-Equalizer mode,
and the edges that are adjacent to a 2T Mark or a 2T Space are not included in the jitter measurement.
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On Layer L1 of aDL disk

For all disks, independent on capacity:

and

<8,5 % when measured using the circuit specified in Annex H and this circuit set to Limit-Equalizer mode,

<6,5 % when measured using the circuit specified in Annex H and this circuit set to Limit-Equalizer mode,

and the edges that are adjacent to a 2T Mark or a 2T Space are not included in the jitter measurement.

only

NOTE Not including edges that are adjacent to a 2T Mark or a 2T Space means that in the jitter measurement
those eddes are taken into account that are in between an nT Mark/Space and an mT Space/Mark, with both n 2:3
m = 3.
30.6 Rgad stability
Up to 10} successive reads from a single Track with a dc read power as indicated in Figure)128. The disk S
remain within all specifications in the operating environment.
Higher dc read powers shall be applied when specified in DI bytes 36 to 39 (see 15.8.3.3, 15.8.3.4
15.8.3.5).

Read 2x disks 4x disks 6x disks

Velocity SL DL SL DL SL DL

1x 0,40 mwW | 0,70 mW | 0,40 mW | 0,70 mW | 0,40 mW 0,70 mW

2X 0,45 mw | 0,80 mW | 0,45 mW | 0,80'qnW | 0,45 mW 0,80 mW

4x 0,70 mwW | 1,30 mW | 0,70 mW 1,30 mW

6X 0,70 mW 1,30 mW

Figure 128 — Read power values*for dc read stability testing

Up to 10f successive reads from a single Track withban HF-modulated read power as indicated in Figure 1
The disk|shall remain within all specifications in‘the operating environment.
Higher HF read powers shall be applied ‘when specified in DI byes 40 to 43 (see 15.8.3.3, 15.8.3.4
15.8.3.5).

Read 2x disks 4x disks 6x disks

Velocity SL DL SL DL SL DL

1x 0;30 mW | 0,60 mW | 0,30 mW | 0,60 mW | 0,30 mW 0,60 mW

2X 0,35mW | 0,70 mW | 0,35 mW | 0,70 mW | 0,35 mW 0,70 mW

4x 0,60 mwW | 1,20 mW | 0,60 mW 1,20 mW

6X 0,60 mW 1,20 mW

Figure 129 — Read power values for HF read stability testing

The modulation should fulfill the following requirements (see Figure 130):

and

hall

and

29.

and

— modulation frequency (= 1/THr-aser)

— pulse width

— ratio of peak power and average power

— bottom level between peaks

184

(400 £ 40) MHz;
(300 + 30) ps;
7,0 + 0,7 at 1eref and 2eref 4,5 + 0,5 at 4eref al’ld GXVref;

flat.
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Light -
intensity

HF-laser

pulse width
(FWHM)

2016(E)

Ada
[Eq
31

Def
dus

trag

The

32

Clal
this

Use

average

time
Figure 130 — Schematic representation of light pulses from LasérDiode

itionally, the SER (see 34.1) shall be < 4,2 x 102 in any LDC Block.
livalent to <317 counts (= 4,2 x 10~3 x 75 392 bytes)].

Local defects

bcts on the Recording Layer or in the Transmission Stack, Such as “air bubbles” or “black dots”
t enclosures in the Transmission Stack or pin holes in the Reflective Layer) shall not cause any un

k jumping or uncorrectable errors (see also 33.4 and Clause 34).
size of such defects shall be

air bubbles: diameter< 100 ym,

black dots with birefringence: diameter < 150 ym, and

black dots without birefringence: ~ diameter < 150 um.

Characteristics of. User Data

Ises 32 to 34 describe a series of measurements to test conformance of the User Data on the

r-written Pata' may have been written by any drive at any speed in any operating environment.

(such as
intended

disk with

International Standard. They check the legibility of User-written Data. The data is assumed to be arbitrary.
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33 Method of testing for User Data

33.1 General
The read tests described in Clauses 32 to 34 shall be performed on the Reference drive.

Whereas, Clauses 24 to 30 disregard local defects, Clauses 32 to 34 includes them as unavoidable
deterioration of the read signals. The gravity 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 rr-\nlllirpmpnrq in

Clauses 32 to 34 define a minimum quality of the data, necessary for data interchange.

33.2 Ervironment

All signals shall be within their specified ranges if the disk is in its range of allowed environmental conditions
as defingd in 8.1.1.

33.3 Rdference drive

33.3.1 Qeneral

All signals shall be measured in the appropriate channels of a Reference.drive as specified in Clause 9.

33.3.2 Read power

The read power is the optical power, incident on the Entranee“surface of the disk and only used for reagling
the information. The read power shall be (0,35 £+ 0,1) mW foran SL disk and (0,70 £ 0,1) mW for a DL disk|

33.3.3 Read channels
The drive shall have two read channels as defined in 9.5 and 9.6.

The HF gignal from the HF read channel shall be equalized and filtered before processing. The threshold level
for converting an HF signal into a binaty read signal shall be controlled to minimize the effects of Mark jand
Space sjze changes, due to parameter variations during writing. For measurement of disk quality, [the
charactefistics of the equalizer, filtenand slicer, as well as the characteristics of the PLL shall be the samg¢ as
specified in Annex H (Limit Equalizer) for the jitter measurement.

33.3.4 Hrror correction

Correctign of errors ifrthe data bytes shall be carried out by an error detection and correction system based
on the definitions\n Clause 13.

33.3.5 TfacKing requirements

During the measurement of the signals, the axial fracking error between the focus of the optical beam and the
Recording Layer shall be maximum 80 nm, and the radial tracking error between the focus of the optical beam
and the centre of the Track shall be maximum 20 nm.

For 4x and 6x disks, local defects that cause large axial tracking errors shall be taken into account as
described in Annex .

33.3.6 Scanning velocities

The actual rotation speed of the disk shall be such that it results in an average Channel-bit rate of 66,000
Mbit/s or an average wobble frequency of 956,522 kHz.
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33.4 Definition of signals

Byte error
A byte error occurs when one or more bits in a byte have a wrong value, as detected by the related error
detection and/or correction circuits.

Bur

st error

2016(E)

A burst error is defined to be a sequence of bytes where there are not more than two correct bytes between
any two erroneous bytes. For determining burst errors, the bytes shall be ordered in the same sequence as
they were recorded on the disk (see 13.1 and 13.8).

Th

sepprated by at least three correct bytes from the last preceding erroneous byte, until the last.&rrone
thaf is separated by at least three correct bytes from the first succeeding erroneous byte.

length of a burst error is defined as the total number of bytes counting from the first erroneous by

te that is
ous byte

Thg number of erroneous bytes in a burst is defined as the actual number of bytes in~that burst thgt are not

cor

Sy
The
bytg

whe

Rar
The
bur
cald

ect (see example in Figure 131).

[Ix]clclelxIx]clelx]clxIx]Ix]ck@e]cl.|c]lx

<——— hburstlength =9 bytes ——
number of erroneous bytes in burst = 6

¢ = correct byte, x = erroneous’byte

Figure 131 — Example of'burst error

nbol Error Rate:
Symbol Error Rate (SER) averaged over N LDC. Blocks is defined as the total number of all ¢
s in the selected LDC Blocks divided by the total humber of bytes in those LDC Blocks:

N
2.E
i=1 I
N x75392

re
g. Is the number of all erroneous bytes in LDC Block i;

a

N is the number-of LDC Blocks.

dom Symbol Error Rate:
Random Symbodl Error Rate is defined as the Symbol Error Rate where all erroneous bytes con
5t errors of length 240 bytes are counted neither in the numerator nor in the denominator of
ulation;

froneous

tained in
the SER

N
Nx75392- > E,
i=1
g, isthe number of all erroneous bytes in LDC Block i;
a
E, isthe number of all erroneous bytes in burst errors 2 40 bytes in LDC Block i;

N is the number of LDC Blocks.
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34 Minimum quality of recorded information

34.1 Symbol Error Rate

When checking the quality of the disk, including defects, the area selecting for determining the SER shall be

written with arbitrary User Data. The SER shall fulfill the requirements as specified in 34.1.

The quality of continuously and discontinuously written sequences

Random| SER averaged over any 10 000 consecutive LDC Blocks with the condition that all Blocks
recorded in a continuously written sequence ( see Figure 47), in a discontinuously written sequence
Figure 46) excluding disk defects, shall fulfill the following requirements:

Ranflom SER < 2,0 x 10~* averaged over any 10 000 consecutive LDC Blocks.

34.2 Maximum burst errors

In each Recording-Unit Block, the number of burst errors with length =40 bytes Shall be less than 8 and
sum of the lengths of these burst errors shall be <600 bytes.

34.3 Uger-written Data

User-wriften Data in a Recording-Unit Block (RUB) as read in the HF‘read channel shall not contain any
errors that cannot be corrected by the error correction system defined in Clause 13.

are
see

the

hyte
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BCA

2016(E)

The Zone between r; and rsis reserved for use as a Burst-Cutting Area (BCA). (see 15.2 and Figure 54).

The BCA shall be used to add information to the disk after completion of the manufacturing process.

The BCA code can be written by a high-power laser system in the case of Recordable disks.

All information in the BCA code shall be written in CAV mode, where every revolution has exactly the same

con

The
cod

No
Visi

The
Eag

Ths

tent, which content shall be radial aligned (see Figure 132).

BCA code shall be located between radius 21,3 3% mm and radius 220755 mm on LayerL0.

e is allowed to overlap the Protection-Zone 1 partially).

BCA code shall be written on Layer L1, but some effect of writing the BCA codeon Layer LO
ple on Layer L1.

BCA code shall be written as a series of low-reflectance stripes arranged in circumferential
h of the stripes shall extend fully across the BCA in the radial direction,

22,0 mm on Layer LO.

Ths

decision to record BCA code is Application dependent. BCA code shall not be recorded in the BG

otherwise specified by the Application. The format and the eontent of the BCA code is defined by ag

bet

veen the interchange parties.

Burst-Cutting Area

BCA code

the BCA

could be

Hirection.

information in the BCA code can be read by a drive at any radius’between radius 21,3 mm and radius

A unless
jreement

Figure 132 — Schematic representation of BCA
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Annex A
(normative)

Thickness of Transmission Stacks in case of multiple layers

A.1 General

In case the total Transmission Stack consists of k layers, the following procedure shall be applied in

determin
— the
— the

— letD

then the

A.2 Re

The refra

A.3 Th

The Relg
The Rel
following
a) thel
b) thel

NOTE
Type DL/

A.4 EX

ng the thickness of the mndividual layers:
alues ds .. dk represent the thicknesses of layers 1 .. k;
alues n; .. nkrepresent the refractive indices of layers 1 .. k;

(n) be the nominal thickness at refractive index n according to Figure 19,

k-1
thickness dk of layer k should be equal to: dk:D(nk)x{l— D?i )] :
iz O

fractive Index n;of all layers in Cover and SpaceriLayers

ctive index, ni, of each layer in the Cover and Spacer shall’be 1,45 < ni< 1,70.

ickness variation of Transmission Stack

tive Thickness of the Transmission Stack;j;is defined as RT; :Z D((ji )
i—1 P\

ptive Thickness RT of the Tramsmission Stacks, measured over the whole disk, shall fulfill

requirements:
Relative Thickness RTy ofitlie Transmission Stack TS0 shall be: 95 <100 x RTo < 105;
Relative Thickness RT1 of the Transmission Stack TS1 shall be: 70 <75 x RT; < 80.

The thicknegS.of'the Recording Layer is very thin and negligible in the calculation of the thickness in cag
HTL disk.

ample of thickness calculation for SL

Assume

a Lover srfieet WIth refractive indaex rny = 1,70 and a nominal thickness or /o5 HJIim IS dttacnedad to

Substrate by a gluing sheet with a refractive index n, = 1,45.

From Figure 19 we can find: D(n1) = 102,4 and D(n2) = 98,5.

From the above given formula, we can calculate

75

d,=98,5x|1-—— |=26,356 um.
102,4

190

’

he

—

e of
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Annex B
(normative)

Measurement of reflectivity

B.1 General

The reflectivity of a disk can be measured in several ways. The two most common methods are

The
reflq

Wh
(Rm

parallel method, and
focused method.

reflectivity of the disk is measured by the focused method with the help of a Reference disk wi
pctivity, while the reflectivity of the Reference disk is calibrated by the parallel method.

BN measuring the reflectivity in the focused way, only the light returned by the’Reflective Layer of
will fall onto the photodetector. The reflected light coming from the front_surface of the disk and

coming from the parasitic reflectance’s inside the disk will mainly fall outSide the photodetector. B&

the
“ma

B.2
Ag
with
B.1

in” reflectance from the Reflective Layer.

Calibration method

pbod Reference disk free of birefringence shall be ghasen, for instance with a 0,1 mm glass Co
a golden reflective mirror. This Reference disk shall be measured by a parallel beam as shown

h known

the disk
the light
cause in

parallel method only the “total” reflectance (Ry) can be measured, a-Calculation is needed to detefmine the

er Layer
n Figure

R” to Rnt
detector

B
Incident
beam

Figure B.1 — Reflectivity calibration

In this figure, the following applies:

R = reflectivity of the Recording Layer (including the double pass Transmission Stack transmission);
r = reflectivity of the Entrance surface;

Rret = reflectivity as measured by the focused beam (is by definition = Ri, / Ig);

lze = incident beam;

Rs = reflectance caused by the reflectivity of the Entrance surface;
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Rm = main reflectance caused by the reflectivity of the Recording Layer;

Rint = reflectance caused by the internal reflectance’s between the Entrance surface and the
Recording Layer,

Ry = measured value (Rs + Rm + Rint).

The reflectivity of the Entrance surface is defined by

n-1 2
r': -
n+1

where n |s the index of refraction of the Cover Layer.

The main reflectance Rm = Ry — Rs —Rint Which leads to

e

B
Rrele_: R
B l-rx|2- 4L
IB

The Reference disk shall be measured on a Reference drive. The total deteetor current (the sum of all four
quadrants = lwta) Obtained from the Reference disk, and measured by the focused beam is equated to R4 as
determined above.

Now the| arrangement is calibrated and the focused reflectivity.isa linear function of the reflectivity of|the
Recordinig Layer and the double pass Transmission Stack transmission, independently from the reflectivity of
the Entrgnce surface.

B.3 Mpgasuring method

Reflectiyity in Unrecorded, virgin RecordablelAreas

A methodl of measuring the reflectivity using thie Reference drive.

a) Medsure the total detector current (ls + I2)rer from the Reference disk with calibrated reflectivity Ryer.
b) Measure the total detector cutrent (I1 + I2)c from a Groove Track in an area of the disk under investigation

whefe the Groove Track and, the two adjacent Tracks on each side of the Groove Track never have been
recorded.

c) Caldulate the unrecorded virgin disk reflectivity Rg.y in the Groove Tracks of the Recordable Areg as
follopvs.

R |- (|1+|2)G

= X
(ll + I2 )ref o

Reflectivity in Recorded Recordable Areas
A method of measuring the reflectivity using the Reference drive.

a) Measure the total detector current (11 + I2)er from the Reference disk with calibrated reflectivity Ryer.

b) Measure lgy 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 Groove Track also have been recorded. Recording of the Tracks
shall be done using the optimum powers as determined from the OPC algorithm (see Annex G).

c) Calculate the recorded disk reflectivity Rgn in the Groove Tracks of the Recordable Area as follows.
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