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Long-Term Data Stability Evaluation of BD-R
according to Recording Speed for Archival Application
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Abstract

Optical disks are widely used in libraries and archives as digital data media due to their long-term
storage stability. Though archive-grade optical disks are already available on the market, there is a
relative less focusing on the reliable recording conditions. Commercial BD-R media were recorded at
various recording speeds with the maximum speed of 6X, and tested at the acceleration aging conditions.
Through the evaluation of long-term storage features by the data stability test, lower recording speed of
2x resulted in better long-term storage stability. In addition, degradation aspects of unstable long-term
storage feature at outer region of disk were discussed.
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Fig.1 . Various recording conditions for BD-R
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aging test at the sever condition of 85°C/85%RH.

Journal of the SISS 2012 Sep ; Vol.8, No.2, pISSN 1738-6845



J|E& ol w2 BD-ROl Hole A7|EE obHM HI

3.3 HIO|H #A0| OE Hjole o+yd M3t

H &+ Max SER 9
715 HiSof oEtME E

T
ﬂ
02
0z
o

&olfAl, BD-R 9
0| et

H
rh

—

T UAtts As =HUFCL 2L Max SER &2
715E HolH & M FE0I2ts Sd¢ OlH
o 279 e g & AN =3 0o
o L FHO| 270 FefetAl= & 4+ ALt
o[0f BD-R RIE[0{2 &AXN FE0| <t 7|2
= 5d0| #efet FE22 =Qlsty| ?I5t HlolE
1% RIR 2 2FE Bt FOIE HHIIN2H
1 Z20E Fig4-6 of LIEfLIRICE HA =7] 7|5
= [lHo{el sER £ ZI0|AM LIEHRE =55
FE Jt5 EotdgE Mot s S¥e O
OlFf FHOAM ZHEEACLE =74 27 LY
x C

L
g FHOZ Heprt MHE = YetHel DVD-
o datetatut ChE2A FHO MO Iz 2
F7t ©O|=[X|= PLUCH48]. Eot HC|AF9 2
Z OloJ8 PH(Outer Data Addresses)FE 27 &
5717t dotEl= @0 =HF UL HAY 2 B £
O J|F¢gt njojoe] E, 200 AlZH Eetste S
ot FFH 2F7E St UYL & F
9| SER #2 Fig4(c)2t ZO0l Good HHQI
1.0x10°0l5te| Zte = RCH 300 AlZH LA E =,
QF9l 2FEO0| BIISIH Fig4(d)2l =HAFE2
#0| Bad CIO|H FHO| dZ2H, o EH2 0
Clof & ololef 22| 8.6%0 & Ch ol gt
dd2 4 HiE J5e A0 YA LIER
Cf 200 AlZtel 7t& HetaEol DA E njojoi=
Fig5(c)2t 20l © FHAoA 1.0x10° O|5tS SER
w“US 2EA2L, 300 AlZH E3b 20 34.2%0 CHE

=
St= CIOIE{ 7t Bad 201 £3CE 6 HISZ2ZE 7|
5t ZSE Fig. 6 2f Z0| 200 AlZH €3t F
15.4%01 s Fst= H|0|E{ 7} O|A| Bad =0 i
St @F8S 2%, 300 AlZF €3 F0|= Bad
S30]| 27.2%, Worst S30| 125%=2A £ O 0|H
9| 39.7% ¥HO0| 1.0x10%0| 42| SER Zt2 = Ch
AHF0 ALZE ZE Do oSt M2
UstA EEY £ AYCH, 5o WFo ==
CIOIE{el B 300 AlZte| 7t H35iot FEE =

Ol= X3 HO|H 37t AE|X| BIOFA Best
sa=2 =201, 259 HOIEME Bad S5

2 2FEES0| SItet LYol 7t UL Eot

StAlZHll M E 2F F9H9 St dHf K22 7|
£ 2 5 WEA JEJY|, 2AF 2FE
St HRI2R J[SYHO| et X S eHIHA
ot EHEREIC

— - —

Journal of the SISS 2012 Sep ; Vol.8, No.2, pISSN 1738-6845

2
=T
R
§w2|1||||rll|||l[‘lll""
0 2000000 4000000 6000000 8000000 10000000
° Data address
o 5 {1.0E-3
£
5
5
Dg s :
©
%t = i -1 : i H
—3\‘% 1 4 l.ll Jl l' ] 'Il i
0 2000000 4000000 6000000 000000 10000000
VIE 1 1 1
il
25
8 5 {1.0E-3
=2
& E ‘ | |
<3 S A I ok JL
2000000 4000000 £000000 10000000
o g '
3 =
£ 5
o E
(C)gu 1.0E-3
5 3 ] 1 ] I
£ E | |
< = I | Liay | ———
2000000 4000000 BO00000 6000000 10000000
o ]
g2 s
3%
= o
@ g = {1.0E-3
= 0 !
S o
ZE | (L, g
“ 2000000 4000000 6000000 5000000 10000000

Fig. 4 The SER value of 2x-recorded media as a function
of track positions, (a)at initial recording, (b)after
100 hours, (c)after 200 hours, (d)after 300 hours

g‘ 6. . .
= T
".384. R SR . I T T T | 1 r T | f
u!:l.
gw2 E 3 ! 3 :
o
0 2000000 4000000 S000000 E000000 10000000
=% l10e-3 |
R
@& =
e O
™ 2 — + SOUIUMNIIE LIIITIEIIIa——————S, W=
2t | 1
I: ¥ II‘ i A
0 2000000 4000000 6000000 S000000 10000000
w & |
gz
25
(b)o| 5 {1.0E-3
‘-'_
g8 e e b
£
E .
w — 1
2000000 4000000
oy 2
gnc
g8
©8& & {1.08-2
= 0
[N
- 2 4
ZE 1 7
> i M
“ m’mﬂ INE'EIII BO00000 am'mo 10000000
. :
w 8
gz
25
- e
@ g E {1:0E-3
M_
5 2
&g
< = - -
v 2000000 4000000 BO00000 BO00000 10000000

Fig. 5 The SER value of 4x-recorded media as a function
of track positions, (a)at initial recording, (b)after
100 hours, (c)after 200 hours, (d)after 300 hours

53



o
=
00

o
e
M

(ST - )

Recording
Speed

2
o
02
o
02

A

Table 1 Laser condition for BD-R recording

o 2000000 4000000 000000 000000 10000000

=% [1.0E-3 |

o 1

= S —

3 |

(a) g S— S i | S—

- |

S |

- !xl J_l_;.- A NN i T I.Il i 1 .l 1
0 2000000 4000000 6000000 8000000 10000000

(b)

After 100 hours
Symbol Error Rate Symbol Error Rate

~
=

After 200 hours

Symbol Error Rate

(@

After 300 hours
Symbol Error Rate

2000000

4000000 000000 8000000 10000000

Fig. 6 The SER value of 6x-recorded media as a function
of track positions, (a)at initial recording, (b)after
100 hours, (c)after 200 hours, (d)after 300 hours

34BD-R2 2F &40 26t

mo o9

<2
>rE =
b >

L/ =

oxrr N g X po

o

— 0 Ay

T ox I T 4o
o0z O =

m o

= o

0 lo

o

2

2

:Oé

x

rr

n

a

2 du

o
H‘F

719 Best =0l M3 HSIX
e £ QUL BHHO| 2 F JHo|M = 8

HA = 39.7%2| HO|E{7} Bad =22 &2t ECt
U 99 2% 2= E(Clamping)E S FE 4 0
Bl 2| =9l(Lead in)7tX| HE[(CIOIEf FH7X|Q A
2)7t 2 F2| 2|=0R(Lead out) YA ECH KX o
UZ 25 HZH(Sealing)o| Eoot 2H FzH
T eF gHojMet orx| o|g& 0| AU S0 =2

—
X0 27FE0| S7tst= A2 298 2F e &
—

go| BH [2ol2n WEEC of 2o T
2Z WHEAS BDR OICI0] ASS ANAE
9% Mg P BF Mol YNz

54

120mm
(Single Layer) 25GB

~6mW (1x), ~TmW (2x),
~10.5mW (4x), 14mW (6x)

Diameter

Capacity

Recording power

LRl F=F6oF & A2 2AF
FE S7t7t Au s J1EY
go|ct. O |2 BD-R 2
2 4 Ch BD-R &AM AME 0lC]
F2o|Xel 7|5 &3S Table. 1 1t
QICH7]. olof Mm=2H THiL J|=EY
+58 go|xo &g IA ZIAIIESE = U
oM, 2 H{S 7|50 6 HIE VIS Oo|H EH2
28 BItAIF 7| E6t=S St QUCh 0|24 ek O|fF
= WE ol MEEEE |X[st7| fIshA O/C|
SIMEEE SIHAZI7] =0l 7550 &
St Y3 oHXIE YA ot RAsiM= LE &l
=0| ZRstI| W=ZO|Ch SHXEE 0|2t &
ot 2ol &£ 755K HMEE7|
St= T E(Hard Coat)E S1tst7| I &
o, ¥2 &2z J|IE3S ML =2 &2

k=3

=

o HDY 2 Y

4> 02
[T

e

Y o I ko

m <@ B 0> 4o e

o
(02
o
M 10

ne M

)a

u

il
02 0
182 oo

Mo 2 mpo

o
o

—rr
il
J
Y 0
0

o =M J5=
2 2EZMAZ ALgstl U=
2l BD-R o H7|2E §d ¥+=
ot =3
J2=0

2E SN ¢ 20| H

o
>

207 ol mY RO

b OF
>

H
N

o 4

B
=

N
N
10
=2
40
o
FO
ot
m
0x
=)
i)
ot
|r|.| ‘|> JR — 0||'| il
o >
0 Mo
T oA =) i
HI o

07 ¢

d
2R N

L
0 ogt 1o me 0X N 0% rQ re oy N 10 ok »2

g2 X#st] SER o HEE 3
Xl 712 Hi&0| 2 BD-R 9 E7| ot
e HIIst A3 Bad data LAHE Q! 1.0x10°0]|
M ROX&= 582 20 144 CD
DVD 9o 2F atut= CHEAH Z2HQl Peak
Bol =7 2F Y42 20l US ol

—

2 -
o
T e

rir

mo

Journal of the SISS 2012 Sep ; Vol.8, No.2, pISSN 1738-6845



715550 w2 BD-R el HlolE EV|EE oYM HIt

JI2E S49 HUWE fIsiM 2 7|5 HiSE H
@ Max SER & 7| 7|2 Ztut HIDLEJ Z 1, 2 HY

£2 11x10°% 2 31 Hf =711, 4 H{ &2 1.6x107
Z 41H), 6HIS2 6.1x10° 2 164HH 35715t
H&oz 7158 #% Ol O|E E3tot =
H= Ae =HQIFch o|2fsh OlolEe &
Cjof el 9|¥ oM Al Zfote] E3tot
£ nifoje 5F ZHK| *'RPEIL U4
olz{et E&9 AQIe=zE OjC|of 9|¥

Y 2 stED

J

=l

I
o
LIy

"'>|
mﬂoﬂmloggl.
49 b 19 =
> o 12

HL
@
oM ooz I1 4> 2 02 kI

AE FH=EA 0|4 =9 L.Lg
g S0l g=H 22X HE=S
JhAo] RTFECH E o|2{st
oM o= dat=lieH, 1
YEHXHAM 201N EHE S7
= Blo|xet StERE 7t
= d3t A7l A2
Z DN 2AMel BD-R
SYEA 7HM0I E

20| sl=RE0| Y
H}
O

op
I

n

|—J_L
£ o
>.
N
J

> 19 o> -lo

N orjo o
N
B[
S
H1
N

51 w20,
*EX*ROI ag 0|
Ch. TfRR )
BH iE njcjofel A
2 mWestn, ot
aststs 2ol 7|

rr' ox 3 rPE

H
4o M 10 0|

q

mo = o
il
|0

ﬁ

-k
Aol 2752 2ol

= =
il

[1] O.Slattery, R. Lu, J. Zheng, F. Byers. and X. Tang,
2004, "Stability Comparison of Recordable Optical
Discs — A Study of Error Rates in Harsh Conditions",
Journal of Research of the National Institute of
Standards and Technology, Vol.109, pp.517-524

[2] J. Iraci, 2005, "The Relative Stabilities of Optical
Disc Formats", Restaurator, Vol. 26, No. 2, pp.134-150

[3] M. Irie, Y. Okino, and T. Kubo, 2007, "Investigation
on Life Expectancy of High-Speed Recordable Optical
Disks", Japanese Journal of Applied Physics, Vol. 46,
pp.3939-3941

[4] Kwan-Yong Lee, Won-lk Cho and Young-Joo Kim,
2011, "Long-term storage features of optical disks
according to recording conditions", Proceeding of
iPRES 2011 - 8th International Conference on
Preservation of Digital Objects, pp. 271-273

[5] ISO/IEC 10995, 2008, "Information technology -
Digitally recorded media for information interchange
and storage - Test method for the estimation of the

Journal of the SISS 2012 Sep ; Vol.8, No.2, pISSN 1738-6845

archival lifetime of optical media"

[6] Ying-Yen Huang, Yung-Hui Hung, Cheng-Pi Li, Min-
Hao Pan and Kun-Long Li, 2011, "A Dual Layer Blu-
ray Recordable Disc with Improved Archive Lifetime",
Joint International Symposium on Optical Memory
and Optical Data Storage, OSA Technical Digest (CD),
paper OTuD10

[7] Blu-Ray Disc Specification, 2010

[8] Kwan-Yong Lee, Dong-Soo Lim, Ki-Hyun Kim,
Won-lk Cho, and Young-Joo Kim, 2012, "Evaluation
of Data Stability and Analysis of Degradation Factors
of Digital Versatile Disk Recordable for Archival
Application”, Japanese Journal of Applied Physics,
Vol. 51, No. 8, 08JC01

55



