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X2
B
= Euclidian Hamming
1
3 21 2 23 52 No- Pattom A Pattem B Distance | Distance
\,\ \n M 1] 000001100 000011100 14 i
Readout \ Binary 2{ 000001110 000011110 14 1
—s'i“—“'—al ADC H 'Sg Viterbi |———-—9—‘1‘-”‘——> 3| 000001111 000011111 14 3
4] 100001100 100011100 14 1
1]
% 33 » 3 17) 111110001 111100001 14 1
s A 4 18] 111110011 111100011 14 1
&5 ED 157204 ) 19] 00000110000 00001100000 12 2
= = Difference [« Bit Array | Main
// Caloutator Genorator Bit Detector 20{ 00000110001 00001100001 12 2
YT —t 21{ 00000110011 00001100011 12 2
53 00011 Qo011
5 AADDTHIAA 0001100 22| 10000110000 10001100000 12 2
BB11100BB 000110011 -
BB11100BB 35{ 11111001110 11110011110 12 2
36| 11111001111 11110011711 12 2
34 15 37| 0000011001100 0000110011100 12 3
Wy W 38] 0000011001110 0000110011110 12 3
| Group No.l » 39| 0000011001111 0000110011111 12 3
»{ Group No.2 » 40/ 1000011001100 1000011001100 12 3
»| Group No.3 & >
Average S 53] 1111100110001 1111001100001 12 3
ge, |
Count,, ummary 54| 1111100110011 1111001100011 12 3
NlT!
| Group No.12 P
w ==
30 140
crv VY
oooao oodoao
3
No. Pattern A Pattern B EL'Jclidian Hjamming @4
Distance Distance
w
11 00000011000 00000111000 28 1 2
2| 00000011001 00000111001 2 1 g 16000 I
3| 00000011100 00000111100 28 1 ® 14000 2T counts. :
4] 00000011110 00000111110 28 1 = —8— N2T=
w 12000
11111000110 11110000110 23 1 s N2T=1
49 ]
- 10000 -O= N2T=2
50] 11111000111 11110000111 28 1 ] N2T=3
51} 0000001100000 0000011000000 20 2 3 8000 & -
52| 0000001100001 0000011000001 20 2 % 6000 T N2T=4
53| 0000001100011 0000011000011 20 2 . —8—-N2T=5
54| 0000001100110 0000011000110 20 2 2 4000 0= N2T=6——
3
99 1111100111110 1111110011110 20 2 3 2000
100} 1111100111111 1111110011111 20 2 0 —
101} 000000110011000 0000110011000 20 3 0 2 4 6 8 10
102} 000000110011001 000001100111001 20 3 .
103] 0000011001110 0000011101110 2 3 Constrained length of PRML decoders
104} 0000001100110 000001100111110 20 3
149} 1111001100010 111110001100110 20 3
150} 111110011000111 1111100011001 20 3
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X7
5
Gonstrained length=5, PR(C0,G1,C2,G1,00)
Continuous 2T count and mode name - "
Constrained i=0 i=1 =2 =3 =4 i=5 i=6 No. Pattern A Pattern B E?:::::Z g‘a:::eg
I h {, (
engt (edge) | (2T | (@T2) | (@T3) | (2T4) | 2T5) | (2T6) ol AP0 TA YL m p
4 16 32 48 64 80 96 112 10-18) BB1110083 BB11000BB 14 1
5 36 72 108 144 180 216 252 19-27| AADOO1100BB AA0D11000BB 12 2
p 100 200 200 700 500 500 700 28-36 BBHIOOHA? BB1100111AA 12 2
37-45] AAQOD110011AA AAQO1100111AA 12 3
1280 | 158 1792 =
! 26 Si2 68| 1024 6 46-54] BB111001100BB BB1100110008B 12 3
8 676 | 1352 | 2028 | 2704 | 3380 | 4056 | 4732
AA=00, 10 or 11
9 1764 | 3528 | 6292 | 7056 | 8820 | 10584 | 12348 BB=00, 01, or 11
Ooo0oao Ooo0oao
=6 X8
Constrained length=4, PRICO,C1,C1,00) Gonstrained length=5, PR(C0.G1,C2,C1,00)
N Pattern A Pattern B Euclicien Hamming Euclidian Hamein
o attern atem Distance Distance No. Pattern A Pattern B Distance Dimmeg
14} AQOOLIA AooLIE 10 ! 1~25| ARADOD1 158 AMQO111BEB 28 [
58 ALLIOOA ALLOOE 1 ! 26-50] 00611100600 28 1
9-12] ADDOL100A A00110008 i2 2 51-75] AAAQOOT100CCC 20 2
13716] ALLIOOHIA ALIQOTHIB 12 2 76-100} DDD1 110011888 DDD1100111B88 20 2
17-20] ANOOH10011A AQ011001118 14 3 101-125| AAAQDOT 10011888 AAAOQ1100111BBB 20 3
21-24) ALLIGOTI00A A1100110008 2 S 126-150] CCC1110011006CC £CC1100110000CC 20 3
ADer AMA=000. 011, 100, 110, or 111
B=0or1 BBB=000, 001, 100, 110, or 111
€0C=000, 001, 011, 110, or 111
DDD=000, 001, 011, 100, or 111
oooao ooooao
9 10
Lo Generation Method for
Main Bit Array A
Secondary Likelihood Bit Array N e
(1) No. of (2)Bit Inversion| (3)Position of Nyr® DHarrmmg St 1 Detect Main Bit A Detection Window
{ . A s i ep- J\ in B rray 3 =35 1
No. | Most Likelihood |Secondary  |Mask BIt Inversion totance elect¥a [ width=5+2i
Like! ihood /\/ 1 i=0,1,2,..
-1 = .
s ]‘f Binary Data ...00110011110001111000111...
-3 [11100 | § 0 ! ) Same
1-4 111000 1-3 o011
2-1 0001100 2-2 ’g———jmﬂ
2-2 0011000 2-1 A
0010100 1 Main Bit Arra
2-3 |1110011 PR 45 2 ¥S 411100
2-4 [1100111 23 1 11000
3-1 000110011 32 [ o
3-2 {001100111 31
3-3 |111001100 3-4 onoi0100 887 2 s Step-2 Pickup Bit Array for Euclidian Distance Calculations
3-4 110011000 3-3 -
4100011001100 42 Binary Data ...00116011170001 1] 1000111...
4-2_[00110011000 41 Pick
010101010 3.5,7, ickup
4=3 |11100110011 44 101010160 578 s 4
4-4 [110011 - i = El 0()11- .
: 001100111 =) ) Bit Array-1 ; oot1] N: Constrained
-1 1000110010011 5-2 Most Likelihood Bif Array | S Length
5-2 |0011001100111 5-1 ) “Tength=" .
= 0010101010100 {3.5,7,9, 11 4 5 eng i=0,1,2,..
5-3 [1110011001100 54 @N-1)2i
5-4 1100110011000 5-3
6-1|000110011001100 6-2 Step-3 Prepare Secondary Most Likelihood Bit Arra;
6-2 |001100110011000 6-1 [ o
001010101010100 3,5,7,9,11.1 5 i - .
6-3 |111001100110011 6-4 10013 8 § Bit Array-1 10001111 «— 1st
6-4 |110011001100111 6-3 < :| 3 Exchange Main Bit Array

(*)N,r: Continuous 2T count,

Calculate , from 00011 to 00111
Euclidian

Distances | Bit Array-2 [1p011111]« 2nd
) (Secondary Likelihood Bit Array)
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11
12
Main Bit Array Generation Method Main Bit Array
Binary data stream No. | Wain Bit Array ’;’?‘:?we_s‘gn oo |11 Bt fnversion  [Bit Inversion Hack
-1_[00011 B Z
-2 |00111 yes (1-1) - 00100
PRML | 1-3_[11100 7 vos (1) (position 3
Decoder L _.(1100011100... o Trio00 - D
2-1_|0001100 B B
\ 22 |0011000 ves (2-1) - 0010100
Euclidi 2-3_[1110011 - yes (2-1) (position 3, 5)
Main-Bit Distance 2-4|1100111 - yes (2-2)
Array Calculator 3-1_ 000110011 - -~
32 [001100111 ves (3-1) - 001010100
Compare 3-3[111001100 - ves (3-1) (position 3, 5, 7
00011 < . 00011 3-4_ 110011000 - ves (3-2)
00111 Readout Bit Array = [110001110]. 00111 4-1_[00011001100 - -
111 2nd BIT Array = [110011110]. 11100 4-2|00110011000 ves (4-1) - 00101010100
11100 > 11100 4-3 11100110011 - yes (4-1) (position 3, 5, 7, 9
{ 1f one of Main-Bits is matched, } M (T - yes 40
then make patterns and transfer - L _ .
P 5-2|0011001100111 ves (5-1) - 0010101010100
5-3_|1110011001100 - ves (5-1) f?;’s't”’" 58 7.0
5-4 1100110011000 - yes (5-2)
G-1_|000110011001100 - Z
-2 |001100110011000 yes (6-1) - 001010101010100
6-3 |111001100110011 - ves (6-1) f?osig;on Be s
6-4|110011001100111 - yes (1-2)
ooooao ooooao
13
14
Detection Window
{ width:5+2N2T}
Binary Data Nyr=0,1,2,.. Detection Window
...0011001111[0001111000111... { Width=5+2Nyy }
Binary Data Ny=0,1.2,..
Bitwise XOR result
Main Bit Array .-0011601111j0001111000111...
Group 1 00000 then match “1-1”
00011 1111 | then match “1-3”

then not match

Bitwise XOR result
00000 then match “1-2”

1111 then match “1-4”
then not match

ﬂ/ 001l

Bitwise inversion
with mask “00100”

-
bitL.2

+
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®15 16
Main Bit Array Judgment of Binary Data with Detection Window
SR Detection | Left 2 bits |Right 2 bits
No- | Main Bit Array | .oy bitL2) bitR2) Result
1-1 {00011 00 1 Match to Main Bit Detection Secondary Group . . .
-2 ooitt o 0 I Array 1-1 or 1-2 G;Z”" Main Bit Array | Likelihood |ldentification De;??;” E;?'t““a" ;‘?"‘t‘“mg
1-3_[11100 e ik 00 Natch to Main Bit | (Most Likelihood) [Hain Bit Array|  Method i istance | Distance
. Array 1-8 or 1-4 - BN
1-4_|11000 i 00 Y 1 oot 00X1t e
2-1 10001100 00 00 Candidate of Main Bit -2 1-2%=1 Sbits 14 1
2-2 |0011000 ) 00 00 Array 2-1 or 2-2 1-3 1-3:X=1
Thits 11X00 11%00 )
2-3 |1110011 11 1 Candidate of Main Bit 4 1-41%=0
» 1 Array 2-3 or 2-4 2- —1:X=
2-4 1100111 11 11 1 ooxivoo Q0XIY00 2 I.X 0
3-1 000110011 0 1 Candidate of Main Bit 22 2-2:%1 bits " )
3-2_|001100111 ) 00 11 Array 31 or 3-2 2-3 2-3:%=1
9bits 11X0Y11 11X0Y11 o
3-3 |111001100 11 0 Candidate of Main Bit 2-4 2-4:%=0
- 1 Array 3-3 or 3-4 3-1 1 XK=
S4 110011000 1l % 00X1Y0011 00X1Y0011 ¢ 1_X 0
4-1_|00011001100 00 00 Candidate of Main Bit 3-2 3-2:X=1 obits " 3
. Array 4-1 or 4-2 3- -3 X=
42 _oot10011000 Thics 0 o0 8 1 1xov1100 moviioo | 33
43 |11100110011 n 11 Candidate of Main Bit 34 3-4:X=0
4-4 {11001100111 11 11 Array 4-3 or 4-4 -
5-1 |0001100110011 00 11 Candidate of Main Bit Group ldentification Bits
52 |0011001100111 e 00 1 Array 5-1 or 5-2 R somat X"
its = invers
5-3 |1110011001100 1 00 Candidate of Main Bit nversion o
5-4 |1100110011000 11 00 Array 5-3 or 5-4
6-1 ]000110011001100 00 00 Candidate of Main Bit
6-2|001100110011000 iobit 00 00 Array 6-1 or 6-2
1ts
6-3_|111001100110011 11 1 Candidate of Main Bit
6-4 |110011001100111 11 1 Array 6-3 or 6-4
17
®18
Detection Secondary Group . o : :
roup Jid "
Group Main Bit Array Likelihood |ldentification Det,ect'o" Eu.c idian Hgmmg Main Bit Array Gro“p 1
Ho. | host Likel ihood) [Main Bit Array|  NWethod | "indov | Distence | Distance
e ‘ TIN0. o0 Detected Main Bit Array Secondary Likelihood
:—2 aalth . ,:_? shits " | (Most Likelihood) Main Bit Array
1-4 . a=1 ‘[
2-1 , a=0 :
22 | yaXaYaa aaYaXaa -a%0 Toits 12 2 ;
2-3 La=1 !
2-4 . a=1 ;
31 , a0 1
3-2 a=0 : :
' . 12 4 !
33 aaXbYaabb aaYbXaabb 3-3:X=1, a=1 9bits 3 i
34 3-4:X=0, a=1 :

Group Identification Bits
X=0 or 1
Y=bit inversion of “X” Reference Rule
Group Identification Sub Bits . . .
=0 or 1 with Left/Right Shift
b=bit inversion of “a”
Secondly Likelihood Main Bit Array
Exchange X and Y in the Detected Main Bit Array.

Main Bit Array Group 2
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X119

Main Bit Array Group 1

Detected Main Bit Array Secondary Likelihood

(Most Likelihood) Main Bit Array
- [ooo11 A » o011 |
- oottt » o111 |
- 11100 > [11100] |
- [11000] » [11000] |
\L/\ Bitwise inversion
with mask “00100”

Main Bit Array Group 2

uboood
®21

Step-1 Detect Main Bit Array Detection Window

Binary Data ...001100111100011 ;]GGGHL..

When a checking bit array
is same as a Main Bit Array,
proceeds to next step.

Step-2 Pickup Bit Array for Euclidian Distance Calculations

Binary Data ...00110011 !19201 1 ﬁ}ﬂﬂﬁ 1.
Pickup

Bit Array-1 and proceeds to next step.
Most Likelihood Bit Array

ETO00TIT T« 15

Exchange Main Bit Array
EH00TTTET)«— 204

tep-4 Run Length Limitation Check

Run Length Limitation | [101
Checking Bit Arrays @ Scan

S

Calculate All bitwise XOR results are not
Euclidian “000” and “1117,
Distances then proceeds to next step.

(25) JP 4877406 B2 2012.2.15
goooao
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Main Bit Array Group 1
Detected Main Bit Array Secondary Likelihood
(Most Likelihood) Main Bit Array
i 00011 /\ » 00011
| Joo111 > [0o111) |
» 11100,
i > [11000] !
e
™ Based on Bitwise
Cyclic Rotation
1 10007#{0110%\411100@
Cyclic Rotation to Right Exchange Both Side Bits
with Original
Main Bit Array Group 2
goooao
B22
Constrained length=5, PR(C0,61,62,C1,C0)
. Main Bit . . .
Group| Evaluation g Euclidian| Hamming | Shift
No. Bit Array In\;‘e;ssk.on Distance | Distance |Direction Edge/Mark
1-1 | AAOOOT1AA 00100 14 1 Left Leading Edge
12| AAQOITIAA 00100 14 1 Right |Leading Edge
1-3 | BBi1100BB 00100 14 1 Left |Trailing Edge
1-4 | BB11000BB 00100 14 1 Right |Trailing Edge
2-1 | AAOO1100BB | 0010100 12 2 Left Mark
2-2 | AAD11000BB | 0010100 12 2 Right Wark
2-3 | BBI110011AA | 0010100 12 2 Left Space
2-4 | BBII00I1IAA | 0010100 12 2 Right Space
3-1 | AMODOTI00ITAA | 001010100 12 3 Left | Leading Edge
3-2 | AAOOT100111AA | 001010100 12 3 Right |Leading Edge
3-3 | BBI110011008B | 001010100 12 3 Left |Trailing Edge
3-4 | BRI10011000BB | 001010100 12 3 Right |Trailing Edge
AA=Q0, 10 or 11

BB=00, 01, or 11
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Recording mark
Leading edge

:\\ Trailing edge

uboood

X25

Simulation: Blu—ray Disc 33GB/layer
PR(1,2,2,2,1)

Detect Pattern : 36 x 3

Calculation Circuit : 36 x 3

)

Offset

SbER

Phase Shift

105 10+ 109 102 107

bit error rate

1077

1076

1
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oooOooao
H24
o 3
2 |
x 2 l
E o1}
O
[$)
0
0 05 1 15 2
(ED(F,W)-ED(T W))/ED(TF)
(a) SNR = 22dB
__ 3] Edge (LeRTel) Edge (Lel TeR)
2 N
T2l Y /2
"Ié’ (LeR Tel)
g ) 27(2) (Lel_l.TeR)
0.5 1 15
(ED(F W)>-ED(T W))/ED(T.F)
(b) Offset = 0.02/Spp
::C; Edge-L \# Ir\\;“\ %\/Edge—R
X L, ) 2TIR
3 ’ 2T@-R
13 o~
0 0.5 1 15 2
(ED(F,W)-ED(T W))/ED(T,F)
(c) Phase Shift = 0.10/T
ooooao
26
Simulation: Blu—ray Disc 33GB/layer
PR(1,2,2.2,1)
Detect Pattern: 36 x 3
. Caleulation Circuit : 2 x 3 (mark and space size)
107 (b)| Offset
10-2 ¢ {e)-Phase-Shift
108
x4
3 10
105}
1076}
107
o8 b

10

105 104 10° 102 100 1

bit error rate

107 10°
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SbER

uboood

SbER

108

1071

10°®

108

27

Simulation: Blu-ray Disc 33GB/layer
PR(1,2,2,2,1)

Detect Pattern : 36 x 3

Calculation Circuit : 18 x 3

|

(c) Phase Shift

7

OO

b

e

105 10 107 107

bit error rate

107 108 102

X129

Pattern Number; 36x3

107
1072
1072
10
10
107

1077

Simulation: Blu~ray Disc 33GB/layer Density

2T(3)-2T(6)

Edge

2T(2)

1072

19 23 25

21
SNR (dB)

1

27
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Simulation: Blu-ray Disc 33GB/layer
PR(1,2,2,2,1)
Detect Pattern : 4 x 3
. Calculation Circuit: 4 x 3 (4 main bitarray x3)
- -
10 (0) loffset
102
(c) Phase Shift
102
&
a8 10*
(&)
108 /
108 107 105 10 10+ 10° 102 107 1
bit error rate
ogoood
30
Constrained length=5, PR(C0,61,C2.01.C0)
Main Bit . . .
Group Evaluation Bit Array fnversion Elﬂchdian H‘amnmg .Sh]fF Edge/Mark
No. Hask Distance [Distance|Direction
1-1 | AAQDOT1AA Left L-Edge
- 1 ight | L-Ed
1-2 |AAGD111AA 00160 “ ; Righ ze
1-3 {BB11100BB Left T-Edge
1-4 |BB110008B Right | T-Edge
2-1 {AAD0C1100BB Left Mark
2-2 | AA00110008B Right Mark
0 12 2
2-3 |BBI110011AA . Left Space
2-4 |BB1100111AA Right Space
3-1 |AAD00T10011AA Left L-Edge
- Teht E
3-2 |AAGO1100111AA 501010100 " 5 Righ L-Edge
3-3 |BB11100110088 Left T-Edge
3-4 1BB110011000BB Right T-Edge
4-1 1AAD0O1100110088 Left Mark
4-2 |AADO11001100088 Right Mark
00101010100 12 4 ih or
4-3 |BBI1100110011AA Left Space
4-4 |BBI1001100111A4 Right Space
51 ) 001144 Left L-Edge
0110 isht | L-Edg
52 [MMOOUIOOHOOTHAR | oo oo 12 5 Righ dge
5-3 |BB111001100110088 |~ Left T-Edge
5-4 |BB110011001100088 Right | T-Edge
6-1 |AADOD11001100110088 Left Wark
6-2 |AAQO110011001100088 Right Mark
A % | oosomomomomoin | 12 6 £ a
6-3 |BB111001100110011AA Left Space
Right Space
AA=00, 10 or 11

BB=00, 01, or 11
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ogoooaon goooao
31 E32
CGonstrained length=5, PR(C0,C1,62,01.C0)
Main Bit . . .
Group . . i Euclidian | Hamming [ Shift
i |
1000 T ; No. Bvaluation Bit Array m;“ersklon Distance [Distance|Direction
f as|
—#f Left
° ‘ : 00100 14 1
H (B) Pattern (36/x N,;), Caloulation (18 x N,7) Right
< 100 L
o =
o
2 I Left
x i 0010100 12 2
T 7" (2) Pattern (36 x 3), Calculation (6 x N,;) 1001100088 0010100 )
7] 2-2 Right
L2} \ ‘ BB1100111AA
s 10 == ‘ : ‘ —— AAO0OT1001AA
£ =———(4) Pattern (4 x N,,), Calculation (4 x N,;)—] 3-1 Left
w | H 2T 27" BB111001100BB
c O—3 \ | | 001010100 12 3
5 el \ \ AAQD1100111AA .
B ~N— 2 1811001100088 Right
E 1 —__ ¢
5 = =
8 =
AA=00, 10 or 11
(1) Pattern{36 x Ny Patcutation (36 x Np7) BB=00, 01, or 11
01 - 1
0 1 2 3 4 5 6 7 8
2T Count N,
ogoooao goooao
33 5
& 34
Si ion: Blu— ]
P;;'Z;)!;T;E‘I)Bm ray Disc 33GB/layer Constrained length=5, F’R(C(J,(ﬂ,(}2,’:‘31;()();‘t
Detect Pattern : 4 x 3 Group N ain = Euclidian | Harming
i = Evaluation Bit Al Inversion X . Edge/Mark
Calculation Circuit : 2x 3 (L/R) No. e Mask Distance |Distance
1 -
AAQOO11AA
1-1 oo L-Edge
AACOT11AA
101 —— 00100 14 1
o) G\ffset |3 |BBI110088 T-Edge
1o o0
. {c) Ph 2-1 et Mark
103 AA0011000BB 0010100 1 s
E 2-3 BBTLIO0TTAR Space
a BB1100111AA P
AAD0OT10011AA
3-1 L-Edge
AAQ01100111A
A LM 001010100 12 3
33 BB1110011008B T-Edge
B311001 100088 ¢
AA=00, 10 or 11
J . BB=00, 01, or 11
0% 107 10% 10® 10% 10° 107 107 1

bit error rate
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35 36
Constrained length=5, PR(C0,C1,62,C1,C0)

. . . Group Hain Bit Euclidian | Hamming
Simulation: Blu-ray Disc 33GB/layer Evaluation Bit Array inversion X ) Direction
PR(1,22.21) No. Wask Distance {Distance
Detect Pattern : 4 x 3 -1 AAQOOT1AA Hark
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Experiment: Blu-ray Disc 33GB/layer 101 100
PR(1,2221) \
Detect Pattern : 4 x 7 \

Calculation Circuit: 4 x 7 (L/R L/T)
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