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METHOD AND APPARATUS FOR DATA DETECTION FOR PRML DATA
CHANNELS

Field of the Invention

The present invention relates to methods and

apparatus for detecting data, and more particularly to,
an advanced sequence data detection method and apparatus
for a partial-response maximum=-likelihood .(PRML) data
detection channel in a direct access storage device.

Description of the Prior Art

Disk drive units often incorporating stacked,

commonly rotated rigid magnetic disks are used for
storage of data in magnetic form on the disk surfaces.
Data is recorded in concentric, radially spaced data
information tracks arrayed on the surfaces of the disks.

- Transducer heads driven in a path toward and away from

the drive axis write data'to the disks and read data
from the disks.

A partial-response maximum=-likelihood (PRML)

detection channel advantageously is used to achieve high
data density in writing and reading digital data on the

disks. United States patent No. 4,786,890 discloses a
class-1IV PRML channel using a run-length limited (RLL)
code. The disclosed class-IV partial response channel




detection channel advantageoeusly is used to achieve high data density in
witing and reading digital data on the disks. United States patent No.
4,786,890 discloses a class-I1V PRM. channel using a run-length |imted
(RLL) code. The disclosed class-I1V partial response channel
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1995 to the presdfE ments have hean “uplenented e BRNL on

met hods and appagatestion EHahresli=Lon sk rfRAd, data channel . .An exanpl e
of a self equalization adjustnment arrangenent for data detection in a PRW
dat a

For example, U.S. patent 5,196,849 issued March 23,
1993 to Richard L. Galbraith and assigned to the present
assignee, discloses a?paratus and a method for encoding
a predefined number of bits of binary data into
codewords having a predefined number of bits for PRML
data channels. Rate 8/9 block codes having maximum ones
and run length constraints (0,8,12,») and (0,8,6,®) are
disclosed for providing timing and gain control and
reduced susceptibility to misequalization effects in
PRML detection channels.

U.S. patent No. 5,233,482 to Richard L. Galbraith,
Gregory J. Kerwin and Joey M. Poss, issued August 3,
1995 to the present assignee, discloses thermal asperity
compensation methods and apparatus for data detection in
a PRML data channel. An example of a self equalization
adjustment arrangement for data detection in a PRML data
channel 1s provided by U.S. patent No. 5,426,541 to ,
Jonathan D. Coker, Richard L. Galbraith et al., issued
June 20, 1995 to the present assignee. U.S. patent No.
5,619,539 to Jonathan D. Coker et al., issued April 8,
1997 to the present assignee, discloses methods and
apparatus for partial~response maximum-likelihood
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channel is provided by U S. patent No. 5,426, 541 to—ﬂrwmn+mnr13-ﬁaﬁ«a~—

Richard L. Galbraith et al., issued June 20, 1995 t gnee
U S. patent No. 5,619,539 to Jonathan D. Coker et a?'hk%"epﬁ% & ° a 1997
to the present assignee, discloses nethods and apparamlm m

parti-al -response maxi numli kel i hood - 3-

(PRML), extended partial -response HBX|nun}I|§eI|hood (EPRML), and V'terb
data detection in a direct access storage dévi ce (DASD).
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possible with a different detection method.
gsummary of the Invention

Important objects of the present invention are to
provide a method and apparatus for data detection for a
partiaf-response maximum-likelihood (PRML) data
detection channel in a direct access storage device; to
provide such method and apparatus substantially without
negative effects; -and to provide such method and
apparatus that overcome many of the disadvantages of
pribr art arrangements.

In brief, a method and apparatus are provided for
data detection for a partial-response maximum-likelihood
(PRML) data detection channel in a direct access storage
device. A class-IV partial response (PR4) signal is
applied to a PR4 Viterbi detector to provide a PR4
Viterbi output and is applied to a first matching delay
circuit to provide a delayed PR4 signal. The PR4
Viterbi output is subtracted from the delayed PR4 signal
and a resulting signal is applied to a first filter
having a frequency response of 1/(1 - aD2). The
filtered output signal is applied to a second filter
providing a second filtered output signal. The PR4
Viterbi output is applied to a second matching delay



applied to a PR4 Viterbi detector to provide a PR4 Viterbi output and is
applied to a first matching delay circuit to provi de a TislSheel sB&ﬁlﬁ

plagad| .
The PR4 Viterbi output is subtracted fromthe del ayed PR '
resulting signal is applied to a first filter having a f nse
of 1/(1 - [err]Derr]). The filtered output signal is applie 0 a second
filter providing a second filtered output sigpal. The PR4 Viterbi output is
applied to a second matchi ng del a -4-

circuit to provi deig itk mmey & & islelayesuPRdi Jil&lerbthoustpusy sdgnra .
Viterbi output is o (ROlAfed P ELEBO ditPuted@Ndolirkbeead radbbhikive

si gnal . I n ,acqgQrdance v&t feat uyes .o tr;ﬁgl nyention, the first
filter is an infirﬁot q‘rﬁﬁ%@ e@&&&'@‘{lq%p“ftil Pa2md the filtered out put
signal represents whitened noise and nodified PRWL error events. The second -
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I nvention illustr ' he awi_ngs rej . s a
schematic and bl o?‘[!‘%?&‘%r?ﬁ% %{EJ‘%%&FFPE gﬁﬁﬁﬁﬂi'nggpﬁe
present invention;second fidter 2As a matxihed fid terdusedckodidentingghow ng
the accessing mechap A erdrop Wentd Sk surface of the

Brief Description of the Drawing

The present invention together with the above and
other objects and advantages may best be understood from
the following detailed description of the preferred
embodiments of the invention illustrated in the
drawings,. wherein:

FIG. 1 is a schematic and block diagram of a data
storage disk file embodying the present invention:

FIG. 2 is a schematic and block diagram showing the
accessing mechanism for a single disk surface of the
apparatus of FIG. 1: "

FIG. 3 is a block diagram of a data channel of the

data storage disk file of FIG. 1 embodying the present
invention;

FIG. 4 is a block diagram of data detection

apparatus of the data channel of ‘FIG. 3 of the present
invention:;

FIG. 4A is an exemplary functiocnal diagram

illustrating operation of filters within the detector of
FIG. 4;



apparatus of. FIG 1; FIG 3 is a block diégran1of a data channel of

the data storage disk file of FIG 1 enbodying th IShéeeH4s Be laéc@N;
FIG 4 is a block diagram of data detection appar at channe
of FIG 3 of the present invention; FIG 4A

d

functi'onal diagram illustrating operation of filters w et ector
of FIG 4 -5« -5- FI GS. 5A, 5B, and
5C togét her provide an exenplary schematic diagramillustrating the Viterb

detector of FIG 3 &EFIheSAatSBdeandt 66ntagps 3F9§r§V1ﬂFGEH4BBFmPRérY
present | nvent iQhedi¥lic diageihCilfustratlhgCénd! 9ataibil butkbbingedual
i nterl eaved detectors cﬁ ﬁe data channel of "FIG 3 resent

f th
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Havi ng ref er engardent olhvéentiont ngad in FIGS. 1 and 2 there is illustrated
a data storage disk file generally designated as 10 including a rigid
magnetic disk drive unit 12 and an interface control unit generally
designated as 14. UWIG126i isi &l biockt ddagrami dijllubtzdting duadranmatic

of the present TCERTTSRaNcARLEBELRR, B £hS, RRFRCehabRie b Brclls We 111y

the present invention.
Detailed Desoription of the Preferred Embodiments

"Having reference now to the drawings, in FIGS. 1
and 2 there is illustrated a data storage disk file
generally designated as 10 including a rigid magnetic
disk drive unit 12 and an interface control unit
generally designated as 14, Unit 12 is illustrated in
simplified and diagrammatic form sufficlent for an
understanding of the present invention., The utility of
the present invention is not restricted to the details
of a particular drive unit construction.

The disk drive unit 12 includes a stack 16 of disks
18 each having at least one magnetic surface 20. The
disks 18 are mounted parallel to one another within a
housing 22 for simultaneous rotation on and by an
integrated spindle and motor assembly 26. Information
on each magnetic disk surface 20 is read from or written
to the disk surface 20 by a corresponding transducer
head assembly 28 movable in a path having a radial
component across the rotating disk surface 20.

Each transducer head assembly 28 is carried by an
arm 32. The arms 32 are ganged together for
simultaneous pivotal movement by a head drive servo
motor 38 including a volce coll 39 cooperating with an
internal magnet and core assembly. Drive signals
applied to the volce coil 39 cause the arms 32 to move



of a particular drive unit construction. ' The d| sk drive unit 12

I ncl udes a stack 16 of disks 18 each having at cedyr f ace
20. The disks 18 are nmounted parallel to one anoth SI ng 22
for sinultaneous rotation on and by an integrated s

asseimbly 26. Information on each magnetic d Kk surface 20 Is read from or
witten to the disk surface 20 by a corresp d| ng transducer head assenbly
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39 cause the arnms 32 to npve -6- in

uni son to position tHhe Ak dzdve it dlda icontrglipd, 48 §PF§@Féﬁnw| th
i nformation stonyesidifilse provided ik tHe icditroiOuniier 241 niﬁemaalﬁe

witten or read. The dis drlveU|t 1 S_¢C eratlon
by signals pr ownlf’etdmbf?'h?%rﬁfq}? alf,qn Al.nel %&%mﬁgh floP 56%98 si gnal s
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arrangenent, co ni | o] hat
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information to Aeoﬁf‘f*o?’ UW‘SCIMLSTM s
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on the disk surfaces 20, and the transducer head
assemblies 28 read this servo information to provide a
servo position signal to the control unit 14. This
information is employed by the control unit 14 to
provide position control signals on line 38A. The
purpose of this position feedback system is to assure
accurate and continuous positioning of the transducer
head assemblies 28 so that data is written to and read
from precise locations on the disk surfaces 20,

Referring now to FIG. 3, there is shown a block
diagram of a partial—response maximum~likelihood (PRML)
channel 40 available in the disk file 10 including an
encoder and decoder of the invention. Data to be
written is applied to an encoder 42 of the invention for
providing a modulation coded output having predefined
run length constraints. A predoder 44 follows the
encoder 42 described by a 1/(1-D2) operation where D is
a unit delay operator. A PRML precomp 46 coupled to the
Precoder 44 provides a modulated binary pulse signal
applied to a write circuit 48 that provides the
modulated write current for writing to the disk surface.
An analog read signal is obtalned at head and disk block
50 described by the (1-D2) operation. The read signal
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preci se locations on the di sk surfaces 20. Ref FIG 3,
there is shown a bl ock diagramof a partial-response maxi nrum|i kel i hood
(PRML) channel 40 available in the disk fil4-0 including an encoder and

decoder of the pnventiqgn. Data to he witten is applied to an encoder 42 of
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process for dat deted ot%a ' also is applied to the post processor
detector 62 to complete the maximum-likelihood (ML)

detection process for data read back.

provi de position control signals on |line 38A. The pghipPSee Haf BihiRepfRaS1 L1 0N
feedback systemis to assure accurate and conti nuous t he
t ransducer head assenblies 28 so that data is witte

In accordance with features of the present
invention, an advanced sequence detection method uses a
sampled PR4 shaped input and provides improved
performance, as compared with PRML data detection
especlally in the presence of transition or media noise
and adjacent track interference. Post processor
detector 62 advantageously is a dual interleaved
implementation, as illustrated in FIG. 6. This allows
for very high speed operation. The dual interleaved
detector 62, each interleave running at one-half bit
rate, is used to implement the detection method of the
preferred embodiment. Post processor detector 62 is
completely immune to DC offset. DC offset on the ADC
samples has no degrading effect on performance. Post
processor detector 62 is quite tolerant of MR head
asymmetry. Post processor'detector 62 has good
tolerance to thermal asperities. Post processor
detector 62 demonstrates no significant error
propagation. Post processor detector 62 is compatible



In accordance with features of the present invention, an advanced sequence
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position due to the granularity of the media coating at
the time of writing data on the disk. The
characteristics of this noise at the detector input-are
highlighted below.

!

The ideal PR4 response to a write current
transition or step response which is sampled at integer
n values can be written as:

sin (nn) sin(r(n - 1))
S(n) = +

m m(n - 1)

Small delta shift (An) in the placement of a magnhetic
transition results in a delta response of

d 1 1
— S(n) x An=( n cos{nn)-x sin(xn) + (n-1) cos(x(n-1)}-x sin{x(n-1)) ) X An
dn n2 (n-1)2

For example, a finite impulse response (FIR) filter
with the following tap weights can be used to form the
sampled response at the detector input due to a media
noise source.



The ideal PR4 response to a wite current transition or step response which

Is sanpled at integer n values can be witten as: sin
([err]n) sin([err](n - 1)) S (n) +
[err]n [err](n - 1) Smal | delta shift ([err]n) in the placenent

of a magnetic transition results in a delta response of [err]

For exanple, a finite inpul se response (FIRr9H Iter with the following tap
wei ghts can be usggdio < orgudinaizanpl ed respon f1 t=heideeoor i nput due
to a media noi se tapoxes -~0,01388H tap0l = aginlki-o 500000 tapll =
-1.000000 tap® =+apghE3880 017857 tapl2 = tap1d0e000.ape6867 0.017857
tapl3 = 0.166667%apa04 =0.DAFEIN0 ttapld = ~0.083333 t ap05 =

0. 033333 tapGih 5 0. WAIBI00 t ap06 = - ®aFAG0B0 0.050000 tapl6 =

- 0. 033333 tap07 itaﬂp638=331§3-050000 tapl7 = RpIE3F1O0833333 - 0. 166667
tapl8 = -0. 017857': t@pld = Q. @?.@839 tapl0 =
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exhibits a 1-D[err] col ored spectrumat the detector input, adjacent track

interference exhibits grandard PRML data channels exhibit sub-optimal
pérformance since the nolse entering the detector is
quite colored. The coloring effects are as follow: disk
(transition) noise exhibits a 1-D2 colored spectrum at
the detector input, adjacent track interference exhibits
a 1-D2 colored spectrum at the detector input and
electronic noise exhibits a colored spectrum at the
detector input equal to the channel equalization
network.

t

Referring now to FIG. 4, there is shown a block
diagram functional representation of one interleave of
the post processor detector 62 of the invention. The
PR4 filtered signal from the digital filter 58 is
applied to a matching delay 64 coupled to an adding
function 65. The matéhing delay 64 provides the same
time delay as the Viterbi datector 60. The output from
the Viterbi detector €0 is applied via a delay function
D2 66 to the adder 65. The post processor detector 62
utilizes a bleaching filter 74 with a frequency response

of:
—_—
1 - ab?

The value a 1s selected non-zero value that is less than
1. The bleaching filter 74 is an infinite impulse
response (IIR) bleaching filter. Alternatively, the
bleaching filter 74 may have a more general dual

i




a 1-D2 colored spectrumat the detector input and el ectronic noise exhibits
a col ored spectrumat the detector input equal to the channel equalization
net wor K. Referring nowto FIG 4, there is shown a bl ock di agram
functional representation of one interleave of the post processor detector
62 of the invention. The PR4 filtered signal fromthe digital filter 58 is
applied to a matching delay 64 coupled to ari@&ddi ng function 65. The

mat chi ng del ay 6 [ ' y the Viterbi detector 60.
The out put from flhng:re%:iteg:% tﬂ&g@gﬁ%ﬁ ?%%ngg%pf’?gd via a delay function D2
66 to the adder 65. The post processor detector 62 utilizes a bleaching
filter 74 wth a fsequency response of: [err] The value [err] is

sel ected non-zeroyaugpaihat is |ess than 1. The bleaching filter 74 is an

infinite inpul se qggégnse (I''R) bleaching filter. Alternatively, the
bl eaching filter ¢4 may have a nore general dua

-10- interl eave f&f eq%yiresponse of: [err] [err] Blerr] Dierr] i=0 [err]
[err] Dlerr] i:OjFQF%r Bl[err] and [err] typically equal 1 and for
non-zero values of 1, both Blerr] and [€rr] nay be non-zero val ues. The
i nput to the bleaching filter 74 is derived fromthe

where Bg and qp typically equal 1 and for non-zero

values of i, both By and «j may be non-zero values. The
input to the bleaching filter 74 is derived from the
delayed PR4 signal output of matching delay 64 minus the
Viterbi result or answer of the standard PR4 Viterbi
detector 60 coupled by a two bit delay function (D2) 66.
The output of the IIR bleaching filter 74 represents
whitened noise and modified PRML error events. A
matched filter structure 76 and a plurality of
predefined error event fllters (#1-#N) 78 are used to
identify dominant error events. Six exemplary
predefined error events occurring at the output of
bleaching filter 74 include first +1 0 -1; second +1 0 0
0 -1; third 41 0 0 0 0 0 0 -1; fourth +1 -1 -1 +1; fifth
+1 -1 0 +1 ~-1; and sixth +1 -1 0 0 =1 +1. At least one
error event filter 78 is used with the matched filter 76
to identify a dominant exror event.

A normalizer 80 couples each of the error event
filters 78 to a compare function 82 that saves a maximum
magnitude error event looking at all the event filters
78 over a defined timer window set by a timer 84 and
records an event type and polarity of the maximum
absclute value error event. The timer 84 is reset with
a new maximum magnitude error event. An end of timer is
applied to the compare function 82 and a modify gating
88. The recorded event tyﬁe and polarity information
from the compare function 82 is applied to the modify
gating 88. The modify gating is used to correct the
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del ayed PR4 signal output of matching delay 64 mnus the Viterbi result or
answer of the standard PR4 Viterbi detector 60 coupled by a two bit del ay
function (D2) 66. The output of the IIR bleaching filter 74 represents
whi t ened noi se and nodified PRVML error events. A matched filter structure
76 and a plurality of predefined error event filters (#1-#N) 78 are used to
identify domi nant error events. Six exenplary predefined error events
occurring at the output of bl eaching filter 4 include first +1 0 -1;
second +1 0 0 O détetbedddatals@reafi Befloré; bednyt tpplied td &13~-0D¥fth +1
-1 0 +1 -1; and g} -840 - t a n v, L)t 78
Is used with theﬁﬁéggﬁgérf%Pt38d7ée§%ipéeﬁ#§féggedgﬁgéé%%ogrégéoésén?#'

A normalizer 80 couples each of the error event filters 78 to a conpare

function 82 that savefefef®ihGU¥oPRB.t UHS & £oMmeCHSRALK OPEpPSsEhtatoh he
event filters 78,over a,def.ined iine wi nd set bX tiner, 84 and records
an event type an&BpBFSV#89d0F°tﬁ Hﬁ%?ﬂﬁﬁ\ggéoPBFE Fg?ﬁegErFQﬁ RO&ht . The
tinmer 84 is reseprocebserndecodermé?. naghiet PR¢ signalexentimérkend of tiner
is applied to th upet Lon n ' ty ecor ded
event type and pgﬁéggpghﬁﬁpogﬁaPgoﬁgﬁPgngPEeggghéérgefEﬁ%tﬁ%ﬁ'ggg?ébﬁpplied
to the nodi fy gadetgc8er $Rerepriespngsedi by (oxudgrd2) olscapplied ko the

-11- detected daggrspiBachinbOre1keirNg42RRVIAY aOfﬁe§u££éwrie£ﬁﬁﬁ§ed8f 90
and | eaving the osh pr&@gisgr decoder 62. Ri erfing.to FIG- 4A, a
time donain reprgéé t 5t PO )i $0,PEOVA8s o FALERTRABLIIPAL: oA ati on of the
post prﬁcessor dédddetratedTin FRG.sggnab dk egualKtoepissenThe Pyltered]

m nus the out put e | ' { e R0 sgpt
(a[err]-a[err]-ng%§52p8$5§3¥£%&{%gel?ﬂ%% gég% ﬁ%igé?tZ?.FgﬁPﬁée?ﬁéng

frequency respon¥8isened noisec ardpmeddtied, PBME, eHEOE eVentscds sapphiedAs
to the matched fillter 76 being reversed in time to the
IIR bleaching filter 74. A two bit error filter 78 is
illustrated for identifying two bits in error responsive

to the output of the matched filter 76.

FIGS. 5A, 5B, and S5C illustrate the construction of
the post processor detector 62 together with the Viterbi
detector 60 which is shown in figures 5A and 5B. As
shown in FIG. 5A, the PR4 signal represented by ¥Ygx.s and
Yk-2 is applied to the PR4 Viterbi detector 60 and the
output of the PR4 Viterbi detector 60 in FIG. 5B, is
represented by ag-.»s. The PR4 Viterbi detector 60 is a
conventional PR4 Viterbi detector without an embedded 1-
D2 postcoder.

Referring to FIG. 5C, the post processor detector
62 receives the PR4 signal represented by ¥Yx.; applied
to the first matching delay 64. The matching delay 64
includes a plurality of registers R respectively labeled
¥g-5+ ¥K-7, ¥K-9¢ YR-11r Yk-13r ¥K-15, ¥g-17. Yk-19, ¥K-
21r ¥R-23: ¥k-25, and Ygx.o7 for matching the delay of
the PR4 Viterbi detector 60. The post processor
detector 62 receivesa the output of the PR4 Viterbi
detector 60 represented by ayx.s;s applied to a first
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illustrated in FIG 4A, [err] is equal to 0.5. The filtered signal output
of the bleaching filter 74 representing whitened noise andssméilHﬁg ﬁ}m
m to

error events is applied to the matched filter 76 being re
the IR bleaching filter 74. Atwo bit error filter 78 is
identifying two bits in error responsive to the output of
filter 76. FIGS. 5A, 5B, and 5C i, ystrate t he constructlon of the
post processor detector 62 together with the Viterbi detector 60 which is
shown in figurdateh aﬁdmeMW|¢Dm¢t@ te he sewond glrakchePPesented

by Y 3 0 dth
y Ylerr]- angﬂﬁteﬁﬁﬁ 5% 1 f‘cﬁgg Eﬁ@ RP&* Méea@ia B R san t he,

out put of t he I S represented by

a[err]- Th&hrRPRY Vduarhierutmit 65)19%33& %v’é‘fﬁ i Rt dedayed | eiput
det ect Or Wi thogle apidertdeh ‘%22 recg@gﬁ@e&e applied Red ethie rwdaerFJs@ 5C,

t he post rocessor det ect or nal repyese
Y[erlro] 3 gppl i and sphtragted LR e, 451‘%(5}: %i :E E%ﬁ

i ncl udes a pl umlﬁdhy[ e deXHyiess R‘hesmmtﬂahyofaﬂeéeaﬂdéi'ess]is Y[err]

Y[err Y[err Y[err err Ylerr err
aLd Y][err][ fo]r %et*}iie%é e ] [ l\?*%?%l]de 1%+ l%ééléi: Ea po]st
processor det &heomdddy eﬁﬁaulmsappki@tmttlmé blheadliiing/ £Elber WUetector 60

ted b
Eigrelsg?cﬁ 96%%?31‘@(9 ﬂré %%ﬁ@e%&% osléog%c‘(’)%l Iat %c‘é%rl Be?ea ‘alerr]
provi di ng the mi&hia Magqﬂmhctboﬂ Scandhe Fegisterrbisolebeled ¥Ygal and
two bit del ayed out ﬁbrom §gc\4 gii} ér Y6’ dhd éffofpéi(éﬁée&‘mw%

adder 65 and sd@®rac 4 out put sl mat chi ng
del ay 64. The fAghcks cﬁﬁﬁnedaebmdaeplusalstyeﬁfeseﬁi-eﬁem 396108, (apdrr] -

aferr]). The outyyit PRhé ki 9s} Ne plersbity bElter 74
defined by a n&%&iﬁiiffsfg\z\gi{mffﬁ gagag:grrxésgeigivfly, shogn with a
factor of ~0.25, =-0.25 and ~0.5 applied to an adder 118.
The output of adder 118 is labeled as a compare point

for generalized error measurement (GEM) function (not
shown). A pair of compare functions 120 and 122 coupled
to respective latches 124 and 126 compare the filtered
signal output of the combined matched filter 76 and

error event filter 78 with a predetermined values, -1.33

and +1.33, as shown.

The second matching delay 86 is formed by a
plurality of series latches 134, 136, 138, 140 labeled
ag-31s aK~33s 8g-35, and ag.37, The delayed Viterbi
output is corrected responsive to the filltered signal
output of the combined matched filter 76 and error event
filter 78 utilizing the data stream modify function 88
defined by a series connected AND gate 142 and an OR
gate 144 coupled to a multiplex M 146. The delayed
Viterbi output is applied to AND gate 142 with a second
input of gate 142 connected to latch 124 and an inverter
152. The output of inverter 152 is applied to an OR
gate 154. The output of AND gate 142 is applied to the
OR gate 144 with a second input of gate 144 connected to
latch 126 and the OR gate 154. The output of OR gate



with [err] set equal to 0.5 and a register 104 |labeled N err] 29. A

conbi ned matched filter 76 and error event filter 78 is defined by a
plurality of registers 106, 108, and 110 | abeled N err], Nerr], and
N[err], a plurality of nultipliers 112, 114, and 116 respectively, shown
with a factor of -0.25, -0.25 and -0.5 applied to an adder 118. The out put
of adder 118 is |abeled as a conpare point-{fr generalized error

measur enent (GEM functlon (not shown A pair of conpare functions 120 and
122 coupl ed to A84pdst Lad F@éﬂ’m FXFEERs cé@pa“g%tlﬁelﬂpl“tte si gnal
out gu: of thg Caltmtapie&amha% fiigl ts@g; Forozé 19ctinge thet c@ﬁﬁe@teag wnihha
predeterm ned va as_s se mat chi ng
delay 86 is forﬁB %&g Pﬁatt;? Ef% IaI cfanctign ¥§6 %§§ 140

| abel ed a[err], pab&cn}l;eraper dnelaudd ray er Nlatchhd 48ecNaped ed tagiaig ,oamydutan s
corrected respog&h\igstige% f1I5|0t e&g@ Ith%u#,%léq._&g el QedMiched nat ched
filter 76 and error, event ut| t

a stream nodi fy

function 88 def inddcafed §§riae§ TP OPTE42 and an OR gate 144
coupled to a nultiplex M 146. The deI ayed \/ ter b| out put is applied to AND
gate 142 with a seco nput con et d tch 124 and an

i nverter 152. The o%&ﬁj % efaﬁl 5 Radr gate 154. The

out put of AND gmrmmsedam Wappltilud (ﬂ% @atpaikﬂbmmdh:la]a intexleavedut of

gate 144 connec f gate
-13- 154 is Iabe e&%ﬁpﬁ@ &&?Bd ena e msﬂ(t y?'(it %Itlg? Iﬁ@% S
set for selecti A2 FoUPdededYed d{ﬁqﬂh 154 .t hé (F@tl‘ dadt dagh @wEPUE f uncti on
88. The post codgndi@atied l&t A0 161deatsﬁnﬂzﬁ§3 dmbelm cﬁfrird]ed asyd @AFirst

oxo vsve o TSl i B L Al o g ot
- of the detectors 60 and 62. A serial marg:m output
indicated at a line SERIAL MARGIN is provided by a
second multiplexer 168 coupled to the margin output (M)
of both of the detectors 60 and 62.

While the present invention has been described with
reference to the details of the embodiments of the
invention shown in the drawing, these details are not
intendqd to limit the scope of the invention as claimed
in the appended claims.
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represented by Y[err] applied to a pair or dual interleaved detectors 60
and 62, a pair of clock splitters 160 and 162 coupled by a latch 164. A

serial data out a line SERI AL DATA is provided by a first
mul ti pl exer 1660“1““““[““{1"" Emiata output (D) of both of the detectors 60
and 62. A-seriial *ma¥ gitn dut put*i ndi cated at a‘\l ine SERIAL MARA N i s

provi ded by a second nmultipl exer 168 couple&' o the margin output (M of
both of the detectors 60 and 62. Wil e the present invention has
been described with reference to the details of the enbodi nents of the

I nvention shown in the draw ng, these deEg%%gH%re not intended to limt the
scope of the invention as clainmed in the ed cl ai ns. - 14-
CLAI M5 1. A nmethod for data detection for a partial- response

maxi mum | i kel i hood (PRML) data detection chanpel [n a_direct access
storage device, said et hdd Bebhpd; EpFgdetR dekpstien for arpastiahy a

class-1V parti aqummamt)mslmalihood (BRALY| A8thh@et8ELIYRUI PR4
si9nal Lo, 8 PR el 405 L ebok aBEadh Sedunn dovEEE 418 Lt e
provi de a del ayebripRi ssingnathe stepssubtractlng said PR4 Viterbi output
the reaul ting o gnal Nereryine & Eige<ty prittal 1 Peefofte rerpbmidtily) (3
- [err]Derr]) to pr@appkying fthe ereclei;vgdaPR4 signalhpbd ya ngRl hEitéirhfr ed
e R P
applying the received PR4 signal to a first
matching delay circuit to provide a delayed PR4 signal:
subtracting said PR4 Viterbi output from said
delayed PR4 signal to provide a resulting signal;
 applying the resulting signal to a first filter
having a frequency response of 1/(1 - aD2) to provide a
filtered signal;
' applying the filtered signal to a second filter to
provide a second filtered output:
applying said PR4 Viterbi output to a second
matching delay circuit to provide a delayed PR4 Viterbi
output signal; and '
correcting said delayed PR4 Viterbi output

responsive to said second filtered output signal.

2. A method for data detection for a partial-
response maximum-likelihood (PRML) data detection
channel in a direct access storage device as recited in
claim 1 wherein the step of applying the received PR4
signal to a first matching delay circuit to provide a

~delayed PR4 signal includes the step of arranging said
first matching delay circuit to provide a same time
delay as said PR4 Viterbi detector.

—_
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mat ching delay circuit to provide a delayed PR4 Viterbi output signal; and
correcting said delayed PR4 Viterbi output responsive to said second

filtered outp L NE“ 2. A nethod for data detection for -a
parti al - resumﬂlﬂ l"v“lllrl”“ltel i hood (PRM.) data detection channel in a
direct -access &tofage device*as recited in claim1 wherein the step of
applying the received PR4 signal to a first matching delay circuit to

provide a delayed PR4 signal includes the_step of arranging said first

mat chi ng delay circuit to provide a same” Pire delay as said PR4 Viterbi

detector. _ l'_lzﬁ:l _ hA metlﬁod foreddtd deteceicn dfdrec ip_mrﬁiﬁd]_-'a p?rt i al -
response maxi mum | i kel i hoo a_de n irec
access stor ager RRANE® efga’fg‘&g’?%ﬁgﬁg?% &ﬁ%tef e?%é?%%?éé%i of appl yi ng
sai d PR4 Viterdhamebuinta dizectnacaesshsborage device ns ¥$¢b¥®£i% a

del ayed PRA Videidh PUptelRChideacbPCor! SPpPyiRG 4L NORE N Seafsnd

mat ching delay circuirt to provide a sane tlnf deI€¥ @i said first and
second filtersoutput tosa secopd BateBing falak: GLEeRhtEe Br%IAe -
response naxiﬂweiéyéal?ﬁOOdiééfkl)odﬁFatdthenuaea thanseépiofa direct

access storage device as recited i claiml N ep.o I ng

t he resulting-%?ﬂﬁ%?fFS ﬁaigr§F°PpatEP%ﬁggPﬁ3Q§i$$eﬁ£€§%££rgg ﬁgggé 1/ (1
- [err]Derr])atsapecyine delayt asedaddgfidistnanddsecond €ilpevs. appl ying
the resulting signal to an infinite inpul se response (IIR) first filter

havi ng said frequency response of 1/(1 - [err]Derr]). 5.. A net hod
for data detection #or aApmethefl- foysgdetscdeherkian| fax| anpautidkm) data

detection chanpglphfisg fhkemtmdEd%eI1hbBAYPRALY a8tasaeeettedni n
channel in a direct access storage device as recited in
claim 1 wherein the step of applying the resulting
signal to a first filter having a frequency response of
1/(1 - aD2) to provide a filtered signal includes the
step of applying the resulting signal to an infinite
impulse response (IIR) first filter having said
frequency response of 1/(1 - aDZ).

5. A method for data detection for a partial-
response maximum-likelihood (PRML) data detection
channel in a direct access storage device as recited in
claim 1 wherein the step of applying the resulting
signal to a first filter having a frequency response of
1/(1 - aD2) to provide a filltered signal includes the
step of providing said first filter having said
frequency response of 1/(1 ~ aD2), where a has a
selected non-zero value less than 1.
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claim1 wherein the step of applying the resulting signal to a first filter
having a frequency response of 1/(1 - [err] D err]) to provide a filtered

si gnal i ncl udes-t'ﬂﬂlﬂﬂﬂ“‘mm er' ng said first filter having said
f requency respons MiDjerr]), where a has a sel ected non-zero
value less than:1.* ¢ + " : - 16- 6. A

nmet hod for data detection for a partial-‘?égbonse naxinun}likelihbod (PRWML)
data -detecti on changel i A methoacifozcaasa déteegtoneforea grarta@li-ed in

claiml1 whereip the step_of,_a Ln he .fi d,sign sgi d second
filter to prov?EEPSB?S §8§&NHR??¥#SEA§°§8tﬁ%?ﬁﬁﬁc?ﬁ%%éi%ﬁé§§;éﬁx; of

appl yi ng the fichasned dhgralireck mecesedstprage, demicems WQ@-"@@ Gt put of
et hod Ee e B e o 1 el i hood
(PRVML) data deft8cERIA EE&RHQYfRﬂt&rdFPeBF°¥%gEs§a§$oﬁ%&ﬂ?éﬁ?&iﬁé?ﬁg'recited
inclaim6 m?eretputh&ngnenegftphibhepagQSaAﬂphyihgathect&immmﬂhtgrnined )
error event fi oL ge eYe! n Qr s e to the
appl i ed filterggséangf gogég%ﬁegafgﬁggg}i$ﬂ§r§5§f§153“%ﬁ &&éﬁﬁgﬁﬁ%d for
dat a det ecti onshdd mapechedalfiltezptnsatmigantinene kpredakrrninrRd Jexram

det ection chanpglenith £21¢ekeCt access storage device as recited in claim?7

i ncl udes the step of recording an .error event type and a polarity of said
error event type. 9. A nmethod for data detection for a partial -

response naximum | i kgl i haosethBY- fotadatdetietbtbiofhfdned paxtidli+ ect
S5 d recor dod EPRBPRESG AP a1 Inao, KRE] “agea et eidh. TG Teans
_ channel in a direct access storage device as recited in
claim 6 wherein the step of utilizing said at least one
predetermined error event filter for identifying a
dominant error event responsive to the applied filtered
signal to said matched filter.

8. A method for data detection for a partial~
response maximum-likelihocod (PRML) data detection
channel in a direct access storage device as recited in
claim 7 includes the step of recording an error event
type and a polarity of said error event type,

9. A method for data detection for a partial-
response maximum-likelihood (PRML) data detection
channel in a direct access storage device as recited in
claim 1 wherein the step of applying said recorded error
event type and said polarity to a modify gaéinq means
for correcting said delayed PR4 Viterbl output
responsive to said second filtered output signal.
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for correcting sai-éd—delayed—PRA&—Viterbi output responsive to said second
filtered output sig

. -17- 10.
Apparatus for data ﬂl&&uﬂ‘! “uImH“(kart ial - response maxi mum | i kel i hood
(PRM.) data detect| I'm a*di rect access storage device conprising:
an input- providing a class-1V partial response (PR4) signal; a PR4
Viterbi detector receiving the PRA signal apgyproviding a PR4 Viterb
out put 7 a first matching delay neans-for receiving the PR4 signal and
for providing a del ayd@.PRAPPRFR&NS for daddcdetestdoinfoxula pexttiiad-said
PR4 Viterbi out pyas{osﬂabsgashﬂabaggieﬁﬁo%gQ%ngd data Hbddbivh 2

resul ting signal avl n uency response of -1/ (1 -
[err]Derr]) recehannglsingdar ééﬁpptngcge@tiast&mqa evdiaey conpn kednas

si gnal ; a secondafi lhgutr peeviuifigs Al ¢1hids-avedatidnal rdlihdtigwi ding a
second filtered zgtgﬁ gﬁi a second matchi ng delay neans for said
PR4 Viterbi outp dsgg ding a del ayed PR4 Viterbi output: and

corre_cfdi ng negnfS_}‘or aOPRACVikerpdi dledﬁamdraaéllwipmr bﬁheomzuf tsiggmloraaid/e

to said second fj k& ut put, .Sk,gRa paratus for data .
detection for a Bﬁ%ﬁ?ggpgrésg@ﬂsgqgﬁfFﬂuﬁwafﬁ 'i hood (PRML) data detection

channel in a direct aac&drsst na&g:hidm'/ideé.aa'smem& oy recedivhnt) thieerBRM

said first filte n f re @ﬂ@ gﬁg Jilter having
sai d frequency rés ngeag Tﬁ?&ﬁf gir ere asL a selected
non-zero val ue | ess tndﬂe: means 0113“ i antmit o

parti al - responsgrgﬁxbgg@ @i alvield0 Rl ﬁgﬁ)ag_ldal a1 V\?ﬁm&l @I in a

di rect access storage device as reC|te erein sad second
filter is a natcﬁ@&uitﬂn&*31gna1.

a first filter having a frequency response of 1/(1
- aD2) receiving said resulting signal and providing a
filtered signal;

a second filter receiving said filtered signal and
providing a second filtered output signal;

a second matching delay means for said PR4 Viterbi
output and providing a delayed PR4 Viterbi output; and

correcting means for correcting said delayed PR4
Viterbi output responsive to said second filtered output
signal.

11. Apparatus for data detection for a partial-
response maxinum-likelihood (PRML) data detection
channel in a direct access storage device as recited in
claim 10 wherein said first filter is an infinite
impulse response (IIR) first filter having said
frequency response of 1/(1 - ap2), where o has a
selected non-zero value less than 1.

12, Apparatus for data detection for a partial-
response maximum~likelihood (PRML) data detection
chahnel in a direct access storage device as recited in
claim 10 wherein said second filter is a matched filtex.
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- 18- 13. Apparatus for data detection for a partial- response

maxi mum | i kel i hood (PRVL) data detecti on channel in a direct access storage
device as recited i n said matched filter is coupled to at

| east one predeter r”“mﬂmrlm Imam, filter. 14. Apparatus for data
detection for a partialc- response s1axi num | i kel i hood (PRML) data detection
channel in a direct access storage device as recited in claim13 further

i ncludes neans for identifying a nmaxi mum ngpggitude signal over a predefined

time period of all said at |east one.predeterm ned error event filter and
for recording an eveh8.typppardtpsl foxt pata detectionAfpar at partdaldat a

detection for argpbhak nakIRAAST RRIHUB | (sabiroR gtsPamc%am det ecti on

channel in a dire access S Vi ce as reC|te In claim wher.ei n
sai d recorded eVBhﬂni’-}pénaﬁddéEIeéﬁ pgcess, storage device as Xeciteg ddans.

16. ‘Apparatus feglagat 20deheseinnshadd satdhieda!flltesddas cotplied td iakel i hood
(PRML) data detection channel  in a.direct. accessniF%&igg device as recited

in claim10 i nckBAEE ANS PrROSTEIMIOSd;Sr ¥7. Apparatus for

data detection for a partial- response ﬁaXIﬁUﬁ}|lke|lhOOd (PRML) data

det ecti on channel i n}gvdi g’taggq:ﬁ%s?cﬁ/ e Q:‘Qc(iﬁo?is fro(i.m t%gzjtq.aqj_al m 16

wherein said input p response
i ncl udes a seri zkspopse uayﬂmhmmhihgiilQRﬁr@%ﬁﬁd datay de output is

a serial output chhgRal. 1A"d BRIl dririgeaRdce sk sdotitdwltn bit
claim 13 further includes means for identifying a
maximum magnitude signal over a predefined time period
of all said at least one predetermined error event
filter and for recording an event type and polarity.

15. Apparatus for data detection for a partial-
response maximum-likelihood (PRML) data detection
channel in a direct accass storage device as recited in
claim 14 wherein said recorded event typé and polarity
is applied to said correcting means. '

16. Apparatus for data detection for a partial-
response maximum-likelihood (PRML) data detection
channel in a direct access storage device as recited in
claim 10 includes dual interleaved detectors.

17. Apparatus for data detection for a partial-
response maximum-likelihood (PRML) data detection
channel in a direct access storage device as_recited in
claim 16 wherein said input providing a class-IV partial
response (PR4) signal includes a serial input signal and
said corrected delayed Viterbi output is a serial output
signal, and each said dual interleaved clocked at half
bit rate.
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-19- 18. A met.hod for data detection for a partial- response

maxi munmt | i kel i hood (m I' I on channel in a direct access storage
devi ce, said nethod " mu lleps of : © receiving a class-1V
partial. response (PR4Y sfgnal;* $ *applying the received PR4 signal to a

PR4 Viterbi detector to provide a PR4 Viterbi output; appl ying the
received PR4 signal to a first matching del a_xigc__i rcuit to provide a del ayed
PR4 signal ; subtracting said PR4 Viterbi "output fromsaid del ayed PR4

signal to provide a reksaltimgmnethodl for datapgeyenyiohefoesal pamgiailgnal to

of 1/ (1 - "Terr] oS TEY e ERORIE-ALEE 1hbblIPBRY) "datal AGHHRRIN PhOONSC
filtered signal tchannekoin asdibedtiaccessistoraget deyliag, asaddi methodr r or
event; app! Yl digh Sk thd¥n gg&ig ggtput to a second matching del ay

circuit to provide a del ayed, PR4A Vilerhi outgug signal ; and correcting
sai d del ayed PR4 Vit erFRCetYINg decchasert¥ Parhiai Ersprnee (BRA)aALI8ALG
event by said second r@pplpingi therreceived PR4 signal to a PR4 Viterbi

20 i PGB 6 BERRHE! RCRR PR bRk [ SPISC e
devi ce conpri sing: applyinguther pecdiwgdaPRiasighilpsot aafirstponse
(o) Eha") . fing’ AR5 AEREGLEr so%OELYURR WPAGTRICR, B3R, el
recei ving the PR4 subtracting said PR4 Viterbi output from said
delayed PR4 signal to provide a resulting signal:;
applying the resulting signal to a first infinite
impulse response (IXIR) filter having a frequency
response of 1/(1 - aD2) to provide a filtered signal;
applying the filtered signal to a second matched
filter for identifying a dominant error event;
applying said PR4 Viterbi output to a second
natching delay circuit to provide a delayed PR4 Viterbi
output sigpal: and _
.correcting said delayed PR4 Viterbi output
responsive to an identified dominant error event by said
second matched filter.
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signal and for previdinga defayed PR4 signal; adder neans for

subtracting said P fromsaid del ayed PR4 signal and for
provi ding a resul t [ w m@‘mmm mla filter having a frequency response of
[err] [err] Blerr] serr] [err] Derr] receiving said
resulting signal and providing a filtered signal; said filter
conbined with an error event filter prOV|dL€Q_an error output signal;

a second matching delay neans for said PR4 Viterbi output and providing a

del ayed PR4 Viterbi d8tpubppamatus f£oxodadm ldu;m ffor @peettiiaig- said
czigl axggarpsfu\sf 1E§§Q% {QHEpﬂ%x&?ﬁg‘g& o\éq'ith% ? Lr’eé?%# gé#amt%‘uml i kel i hood
(PRML) data det@danBalcAnnpeRineck dﬂms mestdavag:@ downpsd sdagieci t ed
in claim19 includesafuahphl! Prlovdhg 2 @RIV partial response
(PR4) signal;
.a PR4 Viterbl detector receiving the PR4 signal and
providing a PR4 Viterbi output: .
a first matching delay means for receiving the PR4
signal and for providing a delayed PR4 signal:
adder means for subtracting said PR4 Viterbil output
from said delayed PR4 signal and for providing a
resulting signal:

a filter having a frequency response of
)

T By D21
d=0_
. w
T a; D21
0

receiving said resulting signal and providing a filtered
gignal;

said filter combined with an error event filter
providing an error output signal;

a second matching delay means for said PR4 v;terbl
output and providing a delayed PR4 Viterbi output; and

coxrecting means for correcting said delayed PR4
Viterbi output responsive to said error output signal.

20. Apparatus for data detection for a partial-
response maximum-likelihood (PRML) data detection
channel in a direct access storage device as recited in
claim 19 inc;udes dual interleaved detectors.
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