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(Optical Disk Market )
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‘Structure of the optical disk

[ _
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U Pregroove
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Objective lens

O Yy Signal detection &
Pit Mirror, F}%
A A

e _,ﬁ tracking sygtem
Recording layer ’ ‘
. : L

Laser diode }%

| Optical Disk Memory Structure '

— Disk
—— Optical Head

Access Mechanics

— Drive Rotation Mechanics

(Player)

Controler

Signal Processing



Optical Disk & Pick-Up

Disk ~0.1pum |
_L 1) Diode laser facet is imaged
Ny

Objective

and a spot is formed on the
surface of the disk.

Detector 2) The spot size is about A/NA
and equal to the track pitch.

3) The storage density is,
approximately (A/NA) .

4) Auto-Focusing and Tracking
are essential for the system.

Diode
Laser

1) Diffraction by an aperture

2) Focusing by an aberration free lens

D:Diameter

Spot Size=2.44 f A/D

Aperre Stop



| Spot Profile & Pupil Function '

Pupil Function:
RealWavefr;( P(p,0)=T( p,0)exp {21ti<1> (P,G)}

Pupil Plane

Amplitude :

-{:‘; z T(p,8)=exp{-cp2}

‘ Focusing Pla Phase of Wavefront = .
7 /. griane (Wavefront -Ideal spherical wavefront)
Ideal Spherical

wavefront ® (p,0) inunits of A

Spot Profile = Fourier Transform of a Pupil Function
™

[
[ Imaging Optics for a Diode Laser '

Diffraction Limited, aberration free imaging optics
with some field angle is required.

Pupil

Collimator

Diode Laser

- ¥
dl Image
circle d2
- Y
i le:
Field angle:o. Objective d,=f, x o
Disk
d 1= f1 X0

/2
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( Third order Wave Aberration )

Interference

Type Expressin Wavefront pattern Image plane
Spherical A p*
Coma A31 p3 CQS(B - 91 )
Astigmatism Anp2 cos’(8-6,)
Defocus 5
" (Curvature A p .
of field) " :Defocus
Tilt e
(Distortion) | “11P cos(6- )

/3

(Distribution of the Aberration Margin '
/\/fj(q>1+q>2)2 =,\/]j(q>f+q>22+2q>1<p2)
- /\/j[(cplz +<§D%)

[ [ ®1®2papde =0 Orthogonal
‘ (No Correlation)

RMS), = RMS)4 < 0.05 A

Aberration Torerance for the Diode Lasers

RMS) = ®MS),, < 00351



( Marechal Criterion’ RMS < 0.07)

Root Mean Square of the Wave Aberration

e i
I= }i? ek®pdpde 1 /2n

Jo o , [ f <I>2(p, 6) pdpde

[ | |®us) = 2000 |
= [1+1kd)+§(1k¢>) +...} pdpd6 1 2n

™ 1o ffpdpde

2 2 0 JO

=1-Q2n/A) ®RMS) >08

/4
-
( Aberrations in Optical Disk '
Aberration Player Disk
Spherical Objective lens Thickness Err.
Objective, .
Coma Turn table Tl Bending
. . Diode Laser, .
Astigmatism Objective Shrink
Defocus Objective -
Tolerance < 0.051 <0.054 )\1’ R
System o AT REX
Tolerance <0.07A4  Marechal Criterion

q /L



1.7 racdon ‘'ula iy

1) Relationship between
Diffraction angle o and
grating pitch p;

sino=A/p
where A is wavelength.

2) Phase difference
between zeroth
and first order

diffracted beam;

AG=2TAd/A=2T 1o /p

where,
Ad=u0 sinoi=uo A/p

f

Interference of Diffracted beams

Grating

Incident Beam

Time dependent Intensity is given by

frequency:

v=s/p
s:speed(m/s)

1= Ag+A10xp(AGL1 A 1exp(-iA01 P2

~A3 {1+ cos(2mve))
A0

{10



MTF

1.0

0.5

Modulation Transfer Function

Spatial Frequency v

1.0~
LINE SPREAD FUNCTION
08
06}
DISC TILT 1°
PIT NC
041 MINIMUM RUN-LENGTH SEQUENCE
ROTATING DIRECTION
i Ea Ea
02 —- 3 | r_ -
° L L.
) 3

DISC SUBSTRATE
1.2mm THICK

ze=£, (Go<bi<l - <EN)

pi=&—&in

FOCUSING BEAM PROFILE
NA = (.45
A=Q.78pm

I

A
-1 0 +1
NA/A 2NA-/A.

cutt off
(1 Lim<z <
0(.:)” [ 0 otherwise (2)
fay={_o@n=—ode (3)
&
=2 (" Mzt
-”—'_%_oil(—l)""H(x—E.-) (4)
H=={ mede (5)
2m
Az)= , Z_2r+1(—1)"'1H(x—6,-) (6)
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NA=0.45, 780NM, 1DEG 1DIV =231 {ns)

i 1
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PHASE NTTER (ns)
B888,8888

NUMBER OF TRANSIENTS (%) KNIFE EDGE ENERGY DISTRIBUTION

Fig. 12 Simulated eye diagram, jitter histogram and knife edge energy distribution
function when disc tilts 1°,
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Fig. 3 Eye disgram when disc tilts 0°. -
NA=0.47, §=0°, A=0.T8 gm 4

o«

o CALCULATED
¢ MEASURED

R -0.5° o 05 "
TANGENTIAL DISC TILT ANGLE
Fig. 13 Peak-to-Peak phase jitter vs. disc tilt

angle in the scanning direction ; Calcu-
lated and measured valves are shown.

Fig. 5 Eye diagram when disc tilts 1°
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(_Auto-Focusing )

Laser Diode

I=(A+C)-(b+D)

1) Astigmatic

/\ 2) Critical Angle

P

\/ Defocus 3) Foucault
B

(Auto-Tracking )

IT=E-F

/\ 1) 3-Spot
\/ Tracking Error
2} Far Field

3)Sampling

Laser Diode

Cylindricai
Lens

/3



Tracking- Push-Pull

Grating
; +1
+1
Far Field
0 theclfion
-1
u=-g/4 U= u=q/4
- 1] [~
-/ O D O
— - [
vV >
- Groove
Tracking-Sampled Servo
Pit
A e — LD
C S
Ve A
Signal Near Eield
B —~N U Detection

/4



Objective Lens Abbe's Sine Condition

conventional

Focal Distance $mm

NA 0.45

Field Diameter 1.0mm

Field curvture 6uumn at the rim

Diameter 7.5mm
Length 11mm
Weight <2g {mount included)
L
Aspheric
{e) N
Focal Distance 3. 7mm
Sy NA(object side) 0.10
_ NA(image side) 0.45
ﬁ\ Field Diameter 1.0mm
Field curvture 2 pm at the rim
l.J/ Asphericity 11 pm(respect to the best fit sphere)
Diameter 4.1mm
Thickness : 3.2mm )
o Weight <0.25g (mount mcluded)

(Why Laser? )
TN

LD \/ V ~1pm

Point Source a b
~3um Magnification
\_—’_m m=b/a=1/3
LED % ~100um
Area Source b
~500Um

IS



ex. He-Ne<0.1%
Modulation~GHz
2) Feed-back Noise

1) Small size:400*100*100um
1) Astigmatism

3) High Frequency Direct
4) Wide Wavelength Region
6) Mass Production, Low Cost

2) Highly Efficient
5) Long Life time

Far Field

Cleaved
Facet

Diode Laser Structure
Near Field

p-type

n-type  Active Layer

13

Carrier Density>1*10 ---------Population Inversion(Gain)

P

L

| =

Electrode

Cleaved

OO O

Facet

Electron- Hole Recombination-----A(nm)=1.240/Eg
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Po = 10 mW
3 mW
1 mW
0.5 mW

1

Bi

1

3
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| Laser Specifications for Optical Disks '

845

B40
T

Wavelength (nm)
Typical emission spectra of HLP-1000 diedes at various

output power levels.

835

Fig. 8

Specifications
Read 3-5mW
Output
>30 mW
Power Record
Modulation
]'N‘;;Zrcal Fundamental Single
Aberration 0.03A rms
Noise < —l20dB[HZ
Size < (10 ¢ ~30mm )
Temperature 0----50C

/&



( Diode Laser Astigmatism)

Gain Guided Index Guided Q-Index Guided
[:§] Blockin X <] y
= i et & 7/:\\ W
6 R L:;lc‘;c / H k :
£ Y ' o
v Proton Bomb. Buried Hetero Channeled Subsmare
g g
Gain ﬁ. ﬁ,
Ref. | n o n
Index - -
= Y
View L AZ=0
| ¥l ]az
AZ : Asdtigmatic Distance k
/17
(]'.nterferometric Measurement )
Collimator HMI \/f\__) M2
AN N\
> IR
-
Diode Laser Beam Expander
Reference
plane wave
N
~ ;\bHMSZ
M1
Measured wave
Camera
/7
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(b} (a)
BH (830nm) CSP(750nm)
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( Near Field Measurement '

AZ : Astigmatic Distance

Diode . _ _ _
Laser :<>- M : Lateral Magnification
-
<
Junction Plane M2AZ
Objective >
Perpendicular
the Image Plane

to the Junction Plane

20
(Astigmatism Tolerance for the Diode Lasers)
1.0 0.1A
Astigmatism: 08
_ 2 o
‘z S
@ (p,0) = A;szcosZG > g
: c 0.05» 8
2 2 3 <
A22:= A7 NA /4 =] g
w G
=
v
=
%

10 20 30 40 (um).
Astigmatic Distance AZ

2,/ ‘ I3~



( Astigmatism Correction '

o} 2102
/i : Az L@ 1o

n3

AZ AZ . Astigmatic distance

t : Thickness of plate

Diode
Laser

n ; Refractive index of plate

Tilted Plate
o : Tilted angle

Diode Laser output beam

(Tilted Window Diode Laser '

40
—_ 9]
é 304 °
Ll .
= [
[~-]
o 207
(]
=2
E 10-
oo
k7]
!
0 | i 1 v ] *
0 10 20 30 40
Side View Tilted Angle (deg)

S8 il s /e

22

21

22



. wind Angle (degree)
10 20 25 _ 30 0 )
Parts 10.03 % 8
s -oma | -~
_-l% 09 P[ayer .~ 005)\ E =
. ' . ' - s
k2 AS‘L{M P
508 System ) | T[0T &
% ---O— Experim. % :
& 07} —Caleul. | £
L T
201 PCSP
k!
. EV 10 3
E _
2 ’\_‘
0 — i . . [ WY "
1] 5. 10 15 20 25  30(um) .
Astigmatic Distance : 3
( Asti@atism correction with Brisms)
Prisms rocus Lens
Top View :
_ , "_-:A- & =8=5
Side View < T AD=(ME1)a | M=Mo/M,
Ph.A.Laser

Z3



| Far field pattern of phase coupled array lasers !

Far Field

- ) ELS a . Y '
N2 Beam Waist —' =k

Near Field -

T (NR2)
G o cadiEgg) -
GC(BI-GDcos_I("{ge) 6,(8)=Gsin(5.de)

;@ . (b)

Optical Path Ahalysis for the
Phase Coupled Array Lasers

Side View ——F— =
(1 Junction) P . T

Top View :j:‘-“'::"'—' -—‘/\ ) F\R: "““gr"wo
e e = ¥
{# Junction) -J’ -------- .::‘\} . L/_ —-em
"~ Beam Waist QI / ! Beam Waist
PhAlaser Aperture Stop 2 Space

hYvA

24
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Ph.A.Laser

o

4= 50um
4

Prisms _ (a)

~20 0 20 deg
Near Field Far Field
(b) (c)
( Cavity Modes & Diode Laser noise)
1) Single Mode
Mirror Mode I:-Ioppmg
Diode > |
Laser
c/2nl
2) External Cavity Mode
-
1 Mode Hopping
<~ L]
L c/2L
< > 3) Combined Cavity Mode |
l | | | | ' Feed Back
L i
20 24



Electric

Analyser

(Noise Measurement Set-up '

>

| |
Spectrum (—«@ !
Detector

R

DC Power

Single Mode Lasers

l I

A
Optical
’ Spectrometer
Diode Laser
Attenuator Optical Disk
(Diode L asers noise)
10'12» - at SMHz
P=3mW
Gain Guided Multi-mode
Lasers
-13
10 -
.TN
=
Z
o -14
10 +—

0.01

0.1 1.0
Feed Back Power (%)

26
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CRelative Intensity N oise)

RIN = AP? (1) AP : Noise Power
P2Af P : DC Power
Af : Measurement Band Width
V=kP, AV=kAP (2) V : detecting Voltage
k : Conversion ratio

Noise power indicated on a Spectrum Analyser with 50Q

2 3
impedance is given by AV /50 x 10 (mW). And it is expressed as x dBm .

Therefore, :
x=10log (A V2 /50 X 10°)
=201log AP + 10 log (k*/50 X 10°)

3
Equations (1), (2) and (3) gives
10 logRIN = x-20 log(V)-10 log (Af) -13 4
Ex. RIN=-122dB, when x=-90dBm, V=0.05V, and Af=30kHz
/
Noise Reduction with High
Frequency Superimposing
} DC-Bias
5 | ool J— e
3 [\ /)\
@)
o i
*:.3‘ :
=
: .
) AN
| time

> C’urrent

<; | High frequency

Injection Current
~500MHz, 300MHz

<7




RIN (Hz'!)

RIN (Hz"") .

RIN (Hz™")

10}
ek

10-1
10717

10-15}

ST 20, 3 40 - 50
Temperature ( C) '

Noise Reduction with High
Frequency Superimposing-Results-

Longitudinal mode

10-"
_10_‘:_
10—:13—
1‘0-“_
]0-15.-

e %

Temperature ( C) Longitudinal mode
10'12 L at SMHz
P=3mW
Gain Guided Multi-mode
Lasers
-13
10
Self-Pulsation lasers o /Lr}]
—L B
14 High frequency
100 Imposed
Single Mode Lasers
l I [ I
0 0.01 0.1 1.0 10.0
Feed Back Power (%)

2§

3l
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Optical Disk Types

—
Read Only M Pits
Hole Making
Write Once Phase Change
Organic Dye
Rewritable Magneto-optic
. Phase Change
Optical Disks
Type Pit Applications
Depression CD
Read onl CD-ROM
cacony — Video Disc
Hole making Document Filing
Write once T / Computer File
Video File
Magnetization Computer File
Magneto- CD-E, MD
optical Y 4 ' Digital Video
Rewritable - -
Phase Crystal/Amorphas \C/]l:()ifl({),—lgﬂe
Change Video File

3¢




Optical Disk Map

@ Procuct (O NextProduct () Fure
Read Only Laser Disk ’ 200
300m mim .
@ o — Rom
Rewritable '
@ i [ g
120mm CDs @ 64mm @ DVD . .
80mm Xs CD-R D-ROM Higher Cap/| Mult-
CD-ROM Higher Speed e Media
9 Rewritable 4Xs PD
S0mm 64mm - O ' Su per
MD-Data 140MB (Higher Capacity Floppy
Rewitable (M/O, P/C) 128MB/side fside .
e
i ’ 90mm D O Mul |
i . uin- '
230hle151de GftOMB/smlc }S.izd(gB Media A
650MB/side Higher Capacity
130mm @ ' O
325MB/side 1GB/side 2.6GB/fside  5.2GB/side
f«ELAA 3001;’01(];1;1!.11&? ( Higher Capacity ) Computer
5i i
300mm ' N\ ibrary
1.3GB/side 3.5GB/side N\ /7GByside
81 '85 '9%0 95 00
Year

Distance Measurement
Laser{MHe-Ne)

Recording Laser(Ar ion)

Actuator

Moving Optics

Giass Substrate
{Photoresist)

Objective

Fixed Optics
(E/O Moduiator)
Interferometer

3



Objective .
Objective
) Detector

Half mirror

Grating
Half prism
Diode laser
Grating
Collimator Detector
Hivachi Pick-up for CO-Player
Generation I I 1 1%
Opt. Infnity —~— —-— Con;.
Obj. Type | Triplet - Aspheric ——
Plastic
NAc 0.118 - 0.113 0.09
Col. —Ex
o ) . 18.
(%) 27 27.4 15.7 6
Fd Bck(%) 1.5 1.6 0.9 1.1
Beam Sp!. | Half Prism - Half Mirror -
Path Length 44
(mm) 80 48 25
No. of
6
Opt. Comp. 8 © 3
Year 1982 1983 1985 1988

Auto-focus: Astigmatic,  Tracking: 3-spots

3>



Diode Lasers for Hitachi Pick-ups

Aberration

Generation | I il v
Year 1982 1983 1985 1988
Type Single mode{ Pulsation Gainguided | Pulsation
ln {(mA) 50 50 60 35
Q.Eff 0.25 ~-— 0.3
Op. Curr.(mA) 65 70 45
Op. Vol.(V) 1.75 1.9 -
Beam H. 14 11 19 11
Div.
(deg.) | V. 27 33 38 37
ASt. DiS.(}m) <5 < 10 ;lﬁgd WndW <10
Noise Red. |Mult. Fd Bkl S Multi Self
: Pulsation ' Pulsation
Po=5mW(APC), Wavelength= 78077 85nm
Jitter Analysis
Accuracy Alignment
Spherical \ Holder
\ Laser noise
Astigma \ Dust, Contam.
Jitter

Thickness

Di
Pit shape

/

Disk

Circuit

33

(Error)

Temperature

/Humidity

Turbulances

/

Ambient




4000 7

2000 ~

Diode Laser Cost (Yen/chip)

6195

‘82

800
1 =
C
1600 =
S
3
] 4
Q
=
1400  ©
=
T Q2
| 17
)
H200 £
O
a

0

Market size an® the Diode Laser Cost

Principles of Magneto-Optic Memory

Recording
Reading
Magnetic
Coil =
= TeFeCo
b Ay 4! } A
Insident
Light
Laser Beam
Kerr Rotation
Curie Temperature Reading
Recording

3G

1) Light Intensity
Modulation

2) Magnetic Field
Modulation



Magneto- Optical Head Structure

TeFeCo Disk
[ 1
Obj. <> Shaping Prism
% \ Collimator
Z iode Las
Tracking Mirror % M Diode Laser
Half Wave Polarization O/
Plate Beam Splitter Polarization
Beam Splitter
Intensity [l
Beam Splitter ;I;lfteWave Magneto-Optical
Signal Detector
b N I
Focusing Detector Intensity
Beam Splitter
A1
Tracking Detector

Magneto-Optical Disk Structure

Kerr
Enhancement

03 — 0.6~1.2

Multi-Reflection

S N ~
Groove
— Substrate -

~  Poly Carbonate " |




| Magnetic Field Modulation M/O Disk '

Field Modulation
-+ Time
Magnetic Head ~ ,___/ - ™~ 7 4 Miz
i e Q;;‘ Recorded Domain (0.75 m)
5~10pm- |
Eo¥eC G $[8 ¢ [ TbFeCo
: il SubStrate 2.5 MHz
(2.3 pm)
Recording
CW Laser Power : 12mW
[ Phase Change Erasable Optical Disk '
Laser Power
Recording
Erasing
Y
Recordmg
Crystal Phase Amorphas Phase Read Qut
(Higher Reflectivity) Erasing (Lower Reflectivity)
Time

3¢



Market Size

Domestic Optical Disk Production

1992
Drive Disk
3 2 1 OOBL 1 2 3 4 5
| i ! 100Billion ¥ | t | | |
+6%  ROTREIANEINN
] | CD 7 ~12%
-5% AN SN
6% N LD ? 14%
+20% Y CD-ROM H +50%
2% WORM {§ +24%
+17%@Rewﬂmb1e@ +13%
<2
H
8 g  AB%
i :
¢ 0
i :
|

I 1
vy v
[y

(uormig 0QT) uonanpold

235+

i
[=]
=1

12.5

37

01

Year




Multimedia and PKG/Telecom/Broad Cast

Packace
Image z Telecom Intrn.
Quality Tape Dick Broad Cast Stndrd
& Casset VHS B LPLD PSTN VHF/UHF |NTSC/PAL
= v | JCATV /SECAM
<< 8mm
VHS
_ TV-R
= TV-T
& DVD
e Y Y
HDTV-R B-ISDN
DVT
HDTV-T Satellit
ateliite
CS-DT) (S-DVD) (ATM) (21GHz)
_ y, -

SECOM:Sequentia a Memoire Color Television
ISDN:Integrated Services Digital Network
ATM:Asynchronous Transfer Mode

PSTN:Public Switched Telephone Network
NTSC:National Television System Committee
PAL:Phase Alternation by Line

( Digital Data Compression '

Image Quality Standarization | Bit Tr Rate | Ratio Data/hour
TV-Telephone (2621611'1‘) ﬁlgbﬁips ~1/30
PKG media
MPEG 1
CD-V ~1.5Mbps | 1726 650MB
CD-Karaoke (USO/EEC)
_ . NTSC
High Quahgy 3.0Mbps 1/50 1.5GB
PKG media [VBRI| 4 smbps 1/40 2.4GB
MPEG 2
Braod Cast [Fxd)} | 8.4Mbps 1720 3.8GB
Hi-Vision HDTV| 24Mbps | 1/40 10.8GB

38



Digital Data Compression

lcxm T T T T 1
3
1000 F N
2 : :
-1
[+ 4
5 100 |
< 30Mbps 3
é (14GB)
a  10f (MPEGD) Y _~ 3
: 1.4Mbps D o
(Mbps) [ (630MB) ——"4Mbps
1k P (1.8GB) .
F _~="1.35Mbps E
-~ (670MB)
| 64kbps ~"256kbps
1 // (115MI;3) (Bytes for an hour) _‘i'
/ 3
ol ¥ 6kbps . . ,
Tel Music  Video NTSC HDTV
(CD) (VHS) (B.C.) (Studio)
Media
—
2]
opts/ Ayseded ozis @) R
&)
o
o
—
=
1
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=
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[Lasers for Optical Disks )

SHG
50 [~ Recording Level

Diode Lasers
vl 1Y
ZnS, ZnSe GaAlAs
Frequency Conv. @Products

=

E

o Y

3 i

8 10 . : \ LD

= 5 : Tendency

E.‘ .

5 3 o ——

: Reading Level

ar®
- .
o
o

200 300 400 500 600
Wavelength (nm)

700 800 900

( Second Harmonic Generation '

1. Phase Matchig Condition
Birefringence : N(A/2)=n(})

2. Conversion Efficiency

2
P(A
Py oc T8L 42,2
2 A
P(A) Fundamental
A Beam Cross Section

d Nonlinear Coefficient

L Interaction Length

Lt o

Nonlinear Crystal
A L A2
o -
A
SHG
Fundamental wave
wave '

34



| Phase Matching Condition '

Ak=0 v@)=vRo)=ch — 1}, 6, ))=n(\2, 6, 0)
) (1) Wavelength dependency

Dnvmgwavcgf\ /\ A
@ \/ \ \/ VA

Generated wave

Refractive index
=

2m
A B C vz
Wavelength
. : . - 2) Propagation direction dependenc
Propagation direction @ Ifzegq)) pendency
(SHG Characteristics '
2 327 2 .
2}1082(0 d‘L 2 sz(ékl /2)
20— 5 SQ) 2

TTWgI, o 115 (AKL/2) 4
I) when Ak=0 : ()
SHG power is proportional to
1) the square of the fundamental power %

¥

2) dm : figure of merit %

) [45]
DN
IT) when Ak%0 : sinusoidal - '

: » Maker Fringe : - Ak%o
! -
Coherence length is given by L L
Le= A /4 (o -np ) ~ 3um | - Propagation Direction <

%/



(Phase matching angle calculation '

CPU -
Input ] .
1. Sellmeier's equation
1. Wavelength Output
Fundamental A Byofy oM, ‘
SHG A2 - - Phase
- 2. Fresnelswavenormal equation || matching
2. Sellmeier's angle -
coeffisients n,(,6,4), n,(\2,6,0) (8,0)
3. Type of phase matching
Type 1
Type II
SEG

+7

| Phase Matching Angle for KTP '

. es] f
80 ] ' i
75] |
70 ] Type2 [

65 4

6 (deg)

504 ) L

55 J L

50 ] L
| Type 1

45 ~_\-

40 ] s L

35

0 10 20 v 40 50 &0 70 a0 90
% (deg)

2



( SHG Crystals '

Transparent | Nonlinear | Temperature | Crystal
Crystal Wavelength | Coefficient | Tolerance Sise
(um) (pm/V) ( cm) (cm)
. d,, =-6.5 cz
L (LN) 0.4~4.4 31 0.7
LNb% d33 =-34.0 S¢x10
LlTa% (LT) 0.28~4.4 d43= 26
KTiOPO,(KTP) | 035-40 | 324=70 25.0 Flux
: 4 ‘ d,, = 13.7 : 2x3x5
3 0.3~4.0 dpy=-20 . X%
_ ' CZ
B-BaB,O,(BBO) | 0.19~3.5 | dj;=16 55.0 1.56x5

( Harmonics Generation '

Diode Pumped Solid state lasers

Diode laser Direct Doubling

| 064nm

Nd:YAG,

Nd:YVO4

946n

532nm
KTP—

1064nm_ 5395m 2
Nd:YAG

BBO}—

840nm

420nm
O3 b

Diode laser

Extemnal Resonator

840nm

[Nd:YAG}

T}
KNbO3 |—»

473nm

1064nm
Nd:YAG,

810nm

Nd:YVO4 459nm
KTP
tode laser— grg

. 420nm
Diode laser LINbO3
Cherenkov waveguide
Dizri(::nll:s er LiTa03 _iZBnm
! LiNbO3

Quasi-

phase matchig waveguide

38

(4



( ComBarlson of SHG devices )

Phase matching Structure Evaluations
Nd:YAG Nd:YVO4
810nm Efficiency
Intracavity D—O——»D —3 \l — | Difficulty Single mode
Diode Laser ID“anTp U 459nm Direct modulation
BU].k Diode Laser Esolator
External Resonator sgow 4150m | oo w;‘if:;‘ii’gﬂ,
oo controle
8§30nm
Wavelength tolerance
Cherenkov ml:lmc lmo ‘ f % Collimation Difficulty
I
coso=N(w)/n 20) L o03 4150m
Waveguide
830nm Periodic domain inversion ,
) . Point source
Quasi-phase matching Wavelength tolerance
Diode laser o 415nm ~ 0.2nm
LiTa03
(ntracavity SHG )
Diode laser pumped solid state laser Lye<oT
A emission | life |3 abs.
> foross sec time | 208|773
R=0.999 R=0.999 c ¢m?|ths|om L°W
. 4.6E- 2
810nm Nd:YAG 1064nm Nd:YAG ;224 6E-19 30 809 | 7.5

g s
oo O 4
Laser I‘——’I

Nd:YVQy | 1064 | 2.5E-18 | 9o | 809 | 40

Resonator LNP 1047 | 1.7E-19 | 130 | 805 115
1. Laser itself tune resonance NYAB 1062 | 10E-19 60 | 804 | 6.8
frequency
2. Impedance matching Nd:GdVO | 1064 | 6E-19 808 | 70.0
Nd:S-VAP| 154 | 5E-19 | 230 | 809

(Srs(VO4)3F

4ot



Noise spectrum

HITACHI

SmW

Yo

e 532nm

Output Mirror

KTP

l Nd:YVO.

Selfoc Lens:

_€Ts§sTsr::e eSS

Controler

— NV

: .

\Ternperature

«—— 34mm ——>

50mW

IZI
|

Diode Laser (810nm)

Green Micro Laser Consisting of
Nd:YVO4 with Intracavity KTP

( Green Problem = Intracavity Problem )

Noise supression in Intracavity SHG

Axial mode

1. Elimination of spatial holeburning
Twisted mode

Traveling wave ring
resonator

2. Mode selection
Etalon

Polarization mode’

1. KTP to be a Total wave plate

2. Quarter wave plate

Single mode

¥
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| Sum-frequency Generation '

' Diode Laser KTP
W, =0, + ©, , v=ON21 n Il
U u 459nm

k, =k +k, ,k=2m/A 810nm Mirror  Nd:YVO4
1064nm
®,n,= O, N,+0,n, 12y
z 1 /
£ 3 //
o |
O %X o, :SFG B ¢ /
(=]
E 4 ~
n,=n,: Typel S 9 -
O =, :SHG ~ ' ]
2 . 0t
' n,5n,: Typell 0 200 400 600 800
Fundamental power (mW)
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Quasi-phase Matching

A

A=2mlLc,
m : odd integer
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Norm
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| Efficiency of QPM-SHG '

Equation (2)

E
a_z_iz_ﬂ)zgouox(Z)E%,exp(iAkz)
oz ko

L is devided into n parts and sign of d changes periodically

in the integration
when L/m =mLc =mr/Ax  m : odd number
EQ2®) o< i(2degr /mm)L

Quasi-phase matching nonlinear coefficient is
given by

dopm = (2/mm) degr
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eration Temperature

CW

10 /cc
1 hour

107/cc
Seconds

R.T.

523.5nm 507nm

@
Sony

Philips NA

Matsushita
Sony

3M

400

s 8 &

(3)ernierodua], SuneindQ

'95/1

'94/1

'93/1

'92/1

'91/1
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(II—VI lasers today's status )

Requirements for IE-VI lasers
practical use Status ( 507nm)
CW operation 3-5mW at RT ImW/5um at RT
Lateral mode Diffraction limited Multimode
" Longitudinal Single or Multi Multimode *
Qutput power >300mW at RT 1732{2:(\1[ at RT
Operating Temp. 0~50C CW 1o 293K
Voltage 20V 6~7V
Device lifetime 10,000 hours 1 hour CW at RT

A. Ishibashi & S. Itoh:LEOS'94 PD-1-1(Boston) Oct.31~Nov 3

1960 1970 1980 20(_)0
400 | : l RV
“"":r‘fr._..
1
g 2000
g :
&
2 I-VYT gr
-V LD
3 :
9 | [ i i : i
0{)960 1970 1980 1990 2000 2005

Year of Anouncement
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( Progress of compact blue/green lasers for optical storage '

SH- Wave- Conv. efficiency ) '
T SHG Scheme Size Applicat Mak Ref
YPE! Crystal | length SH/LD pplication er e
LDpump-Nd:YAG
532 Intracavity SmW/150mW 8cc Read only Sony 5
KTP LDp Na:YVO M/O-SH read/
T I : = . .
E 532 Inu'a!::_avity SmW/S0mwW 5¢cc | LD write Hitachi {31
LD direct M/O IBM
KN 429 External cavity 54mW/125mW 1000ce direct mod. Coherent | [6]
o BPM- DuPont
g | KTP 430 Segment 2mW/150mW | 3.5cc — SDL (7]
3 :
()
>
= LT 429 %’;’{ﬁn ex. heat 2mW 8cc — Matsushita (8]
LD| ZnCdSe| 508 — 1mW ,60min RT | 0.1cc — Sony (9]
LED| GaN | 450 — (2mW) 0.1cc — Nichia | —
(Status of Blue/Green Light Sources for Optical Disks'
Approaches Status
Diode pumped laser Single mode operation
In ; for the Long term stability,
tracavity Size, Cost
SHG : Diode laser stability,
. ternal . .
Direct External cavity A locking, Size, Cost
doubling
10 f diode Diode laser stability,
asers QPM-Waveguide A locking,Efficiency, Size,
Cost
’ VI Reduction of Defects
] to realize 10,000 hrs
Diodes| Wide band gap -
LV 80,000 hrs LED
Lasing

&2



5 L] 1 | ' ] 1
- Near Field
10 PHB 05
Holographic 266
P Multi-layer, Value/ 415
e 4] _
K 10 Super Res. / 932
= 2-Dimensional
?3 Land/Groove Wavelength{nm)
< PRML
103 -
Mark Edge
Mb/in
(Mb/in?) o3
2 Mark Position Rec.
107+ -
1 0 1 | 1 | L ] |
‘80 'S0 ‘00 10
Year

Approaches for M/O higher density

Mark Edge Recording
1st Gen, 2nd Gen. (3X) Enhance
Mark Position Mark Edge
s | @ @ | @ @B |
1 0 1 101010001
Disk 1.5X
Format
CAV Zoned CAV
Inn, Dens. > Outer Dens. Uniform Dens.
Track Pitch 12X
Optical Spot 1.6 um

§3




Mark Edge Recording

- @0 O @

@

2 A

O

(0

2

2 T

« >
Time

[1}]

> A

4@ /\f\N\

ﬂé_ : Rec. Threshold |

D : :

—

= >

=

Track Direction

Track Pitch
1.34um

Recording Pulse Controle

S



Shortest Mark size

Groove Track Land Track

Conventional M/O Disk L :
Structure and/Groove Recording

2-Dimensional Lattice Recording

Conventional 2-Dimensional Lattice Rec.

x < Spot Size

3]

=

H .
% &| 1-Dimensional <> 2-Dimensional
& § Equlizer Equalizer
) o Extension

&5



Double rboab

Optical disXk

prism DBeam splitters

y4

4

l.aser

diode

h )
Sigoal detectio
eptics

S1it

Error detection
optics

¥aollaston
prism

Photodetectar

Super Resolution Optical Head

/‘_\,f""f-. \\

Amplitude

Sup. Res.

ApERERELL Loty )

Side Lobe Side Lobe
{Sup. Res.) {Conv.)

Image

Spot Size
(Sup. Res.}

{Conv.)

>

pas g lane

T

{intensity Profile
= |(Amplitude);

Optical Super Resolution

§6




1.02

T ' I '

—3—— Conventional
[ ———4&—— Amplitude Sup. Res.

——8—— Phase(Disk) Sup. Res.
1.01) ———— Phase(Ring) Sup. Res.

Normalized Spot Size (FWHM)

0.0 0.1 0.2 0.3
Coma Aberration { A)

Super Res. vs Coma Aberration

Magnetic Super Resolution (FAD)

Optical Spot

Mask

Recorded Domain (high temperature)

Scanning
Direction <=
Read -out Layer (GdFeCo) External
Magnetic
Inter-mediate Layer(ThbDyFe) Field
Recording Layer (ThFeCo)

Temperature 4 ?ga;g'rx‘guzanon Faded Region
Curie Temperature of

ILM.Layer

Temperature Distribution

-

Track Direction



| 30 W

o ._ - TByte File & Wavelength ~

| Wavelangin 780nm(New Products '93) 420nm E"Ewgsge“l
O 152180
Size - | | — |
(mm) | (1850h X700d XB50w) X3 Waow ¢ || Omyourtend.
NS Dk 494 pieces 60 1
HCRL-940127-63 HITACHI
( Optical Disks VS Wavelength )
Generation Audio-Video | Personai Comp. | Juke Box Library
/ Wavelength | (5" 3.5" 25" | 3.3".2.5%) (5",12")
cD CD-ROM
1st/IR DVD(60min) | 920MB 300GB/unit
MPEG 1 3.5" 128MB
‘82~ M/O
CD-ROM 5GB
DVD{(140min )
3rd / Green 3.5" DVD 2.5" >500MB _
Blue g HDTV 3.5" >GB > TB/unlt
M/O,PC
l99~

s
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Laser

Recording

Material

000000000
o] Julelele]

000000000

Excited State

Al

Ground State

( Photo-chemical Hole Burning ’

Inhomogenious
Absorption Band

11001

—> Absorption

——> Wavelength

Optical

| Optical Network & Optical Disks '

Set Top Box
iPCi lli

Information Service Center

Fiber
Magnetic Disk Array )
; 9 9 Optical \ Personal Optical Disks

== 3 O__| office ‘

_ = b

_— = ‘:

= = =)

=] O || optica ﬁ ﬁ’
Fiber Node

i isk Li Metal l E

Optical Disk Library Fiber/Metal Hybrid

E )



