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NE W DEVELOP MENT OF OPTICAL DATA STORAGE

RONG Ar Lun CHEN Qiang
( Bei]’ing Llniversity of Aeronautics and Astronautics, Beijing 100083, China)
Abstract The review of optical data me mory is presented from different angles . First, from the vie wpoint of
the storing function, the principles and applications of readonly, recordable and rewritable me mories are dis-
cussed . Second, from the viewpoint of recording density, the physical contents of the development from CD,

DVD, nanometer recording to 3- dimensional recording are reviewed. The final part of this paper deals with the

future perspective of novel storage in the 21 century .

Key words photonics , nanometer storing , 3rd order optical nonlinearities
1 b
21 , .
21 . 20
;21 ,
b 9’ 9’ /
/ 5 1)
[13 07’
, 1 X (43 1 2 s s
1 (13 ”
I
; II * 1999-10-19 12000 - 06- 15



1 20-—21

20

21

(10" 1%)
(EIC)

L

( OEIC)

(102 —1
(PIC)

__

0" %)

iaThes
> HigkGek - A F A | 1] THERE
g CRAEEED (T, TEI8E) (T, Wik, THZIHE)
#
B — WORM — MO HE | IR
 J
|
A: 830nm ,780nm CD-Hig | Lﬁi’c,——» CD-uE#RE I
D RD: (7-8)MB/cm? ]
CP: 650MB — CD— ROM — CD-R — PD- RAM
— CD— Video — CD-RW
— CD~ Audio
Y
A: 6500m DVD-Hig | DVD- 5 |_> DVD-THEES |
DVD—p. (50-183)MB/cm? |
CP: 4.7-17GB — DVD- ROM L~ DVD-R — DVD- RAM
A: ¥k ~ 42GB | DVD- Video L DVD- RW
L DVD- Audio
s A A SIL
RD: (1GB-1TB)/cth? (BHeREE) |_.) wawingas P  BREHEE
CP: 50-100GB
=g | AFR TR T AT Y2 BAEH
RD: >1TB/cm?
Y x-y-z F x-y-v r x-y-z
1
2.1
2 DVD
o NA)?
CD- DVD- , P £
: DVD 1 ,NA
2 CD DVD, NA. CD
, Ay =488nm ; DVD
30 (2001 ) 1




2 CD-DVD
CD :650 MB ROM DVD :4.7GB ROM
74 min 133 min
. ROM:( Ar*)488nm ROM:(Kr*)413nm * T
. NA 0.45—0.5 0.65
. p:1.6pm p:0.74um
. d=1.2mm d=0.6mm [ !
. PP M( ) P WN( )
EFM(8 —14 ) EFM" (8 —16 )
. RLL(1,7) RLL(2,10)
CRC RS- PC -
. MPEGI MPEG2
. N 250 x 240 720 x 480
. Dolby AC3
(44.1kHz ,16bit) 5.1 ( ~96kHz ,24bit)
. 1.1 —1.4m/s 3.5—7.5m/s
RAM/ RW ,10 —50ns/ bit ,10 —200ps/ bit
CD: 4.7GB DVD- 5
650 MB( 0. 65 GB) 8.5GB DVD- 9
9.4GB DVD- 10
17GB DVD- 18
, A = 413nm ; 0.50 tion)
0.65. DVD , 0111001010, PPM s
( ) s 2(a) ; PWM s 111
) s 3,
,DVD CD 2(b) ,
’ ’ >
, [2].
[1] . :CD DVD
> 0 1 1 1 0 0 1 0 1 0 PPM
@ @ (] o0 e
’ 011100101 0 PWM
: J LU L
2 (PPM- pulse position modu- 6 e o e
lation) ,

(PWM- pulse width modula-



(CLV - constant linear velocity) , CD
,DVD R s
2 . , , DVD(
DVD- RAM) (Zoned - CLV)
CLV S >
(sector) , 2048 ( Byte) ,
[11].
DVD s
2.2
, ( TbFeCo) ;
/ SiN/
ThFeCo/ SiN/ /
UV lacquer.
[13 1 2 [13 0” . [ 3 ] .
,1991 ,
A30mm
(5.25") ,
1995 )
, @®0mm(3.5")
640 MB ,
1SO/ IEC1 00089 41 1999
[5] .
Pt/ Co s
2.3
( GeSbTe)
/ ZnS - Sio, ,
/ GeSbTe/ ZnS - Si0, ,

30 (2001 ) 1

/ / UV lacquer.

10°C ,

« l ” « 0”
>

[6].
.1991
, @200mm(8")
, 1.28GB,
1994 | ,
DVD ( DVD- RAM.DVD- RW DVD
- R) .DVD- RAM DVD-
RW ,
.DVD- RAM Z- CLV (71
.DVD- RW CAV ,
2.4
DVD- RAM DVD-
RW b
( 650nm,
780nm ),
, bit ,
; hv ,
’hv> EOpS
( ny) (
ny, (1) s ( )
0 9 .



Fabry - Perot , F-P
F-P
2.4.1 F-P
3(a) , n/n,  ny/
m ’ n,
, (2) (3)
Fsin® ﬂ
Ig = I , (2)
1 + Fsin® -4
2
Iy = 1 L (3)
T = 4 ’
1 + Fsin?| 7
2
F, T, , @ ,
7 7 qD
I
o= @+ CL T, (4)
@ C F-P
(3) (4) (3) T(T
=1t/ 1) ¢ , T- ¢ ,
—_R——
|
N/ //
n §
n, W d '&&ﬂ.}ﬁ
%”’ \*\*\ RiE
_T—I
@
T 1
®
3 F- P
(a) F-P

(b

010-

, 3(by. (4
T- ¢
F- P 3(b)
R . F -
IT Il
, 4 (a)
a a—b—c—d e
7 e 7
d'—f—b'—¢g—b" a
( Il) min ( Il) max s
( Il) max 7 ( Il) min
Iy
I min i dmax I
' I
.
_x
]
Yyt
(a)
7
B
/'\]; 300K
¢ It
|
]
1
1
1
]
y, ]
1
4 - : 1
1
4
_ _ _60ps
532nm T
rt
(b)
4
(a) i(b)



2.4.2
?
E 7
L(%P= xWE+ xXPE+ xOFE 4+ .. (5)
+®
, A
B; ,
- C, 4 (b)
, Nd: YAG
532nm, 60ps , 300K.
- F-P
( [8.9])
4(b)
hv 2 E,, ,
( DVD- RAM DVD
- RW), ( DVD- R) .
( [10]),
3
DVD
(Rayleigh) .
(1) DVD ;
(2) / ;

30 (2001 ) 1

(3)

3.1

, 5
(A, A) ;

80 % ,
=6l
5

200 - 300nm , A=635/650nm

, 0.4pm(400nm) ; A=
413nm, 0.25pm(250nm) ,

; ( )
(
6) ,

90 %

011-



3.2

[12]
“177 .
SIL,
.SIL
GaP
50nm,
SIL

, 7(b)

SIL

G.S. Kino 1990
/
/ L,
, 7(a)
R SIL
SIL
1999 , K. Hirota
SIL,n=3.3,NA=1.98,
280nm,
180nm! "1,

(a) SIL

012-

:(b) SIL

( 3.3 ).
3.3
DVD
. (SiO,, SiN
ZnS - Si0,) DVD , 8
DVD . s
|— SiN (20nm)
[ 30 W & | .o (5
I W— N Com)
.1 \ \Sb {15nm)
) |l SiN. (1700m)
l
] PC (1.2mm B 0.6mm)
! 1
3 [14]
DVD ,
.Super - RENS
[14]
[15] i
(1) 5(2)
5(3) ;5(4)
Super - RENS C/ N 30dB.
3.4
9(a) —
9(¢) ,
, nm=mny+ An.
An
3 3 1 2
An—gx nOIEl' (6)
x(3)
(6)



9(a)

1/ 7,

i(c) Ar’

9(c) Ar’

1996 ,

Tb/ cm’
100Gb/s,

F .B. McCormick
(Sp),
SP/PMMA

10mm?®.

30 (2001 ) 1

H

i(b)

[16]

(PMMA) ,
10( b)

1064nm ,
S 660nm ,

) [
10(a) 1,
' i
-
\ [
\ ]
N /
e T vy
.. \\\(,/__-
L L - ‘1\ ~~
l’ \|
@)
S, Ty
Sl \
532nm 1 b S 5!
1064nm
BA / Bl 1064nm
5320m 5320m 660nm 1064nm
S 5
(®)
10
(a) ;
(b)SP/ PMMA
4.2
( bit) ; , 10°—107 ,
100 1000 « ”
, 6 —7
!
b 521
, 106 —10’ ,
, 10° —10* 1 Th/cm®
S PHB
( photon spectral hole burning) .
PHB
/ /
. 13 .



;A , 11(a)
I1(a) , A4
(¥ -%) 1
11(b) ], i
I{_I{I 7
¥ p
Il/
W—"n
N [ 11(e)], “17,
“0” R
, 11(c)
x,y 7 4
, PHB (x,y, Y
« » ; N =
N 10° —10*
a : a b c
Aw,
A
N ’
v Vi V, 0 100110100101101601101 V
11
(a) PHB
(b) i(c)
b I{Y
,1985 S IBM W.E. Moerner
( photon - gated spectral hole burning ,
PGHB)!'*]
(TZT) , PMMA - CH(l;, TZT/ PMMA/
CHCl, . 12(a) : A(627nm)
TZT So = S ,
T, ;
A(514nm) T, T,,

014-

L .
I
M
S, |
1 I
| N Y
M /T
|/
51t/ 3
D 4
(a)
CH,
HO-c-O-o-cu-ci-ca-o-; @)
CH, OH
W CH, CH=CHCOOH (CA)
&®
) Y
6250 6265 6280 6295
Pk /am
®)
12
(2) PGHB i(b) Zntbp AC/ PhR 20K
A,
, , A
7 /12 s
, A ,
A
1988 S
- / ( Zntbyr CA/
PhR) ,
20K , A (629nm)
A(488nm) 320
N 12(b) PhR, CA
Zntbp
[197.
(1) 20K s 20K
(2) , ,



4.3

, , , Pock-
> . els ,
(SLM) : , :
(0, ( . ( )
) (R), . 13(b),
, 13(a) ,
s ’ +1 ’
: -1 s
— Fe . LleO3 «
Fe : LiNbOs s »
Fe2 +
2+ 3+ -
) , Fe Fe' " +e .0 R
FeS +
BREA ? ’ ’
SLM s . ,
BE@A
T © ’
Gl Koz 3. 9) >

| — ’

BRFHER i > >
ihEais % ) )

B 1 mm?, 1 Mb.

i , )
(B ALAR B KD

(spationangular multiplexing ,S AM)

s s s

14(a) (SM), -
(SAM) .
, 14(b)
a ,Ay
AP
®
13 (a) (b) [21] [22].

30 (2001 ) 1 * 15 -



Dy Dy
dy 4
q D
| Ax Ax
Ay T
@ —| Ay H—T

21

(1)

(2)

(3)

(1)

(2)

(3)

(4

16

0.1 ms,

10ms, 20 ms .
(5) /N,
500nm >1 s
1 Tb/cm®
21
21
acterrorbodopsin N
b iorbodopsi BR
(400 —700nm) , 10°,
BR

,1998 ,6 :317[ RONG Ar Lun.

J.of Vacuum Science and Technology,1998 ,6:317(in Chi-

nese) |

,1997 ,23 :436[ WANG Rui.J

of Beijing Univ. of Aero.and Astro.,1997,23:436(in Chi-

nese) |

G

,1991[ |[CHEN Xiao Hong| ,GUO Zheng Ping . Princi-

ples of Magneto optical Memory . Chengdu: Univ.of Electronic

Science and Technology Press, 1991 (in Chinese) ]

ISO 10149(
1996

>

GB/ T 16969 ),

,1998(6) :348 ,351[ ZHANG Yin,

WANG Ling. Laser and Infrared, 1998(6) :348 ,351(in Chi-

nese) ]

,1993 .

1

[ RONG Af Lun et al. Principles,

Processes and System Design of Optical Information Storage .

Beijing : National Defence Industry Press, 1993 .Ch.1 .(in Chi-

nese) |



7] 1ISO16824,1999

8 1 RONG AL etal. SPIE,1996,2890:74

91 RONG AL etal. SPIE,1996,2931 :108

10] RONG A L et al. Ultrahigh Density Recording Based on

Thirdorder Optical Nonlinearity. In:Proc.of 5th Inter.Symp
on Optical Storage ., Shanghai.2000 ,in Press .

11] Toshiharu Saiki. Technical Digest of ISOM/ ODS. Hawaii:
Optical Society of America, 1996 ,12:214

12] Kino G S et al. Appl.Phys.Lett.,1990,57:2615

13] Hirota K ef al. In:Proc.of 11th PCOS .Japan.1999 .12

14] Nakano T et al. Appl.Phys.Lett.,1999,75(2) :151

15] Itatakeyama M et al. In:Proc.of 11 th PCOS. Japan.1999.
26

16] . . : ,1984. 7
[ SHEN Yuamr Rang. The Principles of Nonlinear Optics . Bei-
jing :Science Press ,1984 .Ch.7(in Chinese) ]

, ,1933 ,

Szilard as
( Valentine L. Telegdi. Phys. Today, 2000, No.
10)

inventor ; accelerators and more

2 Blue diode lasers( Noble M.Johnson,Arto V. Nur

mikko, Steven P. DenBaars. Phys. Today, 2000,
No.10)
Physics in Latin America comes of age( Jos¢ Luis
Mordmr Lépez . Phys . Today ,2000 ,No .10)

4 The tau neutrino has finally been seen( Bertram

Schwarzschild . Phys . Today ,2000 ,No .10)
Dendritic signals start out stronger when they
have farther to go( Charles Day. Phys. Today,
2000 ,No.10)

Grain boundary doping may improve high tenr
perature superconducting wire( Richard Fitzger

ald .Phys . Today ,2000 ,No .10)
30 (2000 ) 1

[20]

[21]

[22]

McCormick F B et al. Technical Digest of ISOM/ ODS Hawai-
i:Optical Society of America,1996,12:224
Moerner W E ef al. Chem .Phys .Lett., 1985 118 :611 .

,1993. 7 [ RONG Ar Lum et al. Principles,
Processes and System Design of Optical Information Storage .
Beijing : Defence Industrial Press, 1993 .Ch.7(in Chinese) ]
McAulay A D. Optical Computer Architectures. New York:
John Wiley and Sons, Inc.,1991 .67 - 96

,1993. 8 [ RONG Ar Lum et al. Principles,
Processes and System Design of Optical Information Storage .
Beijing : Defence Industrial Press,1993 .Ch .8(in Chinese) ]

. . : ,1998 .

38 - 75[ TAO Shi Quan ef al. Optical Holographic Storage .
Beijing : Beijing Univ. of Industrial Press.1998,38 - 75(in
Chinese) |

E- mail :rongal @public .east .cn .net

, 1956 ,

‘ S »

Antiproton research resumes at CERN( Barbara
Goss Levi.Phys.Today ,2000,No.10)

Ligquid hydrogen turns superfluid( Peter McClin-
tock . Phys . World ,2000 ,No.10)

9 Standing out from the giants and colossi( Chia

10

11

12

13

14

Ling Chien.Phys. World,2000 ,No.10)
Frosty reception to new superconductor thaws
(Jeffery Tallon.Phys. World ,2000 ,No.10)
Sonic crystals worth shouting about( Eleftherios
Economou .Phys . World ,2000 ,No.10)
Light beats quantum mechanics ( John Jeffers .
Phys . World ,2000 ,No.10)
Quintessence ( Robert R Caldwell . Phys. World,
2000 ,No.10)
The search for extra dimensions( Steven Abel,
John March- Russell . Phys . World ,2000 ,No.10)

« 17 .



