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T8 1. Gjole] M A{Ert ojoje] AL Bl

m AEPX| 2" 2
2EFA] Ade gukdoz Modified Lorentzian
o2 7ddy 3 gio},

B ]
()= T (o7 ®

714 = AEol 1/2 o] He AEE T3y,
=14 W $2]+ Lorentzian YA&kn g}, I2d x|
9 B2 3% (channel pulse response)

p(t, T) = s(t) —s(t—T) @
7} e, T 2874S Wi 39, 45 1/T 9

HlolE] gJ&o] bipolar Al@2, @ = +1o]2pd, Ho]
AR 2 (sequence of transitions) e

b= ar— ar-1 %)

%, be = £2, 0 °] 0 94 FF(noise) ol

g 7HE Ase
(D = gdk p(t—kT) @

755, pl)e Q4% 2| Bdd. o|RE H2A
FEap

p(t, T) = h(t)xg(t, T) ®

g & 4 ded, 9714 ht)e Adel JEx 37
(impulse response)ol™ g(t)e T 22 750
o
1 0<i<T
SUER ®

0 otherwise

2R AdY 7ol sloid HFEEE #ol/]
e TE oot gt 1Y Hol SH(solated
transition response) s¢)¢+ YB2 3 hit)e
7} 2 AL Ak
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m % 71%| (Peak detection) Z{EE4

Tkl T7F A&7t 7H (intersymbol interference) 2l
FS uA] kg Axz FEI) AdgW, 28 A3
yt)e fluxe] ¥ ¥l dgEe 258 (step
response) s(t)$} 27 ). o]RAL 2EE]R] A6
dE = dolgrst A5 F5 3 (differentially
encoded) Ho gl7] wEolt}, & FogRE o
EE SO02NE go Hort dojud 12 BiHy,
o)zl gled (o2 B3Ht weid FHuz #E
(peak detection) 42 17 29} o] #Pajzich

gzo 2843y (t)E BT (rectify) 3t UAA
(threshold 53 %% zero-crossing detector
enable2 oM y(t)E P13 4137} enable 4127}
high®! ¥¢kll zero-crossingS 38 1 23 z()e
high7} 8ol WA ¥ 28 dlolg] HEESS z(t)
7} highd W T o d$A17]3, & 1§ of t-$4]
Z4 4 3tk

peak detection 2ollA] 71 Bo] Hojupe 2/E
missing-bit 252} peak-shift 2F°]t}. missing-bit
QF(FE extrabit 27 IS 2 o) Ad =
HNZE A samplingdiA FaiM A7le Aol

B, peak-shift &F& ISIU #o 98] zero-
crossing®l Ao] th& o] %@ timing windowel] YE}
WA A7) Aol o2 eFEE Fol7] Yide
timing window& Z°]8 =&t oA ¥ Zo] Al
£3 (run-length limited code) & WA A&E Hol7}
t] 9 7FzoA Yol s Hrh

n & Zo| XEt 5% Run-length Limited Codes)

& Zo] A& %% (Run-length Limited Codes,
RLL )& 4] ¥z 3=24 0|7l Holg A4
of o] line Z=9 Hlsse), AT RLL =
AAA| 28] F7] (synchronization) &4 2lol% ISIZ
Zo)AY glol7] 8l zeke Ao 1970d0 Zell 2
AW} AFEAT RLL Z=8 A7) A1&g 57)
+ A1 A (magnetic medium)ellA Aoz} 713
dojG4E 1S ¥]AE 9T (nonlinear distortion) 5
ojg] Ho|o} FAH 5ol WAgh= Zojth ¢ d
oM 1& dhle] Holg FAE W RLL ITE d
¢ k FHEE AA (k) Z=as ket de o]
23 13} 1Aeldl] Bof7hs HAge] 09 s %3t
o, ke Aozt 09] 7HFE gkt wEhA #a3 d
e 05 o3t 13} 1Alo]o] YolFoza Aol A
o|zte] A& WaFA Hol ISIE €Y = 3l Ho)
2 kAR 0% o] 2% 13} 1X}eldl] WolZo 2 B
oty AZE AAA 28 <+ glA Fuk

23531517 %2 peak detection A&
missing-bit 277} AA o7 WAje] Be HEZ 3}A|
st 9Jed, RLL Z=& AMSIE2M o] missing-
bit F5 Y F Utk 2 Y2lE magnetic-fluxe)
Aol A& W8 £ 4 7] WEold), ¥HE RLL 3

[Read | %2 W0 [ Fulwave | 1¥01 | Threshold
Head T \ rectifier detector
nose Enable I )_’234 "=
— Zerg
dlat crossing PLL
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CE AMStEER A7)E dHolH 4o £48 BANE)
8] timing windowZ &0 shedl, o] wFol
peak-shift &F Aol Eofdt) 2y AAHe=
E ) RLL =8 4024 A8 4UxE 9 ¢
otk ® 294, R@)S 2 =9 density ratiozt
st 1 ghol 1dc) 39 718 URe FIE, 18t
Zow 7]& Wrol A onjditt. RLL FTolA
7P dekgel 3=e (1,3, (1,7 a28in Q1) 2=
ol Zkzte) F=&& 1/2, 2/3 a2l3 1/2 otk

T 1.(d, k) BEQ| ) AES

d=0 d=1 d=2

k=1 0.6942

k=2 0.8792 0. 4057

k=3 0. 9468 0.5515 0, 2878
k=4 0.9752 0.6175 0.4057
k=5 0. 9881 0. 6509 0.4650
k=6 0.9942 0. 6690 0.4979
k=7 0.9971 0.6793 0.5174

=1

2. LHEXQ (d, k) =

=
=

d k R R(1,-d)
0 2 4/5 0.8
1 3 1/2 1.0
1 i 2/3 1.33
2 7 1/2 1.5

® Digital Sampling detection

Digital detection < read-head®l 2% N3 &
AEYsta gAd JEA2E §3l peak detectiont
oo SIE 29 4 U=5 7] A8 o224 273
o2 7% 4xE F7E & U 8o

estimator® 2] AP1718a1de] E44 B Ad
7 v o 724kt Viterbi detector® 788 4 9
o} AZE HA St (sampled pulse response) thA
PD) k= thaHy @8 (polynomial transform) 22
dshed), A8 S0 PD)=1-D’& sampled pulse
response’t PO, V=1, P(T, =0, PQT, T)=-1 &
1 PKT, D=0 (k28 W) 4& ozt &3], ¢
E PD)=1-D'2 Ed=E ALE class IV partial
response (PR4) Al'dolg gt} &) 2&&H3 e
HDD A% 29 Uxo] At sid 2oy, 715
A5}t Foldel we}, UukAQl partial response
polynomial P(D) = (1-D) (WD) ellA ne] Zko] 12} 2
A AEeSH Adel] A AeF {E 5 U AE E
o] 715 4= PWa/To 7} ¥ 2259 | 7F¢ A% n
9] e 20tk olmle) Ad-& EPRA( extended class
N partial response) Adelg} & PO)=1D-D-D’
o] gtk PR IV A'd2l Modified duo binary adell
Ae ARG g +1 AES] MZ HEHA 12 &
£ 09 & 2 Fed, 19 AE detectorolMe
2% 12 032 o= dadsbd Aok 1971\
Kobayashi7h #1222 magnetic flux®] Hol-ggu}
P(D)=1-D’ modified duo binary partial response
A28 Alolo] FAlAge] HBule HE WEUWA,
Viterbi detectiong % 7% 3dB2} detection gaing
Ae & glka B[S, o] e 718H oz 1¥
39 Qe Ed]A(trellls) tiololaflolZ= time-
indexed finite state machine® A3l 442 s
283} 714 H|%3 pathE ol Ul Aol

712957} Z7teld EPRAAET fAlIAlE 3%
o= 23 49 22 $19 stated 72 trellisE AME-
3} Viterbi detections @t}

Digital detection®] 71 A<l oz
£ partial response®t Decision feedback
W2of glet,

Partial response 4 tAE 54l A
&Hol] #olm Qle AR AR o)A
AdE [@dk = PAAFA Holg} Ho] A
ol9] 214 & Ha] Hojmale Ae] oz} 7}
747 sk ¥, $e)7k ov] &3 gle 18]

Yoz vhEo] Fo M detection WS
87 = 4 vk 9714 detection
21 & maximum likelithood sequence

2! 3. Modified duo binary system2]
sequence detection2 9|8l trellis diagram
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g AHgsle] dfalzE TREolM detector £
e A37F &5t $e87t 93k partial
response ¥°| HEEH #HF22ZH Viterbi
detector®] A6 =Y & A €k o]FA
PR4AIEIA 3 dB, EPRAAIGAA 6 dBEES]
detection ©]5°| A0tk

T, £l Hao] mofo] o] HejR WYY
o2 dubH 0 2= feedforword®} feedback F&

011 | oM adaptivedt UE1E AME-gHc}

Adaptive2& 2= decision feedback ¥
o] 2y 7o Yeh} Stk Adaptive decision
feedback detection adaptive partial response
detection®} th2A feedback filter B(D)7}

101 ) decision® kel oJ3) ARE.

g 2 7ol feedback transversal filter
BD)E look-up HolEolYt RAMOE diXjAlA
% d&d, o224 W¥¥€" DFE (Decision
feedback equalizer) & RAM-DFE=}x @cH3

11| g #3). o] RAM-DFE: wid|e] EA44 dojd

F e A5 FH7F FFHA 7] WEel ks

02! 4. EPR4 RS 2B trellis

® Decision Feedback ¥

o|A& 259 e FZE I ¥ feedforward
BEL 1SV} causale]l HE=E HA dAje] YA o
7} YA [Sl(trailing ISDEY 7Fsdt A%5 read-
channel®] ¥ $& P, T)9 24E o] F= A
g "ejolt. o|FA A YA ISI= feedback i

&9, o|AL Fdo| 4 v{Y [SIE EAIE
& 3l
o] 9ol A& detection ¥ sequence detetion®]
2 7z & 4 9= FDTS(Finite depth tree
search) ¥9e] sl a9 99} 2 P& Ze=th

ol glolx|A Hct.
3, 18 67 7o| 339 feedback filter 1-P(D)
Yi Feedforward + o X > Decision 3,
wz= | Filter WD) %
&
Feedback
Filter
B(D)
_1 ~
Xp= Zowmyk-ﬁ m‘;lbm aj—m

2l 5, Decision Feedback detection
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Symbol detector or
Viterbi Sequence detector

)

k

filter 1-P(D)

Fixed Feedback H

/ _

Yk
Feed forward h o . -
g;_‘ Filter W(D) g
PP
Error signal N
18! 6. Adaptive partial response detection
Feedback
Filter B(D)
S /
Y« Feedforward A X . =
MES xng - - Filter W(D) NI Decision — ak
=4
YN
L/
Error Sinal
2! 7. Adaptive decision feedback detection
Linear -

y + — .
K\ Feedforward A Decision )
ELS e Filt N k

MZel gy Fitter ]
=2 -
=49 Nonlinear
RAM
Feedback

712! 8. RAM-DFE Detection

81 WS ZSEX|
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Find closest match
y Feed forword + m calculate  select  output 2
SA S Filter N-sample  least leading >
ERTR WD) MSE path bit
Feedback
Filter B(D)

2| 9, FDTS-DFE detection

[ =

2 3dME ORd 19% 712 71$E tEkeb A
el 715 AR Al2"eR 20715 AR 9}
BNE A% AAE YRE LR FHS 5 3=, S
AR e 27715 AP EG 28 Agrt A
el & 1ol 71€3 tAd 2U% 715 Vg0l ol
7RE 24| @3 9ok,

B z217] 718 A A vld 60% olde e
g Fololgt AAHEE FAE 4 Q7] wEol A2E 2
1% 718 7)eS 982 st ot 3k V1E e
2 ¥z 3= 413 AE o] AAG 23N o) F
o}d & e £ oMy A% HE S g5
7135t

dlole] AR AldL dlofe] A% AdH fAlH F
Al g A3 o]&F ulEe g 1I% 7]80] 7b53)
o} Ad A2 YutE o [orentzian A8 24g
s, 957} $718e] webA partial responseZ 53}
AR A Hrk mety 84 8ol 201 e 1Y
% 71% 7]€2% PRML(Partial response maxi
mum likehood) W4lo] SQl=d , I W3R
RAM-DFEZ} itk Z28]a ML detection 3 A8
detection®] 3 FENQ! FDTS HH4]E )43 FDTS-
DEF detections o] 2|3 glch

o] Yol A1 o] 28 o] 83 413 AE WRIEE
AN B ATFE L lovt oRA7RA] AFas) |

2 AE g

[1] R. W. Wood and D. A. Peterson, “Viterbi detection of
class IV partial response on a magnetic recording channel,”
IEEE Transactions on Communications, vol. 34, no. 5, pp.
454-461, May 1986.

[2] P. A. Franaszek, “Sequence state methods of run-length-
limited coding,” IBM J. of R&D, vol. 14, no. 4, July 1970.

[3] H. Kobayashi, “Application of probabilistic decoding to
digital magnetic recording systems,” IBM J. of R&D, vol. 15,
no. 1, Jan. 1971.

f4] F. Dolibo, “Signal processing for high-density digital
magnetic recording,”Proc. VLS| and Comp. Peripherals, pp.
1.91-1.96, May 1989.

[5] J. W. M. Bergmans, “Partial response equalization,”
Philips J. of Res., vol.42, no. 2, pp. 209-245, 1987.

[6] K. D. Fisher, J. M. Cioffi and C. M. Melas, “An adaptive
DFE for Storage channels suffering from nonlinear [S),”
Proc. 1983 ICC, June 1989.

[7] G. Ungerboeck, “Adaptive maximum likelihood receiver for
carrier modulated data-transmission system,” IEEE Trans.
on Communications, vol. 22, no. 5,pp. 624-636, May 1974.

[8] ). ). Moon and L. R. Carley, “Performance comparison of
detection methods in magnetic recording,” IEEE Trans. on
Magnetics, vol. 26, no. 6, pp.3155-3172, Nov. 1990.



185 A2
CXE DAL 718718

ol

- 1983, 2. A it MAIZEtT BAf

- 1984, 12.. ojAJZ} i3t (University of Michigan) 4Af

- 1994, 12 ZXjof Z3§3} (Georgia Institute of Technology) YA

- 1995, 1, - 1995, 12. xX|o} ZT}H{3} Research Associate

- 1996, 1, - 1997, 2. EOHA HEEN d7L HoJAFH

- 1997, 3 - A Sxigtd HAFE D AT

- gRHARok Y FY, §4 o/ ¥ HE 94, H]Y 54, AEX ALY



