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A PRML System for High Density Optical Recording
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This paper deals with methods for partial response maximum-likelihood (PRML) detection and

crosstalk cancellation. In accrodance with the demand for increased recording density, 20 gigabyte
(Gbyte) digital versatile disk (DVD) ROM channel is considered. Channel is modelled to be close to
real optical channel using DIFFRACT™. After comparing the spectral characteristics of various PR
polynomials, P(D)=1+D+D’+D’ is proposed as a target PR. The performance of the system is
illustrated under the condition that the readout signal is degraded by crosstalk, radial tilt and

nonlinear distortions in optics. The experimental results show that crosstalk and nonlinear distortions
degrade performance by about 2dB, respectively. We also show that when radial tilt is added to the

crosstalk, the performance degradation assumes quite significant proprotions.

| G =

HolE 1& 71€9 47 Gbyte DVD-ROMF 20
Gbyte DVD-ROM®] A}%kg vebdch 20 Gbyte®! 7
¥, #olA e sgo] Folxu, EYZ A0 Foby
g U F A% F, 71F 427 wobAE, 94
4837 AT Odd NdE 45 dRAEA AT A
=g % 37 A, 143}*1 FgE As
A 718 R Alad HA eF€Ech B m=EdME
HAE 718 Mg HHA T7he o%

PRML A2¥g Addct [1i23]. 29 1
Alzge] FHEZE Jebdch PRML Al2gleA Ad

‘Z'ﬂrf?} Aze F37ld oM fee bl 4

&g ZHAA =9, Viterbi &7 984 diz

PRML

.& Mo o °

] m{o

L

RES 0045 $¥ BT 2049 dyYopo] o5t X
gdom, @3 #% 71% AGH LG AA FHHEAY 2
gl @5 Afstol o] Fol Ag

e

]
ES

£ ad w4 FA2 et A4
¢ 9% PR 9N B R A2Ye

—|m

M
288 ¥ EFMplus
(RS ®8)

uxsg
(NRZIY

1

]

i

H

i |

¢ e ': Viterbi Ly s

=83 | =87

-244-

19 1. PRML Al2¥ #4%



913k PRML A2gle] A=) g Ae34]

¥ 1. DVD-ROMS] A%

#olA 3

7HT&(NA)

379 mE Zo)
T:4E 7+4)

EYz 14

4.7 Gbytel 20 Gbyte
650 nm 410 mm
0.6 0.65
0.4 m 0.21 im
0.74 1m 0.36 m

AAelth EA, A7 AEZ A, B4 nAgA,
13 EY7r 744, a8, g3 HEAY (Hivel
Z2A8 ogE %73@1*14 e el FAH L
2 43 ¥4, 2 ZoAEs DIFFRACT™A E# 040
% Ad mdg s AHEc, 3 FoAE PRML Al=
g dAY rikle] HE= EE PR 9de 248 o
£t 4% e dA"E PRML A= 4%S oY
& A% 93 AdAstelA ByEn, 5 Ao é%.‘li
WE As

o. 449 299

2 =E& 20 Gbyte DVD-ROM A4 & 2xz &
. $4, DIFFRACT™ A &# ool ot HNyH

Ad mdg Fd. 27 2¢ ABHA Ady
2 ¢9%S JEiddh a3y, 44 DVD-ROMe &
APHoz TEE 4 % FA9 wAdg 540
EAFT. 2HeR, AT A% AFE dHME o
e Ay 54 2dy fAFd EIFAAC o
DIFFRACT™ AlEgle] o] o3le olejg may =
e AMEd, A% ABEY Al o uHdy E
dol AFEE & # gt 2gez Uy ABRdg"

r_‘_’,

HEYPN I

2E 2. 20 Gbyte DVD-ROM 49 J8A 3¢

-245-

Evlth vXy EAE Jeldle 938 @S Mg A
d 8o dFgdoE2M, FEAY HMY BEAS I
oz mdy v 29 3L APHA AY 24
I} uAY BEAS 239 2dgE Ad 280 93
o "uge), ¥HY EHE XTFF mdygo] HA
DIFFRACT™ Al&dol4d (AM)9] 7$9 A9 22
7 &S U £ Ut A EdFd dig &4
& AE AgES 4l JdeEy sl

m. 5% PR @49 24

PRML Al=ge] dAe] gloiN 7Hd 288 A
% st H22 st B¥ PR 049} Aol
29 4: o99d PR O34e Fis 547 20
Gbyte DVD-ROM #de] Fi4 EAH L BAET
g & £ %], dA Ade g9 A EA
& Zeg (Yo, Y9 AF E4e 9x9 4
#dated b, a4, AD)=1+D ¢
P(D)= (1+D)*% =X PREZ A4 ALE U9
A EAol gy} WiEo Fg A3/t A wy

, P(Dy=1+D+ D*+ D% P(D)=1+ D+ D?

+ D34 Die] A9E AA AdT Ae KA 5

]

43 \
i AR )
/ N i =0
i / : DF\ T™ \\
N ws ;g‘-a\\ﬁ\\ww
ek L

1Y 3. Ay Edy g vjdFge] Frid 2dH,
28 31, DIFFRACT™d] 23 Ad &3 vz



2000 XBEFTR2E FIFHRALMASE WCE $23%8 F1H 2000/6
+ E4e nolnE, e 3HE 493 29U 4 9 V. G 4% 4% AR we 45 Mw
o}

PR &4 Heo] lojA] #HE 73tel g v=
Al nejEojof & o] Viterbi 3719 EzLkol
o durdoz PR ttge Zeolg golztm W,
Viterbi £37]9] Trellis A=Al e A (state) 5+
£ 2" 1ol Ak, 2 Al2"o A run-length-limited
(RLL) (2,10) #353 #7ge] gz, 4 Ad A
% 27 (minimum distance constraint) d=2% o}7]&
2E ZZ (path)x Trellis A=A A AA"G (29
5. wetd, 25 Just  AD)=1+D+ D?
+ D% %= 6olm, PAD)=1+D+ D?
+ D+ D'sl A$E 8otk IHER, Viterbi 2%
714 ERA=g 183y B AzddAe
AD)=1+D+ D*+ D’ &% PR g¥4oz A
Said=

,
. \ i
10° [ H
g — /, .

10’ :

e /’* AR

0 005 01 015 62 025 03 035 0.4 045 05
Normahaed foquency

Amplitsdndd)

23 4. B¥d PR O¥2 S 3 20 Gbyte
DVD-ROM Ade] Fa4 EA W,

B3 82 By a/z Ao Ay By
111 e e 111
110 e e 110
100 o e 100
011 e e 011
001 e e 001
000 o o5 —» e 000

a9 5. AD)=1+D+ D*+ D*Y w9 Trellis
HE (RLL (210) ¥Z B3 33).

-246-

£ FHoMe gokgt Hs 93 ¢zl fE Ax¥
T Ho A¥L FI 49 2o 39 H¥d 9
g A& g FHS AF AEFD 100974 s
& 109 FHduwe] A,
28 62 Ay HED Y ASh, U EYY Y
(Crosstalk), 18]1, tj2ze HIEAY (Tilt)e] &)
g W AF ¥iE BAdFdY, AdF A8 g
EAE fe H5E& VIELE, Ud A ELD 14
ol HalAE 2dB A=Y A% dIrt fgHE A&
A% 4 ok 53], £€3U A% B4e ¥ 5
79 &8¢ A¥Ee AL gt ok 2y 7e
871 29 HREY 2EadE veEbdt a1y
T(@)9 Z+e 9FH AEL BT EAstes A8
Yetde, N3 dEE Alold FRo] BE8E¢E
g 4 Qo whdel, 9 EYZE k4ol daid 19
T8 ZBfolls AE ddE Alo]e] FH#ol oy
& 9% F Utk old AF HAWE Ao BE
&2 Viterbi 55719 HE o=5E f2etA do. 1
g 6olde =g, AFH EL 4ol g2z nE
Agel HafiAE, 3dB A= F74H<Ad M "srt
EAYE & F Urk o] W, AH EW} 4o 47
& AY¥ES F& WAF LFgoz HEAY (radial
tilere  mEslgdw. 2¥ 69E 20 Gbyte
DVD-ROM Ader @& 4 Ae HH9 BAH A
% (maximum-likelihood sequence detection bound;
MLSDbound) €Al Fo14 Ao} [5].

Y % oX

ol

(oA

1E-01

<8}
“*1SI+Crosstalk
B2 | N =|S1+Crosstalk+Tilt
- "MLSDbound

&

Bit Error Rate

B

1E05

CATD /7 ADN

a9 6 AW AR B, 9 =S B4
gazel NEAYY S 4% 43,



PRMIL A]/\Eﬂol /H?_-“ ) MLH&]

2% 82 29 69 ZASEA A BA9
g %**01 Haze Wel 4%g roFErh WA,
AB Aol FEAle udy 540 HAR

g7t ] gqg F

rulo i

A

7 R

rr

(a) AW HED THT EA

) 93 FE FAF Y 2T Y EA

a9 7. 537 29 29 Ax i
S AEY

1E-01

- 1sl

—+iSi+Nonlinearity
“&1Sl+Nonlinearity+Crosstalk
S-1S1+Nonlinearity+Crosstalk+Tilt

1E-02

1E-04

Bit Error Rate

1E-06

29 8 oA WA 4Fo] EAY ),
e 24, QA =4 Atz
HEAG &% 45 23

HE

HAa
Mk
, 2dB
Ao

=247

gy, 7o) AH EL BAo] HHAAY, &
UH A 24# g2 HEAY] A dA
W, 4ZE 4% 48yt EAgte A2 #98 5
o &, o] Afele AIHHUE AEE 7HEA s
HAxe AE A& 107 mgsx RaA Bk

v.d4 @&

Z Ad& A% PRML AN~
JS 7ol Nad ERE
2 n#sd P(D)=1+D+ D%+ D3g 2x PR ¢
FA ez Aol A¢td PR o4 § ugos
Viterbi 23718 AAs9c dged, AF A8
ZHAolddel Add EYL 4, d2Ad HEAY, 1
Zn #EAe HAE 549 g A €3 AR
02 4% 93 =g 5o H4¥e T3 vy
ot A3 dxtol o)std, FEAle] wAgAER 9P E
Yzt BH 2dB 7@5«1 A5 438 fEsidd 2
gu, F A A ¥4 EAse A, EL g
e HEAZGAA gilXe Fde AFY A= A
o Aol AY Brssdd. xde=, A4 A
E AZY 24 daAe A9 HEEE AA
87] 918 A% A 7)1Pel AF A7 FA= "e
< #9% 4 A

A1 74

[1] T. Narhara, K. Aratani, A. Fukumoto and S. Masuhars,
"Partial-Response Maximum-Likelihood Detection Method for
Magneto-Optical Recording,” Jpn. J. apply. Phys., Vol. 36, Part
1, No. 1B, pp. 549-556, Jan., 1997.

2} H. K. Thapar et. al, "A class of Partial Response Systems for

Increasing Storage Density in Magnetic Recording,” IEEE

Trans. On Magnetics, Vol. MAG-23, No. 5, Sep., 1987.

Jackyun Moon and L. Richard Carley, “Partial Response

Signaling in a Magnetic Recording Channel,” IEEE Trans.

Magnetics, Vol. MAG-4, No. 24, Nov, 1988.

[4] Seong-keun Ahn, Hyung-Nam Kim, Seong-Yun Jeong,
Kyung-Chan Park and Jin-Yong Kim, "Linear Modeling and
Nonlinearity Compensation of the High Density Disc Channel,”
1SOM/ODS 99, pp. 345-347, July, 1999.

[5] G. D. Forney, "Maximum-likelihood Sequence Estimation of
Digital Sequences in the Presence of Intersymbol Interference,”
IEEE Tran Inform. Theory, Vol. IT-18, pp. 363-378, May,
1972.

{61 J. W. M. Bergmans, Digital Baseband Transmission and
Recording, Kluwer Academic Publishers, 1996.

[3



