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Trends in Signal Processing Technologies for High-Density Perpendicular Magnetic

Recording Systems

REAEFEA « KIR F  BEAYTER

Y. Okamoto and H. Osawa, Faculty of Engineering, Ehime University

The remarkable increase in the recording density of
hard disk drives (HDDs) owes much to the improve-
ment of signal-processing technologies. Current com-
mercial HDDs use longitudinal recording, and the re-
cording density is coming close to the super-
paramagnetic limit. Thus, perpendicular magnetic re-
cording is being widely studied as a promising record-
ing system for achieving high-density recording. To
achieve this, however, requires the development of
excellent signal-processing, as in the case of long-
itudinal recording systems.

In this paper, we first explain PRML systems as
fundamental signal-processing technologies for per-
pendicular magnetic recording. We then describe
jitter-like medium noise (JLMN) and its influence on
the performance of PRML systems from the signal-
processing point of view, and show the effect of noise-
predictive PRML systems on JLMN. We also introduce
iterative decoding systems capable of improving the
performance significantly.

Key words: perpendicular magnetic recording, PRML
system, jitter-like medium noise, noise-prediction, itera-
tive decoding
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Fig. 1 Block diagram of signal processing in a
hard disk drive.
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Fig. 2 Isolated reproducing waveform in
perpendicular magnetic recording.
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Fig. 3 Jitter-like medium noise for an isolated
waveform (K=1.5)
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Fig. 4 Noise spectra of jitter-like medium noise.

AXIGHAMEFEL5E Vol 28, No. 4, 2004

NI | -El ectronic Library Service



The Magnetics Society of Japan

KT 5 2ok, FEMEARORTIR, BELSUH
EOTFTiITbh3. TR, #ELLT WILERAS
BfEs Y 2t - CEBIT A ETHEU S YV y & iR

ZraEsLATHMENEEBT Y AHEN S5 L
RETS. 22T, Vv o WEEES JLMN) tEEAY
ZHEE (AWGN) D 0.6f, £ TOEBRICEL 28 H%, ©
hzholofd LT, 2BEENE ®=0i+oiTHRT &,
FaHtLAICB I B S/N Hid, SNR=20logio(4/0)[dB]
LEZTES, 12120, fosl/TolBEY FL—1+Th 5.
F 1, RUTBHICHT BV s HRAREE OIS E
Ry=(0%/0%) X100 [%] TEHET 5. Fig.5i, Vv syl
FRESENOEIE R & Ty THBLL 1 RALER R XK
DIEERE o, OBFR%ERT. #2721, SNR=23dB &L T
W3, KrobhsdLdic, BEETDGRCBVTE, &
FHSLFROESICHRTEEBEORLES SEF XL
T, Vv I WMEDHENKERZONONLE, BVHBRZ
hig, AROBLERALEHEHEY Y AHRBTOEET S
CHELER TR, BEHRSGEEEEROUSTEIPEFH
[RERELEROBASICHNTKRES S, Yy ¥ HEEMS
DEIGHREVEEFTHAHE LA 2HEZTENR I b
OB IR E 123,

2.3 PRML A

F v XVESNEE LT, HEAREBERIGCEH
HZFE L TPRML ARICOWTHERT 5.

WE, F v 3VRIEEREEREBES Lk - TRkE
n3b0Ed 3, BRE7—5 1" e 3F v+ 2 VORE
WEOBE kT, (Ts: ¥ v KRR, LT TREICEZ
LD KBF B I MEEd £ TR EE, FERTS
BV E S ICZE LT 3 HR (do#0, de=0 (R#0) T 7 VL
2 £ v 2 (FR: Full Response) ¥ ¥ 2V EFEEN S, Ch
X LT, B1A2E dody#0,dr=0 (<0,k>v+1) TH B &
SHERIBNN—Yp VL RARVYR (PR) F+ XV TH 5.
PR AL, 205D “1” Icxtd 30 % AV T PR, d1,
o dy) EEIR LD, Kretzmer ik 3 1~5 OREEES
M LTETY. PRo, di -, d) FEZE T 5 F + X VO

100

80 Perpendicular

Longitudinal

0 0.05 0.1 0.15
ot

Fig. 5 Noise power ratio vs. transition jitter
(SNR=23 dB).
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Table 1 State transition table for the PRIML
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%‘." “."
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D AV S V] B
¢ /%
—_—

Fig. 6 Trellis diagram of the PR1IML system.
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Fig. 7 Influence of low-frequency cut-off (K=
1.5, SNR=24dB, R;=80%, fn/fs=0.4, N;=15).
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Fig. 8 Coefficients in the PR polynomial of the
GPR channel (K.=1.5, SNR=24dB, R;=80%,
Ni=15).

Table 2 Error patterns of PRML systems. (Ks=
1.5, SNR=24dB, R;=80%, f/fs=5X1073, fu/fs=
0.4, N\=15)

Error PR1 PR1 PR1 GPR
pattern ~(cut-off) (BLWC)
=+ 7 153 9 13
+x 1 1 1 1
TF=x 5 104 11 6
+F+F 4 2 3 0
TFLEFL 1 22 3 3
Other 0 8 1 0
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Fig. 9 SNR degradation with increase in linear
density (R;=100%).
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FUEHEMBEEEICHW 3 GPRML-AR ARIc & b #EE
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RIS U o B Bl O THESHEE 21T D 1o vic, RIEHER
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.
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Fig. 10 Block diagram of a noise-predictive
Viterbi detector.
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Fig. 11 BER performance of GPRML systems
(Ks=1.5, R;=80%, fu/fs=0.4, N;=15).
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HBEHEEDEWVWS vy 2By BRET B0, Thi
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oise coefficient

Fig. 12 Noise coefficients table (K.=1.5, SNR=
20 dB, R;=80%, fu/fs=0.4, N;=15).
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.
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Fig. 13 Estimated values and detector input (K,
=1.5, SNR=20dB, R;=80%, fn/fs=0.4, N;=15).
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FehiE, BONEBEFET S LMPTES, Table3d i,
GPRML F + 2 V8 & ' GPRML-AR F + R VIZX LT
K2 FFotvy +2BELCERERT. £LD, #X b
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Fig. 1512, RSFER X 2B VETIEROE v MR D REF
WAERY. 7272 L, Ki=15, R;=80%, fu/fs=04, N.=
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BMOTEETICETS v ¥ B0 5L, RSFSI
XBBOFTELENIcE X, BoRFEIKESILEZ L
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o 1-bit error O 3-bit error
& 2-biterror ¢ 4-bit error

Fig. 14 Reliability information for respective
error patterns (Ks=1.5, SNR=22dB, R;=80%,
fu/fs=04, N;=15, GPRML).

Table 3 Effect of using a postprocessor. (Ks=1.5,
R;=80%, fn/fs=0.4, N;=15)

Error GPRML GPRML-AR
pattern (SNR=23 dB) (SNR=22 dB)
Input Output Input Output
=+ 30 0 5 0
+Fx 4 0 4 0
+F+ 10 0 10 0
+F+F 6 0 5 0
+FrEF+ 4 0 4 0
Other 0 4 1 5
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Fig. 15 Effect of using a postprocessor after ECC
(Ks=1.5, R;=80%, fun/fs=04, N;=15).
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Fig. 16 Block diagrams of iterative decoding
systems.
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Fig. 17 BER performance of itérative decoding
systems (Ks=1.5, R;=80%, fn/fs=0.4, N;=15).

1 100
1e-1
1e-2

1e-3

BER
R, [%]

1e-4
1e-5

1e-6

1e-7} PRML with P.P
No error d

LDPC(20,3)[

015 02 025 0.3
Ot

0 005 01
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Fig. 19 Block diagram of the performance
evaluation system.
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