Trend of research in disc type recording system
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Summary The author reviewed the research evolution in the recording density represented
by hard disk drive (HDD), optical and magneto-optical (MO) disc drives and so on. In general,
decay of recorded bits caused by thermal fluctuation in the magnetic recording media shall limit
the upper density in the HDD, while light diffraction limit is the restriction for the optical
recording. Research has been focused on how to reduce these unwanted effects. More specifi-
cally, the former is known as superparamagnetic (SPM) limit. The antiferromagnetic-
coupled(AFC) media have been developed to push the SPM limit further. Combing such AFC
media with a high sensitive giant magnetoresistance (GMR) head, the areal density of over
100Gbits/in? was obtained experimentally. On the other hand, in the development of the high
density optical/MO disc systems, new technologies such as near-field optical recording, elec-
tron-beam mastering and super-resolution phenomenon have been extensively studied to over-
come the light-diffraction limit. The next generation digital versatile disc(DVD) system,which
can store over 23GB(twice that 2 times in dual layer) capacity in a CD size disc, has been
realized using both a blue-violet laser diode and a high numerical aperture (NA) lens. Small
drives implementing some kind of the said disc recording system have been developed for use

in digital still camera and mobile equipment (PDA).

- 59 - PIONEER R&D Vol.12 No.2



1.
(
)
(€S
1996 (BS)
2000 12
(MPU)
«c )
Hard disk Drive(HDD)
(MO) VTR
VTR
VTR
HDD
HDD
HDD
100 100Gbits/
in? Gbits/in?
1Tbhits/in?
( )
HDD HDD

PIONEER R&D Vol.12 No.2 -

DVD

GaN (405nm)
30mwW 15000
12cm
2
DVD ( 21GB )
2
50GB
2. (HDD)Y®
HDD 1BM 1957 RAMAC
24
( 60cm ) 50
5MB(Mega Byte)
1960 30 HDD
1992 ,Magneto-
resistance(MR)
60 (& 10 )
Giant MR(GMR)
) 100
1 HDD @ HDD
DRAM( )
1 2
HDD (
18 2 DRAM
HDD
40Gbits/in? 2003 100Gbits/
in?
3.5 400GB 2.5
200GB 1
6GB PDA( )

60 -



MPEG 4 13 2.1

( 8 )
HDD 3.5 25181
HDD
\
kT(k T
)
(Superparamagnetic limit)
N Ku ( KuV>KkT)
(MR) GMR HDD (ARC:Antiferro-
MR GMR magneticcoupling)
(
) 40Gbits/in?
Gbits/in? 300Gbits/in?
0.1

IR L I ]
— | 4 |
~_"100G | .
(&) - 1000 /10 ]
2 50GE E
z | | -

— 100 /10
Q. 1OG§— E
1G L * .
- X 64M -DRAM .
B -DRAM .
100M E_ 4M-DRAM _§
IM-DRAM T
1OM I | o R R R A I | |_

1990 2000
1

- 61 - PIONEER R&D Vol.12 No.2



(& CoCrPt

AFC
Ru 2

AFC
(SFM

:Synthetic Ferri-coupled Media)}

GMR
GMR 12 )

2

@

¢ 9.3mV/u m

106Gbits/irf(16.4Gbits/cnt)

12nm
2.2

170GB

®
200Gbits/in?
1Tbits/in?

®)

162nm
HDD 3.5
130Gbits/in?
GMR
HDD

(TMR:Tunnel ing Magnetoresistance)

( 706kBPI,

.7

107Gbits/in?
152KTP1)
0.1p
TMR
5mv

PIONEER R&D Vol.12 No.2 -

TVMR
(CPP:Current- Perpendicular-to- Plane) GMR

TVMR
/ 0.1p
2.3
1
SN
Si
Ar
2.5mm
50nm Co 80nm
0]
2.4
40
100MB/s
10000rpm(Rotation per minutes) 2005
20000rpm
400Mbps 2005 2Gbits/s(Gbps)
(Lsn)
2.5

62 -



CD-ROM
DVD-ROM (CD-R DVD-R)

(CD-RW DVD-RW DVD+RW,DVD-RAM MO MD)

1981 20-
30cm
1996
120mm 4.7GB( ) DVD-Video
MPEG2-MP ML 2
DVD-Video CD-ROM 7
DVD ROM,R/RW,RAM

DVD-Video, DVD-Audio,
DVD-Video Recording

( ) CD-R
40
C ) (JEITA) 2002 4
®
DVD-Writable 49.7 %,CD-RW
23.5 %,M0O ,14.5%,DVD-ROM 10%
DVD
405 0.85
Numerical Aperture(NA)
0.1mm DVD-ROM
DVD

1998 5

3.1
3.1.1

Tbits/in?

nm

Betig v

©

100Gbits/in2
(
3
(
)
0.6\ /NA
NA
(
NA 7
(€]
( )
)
nm
nm
1992  Bell

(SNOM:Scanning

near-field optical microscope)

63 -

PIONEER R&D Vol.12 No.2



&0
45Gbits/in?

(PC)

GeSbTe ZnS SiO,

(€]

60nm (170Gbits/in? )

(SIL:Solid Immersion Lens)

(NA)
HDD
405 m 1.5 SIL (Ammad)
(
) 45Gbits/in?(CD
50GB ) ROM
a» SIL
50nm 80nm/
180nm
SOG(Spin-0On-Glass)
(RIE:Reactive lon
Etching)
SNOM
m
SN
( )
3.1.2 (Super—RENS: Super-
Resolution Near-field Structure)®-a9
HDD
( )
Super RENS 1998

PIONEER R&D Vol.12 No.2 -

GeSbTe
Sb AgOx
Ag
(Ag
AgOx )
CN
Su-
per-RENS CN  44dB@® 2.5mw
150nm
3.2
25GB
(Deep-
ultraviolet,266nm)
(LBR) HDTV
2
21GB
(EBR )
2 an
(EBR)
(25GB ) LBR
4_7GB-DVD
25GB 75GB
SEM(Scanning electron
microscope) Tp( )
=100nm Tmin( )=69nm
(201GB) EBR

200GB
EBR

64 -



(LBR) (LBR)
a®»  EBR
1 50GB
2 ROM
25GB 2 (D
1 C 0
405nm NAO.85
an 300nm,
159nm
3.3
1995 4
(PD) 1999 4.7GB/12cm
DVD-RW 4 7
DVD-RAM GeShTe ,CD-RW  DVD-

RW AglInSbTe
DVD

3.3.1
TDK  Sb,Te,, Ag Ge,lIn

140Mbps @

(HDTV)
SRC(Super-rapid cooling)
405nm NAO.85

0.3um
AgInSbTeGe 1000
¢ 19%)
3.3.2
NA(0.85)
b 1
23.3 25CGB @0 21
2 46 50GB [CHONCY))
ROM
TDK
23.3GB Tp0.32
pml 0.112y m 0.1mmPC
EBR
ROM

(c) 75GB(Tp:160nm,Tmin:115nm )

(d) 201GB(Tp:100 nm,Tminz69 nm )

PIONEER R&D Vol.12 No.2



EBR MAMMOS 1100e 80m/

s
405nm NAO.9
SRC 200Mbps
CN 4.4 (DWDD:Domain Wall
Dislacement Detection) @9
4. (MO) DWDD
3.5 MO 1991
8 6
10
4.1 (MSR:Magnetically iduced
Super Resolution) @ 0.6mm RIE 115nm
(MSR) 0.34pu m /
MO G1GAMO 3.5 DWDD
1.3GB 2.3GB) MO 405nm NAO.6 20Gbits/in?
( 5cm 730MB) iD-PHOTO 15% G0
DWDD
4.2 ( NA ) 2 3GB
405nm NA S
12cm 25GB
@ 95nm) 5.
20Gbits/in%® HDD
413nm NAO.9 MAMMOS SN
200nm O.1pm
CN 64Gbits/in? GMR(MR)
@9
4.3 (MAMMOS : agnetic Amplify ( TbhFeCo ThDyFeCo)
ing Magneto Optical System) @n 400nm  SIL ( NA1.93)
GMR
(MFM:Magnetic Force Microscope)
0.1y m 60Gbits/in?
(€]
GMR
HAMR(Heat
( MAMMOS) ¢@® Assisted Magnetic Recording)®®
640nm NAO.6
0.6p m
Ccb 12GB iD- HAMR
PHOTO 1Thits/in?
MO

PIONEER R&D Vol.12 No.2 - 66 -



12.5nm

6.
2
6.1
(
2 (
( )
€5)
1.5p m)
PHB

(PHB)

G4

67 -

PHB
6.2
2
2 3 2
3 1
1
1Tbhits/cm?
1Gbps
( )
Tb
LiNbO, 2
@
( ) o
6.3
(SPM:Scanning Probe
Microscope)

Terabits/in? Petabits/in?

IBMG®  “ Millipedé
2.5 0.8Tbits/in%(

PIONEER R&D Vol.12 No.2



HDD 20 ) MEMS(Micro DVD-Video

electro-mechanical system)

DVR-2000
3mm (nm) DVD-R DVD-RW
( 0.5
g m 70pu m 2y ) 32x32 Ccb
1000 DVR-7000
(300 ) 40nm « ) 7.2 HDD
50Mbps
ROM
6.4 ((39) (40
HDD
(VCSEL:Vertical Cavity Surface BS HDD
Emitting Laser) 100Gbits/in?
100Mbps (STB) STB
2 HDD
(HDD DVD )
VCSEL 30GB HDD
(10000 /mm?) EPG(
2 ) HDD
HDD DVD VTR
10-60Gbps
7.2.1 HDD
1990 GPS
7. CD-ROM
7.1 DVD( )
DVD (DVD 1997 DVD-ROM
DVR-
1000) 1999 2001
DVD-RW( 4_7GB/ ) VTR 10GB HDD HDD
/
DVD-RAM HDD
VTR 2
1 7.2.2 /
DVD MP3

PIONEER R&D Vol.12 No.2 - 68 -



650MB (64mm ) 9Mbps
(MD) “2
2
HDD 3GB( 14 .93Gbits/in?%)
MO DWDD
RAID(Redundant Array of 24Mbps
Independent Disks)
RAID 2000rpm iD-PHOTO?
AV (43)
30mm 1GB
( NAO.85)
PDA( )
1.1mm O0.1mm
(STB)
7.3
(Bluetooth)
( ) (PC) PC
o) (
1 )
DVD(CD ) 1 (FeRAM)
HDD ( 340MB 1GB) “b (MRAM)
MPEG
1
DVD SFFO drive |New-GIGAMO |iD- HOTO |[DWDD
(Philips)
3.27 12.56 4.19 4.58 14.93
(Ghits/in2)
(GB) 4.7 1 2.3 0.73 3
1 0.267 0.12 0.23 0.235 0.08
(4 m)
( m) 0.74 0.35 0.67 0.6 0.54
(mm) 120 30 88.9 50.8 50.8
(nm) 660 405 650 650 660
NA 0.6 0.85 0.55 0.6 0.6
- 69 - PIONEER R&D Vol.12 No.2



8.

[1]
HDD
[2]HDD
GMR
100Gbits/in?
HDD DVD HDD
/
[31
(0]
2 25
[41 nm
1 25GB
2 50GB
200GB
51
9.

PIONEER R&D Vol.12 No.2

@
BP 1998
) 2001 12 p42
(B)M.Yamagishi et.al . Intermag Europe 2002 ,Di-
gest BA-01
(D) : 22(1998) 1189
(5)M.E.Re et al. Intermag.Europe 2002, Di-
gest BA-04,
2002.5.7,p26

@ ) News Release 2002 5.7
€)) :

2000 13p-PS12-14
®) 2002.7.1 pl94
®

1998 3 ()

(10) 66(2000) 661

(11)E.Betig et al . Appl .Phys._Lett., 61(1992)
p142

(12)S.Hosaka,etal .Jpn.J.Appl .Phys_.35(1996) ,p443

(13)K.Kishima,et al. Optical Data Storage
Topical Meeting(0ODS) 2001, p280

(14)J.Tominaga et al. Appl.Phys.Lett., 73
(1998)p2078,

(15) 0 plus E, 22(2000) p202

(16)T.Kikukawa et al ., Joint International
Symposium on Optical Memory and Otical Data
Storage ( 1SOM/0DS2002), Technical Digest,
TuP.27

(17)M.Katsumura et al. Magneto-optical Re-
cording International Symposium (MORIS)2002
Digest, We-N3 (p207 )

(18)T.Higuchi et al, Optical Data Storage(0ODS)
Topical Meeting(0DS)2001, Technical
Digest,p31

(19)T.Kato et al. Ipn.J.Appl.Phys., 41 (2002)
pl6e64

(20)T.lida et al., 0DS2001, Technical
Digest.p253

(21)M_Katsumura et al. IJpn.J.Appl.Phys. ,41
(2002)p1698

(22)N.Shida et al ., 1SOM/0DS2002, Technical
Digest,MC.2,

(23)AMijiritskii etal.,Jpn.J._Appl.Phys., 41
(2002) p1668

4 23(1999)p1999

(25) T. Sakamoto et al, ODS Topical Meeting
2001,Technical Digest,p73

@6 3 2001 11/2



enD 26(2002) 884

(28)M.Tani et al, ODS Topical Meeting
2001, Technical Digest,p61

(29) 23(1999)p764

(30) 25(2001)p1261

(31)Y.Hino et al ., I1SOM/0DS2002 Technical Di-
gest MC.4(p42)

(32) : 26(2002)p58

(33)T.W_Mcdaniel et al. MORIS2002,Technical
Digest,Tu-F1

(€D , ,2001 11 .pl138
(35) 2002 5 233
(36) 30(2002)p171,

(37)H.Horimai et al, 1SOMODS2002, Technical
Digest, TuP.26,

(38) I1BM forum 2002, 2/27-3/1

(39) K.Goto et al . I1SOMODS2002, Digest,WC.5, p293

(40) 68(1999)p1380

4D 24
(2000) 19

(42)G.Fujitaetal . Ipn.J.Appl -Phys. ,41(2002)p1643
(A3)M.A_H. vander Aa etal., I1SOMODS2002, Technical

Digest, WA.1(p251)

PIONEER R&D Vol.12 No.2



