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In- one conventional di sc drive, an el ect r omechani cal actuator\
operates within a negative 25 f eedback, cl osed-|oop servo system The
act uat or’ noves the data head radially over the disc surface for track
seek oper¥Pi’31&7nd hol ds the transducer directly over PCI/UBIRASSBN t he
di sc surface for track follow ng operations. 30

Information is typically stored in concentric tracks on the surface of
discs by providing a wite - signal to the data head to wite information
on the surf acgT it YISPERPICIPRIECTOR FOR CHARNERG.

- 2- In retrieving data fromthe disc, the drive controller

control s the el ecUMEBTLLNG | AadCODErHAVING TIMEafBARYING:ad flies
above the disc, sensing the flux reversals_qn t he disc, and generating
a read signal based on those 5 {IQNSTRAINESs The read signal is
typically condi ti oned anglgﬂsnoge NNl i ve read/wite

channel and the controller to™T€ : . A typical
dat a stoBage channel inEhadexesént inventien radatasathedisc alnionasic gain

control circydfdy particularly, the present invention relates to a

data detector in a disc drive wherein the data detector
detects data encoded according to a code having time
varying constraints, and wherein the data detector has

10 a time invariant structure.

BACKGROUND OF THE INVENTION
A typical disc drive includes one or more
discs mounted for rotation on a hub or spindle. A
typical disc drive also includes a transducer supported

15 by a hydrodynamic air bearing which flies above each
disc. The transducer and the hydrodynamic air bearing
are collectively referred to as a data head. A drive
controller is conventionally used for controlling the
disc drive based on commands received from a host

20 system. The drive controller controls the disc drive to
retrieve information from the discs and - to store
-information on the discs.

In one conventional disc drive, an
electromechanical actuator operates within a negative

25 . feedback, closed-loop servo system. The actuator moves
the data head radially over the disc surface for track
seek operations and holds the transducer directly over
a track on the disc surface for track following

_ operations.

30 Information is typically stored in concentric
tracks on the surface of discs by providing a write
signal to the data head to write information on the
surface of the disc representing the data to be stored.



10 a low pass filter, an analog-to-digital converter, a dat a

detector, and a decoder. The read channel can be I npl enent ed either as
discrete circuitry, or in a drive controller associated with the disc
drive. Suchwg 99ks3se controller typically includes error f@f/@ﬂs'n%osa”d
15 correction conponents as well. A Viterbi detector has
been used in the past as a data detector in a disc drive read channel.
A Viterbi detector acts as a maxi nut@ti kel i hood sequence

esti mat or when the i nput ,to the detector conS|sts of a 20 signal E)LI us
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class 4 (E[err] PR4) chanpel re pectl Fqorcing the
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results in noidksc, the data head, automatic gain control circuitry,
10 a low pass filter, an analog-to-digital converter, a
data detector, and a decoder. The read channel can be
implemented either as discrete circuitry, or in a drive
controller associated with the disc drive. Such a drive
controller typically includes erxor detection and
15 correction components as well.

A Viterbi detector has been used in the past
as a data detector in a disc drive read channel. A
Viterbi detector acts as a maximum-likelihood sequence
estimator when the input to the detectoxr consists of a
20 signal plus additive white, Gaussian noise, and when a
typical branch metric (the square of the error in the

signal provided to the detector) is used.
In digital magnetic recording, the pulse
response of the channel has conventionally been
25 equalized to a suitable partial response (PR) target of
- the form (1-D) (1+D)®, wherein n is a non-negative
integer and D is a delay operator. A number of
different PR targets have been developed. For example,
when n=1, 2, and 3, the resulting PR targets are
30 referred to as partial response class 4 (PR4), extended
partial response class 4 (EPR4), and enhanced extended
partial response class 4 (E°PR4) channels, respectively.
Forcing the magnetic channel pulse response to
a prescribed target generally results in noise



-3- - ‘ enhancenment and noi se correl ation. To reduce such effects,
t he channel target response can be generalized to a PR pol ynom al of
the form~ f(D)=1+f[err]D+f[err]Derr]+. ... + flerr err]
where, W %%%(08376033 of generality, f[err] is nor mal ipfghjs??fl%%nd-
the f[err] ternms are allowed to take non-i nteger val ues. 10

G ven the generalized channel target respdnse set out above, the
nunber of states required in a Viterbi trellis is equal to 2[err]. For
exanpl e, a Vi tenhancemenfetand onofige t berEpdatiPR4 chdfmelregiue lsyuch 15
flerr] (D) =1+2Pr2DE8" "{ndl Shddnel taﬂ%et r s$on?geléaﬁ[§ér%eﬁe}§l§.tz% S-

OF course, as n Is I ncr eased,_t nunmber o Iterbr 3States can becomne

prohi bitively

tpargBR polypomipdept the forddiate the 20 conplexity

such detectors, |ocal feedback can be. i npl emented in order to
elimnate sone of the L nter l, interferen (I'Sl) ternms. Such
detectors E are referFéBsFg+§§g$€§ﬁ6ed:stafé s@ﬁuence estimators
(RSSE) and include 2[err] states and (n-n) feedback taps, 25 where mis

| ess than or equal n.
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where, without loss of generality, £, is
normalized to 1 and the f; terms are allowed to take
non-integer values.

Given the generalized channel target response
set out above, the number of states required in a
Viterbi trellis is equal to 2". For example, a Viterbi
detector for the E?PR4 channel given by:

fgzpn“ (D) =].'*'2D"'2D3"I)4

has 2% = 16 states. Of course, as n is
increased, the number of Viterbi states can become
prohibitively large. In order to alleviate the
complexity of such detectors, local feedback can be
implemented 1in order to eliminate some of the
intersymbol interference (ISI) terms. Such detectors
are referred to as reduced-state sequence estimators
(RSSE) and include 2™ states and (n-m) feedback taps,
where m is less than or equal n.

The bit error rate performance of Viterbi
detectors is dominated by the minimum Euclidean distance
between two disjoint channel output sequences. In
digital magnetic recording, it has been observed that
the dominant error events from maximum likelihood
sequence detectors at high linear recording densities as
well as certain high order PR channels (such as E?PR4)
are generally of the form +/- (2, -2, 2). Here, the
error event denotes the difference between two input

of



The bit error rate performance of Viterbi detectors is dom nated by'

t he mi ni num Eucl i dean di st ance bet ween two di sjoi nt channel out put
sequences: In digital magnetic recording, it has been observed that
30 the XoPPHE3T6 error events from maxi mum |ikelihood PCTAs9guéesmse
detectors at high linear recording densities as wel | as certain high
order PR channels (such as E2PR4) arg_generally of the form+/- (2

-2, 2). Here, the error event denotes the difference betmeen t wo

i nput ences, when the input bits ar® +/- 1. S64ly roffaen the
i nput bits are F 1..Such errors are typ |caII caused en a °tFi bi t

is shifted byaﬁﬁatyplc§£ﬁﬁlgaﬁﬁﬁ§ WﬂeﬁmBnté“&Hédb}ﬁ phiftedidey; aoea
di bit or 6l &/ &i%®, or when a quadbit iSUMVBRYkEn iEEal BYBNE O

A relatively new class of codes are recently bei ng i nvesti gat ed.
Such codes i N1 Fhixi mum transition run (MIR) code which has been
proposed &s a way of rentUMMARYUOR GHEI INVENTION events fromthe 10

input bit streamto the %a{. Q@%‘e&% rnengigsnglgfc%%s areop;rat to
i ncrease the m ni mum Euc ld%%n RS gnce et Ween Oat 4 sa %yé
magnet i ¢ r ecobgiimg cAaviesitigated. Such codes include a maximum
transition run (MTR) code which has been proposed as a
way of removing such dominant error events from the
10 input bit stream to the data detector. Such MTR codes
operate to increase the winimum Euclidean distance
between data samples in a magnetic recording channel.
For example, an MTR=2 code limits the run of
consecutive transitions in the modulated waveform to 2.
15 In essence, an MTR=2 code removes all patterns of
encoded data containing more than two consecutive
transitions. Consequently, the MTR=2 code also removes
all patterns which cause a dominant error event for MLSD
detectors at high recording densities and higher order
20 PR channels.
It has also been observed that the same
dominant error events can be removed if the MTR
-constraint is relaxed. In other words, a relaxed MTR
constraint may allow xruns of three consecutive
25 transitions, but require them to start once every L time
. intervals. Thus, for irstance, with L=2, the tribits
can start at every other time interval. Such codes are
referred to as time-variant MTR codes.
In order to realize any modulation coding
30 gain, the code constraint must be enforced during the
detection process. Specifically, any states or branches
in the Viterbi trellis which wviolate the coding
constraints must be removed from the detector structure.
With a time-variant MTR code, the trellis diagram needs



For exanple, .an MIR=2 code limts the run of consecutive transitions
i n the nodul ated waveformto 2. 15 |In essence, an MIR=2 code renoves al
patterns of encoded data containing nore than two consecutive
transiti onsVOGYHR&EGuent |y, the MIR=2 code al so renoves RCT/PIIH 166035
whi ch cause a dom nant error event for M.SD detectors at high
recording densities and higher order 20 _PR channels. It has
al so been observed that the sane dom hant error events can be renoved

if the MTIR  +&SOBSt h8lREi1kE ealc@%%zéﬁ ke WhEsrva1 ke axed MR o

constraint may__allow runs consecutive 25 tran5|t|ons but

require them t%l%?‘&r?OBn@ée REISENCE e @ Exribiter yAOF expmBLE f 1O @R ance,
with L=2, the grébate deteeearst@hue T HfdhdHderwhifh bbkeespondSUE
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branche_s |f1 ]t_\hg gﬁ.ﬁ _FLQI 1&{“@ 'lb%e‘Q? c‘1h violate the coding

constraints mist bé re ved rom etector structure. Wth a

ti me-variant MIR code, tWMaterbll idetpchprm weeds in conjunction with

- 9" such time-variant-MTR coded channels are thus inherently
time-variant, themselves. Such detectors can be

10 implemented by providing a selection input to the
detector such that operation of the detector can be
switched among various operating modes in oxder to
accommodate the time-varying mnature of the coded
channel, and in order to implement a time varying

15 trellis structure. The time-varying detector structure
is undesirably complex.

The present invention addresses these and
other problems, and offers other advantages over the
prior art. ' '

20 In accordance with one aspect of the present
invention, a detector is used in detecting data encoded
in a read signal received from a storage channel. The

" detector includes a Viterbi detector having a time-
invariant structure configured to detect the data

25 encoded according to a code having time varying

- ' constraints.

The present invention can be implemented as a
detector, a method for detecting data, or as a method of
forming such a detector. |

30



to be nodified once every L tine intervals in order to allow for theé
presence of a tribit. For exanple, for an 8-state detector, the two
branches which correspond to the presence of tribits are normally
removed frowobbess7é trellis, but they are restored every L tiggriidbsfkdr! S-
for a single tine interval. Viterbi detectors used In -
conjunction with such tinme-variant-MIR coded channel s are thus

i nherently ti me-variant, thenselves®~ Such detectors can be 10

i mpl enent ed by providing a eg i '2 o the det ector such that
operation of the detectorg % %S%pri&i%ﬁ&ézﬁﬁﬁ%¥§ﬂﬁugﬁm operating
nodes in order to adtigmiddseat sbmpl ifigdryl ock ndiagieanfof Re qaeded
channel, and i gterdefe R, dyE@Y ement a time varying 15 trellis structure.
The tine-varying detector_structure i s_undesirably conpl ex.

The present invention addiissed-1hdse antirellisoidiagyambidiestaat iokf er s

other advapt agepe@¥@id®df a Vi¥d:Bi ddredlor. ~_In accordance with
one aspect of the present I nventjon, a detector is used in detecting

data encoded in ardafdsi @id A R RFe HREeEerRagélingsnatinghe

det ector incl udemimavitt edrordeivesity JBViHE okt /- (2, Lg\/aﬁb@nt 4
structure configured to ct fhe,data_25 ncogde, according .to a code
having time varying %ﬁkgons rafft s3n Sxtende tﬁ?%ibﬁes@ﬁﬁgFﬁantlon

can be inpl enedlddsisraging the exgeratiomeihicd Vireret edétagtdata, or as a
met hod of 14 form ng Su%&@ﬁ qppﬁgné"tré%iis diagram illustrating the

operation of radix-4 Viterbi detector in accordance with

one aspect of the present invention.
FIGS. 5-1 and 5-2 are block "“diagrams
illustrating the logical function of a Viterbi detector
15 in accordance with one aspect of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
FIG. 1 is a simplified block diagram of a data
.storage system 100 according to the present invention.
System 100 includes encoder 110, disc 112, read/write
20 head 114, automatic gain control (AGC) circuit 115, low
pass filter 116, finite impulse response (FIR) filter
122, Viterbi detector 124 and decoder 120. System 100
" may also include an analog-to-digital (A/D) converter as
well. An actuator assembly (not shown) typically holds
25 read/write head 14 in position over a surface of disc
’ " 112. The actuator assembly includes actuator arms which
are rigidly coupled to a head gimbal assembly. The head
gimbal assembly, in turn, includes a -load beam, or
flexure arm, rigidly coupled to the actuator arm at a
30 first end thereof, and to a gimbal at a second end
thereof. The gimbal is coupled to an air bearing which
supports read/write head 114 above the corresponding
surface of disc 112 for accessing data within tracks on
the surface of disc 112.
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FIG 2-1is atrellis diagramillustrating 5 operation of a Viterbi

det ect or. WO 99/08376 FIGS. 2-2 and 2-3 are waveforns il | BETAUSP¥/ 16§08
dom nant error events of the form+/- (2, -2, 2). FIG 3is
an extended trellis diagram il lustraging the operation of a Viterb
detector. 10 FIG 4 is atrellis diagramillustrating the

operation of radix-4 ViteabiopgdalgGlRl, id deLeédanatroliller ass@88agegect of

the present invepntio . . Fl 1 an are. bl ock
di agr ans V%?%stpg?inalﬁﬁe PE@W@aIchiﬁﬁqﬁ?Qﬁ %faﬂtegﬁﬁn%%}ec?ﬁp 15
i n accordance wyphcahdyaspeetives aheommasdnslgmaiﬂﬁnmm a host BFSLenED

DESCRI PTI ON CF f%g%i?
simplified blocétghagran1o a da a s ortlo gﬁlfgg accorgﬁngoto t he
pr esent |d@enbb%naccessegysteﬁﬁl@@spﬁasadéQ d@@mméOd @ismali, the

read/wite 20 ghegpd ééﬂtr@yiéE“Bf6b£Eé£H§QEE&B'c&ﬁ@¥%l?¢f88éésé%5w1kﬂw
pass filter 116, fipite |npulse response_(FIR) filter 22, Viterhbi

detector 124 ZAPARELURR Ixgnakhich fpficates a partlcular &Ylinder
over which the actuator is to position read/write head

114. The servo control processor converts the position

10 signal into an analog signal which is amplified and

provided to the actuator assembly. In response to the

analog position signal, the actuator assembly positions
read/write head 114 over a desired track.

If a write operation is to be performed, data

15 is provided by the drive controller to encoder 110 which

encodes the data according to a predetermined code.

Such a code may include constraints such as a maximum

transition run length code constraint of any desirable

size (such as MTR=2). The code constraints may also be

20 time varying. The encoded data is then provided, in the

form of a write signal, to read/write head 114.

Read/write head 114 then operates to write information

" on the surface of disc 112 which is indicative of the

data encoded in the write signal.

25 If a read operation is to be executed,

. ' read/write head 114 develops a read signal indicative of

information in the track over which read/write head 114

is positioned. The read signal is provided to AGC

. circuit 115 which maintains the signal within an

30 expected range and provides it to low pass filter 116.

Low pass filter 116 filters out high frequency

components and provides the signal to FIR filter 122.

FIR filter 122 is provided to equalize the inputlsignal



may al so include an anal og-to-digital (A/D) converter as well. An
actuator assenbly (not shown) typically holds 25 read/wite-head 14 in
position over a surface of disc 112. The actuator assenbly includes
act uat or arws InbE3eH are rigidly coupled to a head gi nbalpcazsspghibsbs The
head gi mhbal assenbly, in turn, includes a | oad beam or flexure ™
arm rigidly coupled to the actuator arntg% a 30 first end thereof, and
to a ginbal at a second end t her eof e glnbal is coupled to an air

b [ whi ch Al t di
sﬁ?; ggg of | gli sgu}f%%l‘og'?{ ﬁggggafyr%g%afe%gﬂﬁ rac egs B’%‘e &Qr]{lﬁ\zgogﬁ% e of
disc 112. non-zero values). -7- I n

operation, a drive contrdsffasd a?éf&n of tWel Rrithsdi S&e@éét‘!& A2

contai ning reaqg channel 110 gl cally_ receives_a, command sig
host. system 18 WFEhe?'ﬁH?-Xa’%%@e’Eﬁ Pod weing & portlds diagraw. 1‘1!21%1 to

5 be accessedis hntly@‘ila:@ls%tlaﬁ:é hﬁa@@mandlaggaazl drdér withdii¥€rete
controller proyi.des .a .serv co tr,ol ocessqé a pQsition S|g?a

Shtch i ndi cat cEIES SRty OBl e HeEEE] Brih crerrd B e trnte
posi tion read/ group béadtates.llForTlae;asgrl\eq ARG r 3 -proloegsoa toaldiks t he

posi tion diagram 125 illustrating the operation of Viterbi
. detector 124. In such a system, there is no intersymbol
10 interference between adjacent pulses at the output of
the system. Assuming a user input bit of zero
represents no transition or flux reversal read from the
disec, and a bit of one represents a transition (i.e.,
assuming an NRZI coding system), and assuming that the
15 peak sampled value of the equalized transition is one,
then an input of zero provides an output of zero, and an
input of one provides an output of either one or minus
one. This depends on the bolarity of the 'last
transition. In other words, each time there is a ohe in
20 the input sequence, the direction of the write current
changes. Given the above system, it is clear that the
polarities of transitions must alternate. In another
* illustrative system, NRZ modulation is use& In such a
system, a 1 corresponds to a hlgh and a 0 corresponds to

25 a 1ow

All of these rules (for NRZ modulation) are
captured in the state machine diagram shown in FIG. 2-1.
Such a trellis diagram can be used to illustrate the’
detector structure and to determine the noiseless output

30 sequence for any user input sequence.

The particular trellis diagram 125 in FIG. 2-1
illustrates a full rate 8-state radix-2 Viterbi
detector. Each state of the Viterbi detector is
generally implemented as an add-compare select (ACS)
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into an anal og signal which is anplified and provi ded

the actuator assenbly. .In response to the anal og position signal,
actuat or assenbly positions read/ wite head 114 over a desired track.
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lze the In
and for higher order partial response channels.

The upper waveform in FIG. 2-2 illustrates a
tribit (i.e., a waveform having three consecutive
transitions). The lower waveform in FIG. 2-2
illustrates that the tribit has been shifted to the
right one temporal space. The upper waveform in FIG. 2-
3 illustrates a quadbit (i.e., a waveform having four
consecutive transitions). In order to address such
error events, MTR codes are used. A relaxed time-
variant MTR code allows waveforms having, for example,
three transitions, but only allows those tribits to
start once every L time intervals.

Trellis 125 describes a Viterbi detector
structure used in a channel with a time varying MTR

"code. The detector described by trellis 125 processes

data according to a time varying MTR code in which more

than two successive transitions are generally

' disallowed, but in which three successive transitions

are allowed to begin every other sample intexrval (i.e.,
a code where MTR=2 and L=2). Trellis 125 incudes a
state column 126 and a sample input column 128 which
illustrates the last three sample input bits. Each
state represents a different possible combination of the
last three input bits to the channel, denoted by a,,, a,.
2 and a,. In trellis diagram 125, at time k-1, a
tribit is allowed. Hence, no modification of trellis



- 8- pul ses into a target response (pul ses which have fewer

non-zero val ues). Nor mal operation of the Viterbi detector
124 is nore easily understood using a trellis diagram which 5 is a
typi cal st@iomopesdgi ne di agram drawn with discrete time beirﬁfsggﬁggei.ng
depicted by a vertical oriented group of states. For exanple 21
shows a trellis diagram 125 illustrating the operation of Viterbi
detector 124. In such a system there islfo intersynbol 10 interference
bet ween adj acent pul ses at the output of the system Assum ng a

user input bieS dFf neRgded at Eipeedaesrviad tfahsi t Hovewend u&tréhérsal
read fromthe next dige, idt@rrahi,t 10f @ﬁﬂ)i@@rﬁiénh‘bta atlrmalga thee. ,

assum ng an N codi ng.syste d as um n he eak sarrpl ed
val ue of the ﬁ%ﬁ’f’ &t tlpaiéﬁet 1agr ﬁ‘éﬁ’ﬁ"a PYRd 7 BP0

provi des an outpibibf pataerand narst bel npaimootdone prsn/ctldesbaanahéaut of

Tast | ranerfEaapopd §8rmeis, adenglRitAEs 290 b8, 188 BhLkEG 05 i

| ast ransrtron r €ac re’is-a one t he
i nput sequencel-the direction of the wite current changes. G ven the
above system it is cleagprghal tdiRws aWObRfbhbeenobst r&f@lﬂgnf gush

al ternate. I n anot her Illustrative system  NRZ m)uatlonls used
In such a 1323250 all_Ll‘l‘:%‘W%%%oﬁHSet615‘eh|§ﬂréﬁ808 0 cott e§dShds3to 25
a | ow. trellisAR50fid hestendbes £ibar tite nperisli gh ai@ time

coniured 4q (NSl ahe e te dLaogan e Lh£es A ana S45Tpget o115
determ ne t he bei senegsdoatpuy aﬁhexeqliemgefzmochnpn&q&lacu\@ﬂtbae)quﬁance.
the trellis diagram in the remaining periods. Thus,
this requires some type of selection mechanism in
Viterbi detector 124 such that the mode of the Viterbi

15 detector can be switched to effect the time-varying
structure described by trellis 125. The requirement for
such a time-varying structure results because Viterbi
detector 124 must- be designed to enforce the time-
varying code constraints used in encoding the data.

20 FIG. 4 illustrates a trellis diagram 140 which
illustrates how Viterbi detector 124 can be implemented
as a radix-4 Viterbi detector for the same channel as

" described with respect to FIGS. 2 and 3.
In such a Viterbi detector, if a number, x, of

25 samples of the received data are to be processed by the

* " Viterbi detector simultaneously, the clock rate of the
Viterbi detector is 1/x times the channel clock rate.
The Viterbi detector thus releases x bits at the end of
each processing step. In that instance, each ACS unit

30 operates on 2* branches and selects the path with the
lowest metric.

The trellis diagram 140 in FIG. 4 now includes
the code constraints at both even and odd time intervals
(i.e., at time intexvals k-1 and k). FIG. 4 illustrates



The particular trellis diagram125 in FIG 2-1 illustrates a full rate

8-state radi x-2 Viterbi det ect or. Each state of the Viterbi

detector -is general ly inplenmented as an add-conpare sel ect (ACS)

-9- W@ P9/0836 i s general | y known. The ACS unit adds t HRCT/USIS/166M8r i ¢_
of each branch to the total nmetric inits correspondi ng path. The
nmetrics fromthe two i ncom ng paths_gfe then conpared and the path
with the best 5 netric is selected. FIGS. 2-2 and 2-3
illustrate donmidjail e@d QS unit8YeBLSeL8E A €S eth red18s bisddRatpes for
maxi mum | i kel i hood sequence detectors at high |linear densit]es,

and for higher %(#Qurpé'rntq 1% EhafR&isPL f@ose associa Wik r

Wﬁvef ormin Fl Gtakek i2| antr &.es Bnforcihgi bhe (dane , t m@aveabginghawiRg

t hree consecutive . trangitions). . Lhe_ | [ v m in__El 2-2
i1 lustrates tha°AHEIFLT ¢ aﬁgg rﬂ%ﬁl s"ﬁjﬁkf edt %gt%ﬁe e %&%‘Sghté oﬁgdt enpor al
space. TheSupperemeresf diwe iof Ftig PoutSbrancheastrat both qradisist Jiared, a
wavef orm having fogh,g EOREECHRiYE féfrﬁﬁéé%@eal.tesléhﬂng%ef&@% ess

such error events, codes are used. rel axed ti
two inputs.

Specifically, in a radix-2 detector, since

branch 130 has been removed, state 2 cannot receive any

10 inputs from state 5. The inputs to state 5 are from

states 2 and 3. Thus, in a radix-4 detector, state 2
cannot receive any inputs from states 2 and 3.

Similarly, in a radix-2 detector, since branch

132 has been removed, state 5 cannot receive any inputs

15 from state 2. The inputs to state 2 are from states 4

and 5. Thus, in a radix-4 detector, state 5 cannot

receive inputs from states 4 and 5.

Thus, FIG. 4 illustrates a trellis 140 which

describes a Viterbi detector which is time invariant,

20 but which is used in a channel utilizing a code having

time varying code constraints. Such a technique can be

used to implement time invariant Viterbi detector

structures even with time varying code constraints, so

long as the code constraints are periodic over the same

- 25 number of clock periods which the Viterbi detector is

. ©  processing in parallel. ' In other words, in a radix-2"

Viterbi detector, the Viterbi detector is processing N

input samples in parallel. Where N is greater than 1,

and where the time varying code constraints are periodic

30 over N samples, the present invention can be used such

that Viterbi detectors in channels using the code are

time invariant. The branches which would periodically

be removed from the trellis structure of the Viterbi

detector are simply removed permanently. This



variant MIR code allows wavefornms having, for exanple, t hree
transitions, -but only allows those tribits to 20 start once.every L tine

i nterval s. Trellis 125 describes a Viterbi detector

structure Wﬁ?g ,& channel with a tine varying MR codgerhisy ctor
descri bed by tre |IS 125 processes data according to a tine vggg%ﬁg -
MIR code in which nore 25 than two successive transitions are
general ly di sal | oned, but in which thk8e successive transitions are
allowed to begin every other sanple interval (i.e a code where MIR=2

and L=2). Treignifidcanplyidaeduces bhat complenitye ahd thes aMprenhiput

gg;ggnrésf whi tf&bé’éhtﬁl lﬁédtia%&@é &ﬁfn&aég b&éegeﬁ@g@cfhlsmtbébaﬁsteh rieAch
esents a qai eren POSSI e CO a 0 e ree
input bits to 18 | MeFhROTER birsa[rb?‘?‘? éa[ ]SW1t°E‘&ﬂE] “Beg GWeeS r] .
In trellis di agriaredi2d, détedtd® Modesa tribit is allowd. Hence, no

gglrgcﬁégg—’r}edogtt[?:rlelfnt e*%%l k- I. I%vvevef at The blocrll{extd{’f-’l-ﬁé%hs
interval, k, tribiustzatimgt thel cyperabiohe of a Bridietet detdrtorelid s
di agram whi ch coilespANCetith one aspect of the present invention.
FIG. 5-1 illustrates the operations of a Viterbi
detector at state zero of the trellis structure shown in -
10 FIG. 4. The operation of all other states, except
states 2 and 5, is similar to that shown in FIG. 5-1.
FIG. 5-2 illustrates the operation of the Viterbi
detector at state 2 of the trellis structure 140 shown
in FIG. 4. The operation of the Viterbi detector at
15 state 5 is similar to that illustrated in FIG. 5-2.
FIG. 65-1 shows that the Viterbi detector
logically includes four branch metric calculator
components 142, 144, 146 and 148, and an add-compare-
select (ACS) component 150. Branch metric calculator
20 components 142-148 calculate the branch metrics
associated with the branches leading from states 0, 1,
2 and 3 at time period k-1, into state 0 at time period
k in the trellis structure 140 shown in FIG. 4. Branch
metric calculator components 142-148 calculate the
25 branch metrics based on the samples received and based
d " on the desired values, in a known manner, and provide
the branch metrics to ACS component 150. ACS component
150 receives the state metrics from states 0-4 at time
period k-1 and adds those to the branch metrics for the
30 branches leading from states 0-3 at time period k-1, and
selects the lowest value as the state metric for state
0 at time period k. The new state metric is provided at
output 152 to a suitable storage mechanism.



trihit " pattern nust be renoved. Such branches 5 correspond to

bol d, dashed lines 130 and 132 in FIG 2- 1. FIG 3
shows an extension of trellis 125 to further illustrate the tinme

vari ance. wol99/0B3%. 3, trellis 125 is extended from ti RETAISIB/OE60&- 1
totime 10 period k+2. As can be seen, branches 130 and 132 nust be
renmoved every other tine period, and plaigd back in the trellis
diagramin the remaini ng periods. Thus; thi S requires sone type of

sel ection nechanismin goh«gr s det e§ f“cﬁltlrl?ét;?i'@eg‘)d%r% t he
ec

Viterbi 15 detector canlﬁe svmtc he tinme-var
structure des@pelmztltgn toel the \Itserbhedeéqmnoe?réfhml@rcorressv@adsa to

time-varying ltg %trﬁféédz% heGRURE ¥t B in tinfleLRELUE 124 Bid. be
designed to enforce the tine varyi ng cgde C nstralnts used._in

encodi ng the &xtZa. 11?015‘:1’3"-35 ‘that pprlys thp MSLY1E| PR SHIAHAM 140

whi ch 5 i | ldéuigcteas: s1oved/ aﬁabudeag@t el Caﬁhci)&arﬁpb&ﬁpnh@lﬂ to as
escribed w.th

a radix-4 Viter detector f h I

respect to FI &:bé SopRpnEnt Th %ranrzﬁ“c“} n%n’ﬁ%hc% K2 FSl MRSt a
nunber, x, of 12& anadmmsesneédtlt@ reedetwbatt eabalyr ahe brapecbcestedidy t he
Vi terbi det ectqy osélrg{'!%cﬁ anne Q’I Q‘L&Qﬁs r@hechf lte%% \Fromvigﬁ:@s 0

detector is 1/ax 1 Mes rat e. erbli detector
thus rel eases andhil safatt!-ﬁ@ pryied k-1 ’is%cﬁtﬁFéc@sﬁ%di%ff‘%pPeirﬁ%di

i nstance, eachs Alce Wiy 3o IQPEﬁéh€§ 2Badl @ ]sﬁ@@%taﬂdm&ekﬁﬁﬁad he

pat h vmththe | owest netr The trellis diagram 140 in
FIG 4 now indtudeBly twq hErEB&E TG r?taé"‘ﬁflal)%?’ﬁ &?é??%%ngﬁd FF%re
interval s ndddedd., at tinme intervals k-1 and k). FIG 4 illustrates
) The branch metrics are provided to ACS
component 158. ACS component 158 receives the state

15 metric values associated with states 0 and 1 at time
period k-1 and adds those values to the branch metrics
calculated by components 154 and 156. ACS component 158
then selects the lower of those two values and provides
it as the new state metric at output 160 and

20 corresponding to state 0 at time period k. It can be
seen that the number of branch metric calculator
components required by a Viterbi detector in accordance

' with the present invention is reduced over that in prior
Viterbi detectors, and does not vary from interval to
25 interval. This provides a significant savings and

. * reduced complexity over prior Viterbi detectors.

The present invention can be used to not only
simplify Viterbi detectors by removing branches, but it
can also be used in permanently removing states from the

30 Viterbi detector trellis. For example, application of
a time-varying MTR code to an 8 state detector, as
described above, does not result in the removal of any
states at any time. However, for a 16 state detector,
where each state specifies the last four input channel



-11- that the ACS units for each state in trellis 140 operate oh

four incom ng branches, except those associated with states 2 and 5.
Enfg{ggnthhleane time varying MIR constraints described with respect
to : renoves two of the four branches for bo and
5. Thus, tﬁgpA/ 3ﬁ%|ts for those states only operate on Ef%@??%@ﬁ?é -
Specifically, in a radix-2 detector, since branch 130 has been renoved,
state 2 cannot receive any 10 inputs fridm state 5. The inputs to state 5
are from states 2 and 3. Thus, in a radix-4 detectqr, state 2

cannot recei vé&PHRY i(FHYER Mbristat Bs22 @md: 330d ac,) thé twogskatassy in
a radi x-2 det egdebtedi m;q,e ..b,r.anclpl _1 132 hasipeatrer ejm\cmféd sfabm Theannot

re ' f
Cates s Enfs3 srpliTeaf Pufry. atherostop, 18 SELE EqhRpeoneE
receive |nputstmeonnmbawa$y4n@n¢dhstra1nts in the Mﬁ®s¢oﬁeG. 4 illustrates
a trellis J40 which Ige§C£-5§§§ -& thﬁ&?b EE%Ct Bbw\éf%'e‘ih §1e R o

i nvariant,” 20 but which’i's use anne util |2|n% havi n
time varyi ng codetesnsiamibe sresgyieda atecahl qdmem be ablesusjeda{l@

i mpl enent timegbpYRE] alt cVdiarhl detkfekere corsbEpehdiag eyen sudh © me
varyi ng code constraints, .so
radix-4 architecture. Table 1 illustrates the branch
metrics for the detector.

10 Table 2 illustrates the branch metrics for a
time-invariant radix-4 MTR-coded E?PR4 channel. In the
radix-4 architecture, as described above, each branch
metric is the sum of the branch metrics at times k-1 and
k. These metrics are given by (ve: - da)? and (v -

15 d,)? where y,., and y, denote the detector inputs for time
intervals k-1 and k, respectively; and d,., and d, denote
the desired values for the given branches at time
intervals k-1 and k.

Table 2 shows for each state, the states from

20 which input branches are received, the desired values,
the branch metrics used, and the total branch metric.
Table 2 illustrates that, not only are two states

" removed from the detector trellis, but states 1, 2, 5,
8, 11 and 12 only operate on three input branches.
25 The metriecs illustrated could be further
. " simplified. For example, in Table 2, one such
simplification is performed by removing the V3.1 and y3
terms from all branches at times k-1 and k, and dividing
the resulting metrics by 4.

30 Therefore, it can be seen that the present
invention can be utilized to simplify Viterbi detectors
in channels with a generalized PR target, as well as
reduced state sequence estimators (RSSE). For an MIR

code which allows maximum transition runs to begin every



| ong.as the code constraints are periodic over the sane 25 nunber of clock
periods which the Viterbi detector is processing in parallel. In other
words, in-a radix-2[err] Viterbi detector, the Viterbi detector is
processi ng WO 99/0837aput sanples in parallel. Where N is gr eat ePC'i'Wéﬂs’!LGWS
and where the tinme varying code constraints are periodic 30 over N :
;arrpl es, the present invention can be usggsguch that Viterbi detectors
in channel s usi ng the code are tinme invariant. The branches which

woul d peri odi cgl e elbfodsenp,n?&é oRd fberéat@éflﬁnéﬁwfté&@apftbhm.

Vi t er bi detector ~ are I mply noved er man

-12- si gni& |téd‘lfﬁ'l¥“fm% ¥?’F§l’éo?rpldt%ﬁec B+ t"ﬁ@'#t%ﬁ’ﬁfates 88t &ct or,

because branchemngikes e”ﬁ\ied,evaﬁfir besassessng aa-mp chi agnmechas SnbeS
needed for sw t.ching bet Viter b| det ect or

5-1 and 5-2 ‘HRISHFRL dl%r%s 5hg fﬁ%s??%glrtl? oﬁ%rrlaﬁ‘%na%?o
Viterbi detsect dse i extendedcbodancdmpiliemeorieaaisprcinoihibd mesenthan L

VSN g AR bl U ed e DAl OnprcRoing (B,
Generally, in order to process L samples
simultaneously, a radix-j(2)* time-invariant detector
can be implemented, where j is greater than zero.

i0 The present invention includes a detector 124
for detecting data encoded in a read signal received
from a storage channel 100. A Viterbi detector 124 has
a time-invariant structure 140 (or as described in
Tables 1 and 2) configured to detect the data encoded

15 according to a code having time variant constrains. The
Viterbi detector 124, in one preferred embodiment, is a
radix-2"¥ Viterbi detector which detects data encoded
over N clock cycles in the read signal, substantially in
parallel. The code has time varying constraints which

20 are periodic on N cycles, where N is greater than 1.

In a more specific embodiment, Viterbi
detector 124 is used in a channel utilizing a code
having maximum transition run length constraints which
constrains the maximum transition runs in the read

25 signal to begin no more frequently than every L clock

. +  cycles. The Viterbi detéctor 124 is then provided as a
2¥ Viterbi detector.

Viterbi detector 124 is represénted by a

trellis diagram 140 having a plurality of sets of states

30 128, each set corresponding to a processing interval,
each state 126 having a corresponding state metric. The
states 126 in each set are connected to at least one
state in another set by branches. Each branch has a
corresponding branch metric. In one embodiment, the



10 FIG 4. The operation of all other states, except states 2 and 5, .
Is simlar to that shown in FIG 5-1. FIG 5-2 illustrates the
operation. of the Viterbi detector at state 2 of the trellis structure
140 shown woobssF?kG 4. The operation of. the Viterbi detectperaksosifesos -
state 5 is simlar to that illustrated in FIG 5-2. FIG 5-1"
shows that the Viterbi detector | ogically includes four branch
metric calcul ator conponents 142, 12%8-146 and 148, and an

add- conpar e- el ect onent 150._  Branch netric cal cul ator 20
Comonents. 14ZHeT Gff AIAEE IS e aencre it Hhh Bet etfodtsdiam b
t he branches | eadtitgp fvetrwednt 2shighéy numb2ramdd3 aatlaweare mpanbed &véyxr into

state O at timg Refd 1Ksl N LG trehlisostyuciype hddoshoun {9, FLG 4.
cuf¥fs %s Jfl ‘g e 25i %

Branch metric’ca rconponents 142-148 calcul ate t ranch
metrics based dmplemented esudteithat add baoryespongs t ke dasi¥rdlidsues,

in a known Srmmlﬂ’agfaéw RiPYhgConly kR NARGH ABhbESSOEO AGE &PMPHeRh 150.
ACS conponent 50 receives thé state nmetrics fromstates 0-4 at tine
period k-1 and ¥4 t$Rlse to the branch netrics for the 30 branches

l e?di ng frgm states 0-3 athéipPepent othkedtiandean beelmslemeheeboimst
value 78 e s TEHYE BRLGR: B98suelatkobbl Ao d 8 b <
for storing the information, as well as an encoder 110
10 for encoding the information, and the remainder of the
read channel described above.

The present invention can also be implementéd
as a method of forming a detector 124. The method
includes detecting data in a channel utilizing a code

15 having time varying constraints on a time-invariant
Viterbi detector 124. In one embodiment, the wmethod
includes providing a radix-2¥ Viterbi detector 124 which
detects data encoded over N clock cycles substantially
in parallel, where the code has time varying constraints

20 which are periodic on N clock cycles, and where N is
greater than one.

In one preferred embodiment, the code also has
a maximum transition run length constraint which
constrains maximum transition runs in the read signal to

25 begin no more frequently than every L clock cycles. 1In

+ " that embodiment, the step of providing a radix-2F%
Viterbi detector is accomplished by providing a radix-2*
Viterbi detector 124. '

The present invention can also be implemented

30 as a method of detecting data in which a time invariant
Viterbi detector 124 is configured with a time invariant
structure 140 which allows the Viterbi detector 124 to
detect data encoded according to a code having time

varying constraints.



-13-. By contrast, FIG 5-2 illustrates the

operation of the Viterbi detector which corresponds to trellis
structure 140 at state 2 in tine period k. FIG 5-2 illustrates that
only two DVer92488376t ri c cal cul at or 5 conponents 154 and 158CEfusIszesi®d, -
and are supplied to ACS conmponent 158. Branch netric cal cul ator
conponent s 154 and 156 need to cal gyl ate only the branch netrics
associated with the branches which | ead Trom states 0O and 1 at tine

period k-1 to state 2 atyding, p?._lbl oge un&Qrg@bB e pRLY tg,qe?‘r algg‘tlag%ﬂ ead

to state 2 at time perlo ranch metfric ca
conponents ar @umeroumemacterlstlcs and wBRvVIRbagasneefi cvaxieous

provided to AGabodimeRdRAINeRe §ésene®neemg@eﬁha$%8be%qﬁb\é%s festate
15 netric val,ues as ci ated w(;%states and 1 riod k-1

and adds thosé“r’vd:lki?e TPIH D e FrHREL PRy toOget %é’lﬁ%ﬂ?eﬁe ?ﬁc’?nﬁ;nents
154-and 156. AGE® etrmeteite 4h3 functibheafsehretbast éebbaddmierifs dOThd WO

val ues and prowvder%st:'t ny té_%lg_Fas tperé]sﬁ#i? ilg lrﬁlgétgrg{__lggt pouﬁle%G 20

correspondi nglt t he
nunber of bramitangss ey de miagteoin detaidorrmﬂmﬂsalbnul-nemanjtexs\/qfer bi

detector in a p L kQn r
. ! Csct%@{l\?fet and aggtaﬁggteor HiPbe SpakcLWERhLA th f§H6§ 12

that in prior oes not var mlnt rval to
25 interval . of thiespyesentcinyestanny F@aﬁhesﬁvﬂag%xfaﬁa réﬁééé’&tﬁﬁrﬁYem ty

over prigp Vi tt@i@'bf'@&écb@'n%ral meaning of tHEEtRI@ELNIinl AMeIEHhORKeAN be
used to not onl rg)llfy Viterbi detectors hy renovi nﬂ;brancges, but
it can z%%%?r{ﬁ%e‘hs WHerhe FPRFSG ing sttt esSFPBH e
Viterbi detectgargi@lld:s eldmntexaay eargpépentiiay oh the particular
channel response target while maintaining substantially
the same functionality without departing from the scope
15 and spirit of the present invention.



a tinme-varying MIR code tﬁWor descri bed above,
does not result in the re ntates at any time. However,
for a 16 state detector, “\“\' i\ﬁ“ m\‘i“ te specifies the last four

I nput chanwe 9908376 -14-  pcrrusoBhbeys

(given by aferr], aferr], a[err] and a[err]) the two states denoted—
by +/- (+1, -1, +1, -1) are rennved fromthe radix-2 trellis at every

other step in order to enforce t he tli&me varying constraints in the MIR
code. 5 In_a radi x-4 architecture, however, these two

states can beVEHéFoisH GAIMED: I8ss Tables 1 and 2 define a trellis

structure corngspondi ng A0 pfidtHod® of detbot#ngr dutLctiniea T@l&b&ak_;e
illustrates the branch trics for the detector. %

2 illustrates ncﬁhﬁet‘iTE Ging encofede RTINS £ ?(-E°de
MIR- coded EZPBévdJn@'nraeltlmel wahheing comstiraidtar thet metbherd, caspddsdmigyed
above, each b%a@g%$ metric is the sumof the branch netrics at tines
k-1 and ese metrics are gi ven by gy err] - d[err])[err and

abl e

(ylerr] - 15 d[err])[ @¥¢vifeng §[€irprhad Féﬁlt]ord@#@tr@sﬁié'-% tBor

i nputs for time | nterval erk1li8ndriudiRBReGiavehy: adpludatikl, 2ad

d[err] denote the desired val ues for the g:vg es at tine
states connected ranc es each state

having an associated state metric and
each branch having an associated branch
metric; _
receiving the data encoded according to the
code;
determining, for each state, the branch
metrics for a predetermined number of
branches connected to the state, the
predetermined number being time
invariant; _
determining, for each state, the state metric
associated with the state based on the
branch metrics and previous state
metrics £from states £from which the
branches connected to the state
originate; and
detecting data based on the state metrics
. ' determined for each state.
2. The method of claim 1 wherein the receiving
step comprises a step of: '
receiving the data in a sampled read signal
including data samples provided. in a
plurality of time periods.
3. The method of claim 2 wherein the steps of
determining the branch metrics and determining the state



intervals k-1 and k. hows for each state, the
states from 20 whi ch i nput“m“ ﬂﬁg@ ei ved, the desired val ues,
t he branch nmetrics used, and saneh netric. Table 2

i | | ustrat eVQ B4I837610t only ar & tvvo st at es removed from tHEI/OSYsmGERy
trellis, but states 1, 2, 5, 8, 11 and 12 only operate on three input™
branches. 25 The metrics il I_iz@t_rat ed could be further .
sinplified. For exanmple, in Table one such sinplification

is perforned bMeE?ETE‘é' ”Qréhepé/fféf'rhe&nd ﬂﬁ'r dach sd£LdB Jrfcf)gn %L,I br anches
at times k-1 and k, _and divid esulfing netrics by V€30
Therefore, it B Hrﬁél§é’eﬁ’ft Wa"tm? tﬁeﬂ‘é@%nt i nvention can be utilized

to sinplify Viderbi deteatps snethod oF ehanmebswneibia Qﬁa%ﬁhé%yi

t t, Il a requc ate sequence estinmators (RSSE). —o? an
I\/ﬁl'lr?(‘:]e ago\é\g ﬁﬂ’f‘%ﬁrgﬁf’&,\s lﬁ’é’;“ﬁfﬁﬁ t Pand %ﬁ o MFT 2P hediBt R eryaries

-15- L tikbetweenodat(wheastlL as fiiest ercésrrainequahdt oa2)seconda

time-invariant gadixz2ler rolv l__q,gé %lumlg%oggrgggg&%géﬁdsse sanpl es at

every processing step, can ment € t he present
i nvention can &t so The method of claJ.m 4 wherein the plurallty of

time periods comprises N time periods and wherein the
providing step comprises a step of:

providing a radix 2Y¥ Viterbi detector which
detects data provided over the N time
periods substantially in parallel.

6. The method of claim 5 wherein the time varying
constraint comprises a maximum transition run length
constraint which constrains maximum transition runs in
the read signal to begin no more frequently than every
N time periods. _ _
7. The method of claim 2 wherein the Viterbi
detector is represented by a trellis structure having a
plurality of sets of states, each set corresponding to
a processing interval, the code having a number of
allowable states in each set which periodically varies
* between a higher number and a lower number over N clock
cycles, and wherein the steps of determining the branch
metrics and determining the state metrics are performed
only for the lower number of states in every set.
8. A detector for use in detecting data in a
storage channel, the data being encoded according to a
code having a time varying constraint, the detector
comprising:

a Viterbi detector represented by a trellis
structure having a plurality of states
connected by branches, each state having
an associated state metric and each



5 be extended to an inplenentation in whlch nor e than L sanples are =~ .
processed at "each processing steﬁ“‘““ﬂ“ﬂ“ﬁﬂﬂllu ‘ or der to
process .jL sanpl es si mul X- 1(2)[err] time-invariant

detector woegssste | npl enent ed, et e j i"s gr eater than zer q;c'lJ,Qs%,l“@

The present invention includes a detector 124 for detecting data
encoded in a read signal received froma storage channel 100. A Viterb
detector 124 has a tinme-invariant str2@ture 140 (or as described in

Tables 1 and 2) configured to detect the data encoded 15 according to a
code having tine variant constianeh TRBVing viarer ppsgecéated 1X2xkanchone

Sref erreddegbodi nment , :\IS i’i kmertq_lei@( 2[tee | v‘g{ttédim @@g&g%r\/\mmﬂg]@}ect S
ata encode over cl oc es jn the rea ﬁﬁ'%ﬁ substantially in
;ﬁ%‘r a5

paral l el . The code has tinme v %%’d?%tr Pht &2 are periodic on N
cycles, where Nis greater that lleast one branth netihe coRmdne

enmbodi nent, Viterbi det ect or dle?t enfltg %2 gF(&Q@@%%l\ﬁ%}dcl WA neqra

code havi ng maxi mum transiti ol FUR rain
constrains the maxi numtransition mﬁ@n‘amlheme@sacgﬁors|tgm|bztamdmﬁ n no

nore frequently than every L clock 1ead:_x§<_¥’0| ego Thend terfpiadetectqrpd24 is
then provided as a 2[err] Viterhbi ector, |ter}B

detector 124 is represented by a P¥® ?’%‘F’f"‘}‘%n%ﬁiag?&ﬁpﬂ’o faingy &ime
plurality of sets of states 30 128 nwacine} &Q8responding to a processing

I nterval, each state 126 _havi r}lg]ea correspondin séaée metricg. The
states 126 in each set are cofnettatr t BEEFIFeSHTRGRENL dSLEIMINING, Bt her
set by branches. Each branch has @astate wmetrdspoadsogibtedchwiehritthe |n

one enbodiment, the state based on the branch metrics -
and based on previous state metrics
corresponding to previous states
from which the branches connected
to the state originated.
9. A communication channel, comprising:
an encoder configured to encode data into
code words having time varying
constraints;
a rotatable data storage disc which receives
and stores encoded data; and
a read channel which reads encoded data from
the disc, the read channel including a
Viterbi detector having a time invariant
structure configured to receive a read
signal indicative of the encoded data
fead ' from the disc and detect the
encoded data in the read signal.
10. A method of detecting data encoded in a read
signal according to a code having time varying
constraints, the read signal being received from a read

channel, the method comprising steps of:



-16-. ~ nunber of all owabl [ ach set periodically
vari es between a hi gher nunt‘mﬂumﬂmmmmnﬁnber over N clock cycles.
The radi x-2[err] Viterbi detect@dr L24miss '« inplenented such that it
correspondwae/08316r el | i s 5 di agram having only the | ower nunipernsosgéases:
126 in every set. The present invention can be -
inplenmented in a di sc drive which ingl,udes a conputer readable disc 112
for storing the information, as well as" A encoder 110 10 for encodi ng
the information, and th hader _ofg,.d . a . descrihed above.
The present invention ca £§F§ggg§ i?’np‘{leéﬁ%llfleddéggggégaq{%ﬂgﬁ %f t g‘rerﬁ ng a
detector 124. The nethod invazfiaass Hatueiurg whish renfehepnelthe
utilizing a code 15 having t{iReV@h¥kAtioC Rttt PSMoR thaBzbAkari ant
Viterbi detector 124. In one enbodi nent, the net had i ncl udes praovidi ng
a radix-2[err] Viterbi dEBEELBLNg24thRi pad gtk s afat SBenc¥dEerdier N
clock cycles substantially detecpatal keld where the code has tine varying
constraints 20 which ar erjodic N clo cycles, and ere N i

greater than one. Seged_’lngl rﬁjoagzr?e b?e%g’ﬁ e%eae‘imﬁéﬁ VIR (',%ﬁe al so
has a maxi mum transiti onViterbéndgeltectst.r ai nt which constrains
maxi mumtransition runs in the read signal to



25 begin no nore frequently than every L clock cycles. In t hat

enbodi ment, the step of providing a radix-2[err] Viterbi. detector is
acconpl i shed by providing a radix-2[err] ~ “Viterbi detector 124.
The presentwopwessté on can al so be inplenmented 30 as a net hodedEfuskigedsi Ng -
data in which a tine invariant Viterbi detector 124 is configured wth
a tinme invariant structure 140 whi’® allows the Viterbi detector 124
to detect data encoded according to a code having tine varyi ng
constraints. : -17- It
is to be understood that even though nuner ous characteristics and
advant ages of various enbodi nents of the present invention have been
set forth in the foregoing description, together with details of 5
the structure and function of various enbodi nents of the i nvention,
this disclosure is illustrative only, and " changes may be made in
detail, especially in matters of- ‘structure and arrangenent of parts
wi thin the principles of the present invention to the full extent
i ndicated by 10 the broad general nmeaning of the terns in which the
appended clains are expressed. For exanple, the
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particul ar el enments may vary dependi ng on the particul ar channel

response target while maintaining substantially the sanme functionality
wi t hout departing fromthe scope 15 and spirit of the present invention.
-18-  WHATWODYASA6VED | S: 1. A nmet hod of detecting dat #ATAUSIBEEE@Bage_
channel, the data being encoded accog?éng to a code having a tinme varying
constraint, the nmethod conprising a p of: providing a Viterb
detector represented by a trellis structure having a
plurality of states connected by branches, each state

havi ng an associated state netric and each branch having an
associ at ed branch metric; recei ving the data encoded

according to the code; deter ing, for each state,
the branch metrics 149 a\QLiizternlnegEqﬁﬁggr2§L1

branchescol;iSLgdzﬁb theqogtate, the

0 (+1,+1,+1) ,’“\\ |
1 (+1.+1,-1) . \“‘ .
2 (+1,41,-1) - ‘

3 (+1,-1,-1)

4 (-1,41,+1)

5 (-1,41,-1)

6 (-1 v"1 v+1)

7 (-1,-1,-1)




pr edet er m ned nunber bei ng tinme i nvari ant;

determ ning, for each state, the state netric aSSOC|ated wth
the state.based on the branch netrics and previous state
metrics freypsyesee fromwhich the branches aQﬂﬁ&% H668t0

t he state originate; and detectlng at'a base

the state netrics deterﬁ{ﬁed for each state. 2. The

met hod of claim 1 wherein the receiving step conprises a step of :

receiving the data in a sanpl ed read signal i ncl udi ng data
sanples provided in a plurality of tinme periods. 3. The

nmet hod of claim 2 wherein the steps of determ ning the branch netrics and

determ ning the state Fi! ;g_ -19- netrics are
performed for each state once over er of time periods. 4.

The nethod of claim-3 wherein the time varying constraint includes a run
constraint which varies : .

FIG. 2-3



between at least a first constraint and a second constraint over the
plurality of time periods. 5. The nmethod of claim4 wherein the
plurality of time periods conprises N tine periods and wherein the

provi di ng WeAKFfhpri ses a step of: provi di ng a raBEFUSP#Ie6p8 -
Viterbi detector which / detects data provided over the N tine
periods substantially in parallel. @_ The nmethod of claim5 wherein
the tinme varying constraint conprises a maximumtransition run | ength
constraint which constrains maxinumtransition runs in the read signal to
begin no nore frequently than every N tine periods. 7. The net hod of
claim2 wherein the Viterbi detector is represented by a trellis structure
having a plurality of sets of states, each set corresponding to a
processing interval, the code having a nunber of allowable states in each
set mhichsegriodically vari es between a higher nunbgr and a | ower nunber
over N clock cycles, and whereindhe steps of deterei ning the branch
metrics apgidetermning the staténetrics are perf Yned only for the | ower
nunber of ates in every set. 8. A detectof for use in detecting
data in arstorage channel, the data Yeing encodedf according to a code
havi ng a akyi Nng geQstraip

t ha de{ect or~sQ0pri si-Ryg: 3
Viterbi detectg epre ed o’ tre ﬁ ‘ stru e ha a

plurality of stdh\es xcohneCagzBy brWneies, eaghf/state hhyving

an associ ated stlabhe nmetris»ad each\y Q\Q N
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- 20-- branch having an associ ated branch

nmetric, the Viterbi detector further conprising, for each
state: : at | east one branch netric conponent

det er m ni nNY®9N8Het er mi ned nunber of br amdr/usssniées fo
t he branches Ie7ging to t he state, t he -
predet er m ned nunber being tinme 3 I nvariant; and

a state netric conponent determ ning a state netric
associated with the ' state based on the branch netrics

and based on previous st ¢26 corresponding to
previ ous states fromwhich the branches connected

to the state ori ated. 9. A conmmuni cati on channel, conpri sing:

an encoder conffgured to encode_dat gognto 140 code words
having ti varying constraints; a rotatable
data stora di sc i receives and stor encoded data; and

nel which r) encoded data from
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the disc, the read channel including a Viterbi detector

having a tine invariant structure configured to receive a

r ead signal indicative of the encoded data r ead
fromthe. diwggmgb-;slet ect the encoded data in thﬁcf,ggﬁ,,%k@nal
10. A method of detecting data encoded in a read signal according to a
code having tine varying constraints, &/e read signal being received froma
read channel, the nethod conpr|5|ng“§feps of : -21-
provi ding a V'terbl det ect or time- i nvariant structure which

nstraints on the code; receiving the read

enforces the time
or; and detecting data in the read signal

signal at the Viterbi
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