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A/D
ADIP
AV
BD-R
BD-RE
bER
BPF
CAPA
CAV
CD
CD-R
CD-ROM
CD-RW
CLV
CNR
DSV
DVD
DVD-R
DVD-RAM
EO
EQL
FB

fc

FF
HDD
1D
i-MLSE
IM
LDD
LEQ
LPF
LPP

Analog to Digital

ADdress In Pre-groove

Audio & Visual

Blu-ray Disc - Recordable

Blu-ray Disc - REwritable

bit Error Rate

Band Pass Filter

Complementary Allocated Pit Address
Constant Angular Velocity

Compact Disc

Compact Disc - Recordable
Compact Disc - Read Only Memory
Compact Disc - ReWritable
Constant Liner Velocity

Carrier to Noise Ratio

Digital Sum Variation

Digital Versatile Disc

Digital Versatile Disc - Recordable
Digital Versatile Disc - Random Access Memory
Electro to Optic

Equalizer

Feedback

cutoff frequency

Feedforward

Hard Disc Drive

Identification

integrated - Maximum Likelihood Sequenced Error

Jitter Minimizing
Laser Diode Driver
Limit Equalizer
Low Pass Filter

Land Pre-Pit
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Mbps
MLSE
MO
MPEG
MSK
NA
OPU
PC
PID
PLL
PR
PRML
Ps

Pw

RBW
RE
RLL
ROM
R-OPC
SEM
SHD
SHL
SNR
STW
Tecp
Telp
TEM
TIA
Tp
Tr
Tsfp
WPC
2Ts
3Tm

Mega bit per second

Maximum Likelihood Sequenced Error
Magneto Optical

Moving Picture Experts Group
Minimum Shift Keying

Numelical Aperture

Optical Pickup Unit

Personal Computer

Physical Identification

Phase Locked Loop

Partial Response

Partial Response Maximum Likelihood
spase Power

write Power

Recordable

Resolution Band Width
REwritable

Run Length Limited

Read Only Memory

Running - Optimum Power Control
Scanning Electron Microscope
Second Harmonic Distortion
Second Harmonic Level

Signal to Noise Ratio

Saw Tooth Wobble

ending Time of cooling pulse
ending Time of last pulse
Transmission Electron Microscope
Time Interval Analyzer

Track pitch

rising Time

starting Time of first pulse
Writing Pulses Compensator

spase of 2T length

mark of 3T length
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DVD Digital Versatile Disc
pm

GB Giga Byte

1990

DVD-RAM
Digital Versatile Disc - Random Access Memory BD-R/RE Blu-ray Disc - Recordable /
REwritable

1.2
1960 Maiman D
GE General Electric IBM International Business
Machines GaAs
10
1972
VLP Video Long Play ? He-Ne
30cm FM

1979



Laser Disc Laservision
1982
CD Compact Disc

785nm 9 12¢cm CD

1986
CD-ROM Compact Disc - Read Only Memory PC Personal

Computer
1989
CD-R  Compact Disc - Recordable
CD-ROM
CD-R CD-ROM
1991 3.5 MO Magneto Optical 6
PC 100
MO
PC CD
1996  DVD” DVD
DVD DVD
650nm 47GB CD 7 MPEG-2
Moving Picture Experts Group - coding technology part 2: Video *
2 CD
1997 Ag-In-Sb-Te CD-RW
Compact Disc - ReWritable * CD-ROM 650MB 1000
CD 1 4 1.2
4.8Mbps CD-RW  PC
1968  Ovshinsky 19



Te-As-Si-Ge

1971 Feinleib
Ar 1
1980 TeGe
1987
Yamada GeTe-Sb,Te; 12.13)
Te Ge Sb GeTe  Sb,Te; 2
Tg 100ns Tg
-10" /s
1.1
— —
<+ Tg —
1.1
Ge,Sb,Tes 50ns 10Mbps
150 30



830nm
Rewritable
650MB

10

1.3

Visual

AV&PC

GeTe-Sb,Te;
1990
500MB PCR Phase Change
1995 CD-ROM
PD Powerful optical Disc system '¥
10

PC

1990 AV  Audio &
PC Personal Computer

AV&PC

GeTe-Sb,Te;

PC
1.2
AV&PC
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5 E:.—"_L =5 :
1.2
14
1.3
1
2
3
4
Ge-Sb-Te
5 Te-O-Pd
BD 8 10 L-Shape
6
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Land & Groove CAPA
Groove STW
5
L-Shape
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2.1
2.2
2.1
ROM: Read Only Memory

Recordable RE: Rewritable 3

PC Write Once

CD-R DVD-R
BD-R
100
MD Mini Disc PC 35 MO
ROM
DVD-RAM BD-R BD-RE
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-ROM

CD-ROM
DVD-ROM
BD-ROM

CD-R
DVD-R
BD-R LtoH

-REwritable

BD-R

CD-RW
DVD-RW
DVD-RAM
BD-RE

MD Mini-Disc
MO 3.5inch

12cm

Pickup Unit

50nm

20nm

BD-RE

6 10

2.1

0.1lmm

20nm

100nm

OPU Optical



OPU OPU
DSP Digital Signal Processor OPU

PIN P Intrinsic N RF

2 PRML

Partial Response Maximum Likelihood

RLL Run Length Limited
DSV Digital Sum Variation RLL 0

DSV 0 1

DC

ATA  Advanced Technology Attachment

DOW: direct overwrite

0.3um 22

Peak 650

Bias DC
200
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CCD

uv

248nm

Ar

Deep Ultra Violet A

DUV

=351nm DVD

Ultra Violet A
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BD EO Electro to Optic modulator

EO Electro to Optic deflector
CAPA Complementary Allocated Pit Address
STW Saw Tooth Wobble CAPA STW
OPU
He-Ne
NA Numelical Aperture
NA=0.9
1
EO EO
2.4
0.3mm Ni
Ni
Ar
RF DC
uv
DC
2.5
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2.4

OPU-1000
2.7

PC

2.6

TIA Time Interval Analyzer

2.6

2)

16

OPU-1000

2.8
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2.8
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LPC :
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TE RE 2 Pl e TIA ] T -li,u
= - ER
PRML
AD — ber mse | R
29
24.1
2.9
WPC  Writing Pulses Compensator
4
LDD Laser Diode Driver
2.10 WPC LDD
2.11
3
WPC 2.12 800MHz
MCI100EP195 80ps
2.13 80ps 240ps

16
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LDD 2.14 f>4GHz
NEC p PAS73TC OPU
Tr=700ps
L-Shape Ins
Recording mark Power_sEpply
C O wrie :
Ba.si.c Erase Flip U
;ﬁ;l:sg Bottom | 1°P ®
T Current
sources
Clock  —sl Progamable
(Period=T) delay-line [ 11 0eq
TITIT o s
. Compensated
Shift value GaN writing laser
for each edge laser diode  pulses
2.10 WPC LDD
Basic
writing  — :
pulses | T | |
Clock I
Delayed .—) .—) .-) .—) .—)
clock J —I_—‘ L
Compensated
writing
laser pulses
211
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2.4.2

2.9 RF
1
3
EQL
Equalizer RF
2 BIN Binarizer
2 PLL Phase Locked Loop 2
LEQ Limit Equalizer ¥
RF
2 TIA PRML”
PRML 6 PRML
PC
2.16
2
2 6
2.17 8 A/D Analog to Digital
FPGA Field Programmable Gate Array LEQ PRML 1
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2.5

bER bit Error Rate Jitter bER
bER 10" 10718
bER DVDI1
4.5GB bit 3.6x 10" bER
0% 10" 10 1
bit
6)
bER 10° 10* 0% 10"
bER
2 1
bER bER
RF 2
1
2.18 T
RF
2.19 RF
Eye-Pattern
RF
2 TIA
TIA

24
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2.20

o /T [%]
bER

[LIR

S
8

(@) S
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(S
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Data to Data

2.18

e T

RF
2

”
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Data to Clock

Data to Data

TIA

2.19

25



7)

N f(x)
IEFR 7 mEa%

f(x)=\15e2, o
P=["f(odx=1.0

+4.40 s
P :ng f(x)dx=1.0-1x10

—4.40 _5
P=[ " f(0dx=05x10

: : > X +00
w440 0  +hi4o +oo R=],, f0Odx=05x10"
2.20 P
2.2 (%)
bER o /T
1x 102 + 2.60 19.4
1x 103 + 330 15.2
1x 104 + 3.90 12.8
1x 10° + 440 11.3
1x 106 + 490 10.2
PRML bit-by-bit 2

MLSE Maximum Likelihood Sequenced Error

i-MLSE Integrated - Maximum Likelihood Sequenced Error

8)

SEM Scanning Electron Microscope

TEM Transmission Electron Microscope

26
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SEM
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TEM

ALY R TN

bER
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3.1

Physical Address

3.2 Land & Groove

3.2.1 Land & Groove

SNR Signal to Noise Ratio

A NA
A =650nm NA=0.6
0.70pm D
Groove
Land & Groove 2
&
Miyagawa

29

Tp Track pitch

0.6¥A /NA

3.1

2)



Ohno

Groove

31

30

Land & Groove

3)
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3.3

3.2.2 CAPA (Complementary Allocated Pit Address)
CAPA Complementary Allocated Pit Address
Y 34
CAPA

34 CAPA 2
34

CAPA

CAPA
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CAPA Complementary Allocated Pit Address

/ (D (D
o W > e 74
(= o0 - =/
IVVQ@(/I
(.. (D /
|,qu@<| 4]

CAPA

3.4 CAPA Complementary Allocated Pit Address
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3.2.3

3.5 CAPA
3.5
CAPA
CAPA

CAPA
CAV Constant Angular Velocity
3.6 125 0
1 59 34 35 CAV

3.7

CAPA CAPA

é
ﬁu

i
i

35

33



3.6

34



L€

VdvO W3L

sEssRAsERIES , i aRB
seassssessnnn
Sobsbenstdse MR deEmas AW s w
.
g csss THESssss L ARl
s e
R R R
no-oun.o”"n“ I s m e e
.'n-uc-.oco- s - e
. Clll”“.!co sl & @ G ¢&
.i""l........ ¢ Qs Bip 88
P A EssE sl e

(B ssesssssas
LA aEmam s w
Ssassssssaen mee - -

e
srssssnarany
srsssans
LA R
R

tssssam am®m s 8|
frssmE smw e
L R R L R
dEmaw Ses am s
P T
SrsmEe e s e
- mssam semam s ow
AR E sem s s =
- e s
P e s e
e R Ee o e
drm e s wE .
e @ ssmEm wmE e
P EmE e e e
TEE & SEe W e
WA SR
s mE e .-
EE mas e -
framE mem - -
Emsas s . A
SRR FEE s
S e s
S e s s
- - . am
lom o ssam s m

R
(XS R R R R RN

U 0 QD 000 D.D :
mu.m.mﬂo.ﬂucuaﬁ.
qu.mdbﬂ_bmubﬁ
[ N R RN N ONOK

1Oooanna. -
oOoOann: an .U ——

s— . e o ® @ L
e hpmmommm s s
. IO CIauna BSNI.\_DQ

P et Eﬂ"MMNNI..U

(£421) %\h 12

A\ 4

f— 2 ALV By

A

VdvO

v

35



3.24

SNR SNR o
SNR 3.1
1 x [dB] SNR
X=20-log,,| —— 3.1 o [s]
(Zﬂaf J f [Hz]
58.4MHz 1 186
f=314KHz 8
+ 1 10" 3.8960 3.1 SNR
x=14.2dB 3.8 BPF Band
Pass Filter + 20% BW Band Width =127KHz
CNR Carrier to Noise Ratio RBW Resolution
Band Width =10KHz 25.2dB
CNR
+ 0.7 + 0.031pm
-6dB 10°
-3dB
CNR 25.2+6+3 34.2dB
A =650nm NA=0.60 8.2m/s
0.615um A /6 + 20nm
CNR
3.9 5 CNR 41.6dB RBW=10KHz
CNR  34.2dB 3.9
+ 0.7 + 0.031pm
-6dB 28.2dB CNR
CAPA
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/\/\/ I T |
2 “‘ ' _’i E‘_
\ CNR o
BPF
% BW=127KH RBW=10KH
3.8
I}gzn;le.ﬂ dBa ATT 10 dB A_view B_blank CNRJ[dB] 5
AVG A 50/50 LAND [um]
AVG A TINES 41.6dB 0031 0022 0 -0.022__ -0.031
50 0.70 37.7 39.3 419 386 36.7
036 389 412 417 385 36.2
R [deg] © 395 407 371 36.0
-0.36 396 409 402 367 347
-0.70 40.7 412 30.0 354 333
[nm]
GROOVE 0031 0022 0 -0022  -0.031
Ky 0.70 36.6 389 42.0 356 339
19 khe 0.36 39.7 417 427 374 3438
A W R [deg] O 417 441 36.2 35.2
S¥P : -0.36 434 44.0 397 354 3338
s CENTER 314.0 kHz SPAN 0.500 MHz =070 429 433 379 33.1 319
39 CNR
CAPA 0.28um/bit
CAPA 0.615um
8.2m/s 650nm NA=0.60
CAPA 3.10 ¥ DC
AGC Automatic Gain Controller EQL A/D
2
3.11
3 CAPA CAPA
3.11 0.057um
+ Oum 0.057um
CAPA
1 CAPA 4
ID1,ID2,ID3,ID4 OK

37



IDI ID4
0.057um
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=

0.057um

CAPA DVD-RAM
2.6GB  Ver.l 1999
9 2000 DVD

L REIABMHTH

1

1D3,ID4
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1997
4.7GB Ver.2
PC
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Ext DC 500my
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TIMEBASE
T/div
100
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1
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2
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Channel Use
3 2
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3.3 Groove

3.3.1
33
CD-R/RW FM ATIP
Absolute Time In Pre-groove 7
DVD-RAM  CAPA
DVD-R/RW LPP Land
Pre Pit B
LPP
LPP DVD+R/RW”
EO
2001
2001 Optical Data Strage 2001

10,11)

MSK  DVD+R/RW

DVD+R/RW

DVR-blue Disc Video Recorder by Blue Laser

MSK Minimum Shift Keying

1.5
SNR

STW Saw Tooth Wobble 12)
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3.3

CD-R/RW DVD-RAM DVD-R/RW DVD+R/RW | Sony Panasonic
DVR-blue 25GB

FM CAPA LPP MSK STW
sy s N

~ e =1 VWAAAY | vAaAnAn
T gy o © RN
T (g, © & = V\*\’r’\‘ VQ\)I\%M [
S ®® wh L

[ ) 15

&
4.23MHz 58.4MHz 26.16MHz 26.16MHz 66MHz 73.9MHz
192T 186T 186T 32T 69T 155T
22.05KHz 314KHz 14 KHz 817KHz 957KHz 478KH
1.2m/s 8.2m/s 3.49m/s 3.49m/s 5.2m/s 4.6m/s
SNR
RF

3.3.2 STW (Saw Tooth Wobble)

20GB

CAPA
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STW Saw

Tooth Wobble 3.12
0
1 2
2 0 1

bit0 ; DIt §-memmeees bit47

i

:  Patten 0 :  Pattern ™"

ane N o W 5 . G

(O @) OOOC OO O
; [ R RN ; IIINIII.IIIII mv
— 36 Wbl —ie¢— 36 wbl —»
312 STW Saw Tooth Wobble
STW 0.32um
A /12 *+ 20nm 10pum 1 STW
36 2 4.5m/s
3.13 STW BPF1 STW
BPF2
3.14 (@) (b) 0
1
2 Layer0

Layerl 0 1
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BPF1 for Dfferential Detection Vref+

Decoder [—® PID

Vref-

J
.

BPF2 for Clocking

480KHz

PLL F——» Write Clock

313 STW

A2 -0V
- i Az 0340
= o . .
\ ; STW signals (radial push-pull) .

Wk

-—1.,,--1"«‘.‘-.\-\-»”"\—--..:. differential signals of STW

Nl NSRS N band-pass signals of STW

1V S00mY B1 lks

(a) Pattern "0" (b) Pattern "1"

Differential Signal

M L Decoded Data
200us/di 200us/diy/
Layer_0O Layer_1
314 STW
STW SNR
13,14) 315 STW BPFl
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STW ERR STW ERR 32 SNR BPFI
SNR CNR(10KHz)=SNR+29dB STW 36
1bit ID identification 2 36 19
ID ID bit ERR ERR ERror Rate
33 PID Physical IDentification 48bit PID
PID ERR 34 4 PID 3
Block ERR 3.5 32 35 3.16
CNR CNR
STW 36 1D bit
ERR 107 CNR>30dB Block ERR 10
3.16 STW PID
36 CNR
CNR CNR 30dB
36 STW
oise
Differential
315 STW
2
© 1 X
STW ERR Psw =1-|1- j ——e % .dX 32
RV 272'
1020
ID bit ERR & - 33
P = Z 3 Cn Porw - (1- PSTW)36 "
n=18
PID ERR Py =1-(1-PR,)" 3.4
Block ERR Paiok = P;ID +4- PPSID '(1 - PPID) 35
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1.0E+00
1.0E-01
1.0E-02
1.0E-03
1.0E-04
1.0E-05

Error rate

1.0E-06 [

1.0E-07
1.0E-08

CNR vs Error Rate

Saw Tooth Wobble

STW
0.25

B W—
r STW
| PID
ID bit
NS
Block
28 29 30 31 32 33
CNR [dB]
3.16 CNR
2 sin(2w t)
A
2
STW

STW = cos(at) + A-sin(2awt),

NN _—H\\
g 107 \\\\\ \\ [5]
p NN
g v \ s
48rep. H 3 24 2
. |—181ep 624 _1vl
28 30 32 34 36 38 40
CNR (baseband) [dB]
3.6 cos(w t)
A 0 1
A SNR
STW
-12dB
A=0.25(-12dB) 3.17
0 1
STW 4
2
EO
A=20.25 36
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A=+0.25

A=-0.25

15

0.5

-05

-15

15

05

-05

-15

------- A*sin(2wt)

sum

/N

/

\

0 I

\..

Nt

cos(wt)

------ - A*sin(2wt)

sum

/

317 STW

3.3.3 MSK (Minimum Shift Keying)

Liner Velocity

SNR

STW

46

T 21

STW

CLV Constant

MSK



34 STW MSK STW
MSK MSK STW
15,16)
34 STW MSK
STW MSK
SNR o
O
ADIP Uint ADIP ADdress In
Pre-groove 1 3.18 ADIP Unit
1 56 1 69
cos(t) 3
1 MSK 12 16
MSK 18 54 37 STW
MSK 1.5
3 MSK 14 16
0 12 14 1 STW 18
54 37 0
18 54
37 1 ADIP Unit 1 MSK
STW MSK
STW
3.19 ADIP Unit 83
24bit 12bit
STW
64KB 3 3.20
STW MSK
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cos(wt)-0.25sin(2wt)

STW, wobbles

cos(wt)

Monotone wobbles

/1

/1

[ INONNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN]

[TTTTITTT]

55

18

12

3

wobble# 0

J

WRIVARNTAY,

STW, wobbles ; cos(wt)+0.25sin(2cwt)

cos(1.5mt), -cos(wt), -cos(1.5mt)

MSK wobbles

18 STW MSK

3

Reference STW"0"

&

=STwW"1"

H
&2
o
8
g%

cos1.0w
-cos1.0w

5

Of 1| 2| 3| 4| 5/ 6| 7| 8| 9/10|11|12| 13| 14| 15| 16| 17| 18| 19| 20| 21| 22| 23| 24| 25| 26| 27| 28| 29| 30| 31| 32| 33| 34| 35| 36| 37| 38| 39| 40( 41( 42| 43| 44| 45| 46| 47| 48| 49| 50| 51| 52| 53| 54| 55

0| 0] 0] O] O] O] O] O] O] O] O] O] O] O] O] Of Of of Of 0f 0O

0] 0| o/ o] O] O] O] O] O] O] O] O] O] O] O] O] O] of of of of of 0O

0l ol o] of o] o] o] O] O] O] O] O] O O] O] O] O] O] O] of Oof of of of 0O

0] 0] 0] 0] O] O] O] O] O] O] O] O] O] O] O] O] O] O] O] O] O] O] O] O] O] O] Of

0] 0] 0] 0] O] O] O] 1

0| 0 o] 0o/ o] o] O] 1

0 0| 0] O] 0] O] O] 1

0| 0] 0] 0] O] O] Of 1

O] 5| 5| 5| 5[ 5] 5| 5 5] 5| 5[ 5/ 5 5] 5[ 5/ 5/ 5 5| 5/ 5[5/ 5 5 5[ 5/ 5 5 55/ 5 5 5 5[5 55| 5 0

0l of of 4 4| 4| 4] 4] 4| 4| 4| 4] 4] 4| 4| 4| 4] 4] 4| 4| 4] 4] 4| 4| 4| 4] 4] 4] 4| 4] 4] 4] 4| 4] 4] 4] 4] 4| 4] 4] of

| of o of o 4| a| af af o 4| a] a af o o] a| af af o o] a] a af o o] a| | af o o] a] 4 a o o] 4] ] ] 4o 4

O] 5| 5| 5| 5/ 5| 5/ 5 5| 5 5/ 5/ 5 5/ 5 5 5 5 5/ 5/ 5/ 5/ 5 5 5/ 55 5 5/ 5/ 5 5 5 5/ 555 5 0

O| O Of 4] 4| 4| 4] 4| 4| 4] 4| 4| 4| 4| 4| 4| 4| 4| 4| 4| 4] 4] 4] 4] 4] 4] 4] 4] 4] 4] 4] 4] 4] 4] 4] 4] 4] 4] 4] 4] o

O] 5| 5| 5| 5/ 5| 5| 5| 5| 5| 5| 5/ 5| 5| 5| 5| 5| 5| 5| 5| 5| 5| 5| 5| 5| 5| 5| 5| 5| 5| 5| 5| 5| 5] 5/ 5| 5| 5| 0

| of of of o a| a 4] af a| af o] af o af af a] a o] af o] af o 4] 4 o] o o] af o] ] o] 4] 4] o] a o] ] 4o 4] o o

0| 5| 5| 5| 5| 5| 5| 5| 5| 5| 5| 5| 5 5| 5 5| 5| 5/ 5| 5 5 5 5| 5| 5| 5| 5| 5| 5| 5| 5/ 5 5 5] 5 5[ 5| 5 0

0l of of 4 4| 4| 4] 4] 4| 4| 4| 4] 4] 4| 4| 4| 4] 4] 4| 4| 4] 4] 4] 4| 4| 4] 4] 4| 4| 4] 4] 4] 4| 4] 4] 4] 4] 4| 4] 4] of

O] 5| 5| 5| 5[ 5] 5| 5 5] 5| 5[ 5/ 5 5] 5[ 5/ 5 5 5| 5/ 5/ 5/ 5 5 5[ 5/ 5 5 5 5] 5/ 5 5 5[5 55| 5 0

| of of of o 4| a| af o o 4] ] af o o] 4] | af o o] 4] af af o o] 4] o] o o 4] 4] af 4 o o] 4] o] o o 4] o]

O] 5| 5| 5 5[ 5] 5/ 5 5| 5 5[5/ 5 5] 5 5/ 5 5 5 5/ 5/ 5/ 5 5/ 5[ 55 5 5] 5] 5/ 5 5 5 5[ 55| 5/ 0

O| O O] 4] 4| 4| 4] 4| 4 4] 4| 4| 4| 4| 4| 4| 4| 4| 4| 4| 4] 4] 4] 4] 4] 4] 4] 4] 4] 4] 4] 4] 4] 4] 4] 4] 4] 4] 4] 4] 0

O] 5| 5| 5| 5/ 5| 5| 5 5| 5| 5| 5/ 5| 5| 5| 5| 5| 5 5| 5| 5| 5| 5| 5| 5| 5| 5| 5| 5| 5| 5/ 5| 5| 5] 5/ 5| 5 5| 0

044444444444444444444444444444444444440

1

0| 5| 5| 5/ 5/ 5/ 5/ 5/ 5/ 5/ 5 5/ 5 5| 5/ 5 5 5 5 5 5 5/ 5 5/ 5 5| 5/ 5/ 5/ 5/ 5/ 5 5 5] 5| 5/ 5| 5 0

0| O] 0] 0/ O] Of Of O] O] O] O] O] O] O] O] Of Of O] 0] O] 0] O O] O] O] O] Of O] O] O] O] O] O] O] O] O] Of O] O] O] O] O] O] O] 0] O] 0] O] O] O] O] O] 0

0| O] 0] 0/ O] of of O] O] O] O] O] Of 1

1
1
1

0] 0/ o] o] o] O] O] O] O] O] O] O] O] O] of of of of of of of o] o] o] O] O] O] O] O] O] O] O] O] O] O] O] of of of of of of of o] o] 0] 0] O] O] O] O] O] Of

0] 0/ 0| 0/ 0] Of 0] Of O] O] O] O] O] O] O] 1]

0] 0] o] o] o] O] O] O] O] O] O] O] O] O] of of of of of of] of o] o] 0] O] O] O] O] O] O] O] O] O] O] O] O] of of of of of of of o] 0] 0] 0] O] O] O] O] O] Of

0] 0/ 0] o] O] O] O] O] O] O] O] O] O] O] Of Oof of 1

1
1]
1]
1]
4
4
4
1

0] 0/ 0] o] O] O] O] O] O] O] O] O] O] O] of of of of of of of O] O] O] O] O] O] O] O] O] O] O] O] O] O] O] of of of of of of of 0] O] O] O] O] O] O] O] O] Of

0] 0/ 0] O] O] O] O] O] O] O] O] O] O] O] Of Of of of of 1

0| O] 0] 0/ O] of of 0] 0] O] 0] O] O] 0] O] 6| 6| 6| 6| 6| 6| 6/ 6/ 6 6| 6| 6/ 6| 6 6 6/ 6/ 6 6| 6 6| 6/ 6| 6 6 6 6/ 6 6| 6 6| 6/ 6/ 6| 6 6 6/ O

0| 0/ 0| 0/ 0] of o] Of O] 1]

o] of o of of of of of of of o 1

0] O] 0] 0/ O] of of 0] O] 1

0] O] 0] 0/ O] of of O] O] O] O] 1

0] O] 0] 0/ 0] of of O] O] O] O] O] O] 0] O] 6| 6| 6| 6| 6| 6/ 6/ 6/ 6 6 6| 6/ 6| 6 6 6 6/ 6 6 6 6| 6/ 6| 6 6 6 6/ 6/ 6| 6 6| 6/ 6/ 6| 6 6 6 O

1

0| 0/ 0] 0/ 0] of o] of o] 1

o] o o] of of of of of of of of 4

0| 0/ 0] 0] O] O] O] O] O] 1

1]
1]
1]

0] 0] 0] 0] O] O] O] O] O] O] O] 1

0] 0] o] o] o] o] o] O] o] O] O] O] O] O] of 6f 6 6| 6| 6| 6| 6| 6| 6| 6| 6| 6/ 6] 6/ 6/ 6| 6| 6| 6| 6| 6| 6| 6| 6| 6| 6| 6| 6| 6| 6| 6| 6| 6/ 6] 6/ 6/ 6/ Of

0| 0/ 0| 0/ 0] of o] Of O] 1]

o] of o of of of of of of of o 1

0| 0/ 0| 0/ 0] of O] Of O] 1]

4
4
1

0] O] 0] 0/ Of of Oof O] O] O] O] 1

0| O] 0] 0/ O] of of O] O] O] O] O] O] O] O] 6| 6| 6| 6 6| 6| 6/ 6/ 6 6 6| 6/ 6| 6 6 6| 6/ 6/ 6| 6 6| 6/ 6/ 6 6 6 6/ 6/ 6| 6 6| 6| 6/ 6| 6 6 6 O

1

0| 0/ 0] 0/ 0] of o] of o] 1

o] o o] of of of of of of of of 4

0| 0/ O] 0/ 0] of o] of o] 1

1
1]

0| o] of of of of o of of of of 4

\Wobble No.

ADIP No.

monotone

syncO

monotone

syncl

monotone

sync2

monotone

sync3

reference

Data"1"

Data"0"

Data"1"

reference

Data"1"

Data"0"

reference

Data"0"

Data"1"

Data"0"

reference

Data"1"

Data"0"

1

3

5

7
8
9
10
11

12
13

16
17
18

20
21

22

78

81
82

319 STW MSK
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(0.32um)

oy

MSK STWO0 STW1

320 STW MSK

3.34 2
CLV 3.21

Tp 1 Wi W1 Tp*2n
Tp=0.32pm  WI=5.14um 69 CLV
A =405nm NA=0.85 3.22 2.5
6dB

IR
|

321
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10=V/DIV' SOme/DIV 0.1 V/DIV

3.22
STW
3.23 STW 2
3.23 + 90°
STW
STW
0 STW 5 ADIP Unit
STW 0 1)
3.24 PLL
34.5 STW STW
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,m BPF } PLL | 1345 Clock
OPU To integration
: BPF N\
Radial c ;
push-pull signal 1.9MHz y i?cé_}l;l}momcs
UL UL L UL LIL
| AR < 2dof ST, i i rE s nhanaing

skew = 0 deg.

W Pp 500ns

3.23

Gate (on the Reference STW)

2nd harmonicS______|ppase Error| | .
(Compared) | Detect YOHSe

Update Phase of Divider
Wobble PLL ,|Clock Divider , ToSTW
Clock (divide 34.5) Detector
3.24 STW
2 2 23
EO
STW 2
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2 2

SHD Second Harmonic Distortion STW 2 SHL Second
Harmonic Level STW
3.25 SHD
_2 1
\ —h— A SHD

’g -3 - B SHD

o
S 4
S
o A
=

5 -5

-1 -08 -06 -04 -02 0 02 04 06 08 1
Radial Tilt [deg]

325 STW
STW MSK
SHD 3.26
A
STW MSK 2 SHD B
SHD STW+MSK 2 SHL
SHD SHD STW SHL
CLV
3.27 3.27
3MHz 957KHz 1913KHz  STW 2
3.27
CNR STW SHD
STW SHL SHD/SHL -12dB

52



STW+MSK

SHL

MSK

SHD

s Spacirus 10 d8- REF ® dBa  -33.884 s
] %708 as s
1 | N S
| et s
S S W S N —
et s
I o
| |
| | wexr eg
l 1 wiae
! i s 1
T ety
pear o0
e
| |
+ e
| |
P am e e T
e S s ™t B 1L
5 Spasirus 18 4B- REF 8 4B -34. 442 uun
1] 9aasts mur e
| | wext neas
ext poas
| ] et
1
1 EXT pEa
=8
al R‘ | szowaL ™
VAl T
A —
[ #eax e
,J\ wen
|
|
: { e
- ]
e o -
s Spactrus 18 48 REF O dba 28,188 aoe
1 87,3 s e
Xt wes
T b
_______ i
R gty
i

stonaL T
o

¥ N T e
| it

— Y Lanu Ay
! L ! ‘ ] wam
L LU L T o
8 _Spacires 10 o8- REF 8 e | 579:533 obe Seanc.
1 | | 193873 i
I | ‘

- i
|

| maTIR
o

|
v _—

L
nl Aﬂm_ AN A — \n, s VJ
i T i

S
TR AT
™ VBN TEE Wi ATH I8 W R LI st kb

3.26

53

WA Smatrys LS8/ MEF S dSa

-

L4 Spacirus

L L e
Lt H

L
BAT L. MM

% Spacirus 18 48- REF 8 48w

I
UBW T8 Wi ATH 8 48 §WF T dAL sac

-39.348 amn
9% Lua

e N8 Wi ATH  Of 48

L6 Spacirus 18 8- REF @ dos

-2, 408 amn
4lareeds mus

. 4
|
| | |
i A _.%.‘L..— v'r-*wl
T T

e e AT e s W L

e
nEer e
wExT

Lo

nExT P
ma

—— sowaL T
e

FEax Bt
nE

e -

vy

wEur oe

NEAT BE
LE

| wexr g
nte

neir wgs

NEXT PEE
{ Lo

| wext pge
(113

| niowaL T
| e -

[

e



Any rewritable zone .
REF =10.0 dBm ATT 10 dB  A_write B_write REF -10.0 dBa ATT 14 dB Aview B_write
10dB/ | FREQ 0FS 10d8/
oN/ I ‘
CENTER |
v 500,000 kiz
..................................................... > \
CNR > 26dB
kiiz i
................................. e He ‘ !
1.0s
START § kliz STOP 3.000 iz CENTER 500.000 kHz SPAN 0408 kiz
.,
Protection zone 3 ., B
REF -10.0 dbm ATT 18 dB A_viev B_blank REF -10.0 dBa ATT 10 dB A_view B_view
10dB/ L13] ., 10dB/ WRITE
A e, B
B v, SHP
100 ., 5s
.
.
BLANK KN N N S s S S s 1
A . | B
.
X b ‘4 SH D/SHL < '12dB NAX HOLD
i i B
B e L R T PR 3y Lits \11 LT e
wy PR L L LT T T TP TAR e |7
svP |
.08 NORN s | NORN
START # kHz STOP 3,000 MHz A CENTER 1.911000 MHz SPAN 0.000 kHz B

Frequency sweep mode

3.3.5
STW

PLL
1.91MHz

3.27 SHL/SHD

MSK
3.28
2
69 957KHz
2
STW 2
MSK
MSK
2 MSK
STW 37
STW 0
2 STW

MSK STW
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Zero-span mode

BPF 956kHz
66MHz 69

2 66MHz  34.5

1.91MHz
16.5

55

MSK  STW

BPF



15

05 r

05

-15

t%r s

A 4

f1=1/(69TwW) wobble#12.5 wobble#16.5

f 1 1

7Y

MSK

MSK+STW

STW

f2=2/(69Tw) wobble#18 wobbl e#55
BPF 957KHz |—> PLL 66MHz _ _
f1=1/(69Tw) fo=1Tw ¥ 1/69 > 957KHz
f1=1/(69Tw)
BPF 1.91MHZ4 |—> —» .2
> f2=2/(69Tw) —0 o 1345 > 1.91MHz
12=2/(69Tw)
reference wobble
328 STW MSK
90
N N 60
a 0
\/\] [N WLV I 2
VTS YV |
/ -90
MSK Signal Product with Clock Integration STW Signal Product with Clock Integration

329 STW MSK
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329 STW MSK

MSK STW MSK/STW Signal
Product with Clock Integration
3.30 MSK  STW
SNR MSK
SNR  1.6dB SNR
MSK +3
STW MSK
STW
MSK
SNR STW 37
MSK 3 ADIP Unit
STW
MSK  STW
g0 '
-1 ‘
z -2 ‘—'—.—4.—?—.
» -3 !
4 BMSK |
5 @ STW|_|
-6
-7
3 2 1 0 1 2 3
330 STW MSK SNR
STW 3.31
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X1010

STW
3.31
2.5
STW  MSK
STW  MSK
MSK  STW
MSK
3.32 MSK
STW
2

STW
3.31 STW OFF
2.5
ON
STW
3.32
3.32
3.32 SNR
1/3
STW
MSK SNR
MSK
MSK  STW
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TIMEER

an
Printerj|

‘(L-N/M’“W"VM\( L

L —> @ ms

331 STW
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SNR
STW
MSK

STW
MSK

DO L
M‘

e
L

LT_LT_L.LT.L.'_ALJL‘_ ' Integral s1gnal of MSK

G

X1010X1000X1010 B

«—— 6 mg

I

332 STW MSK

Ext OC 1.75 W

Ext DC 1.95 W

59

LM

1M

MSKsar

0

Integral signal of MSK
Integral 51gnal of STW

Integral envelope of MSK

Integral envelope of STW

ate of STW

Integral 51gna1 of STW
’ Detected STW data

STOPPED

STWsaréo

8]

STOPPED



18)

MSK

50GB  BD-RE Ver.l 19)

BD-XL 20

ADIP Unit MSK  STW

3.33
MSK STW MSK+STW
10* ADIP
+ 0.7
3.34
CLV
150 STW
150
MSK+STW
MSK  STW
BD 2002
2005 BD-R 2010



1.E-02

—-B- MSK
1.E-03 -STW —T+——Fmmm-----------
.\ —A— MSK+STW \l/
1.E-04 R\
1.E-05 \
No error AA—A—A—A—A—A——A—H—A—
-1 -0.5 0 0.5 1 1.5

333 STW MSK

STW

MSK

MSK+STW

150

334 STW MSK
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4.1
Mark Edge Recording
RLL Run Length Limited
CD-ROM 1 T 3T 11T
ROM 1
4.1
ROM
ROM
ROM
1.2)
4.2
1T
Peak Bias 0.5T
Peak
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4.2

4.2.1
43
Y A =785nm NA=0.55
Tp=1.2um Lv=18.1m/s
4725MHz  (1,7)RLL
(1,7 RLL 4.4
OPU
Peak=19mW Bias=10mW
RF
2 TIA
TIA 2 X (6]
18MHz DC 0dB +6dB
4.5 TIA 4.6
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8Tm

4.8
T T
Jitter/T [%] 0
5
4.40 440 1x 10
2T 3T 2Tm 3Tm 2Ts 3Ts
4T 8T
1) 3)
50 50
40 40
30 B 30 -
= 20 s—o —a = 20 ——
- 10 / o 44o o —— 440
~N 0 g / —— : 0 —— —o—
3 -10 g -10 / —a— 44
£ S A——— —— 440 £ a—— T ———— 40
5 -20 v = -20 -
-30 30+
-40 -40
-50 -50
2Tm 3Tm 4Tm 5Tm 6Tm 7Tm 8Tm 2Ts 3Ts 4Ts 5Ts 6Ts 7Ts 8Ts
) (4)
50 50
40 40 r
30 a 30 +
= 20 = 20
= - o =) | o s——a
~ 10 f —— 440 ~ 10 e —a— 440
: 0 —o— ~ 0 —— —o—
2 -10 A —— 440 & -10 —— 440
= E ot a—e—s
-30 -30
-40 -40
-50 -50
2Tm 3Tm 4Tm 5Tm 6Tm 7Tm 8Tm 2Ts 3Ts 4Ts 5Ts 6Ts 7Ts 8Ts
4.8
49
8Tm 4Tm 3Tm 2Tm
4.4
4Tm 4T
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3Tm 0.5T
Bias 2Tm  1.5T
4Tm 8Tm 48 (1) (2 2Tm
3Tm
3Tm 2Tm 4T

4.9

4.10
4.8
3) 2Ts
8Ts 3Ts 2Ts

4.8

4) 2Ts
2Ts
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4.2.2

(a)

4.11

410

(b)

2Ts

&Tm

2Ts
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8Tm-8Ts 8Tm | 8Ts

g

@

8Tm-2Ts 8Tm Ts

g
-

(b)->! i<
411 8T
K 4.12 (1,7)DRLL
2T 8T 7 2T 8T 7
7 49 7% 7=49
7% 7=49 2
2T 3T 8 24

4T 8T
3% 3=9
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73



21 | 37 4T|5T|6T|7T|8T o1 | 3T 4T|5T|6T|7T|8T
2T : : : : 2T : c c :
3T 5 ° ° ° 3T
a7 : : : : a7
5T : : : : 5T
6T : : : : 6T
T : : : : as
8T : : : : 8T

o1 | 37 | »41 o1 | 37 | 241
o1 | 1 F c a7 | R | O L
3T H E B 3T Q N K
>4T G D A >4T P M J

412 (1,7)RLL

4.13 K

T 1/16 1/32

74



\d111)

—_|aND = b

A 4

B ~ J
tteet
413
42.1
(1,7 RLL 1.0T 0.5T
1.0T Ins
47.51MHz T=21.1ns
Ins T 5%
A J 412 3x 3
8Tm-8Ts duty
A J 4T 8T
4.7 2
8Ts-2Tm, 8Ts-3Tm, 3Ts-8Tm, 2Ts-8Tm
G D,B,C 8Tm-2Ts, 8Tm-3Ts, 3Tm-8Ts, 2Tm-8Ts
L, K,M, P 3Ts-3Tm, 3Ts-2Tm, 2Ts-3Tm,
2Ts-2Tm E, H, F I 3Tm-3Ts, 3Tm-2Ts, 2Tm-3Ts,
2Tm-2Ts N,Q, O,R
[=C+A-G, F=C+A-D, H=B+A-G, E=B+A-D 4.1
R=L+J-P, O=L+J-M, Q=K+J-P, N=K+J-M 4.2
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4.15 TIA
4.16
4.8 4.5
A =785nm NA=0.55
A 650nm NA 0.60
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415

L 187
165 185
184
183 I\ A i n o
D 1
\ o l l
b | E 1
416
4.2.3 4.7GB DVD-RAM
A =650nm NA=0.60 Tp=0.615um
& Lv=8.2m/s T=17.1ns
4.7GB DVD-RAM”
4.17 4.18
Tsfp Telp Peak Bias 2
3Ix 3x 2 18 4x 4x 2 32
4.2
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ST10
ST11
ST12
ST13
ST14

43

6Tm6Ts 0 5%

34,5Ts 6Tm
345Tm 6Ts
345Ts 5Tm
3,45Ts 4Tm
34,5Ts 3Tm

+ Ins

Tsfp/Telp
Tsfp/Telp
Tsfp/Telp
Tstp/Telp
Tsfp/Telp

Data to Clock

A =650nm  NA=0.60

UViEEs

- Ag

~ Si-Cr
ZnS-SiO;
GeN
| Gey-Shy-Te;
\ GeN
ZnS-SiO;

417 4.7GB DVD-RAM
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32

4.19

o /T=9%
4.7GB DVD-RAM

TIA
TIA
TIA
TIA
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previous K next
space g space
2Twi
Tsfp »iie- -» ie-Telp

Write Pulse

.

First Pulse: MultiiPulse Last Pulse

o

Peak Power

--Bias Power

3T | 471 5T | >6T 3T | 471 5T | >6T

3T 3T

4T 4T

5T 5T

>6T >6T

418 4x 4x 2
4.2
#

6Tm6Ts 6TM#H6TS# 6Ts-6Tm 6Tm-6Ts 6T
ST10 6TM#6TS-6TmM-5Ts-6TmM-6TsS#6TM-7Ts- 6Tm-5Ts 5Ts-6Tm 11T
6TM#6TS-6TmM-4Ts-6Tm-6Ts#6TmM-8Ts- 6Tm-4Ts 4Ts-6Tm 10T
6TM#6TS-6Tm-3Ts-6TmM-6TS#6TM-9Ts 6Tm-3Ts 3Ts-6Tm 9T
ST11 6Ts#6TmM-6Ts-5Tm-6Ts-6TM#6TS-7Tm- 6Ts-5Tm 5Tm-6Ts 11T
6Ts#6Tm-6Ts-4Tm-6Ts-6TM#6TS-8Tm- 6Ts-4Tm 4Tm-6Ts 10T
6Ts#6TmM-6Ts-3TmM-6Ts-6TM#6TS-9Tm 6Ts-3Tm 3Tm-6Ts 9T
ST12 #8Tm-5Ts-5Tm-9Ts-5Tm-5Ts-8Tm#7Ts- 5Ts-5Tm 5Tm-5Ts 13T
#8Tm-4Ts-5Tm-8Ts-5Tm-4Ts-8Tm#8Ts- 4Ts-5Tm 5Tm-4Ts 12T
#8Tm-3Ts-5Tm-7Ts-5Tm-3Ts-8Tm#9Ts 3Ts-5Tm 5Tm-3Ts 11T
ST13 #8Tm-5Ts-4Tm- 6Ts- 4Tm-5Ts-8Tm# 8Ts- 5Ts-4Tm 4Tm-5Ts 13T
#8Tm-4Ts-4Tm- 6Ts- 4Tm-4Ts-8Tm#10Ts- | 4Ts-4Tm 4Tm-4Ts 12T
#8Tm-3Ts-4Tm-10Ts-4Tm-3Ts-8Tm# 8Ts 3Ts-4Tm 4Tm-3Ts 11T
ST14 #9Tm-5Ts-3Tm-8Ts-3Tm-5Ts-9Tm#6Ts- 5Ts-3Tm 3Tm-5Ts 14T
#9TmM-4Ts-3Tm-8Ts-3Tm-4Ts-9Tm#8Ts- 4Ts-3Tm 3Tm-4Ts 13T
#9Tm-3Ts-3Tm-8Ts-3Tm-3Ts-9Tm#10Ts 3Ts-3Tm 3Tm-3Ts 12T
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4.3

Tsfp [ns] 3T | 4T | 5T | >6T Telp [ns] 3T | 41 | 5T | >6T
3T 5 3 1 0 3T 10 10 11 11
4T 3 2 0 -1 4T 10 10 11 11
5T 4 2 0 -1 5T 9 10 10 10
>6T 4 2 0 -1 >6T 8 9 10 10

!‘111[]]1i[¢s

_ S350 000
l!l ]”U"*

(XARENT ) E) Data to Clock Jitter [%]

?'_l'ila.'ﬂa ¥ i

| S0as |- ow | 86 | 87

419 4.7GB DVD-RAM
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424 3 100GB BD-RE

A =405nm NA=0.85 Tp=0.32um 3
100GB 1 33.4GB
4.7GB DVD-RAM
4.20 4% 4% 2 32 (4x 4 4)x 2 40
3T DVD-RAM 2
2T 3 6

Bottom

2T
" Y,
; Y
i 2T
Tsfp —>! le!

i«—Tecp
2T ' i
Ttop—>! i«—
2T 3T | 47 | >5T 2T 3T | 4T | 25T
2T >3T Don't care 2T >3T Don't care
2T 2T
3T 3T
4T 4T
>5T 25T

4.20
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421
44

T/32  240ps

Layer0

Layerl

Layer2

56nm

Polycarbonate substrate
(t1.1mm)

0.32um

Ag alloy 100nm
Dielectric film
Interface film
GeTe-Sh,Te; 10nm
Interface film
ZnS-Si0, film

Separation layer 25um

—1

TiO,-based top film
Agalloy 9nm
Dielectric film
Interface film

GeTe-Sh,Te; 7.5nm
— Interface film

Separation layer 18pm

Cover layer 57um

" ZnS-SiO, film

__—TiO,-based top film
Agalloy 7nm
Dielectric film
Interface film
GeTe-Sh,Te, 6nm
Interface film

ZnS-Si0, film

Laser irradiation

421 100GB BD-RE

44
Recording linear velocity 7.38 m/s
Data channel clock period; T 7.58 ns
Write Strategy Type N-1
Pulse control accuracy; T/32 240 ps
Data channel bit length on the disc 56 nm
Data capacity per one layer 33.4GB
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(1,7)RLL

13%

4.5
4.6 45%
i-MLSE ¥ 2.0x 10 422 12
SEM
® 250nm @ 112nm
45
T/32 (=0.237ns)
(Tsfp) ot st | ar | a5t (Telp) ot st | ar | 25T
2T >3T Don't care 2T >3T Don't care
Layer0 2T 4 6 5 5 5 21 22 20 17 17 18
3T 2 4 4 4 4 3T 24 22 15 16 16
4T 2 4 4 4 4 at 24 22 15 16 16
>5T 2 4 4 4 4 >5T | 24 22 15 16 16
(Tsfp) ot st | ar | a5t (Tecp) ot st | ar | a5t
2T >3T Don't care 2T >3T Don't care
Layerl 2T 6 8 1 0 1 21 14 12 11 10 8
3T 4 6 1 0 1 3T 16 14 12 11 10
4T 4 6 1 0 1 at 16 14 12 11 10
>5T 4 6 1 0 1 >5T | 16 14 12 11 10
(Tsfp) 2T 3T I a7 I >5T (Tecp) o7 aT I o I -
2T >3T Don't care 2T >3T Don't care
Layer2 2T 4 7 1 1 1 21 13 10 11 9 6
3T 1 4 0 0 0 3T 16 13 12 10 7
4T 1 4 0 0 0 4T 16 13 12 10 7
>5T 1 4 0 0 0 >5T | 16 13 12 10 7
4.6
LayerO Layerl Layer2
46.1 % 47.6 % 49.5 %
i-MLSE 10.1 % 11.0% 11.3%
Symbol Error Rate 5.0E-6 1.0E4 1.5E4
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2T mark - Optical spot
of 112nm ~ i ¥ ¢=250 nm L
b " R N \';}r"‘%é‘:;: ,‘. N A N AT ENE R TIREORT (half-Wldth) i.i
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¢ e y of 320 nm : ;

422 L2
2T
2T 4.23
4.5 2T
4.8
2T
0
(b)
(d)
4.22
2Ts

4.24(c)
2T (e)
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4.21

SEM

Tsfp

4.24(a)
(c)
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4.7

4.8

2Tm-3Ts-2Tm-3Ts-2Tm
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0
Layer0 Cooling
Ag
Layer2  7nm
L2 LO LI
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4.8 L2 LO
Cooling
Marksand spacestrain | P
N\ 3Ts - 3Ts f
—1\2Tm) 2Tm)
Writing laser pulses
| P --Write power
.- Erase power
LT < i Bottom power
Period of data clock  Top pulse ~Cooling pulse
423 2T
4.7 2T
LayerO Layerl Layer2
Top 4.26 ns 2.13 ns 2.13 ns
Cooling none 4.02 ns 3.79ns
Peak 25.7 mw 23.5 mwW 13.6 mw
Bias 9.5 mwW 6.3 mwW 4.2 mW
Bottom 0.1 mw 0.1 mw 0.1 mw
4.8 2T
Tsfp T/32 LayerO Layerl Layer2
2T
2T >3T 2T >3T 2T >3T
2T 0 2 0 2 0 3
>3T -2 0 -2 0 -3 0
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3 Blu-ray Disc BD-XL
10 2011 4

86



4.3

A =785nm NA=0.55 Tp=1.2um
A =650nm
NA=0.60 Tp=0.615um &
9%
4.7GB-DVD-RAM A =405nm NA=0.85
Tp=0.32um
13% i-MLSE 3  100GB BD-RE
4.9 NA
CD-ROM
NA
CD-ROM 1.0 47GBDVD-RAM 2.6 3 100GB-BD-RE
13.4
47GB DVD-RAM 5.5 BD-RE 263 35.1
49 NA
A NA R=0.52VNA |1/Rr? 1
pm - pm 1/um® bit/um’

1) CD-ROM 0.785 0.45 0.91 1.22 1.0 1.06 1.0
2) 0.785 0.55 0.74 1.82 1.5 1.46) 1.4
3)4.7GB DVD-RAM 0.650] 0.60 0.56 3.15 2.6 5.81 5.5
4) 25GB BD-RE 27.90 26.3
5)2 50GB BD-RE 0.405 0.85 0.25 16.29 134 55.80 )
6)3 100GB BD-RE 111.61 35.1
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51
HD High Definition BD
PC 2 2 50GB
BD BD-R 1.2)
HDD Hard Disc Drive
BD-R
25GB BD2
8 15
Te-O-Pd
4 Y BD-R
BD-R
BD 8 10
5.2 Te-O-Pd
Te-O-Pd 5.1 TEM
Te-O-Pd TeO, Te Te-Pd
Te Te-Pd
Te-O-Pd Ge-Sb-Te
Pd
2 4 4

5)

&9

2006

Te-O-Pd

52

50

3)

3)



Te / TeO2 y / Te PdTe TeOz

PdTe2

51 Te-O-Pd

5.2 TEM Te-O-Pd

5.3 L-Shape

5.3.1 500Mbps BD-R

CD-R DVD-R BD-R
BDS 500Mbps DVD 20
Tr BD2
Tr=1.5ns Tr=0.5ns

500Mbps
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Tr Tr

53
528Mbps (1,7RLL
3 OPU LDD
Laser Diode Driver GaN LDD
Tr=0.7ns Tr
LDD LPF Low Pass Filter
LPF 5.4 3
130 400MHz
Tr=0.7, 1.0, 1.5, 2.3ns 1.5
1-7PP y e interchangeable
Data Source ) Through \
(£528Mbps) N \
:' LPRY BD-OPU
1
: A 195 3) B
Write Strategy | K LD Driver [|GaN
Pattern Gen. +—|LPF3 7 (Tr=0.7ns) || LD
(0.125ns/step) AN R
Soo” | I
53
fc[MHz] Tr[ns]
] Type of LPF | @Optical
n L out Through - 0.7
LPF1 400 1.0
LPF2 220 15

—|_Cl —|_C2 LPF3 130 23

54 3 LPF
5.5 BD4
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Ins

9T

2T

10%

2.3ns

2.3ns

0.7ns

Tr

Tr

C8188

BD4

2T
9T

1.0ns
1.5ns
2.3ns

0.7ns

Tr
Tr
Tr
Tr

Ky1suajup 9ATIR[OY

15

10

Time Scale [ns]

1.0ns
1.5ns

Tr
Tr

K)1SUQ)UT OATIE[OY

Time Scale [ns]

55 2T 9T

500Mbps

L-Shape

2T

5.6

Pwl

Pwl

Ps

Pw2
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2T mark NT mark

BinaryDaw [ ]  space [ |

-—» dTtop2T {,dTtopNT N3 109
Pl s Ttop2T TtopNT
Write Pulse
Ps..
Marks on the Track Q C)
5.6 L-Shape
L-Shape 57
2T 2T Pwl Ttop2T
5.7 2T CNR
CNR
CNR 2
5.7 2T
2T 2T oT
0% CNR
2 CNR
0% 40dB
CNR 9.5mW
1T+0.5ns
oT 5.8 9T Pwl
9.5mW Pw2 9.5 4.5mW
Pw2  9.5mW 4.5mW
6.0mW
L-Shape Pw2
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Dependency on Pw1 &Ttop2T

CNR [dB] Asymmetry [%]
39 40 40 39 14 48

0 1T+1 5n
4
_ 8 1T+ n |-
= =
= 1Te0En [B
= =
76 86 95 105 114 76 86 05 105 114 O
[ Power [mW] > [ Power [mW] >
57 2T
Pwl=9.5mW —I—\—\_
- Pw2
Ps ... T
9T Mark Readout Signal dependency on Pw2
Pw2 =9.5mW Pw2 =6.0mW Pw2 =4.5mW

Amorphous

$100m,  SOns

fit

58 9T
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5.3.2

500Mbps
5.11
Te-O-Pd BD
100pum BD 8 528Mbps
1-7PP 1
66Mbps 5.1
5. BD
Wavelength, NA 405 nm, 0.85
Track Pitch, Channel Bit Length 320 nm, 74.5 nm
Channel Code 1-7PP modulation
Media Type WO Media with Te-O-Pd Recording Film
Thickness of Cover Layer 100 um
Writing Linear Velocity 19.7 m/s 39.4 m/s
Write Channel Clock 264 MHz 528 MHz
Write Pulse Timing Adjustment 0.25 ns/step 0.125 ns/step
Reading Linear Velocity 4.92 m/s
Read Power 0.35 mW
Read Equalizer Limit Equalizer of 7dB Gain
Tr=0.7ns 5.9
DC
5.10
Tr 0.7,1.0, 1.5, 2.3ns 528Mbps
Tr=0.7ns 9.5mW 8.3% Tr=1.0ns
Tr=1.5ns
528Mbps Ins
Tr=0.7ns
264Mbps 264Mbps Tr=0.7ns
6.0mW 6.9% Tr=1.0ns
Tr=1.5ns
Tr=2.3s
264Mbps
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Tr 1.5ns Tr 1.0ns

528Mbps Tr
528Mbps Tr 0.75ns Tr=0.5ns

$=65,970M: $=14.,100

Eye-pattern Signal RF Envelope Signal
(with Limit-EQ) (without EQ, DC)
59 8 1

U Em N

Read Jitter [%]

10 AN
= AN N

8 L _Tr=0.7ns . / 528M bps
N R

6 i Tr=0.5ns

......... Guess ......;
4
0 1 2 3 4 5 6 7 8 9 10 1 12
Write Power [mW ]
5.10 Tr
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Read Jitter [%]

5.11

5.12 528Mbps 7%

11mW 528Mbps  264Mbps

Tr=0.7ns  L-Shape
Te-O-Pd BD8

Substrate Substrate
Al alloy Ag alloy
i Dielectric ¥ Dielectric
Te-O-Pd Te-O-Pd
Dielectric Dielectric
Cover layer Cover layer

e

511

264|\/| bps \\ \\ /E/l@m
,_l_l/ : & N Tr=0.7ns
X
|——|_ /\ \
\

—
=

528M bps

‘Write Power [mW]

512 Tr

97



533 2 BD-R 10
2005 ISOM/ODS’05 25GB
Pasquariello 7
8 7 Minemura
BD-R
OPU 2  50GB
2 BD-R 10
2  BD-R
Te-O-Pd 2
L0 Layer0
LO
5.14 2T
Pw Pc
Pw
16/16T
) 600
4 2 50GB BD-R
L1
4 Lv=19.7m/s 6 29.5m/s 10
Pw
1
AC DC

98

BD-R

6)

9 8

9,10)

130mW
BD-R

L1 Layerl

2T

Ps 3
17/16T

2T
Tr=0.7ns
49.2m/s 3
Ps

GaN

5.13

L1

5.15

2T
Pc

LO

Ps/Pw



Polycarbonate substrate

Ag-alloy
1.1
N(L/—IH\T)FLFL Dielectric
ReaI-1YET |\ 8 Te-O-Pd
[LO] o = S S—— Dielectric
UV resin (25um)
Front-layer Ag-alloy
(L1 N /= S Dielectric
Te-O-Pd
Cover layer (75um) Dielectric
4=\  Laser beam
B (A:405nm, NA:0.85)
513 2 BD-R
17/16Tw Tr/Tf=0.7ns
pw e lel6Tw
Pw
Ps (d V| d | e
Pe - ]Ps
0 oo —
0. O
space
514 2T
Readout Signal Level
4 Groove 2T marks  Long marks
(Un-recorded) (Recorded) \Z
I 1
J I2m
Ig
Gnd

5.15 DC AC

99



5.16

AC

5.17

4 6 10

AC

DC

L1
0.
Ps/Pw

L1
LO
4dB

Ps/Pw

2T

LO

AC

10

Ps/Pw=0.1

DC

30 L1 25%

-1.5dB LO

2T

2

AC
-2.6dB
-0.8dB
BD-R
BD-R

100

2T

LO L1

AC

Ps/Pw

10

0.1

Ps/Pw=0.3

Ps/Pw=0.3

Ps/Pw=0.1

Ps/Pw=0.1

Ps/Pw

DC

10

4



LO

L1

Ps/Pw=0.3

Ps/Pw=0.1

Ps/Pw=0.1

5.16

S 7 a4 o ¥ v 9 o o Q
O O O =) el el el O O o o~
track direction [um]

0.3

track

direction

101

[um]

radial direction [um

radial direction [um

radial direction [um

radial direction [um

10

M 600-
500-600
W 400-500
111300-400
-300

[ ]

1 600-
500-600
400-500
1300-400
-300

[ ]

M 600-
500-600

1 400-500

111300-400

-300

[ ]

M 600-
500-600
1 400-500
[11300-400
-300

[ ]



30

25

Pw [mW]

15

10

20 25 30
Pw [mW]

15

10

2T

5.17

102

7 ,7, w w
) el : =
m ,Avm,mm
2 XL :
s I
O_/L
I I
[ z z z
, ! E E E
| | = z z
5P_ 5P =%
=i =i
§%)
o
wy wy
X X R R R R X X X X X
A = & 5 = i g B 5 2 <
[%] -dwy Da [%] -duy Oa
(=3 f=3 f=3
[s2] (2] (2]
ﬁlww\\\xxﬂm
< O —
& & m +++ &
K]
5\ \\\\\\\\\\\
i
(=3 f=} [=}
N = & — S =
z =z B
g £ E
z z z
SP SP SP
” ” <
| | ™ -
) —
| e E T e o
I I
I
I I
o ! ! - o - o ! -
2 % § 7 3 S 5§ 5 8§ 8 8 2 % § 7 3 S 5 g8 5 &
[wgp] -dwry OV [%] -dury Da [wgp] -dwy OV [%] -duy Oa
o —
- -



5.4

BD-R

L-Shape
BD-R

Tr=0.7ns
Te-O-Pd
2  BD-R
2T

2

Ps/Pw
BD-R

500Mbps

500Mbps
L-Shape

103

10

BDS

Te-O-Pd

4 6

10



2)

3)

4)

S)

6)

7)

8)

9)

10)

11)

H. Shingai, T. Kato, H. Inoue, H. Hirata, H. Utsunomiya, H. Chihara, and Y. Tanaka: “The
Phase-Change Optical Disc with the Data Recording Rate of 216Mbps”, Proc. SPIE 5069 (2003)
130.

R. Tamura, K. Adachi, H. Shirai, and H. Minemura: “216Mbps Write/Read Speed 50GB
Phase-Change Write-Once Disk”, Optical Data Storage 2004 (ODS’04), Tech. Dig. (2004) 279.
M. Uno, T. Akiyama, H. Kitaura, R. Kojima, K. Nishiuchi and N. Yamada: “Dual-Layer
Write-Once Media for 1x-4x-Speed Recording Based on Blu-ray Disc Format”, Proc. SPIE 5069
(2003) 82.

H. Kitaura, K. Hisada, K. Narumi, K. Nishiuchi, and N. Yamada: “Multi-Layer Write-Once
Media with Te-O-Pd Films Utilizing a Violet Laser”, Proc. SPIE 4342 (2001) 340.

N. Miyagawa, H. Kitaura, K. Takahashi, Y. Doi, H. Habuta, S. Furumiya, K. Nishiuchi, and N.
Yamada: “Over 500 Years Lifetime Dual-Layer Blu-ray Disc Recordable Based on Te-O-Pd
Recording Material”, Proc. SPIE 6282 (2006) 62822F.

R. J. M. Vullers, A. E. T. Kuiper, and D. Pasquariello: “High-Speed 7x CuSi-Based Write-Once
Blu-ray Disc”, Jpn. J. Appl. Phys. 45 (2006) 1219.

H. Minemura, K. Watanabe, K. Adachi, and R. Tamura: “High-Speed Write/Read Techniques for
Blu-ray Write-Once Discs”, Int. Symp. on Optical Memory and Optical Data Storage 2005
(ISOM/ODS’05), Tech. Dig. ThB1 (2005).

S. Furumiya, K. Takahashi, H. Kitaura, N. Miyagawa, and N. Yamada: “Over-500-Mbps Data
Recording on Write-Once Media with L-Shaped Write Strategy”, Jpn. J. Appl. Phys. 45 (2006)
1223.

K. Mishima, D. Yoshitoku, H. Itoh, T. Kikukawa, S. Yamatsu, H. Inoue, T. Komaki, K. Tanaka,
and T. Aoi: “150GB, 6-Layer Write-Once Disc for Blu-ray Disc System”, Proc. SPIE 6282
(2006) 628201.

H. Habuta, M. Tomiyama, K. Takahashi, M. Tsukuda, Y. Tomekawa, S. Furumiya, and N.
Yamada: “Quadruple-Layer Write-Once Disk for Blue Laser Based on Te—-O-Pd Recording
Films”, Jpn. J. Appl. Phys. 47 (2008) 7160.

K. Narumi: “Thermal Simulations for Development of Rewritable Blu-ray Disc”, 2nd Int. Symp.
on Thermal Design and Thermophysical Property for Electronics and Energy (e-Therm 2010),
Keynote2, December 15 (2010).

104



6.1

6.2

105



6.2.1 PLL

TIAY
TIA

6.1

2.3)

M Jitter Minimizing Method

TIA
1
A/D
TIA
PLL

PLL 2
VCO Voltage Controled Oscillator
UP DOWN

LPF

106



Readout

Binary

PLL
= DsulzeFrB_gF:lE’ Phase ——¢-{ Charge L LPFVCO —20; :
—»|Comparator B4l Pump
Lead Trail .
i
» LPF >
6.1 PLL
6.2 4.7GB DVD-RAM
First Pulse =~ Multi-Pulse  Last Pulse
First Pulse Tsfp Last Pulse Telp
Tsfp 4
4 4x4 16 Telp 4 4
4x4 16
32 6.3
Tsfp
Telp
( 6Tm, 6Ts )
DSV=0

Duty-FeedBack

107



previous
space

Tsfp->4— —> ‘4 Telp

Write Pulse

£

mark length

mark

First Pulse" Multi.:PuIse Last Pulse

2Twi
b

el

next
space

Peak Power

-Bias Power

mark length

::u Tsfp| 3m| 4m| 5m | >6m) Telp| 3m| 4m| 5m|>6m
2 l3s a1 [a2 a3 a4 | B[3s | b1 b2 | b3 | b4
Q2 L
:?;3_ 4s | a5 | a6 | a7 | a8 Tj 4s | b5 | b6 | b7 | bY
2155 [a9 a10 a1l |a12| £|5s [b9 [b10|bl1|bI2
% |>6s [a13 [al4 |a15 |a16| % [26s[b13 | b14 b15 |b16
2 g
6.2 4.7GB DVD-RAM
foral 315 A3Tm] _ 6Ts A 6Tm |
for bl | 3TmY 3Ts | 6Tm 6Ts
for a2 |3Ts§4Tm |77 6Tm
for b2 | 4TmY3Ts| 6Tm 7Ts
for a3 3Ts 5Tm 8Ts 6Tm
for b3 | STm Y3Ts| 6Tm t 8Ts |
[ ]
[ ]
[ ]
for al5s 6Ts 5STm 6Ts 7Tm
forbl5s 6Ts 5STm 6Ts 7Tm
6.3

108



6.2.2

TelpSm4s

TelpSm4s  1ns

Test Pattern

Write Pulse

Mark & Space

Readout Signal

PLL Clock

Detected
Jitter

Uuruuy

6.4
5Tm-4Ts-6Tm-7Ts
5Tm
TelpSm4s
6.5
PLL TIA
» repetition cycle >
5Tm 4Ts 6Tm TTs
TelpSmd4s .
5Tm )\ 4Ts 6Tm (anchorD TTs
ot '
N\ —

(Telp<optimum) @ + [}
(Telp=optimum) § + [}
(Telp>optimum) § + [)
Adjusting Edge Anchor Edge
6.4

just clock units

109

= & (large)
= § (min.)
= [@ (large)

Summation Jitter



32
6Tm-6Ts 0 5%
30

6.6

4.7GB DVD-RAM

—e— Trailing Edge Jitter
—0b— Edge Shift Error

S i
|

2 . = 8
4 \T 6
4

2 1 10 9 8

S N A

Edge shift error
measured by external TIA [ns]

Parameter of last pulse of 5Tm [ns]

6.5

DIZ Disk Identification Zone

48 8.6% 3

4.7GB DVD-RAM

110

5

Data to clock Jitter [%]

6.7

TIA

4)



__________________________________________________

Repeat for Every Parameter

START

¢

Select a Test Pattern

Asymmetry Adjustment | Pattern : 6Tm/6Ts

Variable : Peak Power E

Compare (P+B)/2 & Slice-level V‘ E
¢ Test Write Change Parameter of E
Edge Shift Adjustment | : Adlusn‘r:g Edge E
by IM method ! ¢ !
¢ E Read & Detect Jitter E
Storing the Results | As a set of Adaptive Parameters ! E
onto the Disk and Drive Identification E Find Parameter i
¢ i | Obtain Jitter Bottom !
END 5 v i
; Fix the Parameter i
; END of Determining All Parameters ;
6.6
[%] [%]
8.4 9.3 : 8.4 8.7
9.6 10.5 8.5 8.9
6.7

111



6.3

47GB DVD-RAM 6.8
6.8
6.9 lem 0.5mm
2
2

R-OPC Running - Optimum Power Control

. Panasonic )} qﬂ
AK\ gh

REWRITABLE

6.8 2 DVD-RAM

112



6.3.1
6.10

DVD
DC
10KHz
10KHz

6.10

6.11

FB -45°

6.9

DC

8-16
10KHz

FB

FF

LI
461 e

o | 203 |40 50 60 1 80

| |
AT P AAHRA '."|' NTAARERLATA AR AN A
f T AL ..'">-'?'!|--|||||||I I "-.:!

FB 2 2

DC

FB

FF

FF
-3dB
-29.8° 6.12

113



FB

RF

6.10

FF
6.13
FB
FB 2.5%
1%
Comparator
D
RF %_, Binary Data
slice b
D integral |«
Comparator
>+ .
}_) Binary Data
Peak-Env
Detect p
(P+B)/2 integral |«
Botm-Env B
Detect center level
of envelope
FB FF+FB 2

114



CH1 A/R log MAG 5 dB/ REF O dB 1, —B. 9314 o8B
CHZ A/R phasa 45 °/ REF 0O ° 1. —20. 842 °
R e TR = I

T T T T T T =y
T 17117 ] REE o-7de ode o]
L RS i 1] L4 | .!
S ettt e
Cor | : i ]! 3 {1 | |1 | bl
| i | 1 ' !
! Pt fol | SRR ! gl
[ A B T e
b B L N '
| : I !i { | 1! |
ot ——— | - -
. [ L |
| i L -
Hid ﬁ- A

Cor \ ! -
i ?
| |
| |
i i
1 1
Hld
START 100 H= STOP 1 MH=

6.11 2

AN

."‘-"ﬂ'. e

ey n \

M ey BRI

4 W b b IIII‘I |
|rh|1|1u~| It " [

0.2 WOIV  20us/DIV 0.2 VDIV 0.2 V/0IV Me/DIV:0.2 ¥/0IV

FB FF+FB

6.12

115



A4 4350 V¥ BLY 1832!‘!\:

'_'hl' —

FB 0 =6.83% FB 0 =9.44%
0 =6.86% o =7.82%
6.13 DVD-RAM

6.3.2 Running-OPC

6.14 6.7)

6.15
1.0

8,9)

R-OPC Running -
Optimum Power Control
DVD-RAM 6.16
RF 6.16 R-OPC

116



RF
R-OPC RF 50%
R-OPC
2
120 ‘ ‘
L 2
100 - =
*
= 80
- .
60 /.
40 t
20 /l{
0
0 20 40 60 80 100
RF [%]
6.14 RF

117

120

R-OPC
50 90%



1 Vx
T R-OPC ON/OFF
X oo
71 L J
A\ 4
L p) AN 1.0
6.15 R-OPC

R-OPC

6.16 R-OPC

118



6.4

6.4.1
Tangential-tilt T
(Radial-tilt R ) T +05 R
+ 0.7°
OPU
DVD-RAM
0.06pum + 0.3um

6.4.2 PRML Partial Response Maximum Likelihood
2

bit-by-bit 2

PRML Partial Response Maximum Likelihood

LPF
LPF

119

I+



RLL

bit-by-bit 2
PRML
1T PRML
bit-by-bit
PR
3 4 43 PR(3443)
5 6
19 PRML
11.12) 1995
PRML RF PR
PLL
13,14,15)
PRML
PRML
6.17
PR
6.18 785nm NAO0.55
(1,7)RLL 200MS/s  A/D 8bit
PR(121) (bER) 6.19
PRML 2 0.43um/bit bER  1/5
0.375pum/bit bER  1/20
0.375um/bit bER 1/5
PRML
1/5 1/100

120



v O—

e O—]

0
|

3 | L /7777
Ot+oufra|ei]msi ] m]si]oifio]
Pk=4

o
|

[/ 77777777
O] msie]m]si]oifio]

O
|

UL

[ /7777 777
O[] sifw]se]m]sifeifio]

[ /7777 777
HoJmfei]si]s]sie]m]si] o]

[/ 77777777
Hol[ua]eisif]sifs]m] s efio]

[/ 77777777
Ho[ua]eisif]sifs] ] s efio]

O out[o]
L—O outll]
O outl2]
O outl3]
O outf4]
O outls]

AMPLITUDE

bER

6.17

—>| (O outpuT

DY (BE)
6.18 PRML
10-3 T T T
5x[10* V bit-by-bit 2
[ PRML
O PRML
104 N
. 2x[107°
10 1.8x107°
4x}10°¢ (J>— 3.5x10°
10¢
0.30 0.35 0.40 0.45 0.50
[um/bit]
6.19 bER

121



650nm NA=0.60

0.28um/bit

4.7GB DVD-RAM

PRML
(2,10)RLL
PR(3443) 5 6 8.2m/s 6.20
bER
bER
PRML 6.1
PRML
20 w w w -1 20 ——
—o— Jitter —o— Jitter
16 —&— bER (bit-by-bit) ) g 16 —&— bER (bit-by-bit)
—8—bER (PRML) “ox —8— bER (PRML)
=12 3T F12
= s -
N G
= 8 \ -4 = 5 8
AN [/ 2
LN E
0 A} A} T 7T L —6 0 7
-0.6-05-04-03-02-01 0 01 02 03 -80-60-40-20 0 20 40 60 80 100120
Defocus [um] Offtrack [nm]
20 w w w w -1 20 ‘ : .
—o— Jitter —o— Jitter
16 —A— bER (bit-by-bit) 2 *E 16 —A— bER (bit-by-bit)
—8— bER (PRML) L ° X —8— bER (PRML)
=12 3 T F12
= @
5 !
-E 8 -4 g 5 8
(O]
A p.E
4 -5 @ 4 {
VN LAY E LA £/
0 \ / -6 0 X ' !
-08 -06 -04-02 0 02 04 06 08 -08 -06 -04 -02 0 02 04 06 08
Tangential Tilt [deg] Radial Tilt [deg]
6.20 bit-by-bit PRML  bER

122

bER (it error rate) [1x10%]

bER (bit error rate) [1x10%]



6.1 PRML
PRML PRML
bER
Defocus 0.5 1.0um 1/10 o
Offtrack 0.01um 1/3
Tangential-tilt 0.3deg 1/100
Radial-tilt 0.15deg 1/10 o

PRML 6.2
PR (1,7 RLL 780nm NAO.55 0.375um/bit
PR(121) DVD-RAM (2,10)RLL 650nm NAO0.60
0.28pm/bit PR(3443)
PR
6.21 PR
4.7GB DVD-RAM PRML LSI
PRML 25 50GB .
20) 3
100GB  BD-XL 21) PR(12221)
PRML
DVD BD
6.2 PR
PR
A 785nm/NA0.55 0.375 pm/bit (1,)RLL 121 4 4
2.76512“%‘/5]?0'60 0.28 um/bit (2,10)RLL 3443 5 6
;Sé(gn;n];NAO.SS 0.112 pm/bit (1,7)RLL 1221 7 6
A 405nm/NAQ.85 0.084 pm/bit (1,7)RLL 12221 9 10
100GB BD-XL

123

16)



1 ° 112
o0 @ e s

o e 0/2

(L7RLL PR(1,21) 4 4

o0 @ @ ”

(210)RLL PR(3.4,43) 5 6

0/0 1/6

(1,7)RLL PR(1,2,21) 7 6

0/0

0/4 0/4

<

(L7)RLL PR(1,2,22,1) 9 10

6.21 PR

124



6.5

R-OPC

PRML

1)

2)

3)

4)

5)

6)

D TAS520”,
44, No. 1 (2000) 29.
S. Furumiya, J. Minamino, and M. Shoji: “Method and Device for Finding Conditions on
Recording Pulse of Optical Disk”, U.S. Patent 6791926 (2004).
4553968 (2010).
e ”, 2002-74668 (2002).
S. Furumiya, T. Fukushima, and Y. Yamazaki: “New Method of Calibrating Adaptive Writing
Pulses for Digital Versatile Disc Random Access Memory (DVD-RAM) 4.7GB Drive”, Jpn. J.
Appl. Phys. 40 (2001) 1694.
C. Inokuchi, T. Akagi, S. Nishiwaki, K. Nagashima, A. Miyazaki, and H. Yamaguchi: “Recording
Laser Power Control Method Based on Wobble Signal Amplitude Detection”, Int. Symp. on
Optical Memory and Optical Data Storage 1999 (ISOM/ODS’99), Tech. Dig. (1999) 23.

125



7) : “4.7GB DVD-RAM
”, IEICE Tech. Rep. MR99-79 (2000) 21.
8) D
4413432 (2009).
9) C. Inokuchi, S. Furumiya, Y. Miyabata, Y. Hisakado, A. Miyazaki, and T. Akagi: “Laser Power
Controler and Optical Disk Device”, U.S. Patent 6621779 (2003).
10) A.J. Viterbi: “Error Bounds for Convolutional Codes and an Asymptotically Optimum Decoding
Aalgorithm”, IEEE Trans.Inf. Theory IT-13-2 (1967) 260.

11) D C J75-C2 No.11 (1992)
611.
12) , , , - “(1,7)RLL PRML
”, MR94-62 (1994) 9.
13) D PRML ” Proc. 1995 Elec.
Society of Conf. IEICE C-348 (1995) 40.
14) D PRML ”, IEICE Tech.

Rep. MR95-74 (1995) 45.

15) T. Nakajima, S. Furumiya, Y. Takemura, and K. Koishi: “Method of Maximum Liklihood
Decoding and Digital Information Playback Apparatus”, U.S. Patent 5719843 (1998).

16) : “PR(3,4,4,3)ML

LSI ”, ITE
Tech. Rep. MMS2000-73 (2000) 25.
17) : “PRML 25GB
”, ITE Tech. Rep. MMS2001-49 (2001) 13.

18) M. Shoji, A. Nakamura, H. Miyashita, J. Minamino, S. Furumiya, T. Ishida, and H. Ishibashi:
“High-Density Recording on a Phase-Change Rewritable Disk using a 405nm Blue Laser Diode”,
Jpn. J. Appl. Phys. 41 (2002) 1687.

19) A. Nakamura, M. Shoji, H. Miyashita, N. Miyagawa, N. Yamada, and T. Ishida: “High-Density
Recording on a Dual-Layer Phase Change Disk Using Partial Response Maximum Likelihood
Method”, Jpn. J. Appl. Phys. 42 (2003) 1072.

20) H. Miyashita, A. Nakamura, T. Nakajima, J. Minamino, S. Furumiya, and H. Ishibasi: “New Prml
for Asymmetrical Signals in High-Density Optical Disks”, Jpn. J. Appl. Phys. 41 (2002) 1787.

21) Blu-ray Disc Association: White Paper of Physical Format Specifications for BD-RE, 3rd edition
http://www.blu-raydisc.com/Assets/Downloadablefile/BD-RE _physical format specifications-18325.pdf
(2010) 17.

126



7.1

D 2

bER

2 3

650nm

CAPA
405nm

STW MSK

©) 4

A =785nm NA=0.55 Tp=1.2um

A =650nm NA=0.60

127



Tp=0.615pum

(4)
BD-R

L-Shape

BD-R

©)

PRML

&
4.7GB DVD-RAM
A =405nm NA=0.85 Tp=0.32um
3 100GB BD-RE
5
Te-O-Pd
Tr=0.7ns
BD-R
500Mbps BDS
4610 2T
Ps/Pw
10
6
2 Running-OPC

ORE)

128



7.2

2001

AV&PC
2.6GB DVD-RAM
VTR
2002
STW
25GB/50GB  BD-RE
BD
2008
BD-R

3 Blu-ray Disc BD-XL
3 100GB BD-RE
2011

2000

DVD-RAM  BD-R/RE

PC
AV PC
1997 CAPA
1999
4.7GB DVD-RAM
12 DVD
PC DVD 2002
405nm
2003 BS
2006 PC BD
L-Shape
BS
BD
7.2
DVD 2010 BD

129

500

2011

4

7.1



DVD-RAM PC DVD DVD

S5 &

1/825GB/2E50GB

Blu-ray Disck 217 (mms

< LF-PB371JD:

BD-R PC BD

Panasonic
< 3K L g i FH 100”

BD-RE y
o P

3 100GB BD-RE

7.1

130



600

500
400
O BD-RE
300 B BD-R
@ DVD-RAM/RW
200
100
0
2002 2004 2006 2008 2010 2012 2014
350
300
250
@ BD-Recorder
200 B BD-Writer
O BD-Player
150 0O BD-ROM
B DVD-Recorder
@ DVD-Writer
100
50
0
2002 2004 2006 2008 2010 2012 2014
FRL (2006 11 )
2012 (2012 4 )

7.2

131




10

7.3

1TB- 1TB
. =20 50068
E s E 250 GB
< 100GB | =¥ 100 GB i
& socB :
25GB
10GB |- X 85GB ?
Audio, ¥ 47GB i
Phota 2 2.6 GB i
1GB[- 650 M B
1st 2nd 3rd 4th
(CD) (DVD) (BD)  ( )
1982 1996 2003
7.3
removability
NA 405nm NA=0.85
BD 3 100GB
NA
2 BD

(M

1 32GB 16  512GB

132



2) &
PRML 0.225um
& 50GB
1 500GB 1TB

HDD

133



AVC
R&D

R&D BD

Philips ~ Kees SCHEP
Bert STEK

134



135

24

12

25



D

2)

3)

4)

5)

6)

7)

8)

9)

10)

S. Furumiya and Y. Fujiwara: “Laser Pulse Compensation Applied to Phase-Change Recording
Film to Form Nano-Sized Marks”, Journal of Physics: Conference Series 417 (2013) 012050.

A. Nakamura, I. Kobayashi, K. Narumi, T. Takaoka, S. Furumiya, and N. Miyagawa: “33.4
Gbyte/Layer Recording with Adaptive Write Strategy for 100 Gbyte Rewritable Triple-Layer
Disc”, Jpn. J. Appl. Phys. 49 (2010) 08KGO1.

S. Furumiya, H. Kitaura, K. Narumi, N. Miyagawa, and N. Yamada: “Ten-Times-Speed
Recording on Dual Layer Blu-ray Disc Recordable Media”, Jpn. J. Appl. Phys. 47 (2008) 5878.
S. Furumiya, K. Takahashi, H. Kitaura, N. Miyagawa and N. Yamada: “Over-500-Mbps Data
Recording on Write-Once Media with L-Shaped Write Strategy”, Jpn. J. Appl. Phys. 45 (2006)
1223.

S. Kobayashi, S. Furumiya, B. Stek, H. Ishibashi, T. Yamagami, and K. Schep:
“Wobble-Address Format of the Blu-ray Disc”, Jpn. J. Appl. Phys. 42 (2003) 915.

M. Shoji, A. Nakamura, H. Miyashita, J. Minamino, S. Furumiya, T. Ishida, and H. Ishibashi:
“High-Density Recording on a Phase-Change Rewritable Disk using a 405 nm Blue Laser
Diode”, Jpn. J. Appl. Phys. 41 (2002) 1687.

J. Minamino, M. Nakao, N. Kimura, M. Shouji, S. Furumiya, H. Ishibashi, and E. Ohno:
“Practical Study of Saw-tooth Wobble Addressing by Theoretical and Experimental
Approaches” , Jpn. J. Appl. Phys. 41 (2002) 1741.

H. Miyashita, A. Nakamura, T. Nakajima, J. Minamino, S. Furumiya, and H. Ishibashi: “New
Prml for Asymmetrical Signals in High-Density Optical Disks”, Jpn. J. Appl. Phys. 41 (2002)
1787.

S. Furumiya, T. Fukushima, and Y. Yamazaki: “New Method of Calibrating Adaptive Writing
Pulses for Digital Versatile Disc Random Access Memory (DVD-RAM) 4.7GB Drive”, Jpn. J.
Appl. Phys. 40 (2001) 1694.

T. Shimada, K. Koishi, S. Furumiya, and S. Furukawa: “High Speed and High Density
Recording in a Phase Change Rewritable Disk System”, Opt. Rev. 1 (1994) 180.

136



1)

2)

3)

4)

3)

6)

7)

S. Furumiya and Y. Fujiwara: “Laser Pulse Compensation Applied to Phase-Change Recording
Film to Form Nano-Sized Marks”, 15th Int. Conf. on Thin Films 2011 (ICTF-15), O-S12-07,
Kyoto, November 8-11 (2011).

S. Furumiya, H. Kitaura, K. Narumi, N. Miyagawa, and N. Yamada: “10x-Speed Recording on
Dual-Layer Blu-ray Write-Once Media”, Int. Symp. on Optical Memory 2007 (ISOM2007),
We-J-P03, Singapole, October 21-25 (2007).

S. Furumiya, K. Takahashi, H. Kitaura, N. Miyagawa, and N. Yamada: “Over 500Mbps Data
Recording on Write-Once Media with L-Shaped Write Strategy”, Int. Symp. on Optical
Memory and Optical Data Storage 2005 (ISOM/ODS2005), TuP26, Hawaii, July 10-14 (2005).
S. _Furumiya, S. Kobayashi, B. Stek, H. Ishibashi, T. Yamagami, and K. Schep:
“Wobble-Address Format of the Blu-ray Disc”, Int. Symp. on Optical Memory and Optical Data
Storage 2002 (ISOM/ODS2002), WB.2, Hawaii, July 7-11 (2002).

S. Furumiya, J. Minamino, H. Miyashita, A. Nakamura, M. Shouji, T. Ishida, and H. Ishibashi:
“Optical Disk Recording System of 25GB Capacity”, Optical Data Storage Topical Meeting
2001 (ODS2001), TuD2, 4342-96, New Mexico, April 22-25 (2001).

S. Furumiya, T. Fukushima, and Y. Yamazaki: “New Calibration Method of Adaptive Writing
Pulses for DVD-RAM 4.7GB Drive”, Int. Symp. on Optical Memory 2000 (ISOM2000),
Th-E-05, Hokkaido, September 5-8 (2000).

K. Koishi, S. Furumiya, H. Kitaura, T. Shimada, Y. Edahiro, T. Furutani, A. Kurahashi, and N.
Yamada: “High Speed and Large Capacity Phase Change Rewritable Disk Recording for Digital
Video”, Optical Data Storage 1994 (ODS’94), Dana Point, Proc. SPIE 2338 (1994) 137.

137



D

2)

3)

4)

5)

6)

7)

.

100GB ”, ,
, MR2009-49, 1 21 (2010).
S. Furumiya, H. Kitaura, K. Narumi, N. Miyagawa, and N. Yamada: “10x-Speed Recording on
Dual-Layer Blu-ray Disc Write-Once Media”, The 19th Symp. on Phase Change Optical
Information Storage PCOS 2007, Sesson 2-7, Novenver 29 (2007).
: “Te-O-Pd BD-R ”,
, , MR2006-68,1 18  (2007).
S. Furumiya, K. Takahashi, H. Kitaura, N. Miyagawa, and N. Yamada: “Over 500Mbps Data
Recording on Write-Once Media with L-Shaped Write Strategy”, The 17th Symp. on Phase
Change Optical Information Storage PCOS 2005, Sesson 3-9, Novenver 17 (2005).
D PRML ”,

, , MR95-74,12 8  (1995).

- i (2)
». 1994 41 , No. 3,
p.998,3  (1994).

, VIR93-83,12 16  (1993).

138



4733234

2008.10.09

4836910 Te-O

’ 2006.10.02 Zn-0, Cr-O ,
4759569

: 2005.10.04 -
4857264 L-Shape

‘ 2005.03.31 T
4324230 N/2

> 2003.04.04
4295518 MSK  STW

¢ 2002.01.21 .,
4267901 STW

7 2001.11.21 .,
4121265 MSK+STW

8 2001.10.16 )
4121264 MSK STW

’ 2001.10.16
4068330 Saw-Tooth

10 2001.10.16 ,
3926688

a 2001.07.19 PRME
4406665 Saw-Tooth

12 2001.06.20 )

13 4104912 Saw-Tooth

139




2001.06.20

} 4060308 | Saw-Tooth
2001.06.20 ,
s 4891419 Saw-Tooth
2001.06.14 -
4906201
16
2000.09.07
3370322
17 —
2000.09.01
. 3370321 | Saw-Tooth
2000.09.01 —
Y 3370320 | Saw-Tooth
2000.09.01 -
. 3370319 | Saw-Tooth
2000.09.01 —
. 4520675 Saw-Tooth
2000.08.31 -
b, 4309901 | Saw-Tooth
2000.08.31 —
Saw-Tooth
4712890 -
23
2000.01.14
” 4458735 Saw-Tooth
2000.01.14
’ 4448162 | Saw-Tooth -
2000.01.14

140




4075185

26
1999.01.29
4553968
27
1998.11.06
- 4413432 R-OPC
1998.08.20
5 4178267 CAPA
1997.12.15
30 3090662 CAPA
1996.04.15
. 3090661 CAPA
1996.04.15
1 3073205 CAPA
1996.04.15
13 3073204 CAPA
1996.04.15
2 3802189 CAPA
1996.04.11
3539524
35
1995.12.12
3301691
36
1995.12.05 PLL PRML
3331818
37
1995.06.22 PLL PRML
2679596
38
1993.11.09
39 2684952 FLC First, Last, Cooling
1993.04.07 3

141




O 0 9 & W B~ W N =

W NN N N N N N N N N = o = = = e e e e
S O 0 N N N B WD = DO O NN R W NN = O

US 8,274,873
US 8,270,542
US 8,259,556
US 8,247,058
US 8,223,609
US 8,149,673
US 8,133,655
US §,111,599
US 8,072,857
US 8,064,308
US 7,990,820
US 7,961,581
US 7,933,170
US 7,848,216
US 7,826,314
US 7,782,743
US 7,697,406
US 7,656,780
US 7,596,076
US 7,593,314
US 7,593,313
US 7,564,758
US 7,551,536
US 7,529,167
US 7,474,607
US 7,474,606
US 7,376,056
US 7,362,664
US 7,327,660
US 7,315,497

31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

US 7,269,117
US 7,269,116
US 7,257,073
US 7,248,552
US 7,236,438
US 7,167,438
US 7,145,843
US 7,123,557
US 7,116,630
US 7,116,624
US 7,075,883
US 7,068,589
US 7,035,189
US 7,027,374
US 6,999,404
US 6,999,391
US 6,922,384
US 6,912,185
US 6,898,175
US 6,894,965
US 6,804,190
US 6,791,926
US 6,757,239
US 6,738,342
US 6,724,708
US 6,674,700
US 6,665,250
US 6,642,952
US 6,621,779
US 6,608,810

61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76

US 6,577,590
US 6,510,116
US 6,469,980
US 6,456,585
US 6,438,096
US 6,396,778
US 6,195,320
US 6,172,960
US 6,172,952
US 6,044,051
US 5,850,378
US 5,831,951
US 5,793,786
US 5,719,843
US 5,636,194
US 5,490,126

142




