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(57) Abstract

An adaptative filter for use in disk drive systems includes coefficient adaptation circuitry (48) operating at a slower rate than the filter
and consequently at a reduced power level. The adaptive filter receives input data samples corresponding to raw data read from a disk
in the disk drive system and converted to digital form and provides processed output data samples. The action of the filter is defined by
characteristic filter coefficients having values that are updated by adaptation circuitry (48) during the operation of the filter. The adaptative

-filter is independently clocked from the adaptation circuitry (48), such that the input data samples and the processed output data samples
are clocked through the adaptive filter at a clock rate 1/T, and the filter coefficients are updated according to a prescribed algorithm at an

than unity and generally in the range of 2 to 8. The coefficient update rate is achieved by providing a separate filter coefficient adaptation
clock (49) derived from the system clock by dividing that clock by a user-programmable parameter J. This process reduces the coefficient
update rate, which in turn reduces the switching frequency of the logic gates, the number of pipeline latches, and, ultimately, the power
consumption,

update rate slower than the 1/T clock rate. Filter coefficient updating occurs preferably at a rate equal to 1/, where 'J is an integer greater | -
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Backsround of the Inventi

In a magnetic disk storage system information is recorded on a disk
20 having magnetic properties by inducing a pattern of magnetic variations on the
disk encoding the information. The magnetic variations, sometimes referred
to as magnetic flux changes or transitions, are recorded along concentric
circular tracks on the disk. To satisfy the increasing demand for disk storage
space, the computer industry is constantly striving to increase the recording
25  density, i.e., the linear density with which the magnetic flux changes may be
recorded along a track as well as the radial density of tracks on the disk. As
the recording density is increased, however, the magnetic readback signal
from the disk becomes more and more difficult to read and interpret due in
part to so-called intersymbol interference resulting from the increased
30 proximity of neighboring magnetic flux patterns along individual tracks and
on adjacent tracks and due to other influences as well. For floppy disk drives
and other drives with removable interchangeable disks, each disk may
introduce its own irregularities into the readback signal due to naturally
occurring vaﬁatiqns within the manufacturing tolerances. Moreover, the
35 irregularities are not uniform even over an individual disk, but depend to
some degree on the radial position on the disk at which the data is being read.
-The increased data densities on the disks have prompted the use of

digital signal processing techniques to extract the data from noisy, distorted or
1 | '
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20 P = CVZngate (D
where C is the average loading capacitance of a gate in the integrated-circuit
chip, V is the power supply voltage level, f is the operating frequency, and
Ngate is the number of gates that are 'sWit'ching. Because improved
performance is generally realized with a higher operating fre'quency f, the

25 higher power dissipation levels assocmted with hlgher frequency are usually
tolerated as a necessary tradeoff. - '

As may be seen from Eqn (1), power consumption also goes upin
direct proportion to the number of gates used in the particular
implementation. ‘A common integrated-circuit embodiment of the above

30 filters is the tapped delay line, in which each of the coefficient characterizing
the filter corresponds to a separate "tap” along a delay line.  The number of
gates goes up in propoi-ti_en ‘to the number of taps. A larger number of taps

- (i.e., filter coefficients) also leads to a greater delay for data to pass through

_ the filter and thus limits the frequency at which the filter can operate. To

35 compensate for ttxis"de'lay, data pipelining is often introduced to increase the
filter operating frequency and’ the effective system throughput. However,
pipelining calls for more gates resultmg in even greater power consumption.
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Summary of the Invention

The present invention provides an adaptive filter with coefficient

20 adaptation circuitry that operates at a low power level, yet circumvents the
above-mentioned problems and disadvantages prevalent in the prior art. A
circuit according to the invention is able to achieve its reduced power
dissipation without compromising the performance gains associated with
higher system operating frequency f. In accordance with the above Eqn. (1)

25 the invention achieves its lower power dissipation levels in part by reducing
the frequency with which the adaptation circuitry operates and in part by
reducing the number of Integrated-circuit gates activated at a time in the
operation of the adaptation circuitry. An adaptive filter according to the
invention overcomes the above-mentioned computational bottleneck associated

30 with conventional adaptation circuitry. A filter according to the invention
also minimizes the above-noted undesn'able wandering of filter coefficients
away from the optimal values.

', Briefly, the invention achieves its advantages by independently clocking -

the adaptive filter and adaptation circuitry. In particular, the input data

35 samples and the processed output data samples are clocked through the

* adaptive filter at a clock rate 1/T and the filter coefficients {wm(k+1)} are

updated according to a prescribed algorithm at an update rate slower than the -

1/T clock rate. In particular, it has been found advantageous to update the
- 3
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In the Drawings:
20 . FIG. 1 is a block diagram of a disk dnve system 1ncorporat1ng an
adaptive filter according to the invention.
FIG. 2 is a generalized logic circuit diagram of an adaptlve FIR filter.
FIG. 3 is a circuit block diagram showing an embodiment of an FIR
filter and coefficient adaptation circuitry according to the invention.
25 ~ FIGS 4A and 4B are circuit block diagrams showing the input and
intermediate stages of the filter coefficient adaptation block of FIG. 3.
FIG. 5 is a circuit block showing a eoefficient calculating block from
FIG. 4B in more detail. . :
FIG. 6 is a circuit block showmg the output stage of the filter
30 coefficient adaptation block of FIG. 3. - SR
FIG. 7 is a circuit block diagram showmg a coeffiment storage scheme -
used with the output stage of FIG. 6. '
FIG. 8 shows a sample disk track format and assoc1ated signals
illustrating filter coefﬁc1ent sw1tchmg :
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used with the oDagato besyeittein ente disk 11 enters the dislcdrivessystemathromghe di sk
L\rMafIC(hT ﬁg”ﬁfteﬁﬁge 435 O A fArSasking through a sequihté A4, And having &26f 1! ¢! ent
correction coding information appended to it, the data then passes to an
15 encoder/decoder, serializer/deserializer unit 16 (ENDEC/SERDES), which
generates a streain of binary data. From ENDEC/SERDES 16 the binary data
stream is applied to precoder 17, which precodes the data in accordance with a
prescribed algorithm. As implemented, the present disk drive system employs
a class IV partial response coding algorithm, although other coding algorithms
20 may be used with the invention. The precoded binary data stream from
precoder 17 is applied to write driver 18, which the binary data to a two-level
(positive or negative) write current, which in turn is applied to head 12
through head select/read preamplifier mechanism 19. Head 12 induces the
magnetic flux changes on the storage disk in response to the two—level write
25 current. '

To read the data from the disk, head 12 senses the flux changes as it
moves over the disk and provides a positive or negative peaked signal
indicative of the head's response to those flux changes. That signal is
preamplified at head select/preamplifier unit 19 and is subjected to several

30 extra stages of controlled amplification 21-23 before passing to a preliminary
analog filter 24, which shapes the analog signal and enhances the signal-to- |
noise ratio. Flash A/D converter 26 then quantizes and samples the signal at
intervals spaced by time T and produces a data stream at its output in the form
of a sequence of raw digital data samples {xk}. The sampling rate in A/D

35 converter 26 is governed by a timing signal from ICO 27 that is properly -
synchronized and phase aligned with the incoming data stream.

The data samples from flash A/D converter 26 are applied to adaptive

FIR filter 10 that is the subject of the present invention. Filter 10 filters and
: 5
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al gorithns
J described in greater detail in commonly assigned U.S. Patent No. 5,341 249

issued on August 23, 1994 and entitled: "Disk Drive Using PRML Sampling '
Data Detection with Digital Adaptive Equalization", the dlsclosure thereof (
15  being incorporated herein by reference thereto.
.FIG. 2 shows a generahzed logic circuit diagram of an' adaptlve FIR _
filter 10. The filter comprises a delay line with N taps 31 and N-1 delays 32
‘connected progressively in tandem from the filter input line 33. N multiplier
stages 34 are connected to the taps 31 progresswely taken along the delays 32.
20 N programmable multiplier coefficients designated
W0;..., WN-1 are also fed to the multiplier stages. These coefficients control
the characteristics of the FIR filter 10. A value for each coeffic1ent is held in
a register feeding each multiplier stage. . .
The filter data stream {yk} is linearly to the input data stream {xk} by
25  the filter coefficients{wm&)}:

N-1 . S
Y=Y, XymW® | | 2) .
m=0 S o '

~ where wm(k) is the value of the filter coefficient wry at time k as measured
30 by the clock governing the data input rate at input.33, which will generally
equal the sampling rate 1/T of flash A/D converter 26. The ability to modify
the w coefficients permits the filter to be adapted to changing data channel
conditions resultmg, for example, from fly height variations, from
temperature variations, from differences in tracks on a disk or differences in
. 35  interchangeable disks in removable disk drive systems, or from defects ina
disk developmg over time. -
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5 W0 96/20450  wik+l) = w(K) - persen (x(®) (3)
PCT/ US95/ 15849 conditions the raw data sarrpl es {x?err]} I n
accordance with the desired response characteristic of the data

channel (ewheredt dssa programmable fisposcalable) stepsizesand<k is the difference
15  between the observed and desired filter responses:

ex = Yk - a*yk | C))

| determined in FIG. 2 at summing junction 37. Here 3; is a normalized
20 desired response, i.e., a normalized in desired filter output value at time k,
and this value scaled by the reference level a. This form is particularly useful
where the reference levels are programmable, i.e., may be set by the user.
The function sgn(x) is a vector with components defined by:

1, x;2

25 sgn{xk) = {_1 ne0 (5)

where x (K) = [xk, Xk-1,-s Xk-N+1] is a vector of delayed filter input
values, assuming as N-tap filter, and xj is the i-th component of x(K). For
. pipelined filter circuits a delay "L" is built into the above algorithm as follows
30 to allow for the pipelining: '

wktD) = w(k) - uek;LSgn aklb) @3

- 35 The input data stream {xk} is clocked through filter 10 at rate 1/T so
that at the k-th clock period the filter uses the vector x(X) of the last N input

7
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5 streamat its output. At this stage the binary data streamfrom Viterbi

det ect or 28 in an ideal systemreproduces the binary data streamthat
was w i rmin Nyl tcodi ng action
t hat prgiloﬁgg cie}e é]ﬁléjk ?red(sigﬁér\d%ﬁiqlﬁtgvmnst XR ?gf%llﬁgs > and_ t he

unpr ec ouanlemmtaﬂms Qfa@tg'rtml filters nsqdugm diske doivecsystems havenfasmnd it

ENDEC/ S&RBFéiuéﬁt 86 ¢onkineatlotkitie tlf@buﬂﬁhtlﬁalubg yKirobghecertdr igénkfgtorever se

of the thf owedl the wrlta opra n_eXenpl ary Cl ass

v PRWIL u tgHmit 36and 1 Hp | Wi %oefﬁcwntaé@éh.easﬁ\ Glack oy @r
det i | The provent invessochave ths%ov%@lhat’ﬁq%:teﬂﬂﬁt 36%may be slovs dewvien

Dot oot .%ﬁwﬁ?%@%?@am%ﬁ setidisti iy e BBanledss ?9}”% 4o Jos cof 15

bei ng |ﬁthupnﬂytthanmyrclogkr\mbmapprmableodegradauon in filttrG 2 shows a

gener al pfdnhaae. A Qz}:ﬂb "h@ﬁr@maﬁ #¥ink f power disgipafionds e
Filt ik PRYSY
Conngcr:tl@éﬂ%“ P a fﬁsmﬁémmu%p? rthe ilmrewmhpaung ¢Rntzal signal

I tuRdf g}ﬁﬁ RE3E t ak
g}lgglgptzlﬁlme 39 lsg rédu@édE ﬁI e n‘lﬁﬁll i er coefflci gnt S gggdl g%a?egn
wo, ..., rﬁ’e?l@” ef%‘:qgoﬁm tplier stages. These coefficients:
con]E ][ ol - FI@e3chwws anrémbodimenit ofiadaptatiorn crcuitfy aécording tbouheeach
coef fi ; t '
The f|l:1#l 80?1 streéﬁl &l}e e"éﬁ%‘%#&?agl’ﬁgh ailfﬂ%%t‘ig g ﬁ]h xk) by 2'5
the fi I%ﬁl%gﬂtﬁcﬁm{:ﬁf P‘kﬁ}at ta mput € values of the 1ilter

[enB] coefficienés§ W@ﬂﬁ hré réh@ledat@&leoéoéﬂfﬁ:lénﬂstmpufqg fBpreynt -werr] at
Lo K SRR A8 betrn i teriatads: Bh. (35 U5 WBBYL. 'Bhdnfbet "Vt
block 44 recelves the filter output values yk along line 45 and quantizes those
 value into three levels (in accordance with class IV partial response assumed in
the present example). Error generator 43 also receives the filter output values
20 yk along line 45 and receives the quantized values from quantizer block 44 at
line 46. To generate the filter error signal, error generator 43 determines the
difference between the filter output and the quantizer output. .
Shift register 47 receives the input data stream {xk} and produce the
vector X(k-L) = [Xk-L' Xk-L-1'---» Xk-L-N+1] of delayed inputs used to
25 update coefficients {wk} In the illustrated case , L = 7. Filter coeffic1ent
| ‘adaptation block 48 receives the input x(K) from shift register 47 and
implements the intermittent updating of coefficients according to the
invention. In the illustrated embodiment the rate at which the filter
coefficients are updated is controlled bya spec1al filter coefficient adaptatlon
30 clock signal (FCACLK) provided by FCA clock 49. As mplemented here
FCA clock 49 merely divides the system bit clock signal (Bltc]k) by a
programmable (i.e., user selectable) integer J. If an integer J-is selected that is
too high, so that the coefficients are updated too infrequently, degradation in
the filter performance will be observed. Practitioners in the art will readily
35 be able to determine empirically for any given filter implementation the
acceptable upper limit on J that still yields acceptable filter performance. For
the illustrated embodiment a value of J from 2 to 8§ has been found acceptable.

Adaptation block 48 receives the error signals {ek} from error generator 43
8
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equal the sanpling rate 1/ T of flash A/D converter 26. The ablllty to

nodi fy wadhss204s00€ef fi ci ent s per mt s the filter to be adapt pOr/US9sI1384%01 NQ
dat a channel conditions resulting, for exanple, fromfly height
variations, from tenperature variations, fromdifferences in tracks on
a disk or %l‘?é& Sthbrth%?ded BISKE gﬁhﬁ] F'C?Kélddk AQW?é’bﬁtﬁlitsﬁo Ive
syst ens, or rom é %h S 3 r}% pver

6 1s the vector of up ated coe cients w ),

\i’g{T{( U|S§95/ 35849 A?da ptation bloclgpﬁl&hemﬁl t3t ﬂ@oﬁfgdli\lii%_ﬁebadﬁ L‘mentf

+l) ada or condi ci en

are deri ve?ﬁ&ﬁ'ﬁdﬁ& Fr&tp 51 bﬁﬁﬁg‘{q&ﬁ @@gie r&Bﬂ §1Mm%fm%htls used

i | | ust rat etb ket theiadaptationmodekobthe block. | This eomtol sigmal éZ.&N’([IJIE-‘ provides .
al gor| thm d

al gorithm aﬁk fg%hrgﬁlf%rot#&gsm?t ?‘ﬂé""%ﬁ%@g‘ﬁ\mﬂé%@% | on %g{?atw@
limted tom(PdQS afgperat!m however, and nmay readily be adapt ed for use
with other al gOFIGIA and 4B show tﬁeq Pﬂt S€ctih bf¢hé iada de reférreghe

e coer i 19 BRECAT W FE 0L The, erd vales sk £roid Ln‘oféénéra*osr B
[err] 10- thesigmal$ dabidled FEGAEKY assswired for use insepdatiigihe fidtersi ze and ek
's the difLELRYGENts. In the embodiment of FIG. 4A the error values are applied -
through delay 51 along line 52 to ten-bit register 53 for storing the error
values until needed in the update operation. Error generator 43 generates
error values ek on every time step k from the bit clock driving the filter. The
15 register 53 holds the error values until clocked through to barrel shifter 54 in
response to the filter adaptation clock signal FCACLK. The FCACLK signal
clocks every J-th value of ek through to barrel shifter 54 where J is the
integer value dividing the bit clock rate as explained above. Thus, the output
of register 53 change only with every J-th time step of the bit clock. Barrel
20  shifter 54 receives the error value ek and shift it to the right by a
predetermined number of places specified by the value of . from Eqn. (3)
or (3"). The Y value is selected by multiplexer 56, which provides either a
larger or smaller step size | corresponding to a faster or slower adapt mode.
The W values are three-bit value stored in register files (not shown) and
25 provided to multiplexer 56 along the FCAR lines 57 and 58. FCA10N is a
control line for selecting the step size. If the value on this control line is zero, -
then the top p value along line 57 is selected. If the control line value is one,
then the bottom L value is selected. The output of barrel shifter 54 is the
error value CUEK scaled by L.
- 30 ~ FIG. 4B shows the next stage of adaptation block 48. The individual
coefficient blocks 59 calculate the new coefficient values according to Eqn. (3)
or (3"), which are then provided to the output stage of adaptation block 48 .
labeled FCA2 in FIG. 3 and shown in more detail in FIG. 6.
' FIG. 5 shows a coefficient block 59 in more detail. The inputs to FIG.
'35 5 have already been defined above. The diagrammatic gate 61 represents a
bank of eleven XOR gates. These gates flip the sign of the plek term from
Eqgn. (3) (or the corresponding term in Eqn. (3')). The total update value is

then provided at the output of the bank of XOR gates 61. This value is
9




15 between the observed and desired filter responses:

[err] WO 96/20450 (4) determined in FIG 2 at surrpnshshisgasti on
37. Here [err]k is a nornmalized 20 desired response, i.e., a normalized in
desired filter output value at tine Kk, and this value scaled by the

ref er engabteictdd fromithe dldrw valuBdy hGHbPBRY A%%flﬂdl b:ﬂ@ﬁé@rlé& %

funet ?2%@? {;ﬁm& Ry IpBEE SN Block: 69 checks ot ket oy of adder 62.
[err] : s¢lects] eithor the] sdturated value atisihiy Jﬂ'om ﬁn%mﬂ??& Iogf he o
' Ide![ ﬁyggrtrﬁp%ngﬁi OSERHEO Pyt Iﬁk%mnﬁ%?‘gg"%@sm Fscﬁ?et BCW Wel ay "L" is

bui 18 i coeffieiensbove al gorlthmas follows 30 to allow for the pipelining:

g ter”ﬁ t e35 FIG. 6§H6\ﬁ'srtﬁeto hﬁﬁﬁgﬁ?@&%ﬁb}‘ r.B@WB&‘f]{]@u?fgé@h{ﬂir 10

T .t
vect or ﬁql.]tls)&i rqg;gtqr§g6 ﬁp}df1 output v ues o the filter coefficierits to be sent 7 .
' to FIR filter 40. Multiplexers 67 select the coefficients to be sent to registers

66 depending on the state of the control bits along control lines CNTLRFO and

10 CNTLRFI. If the control bits are 00, then the stored values in registers 66
continue to be sent. If the control bits are 01, then the servo mode settings
SRVFIRA to SRVFIRE are selected. If the control bits are 10, then a pre-
programmed value from a register file is selected. If the control bits are 11,
then updated coefficient values w(k+1) are sent to registers 66.

15 While reading data from disk 11, the coefficients are normally updated
continually and generally converge quickly to optimum value for the
particular track and disk being read. 'When the coefficients are updated
according to the invention at the slower FCACLK rate, the rate of

. convergence is-correspondingly slower. ‘This can present a problem when

20 embedded servo data are present on the disk. In a common track format servo -
fields or "wedges" are embedded at intervals along a track, the servo fields
commonly defining and separating wedge-shaped areas on the disk for user
data storage. If the embedded servo values are recorded at different rates than
the effective user data rate, it becomes generally desirable to provide

25  alternative predetermined filter coefficients when reading the servo and
identification information from the servo fields. Thus, in this case the filter
coefficient updating mechanism is interrupted when reading the servo fields.
With adaptive filter of the prior art ample time is generally available between
servo wedges on the disk for the updated filter coefficients to converge to

30 their optimum values. When the update rate is slowed down, however,

. convergence may not be achieved between servo wedges. This may .
particularly be undesirable where a data segment is too large to be stored i ina
contiguous field on the disk, but is stored a split data field interrupted by a
servo wedge. FIG 7 shows an implementation of circuitry associated with an

'35  individual register 66 and multlplexer 67 which selects the coefficients so as to
tolerate the slow convergence rate problem. -
- Block 68 in FIG. 7 shows a representatlve output reglster 66 and

assoc1ated multiplexer 67 from the output stage FCA2 of adaptation block 48
10
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val ues to dewmmoasothe k-th processed out put val ue yk I n t heCrArshS/15849

i rpl ement ati ons of adaptive filters used in disk drive systens have found
it conveni ent to continue clocking the output values yk through error

generator jp I-'*'IG3 Rd@ "éoﬁﬁkﬁs@@a %Egm'tﬁ ﬂ[@g&ehbﬁﬁr g c;ﬂ h%e”t swth

each clock cy es % te unit
36 may be §P %!G%ﬁv ues céﬁgm@fﬁﬂv&amu a ey %ﬁ‘iﬁ% nbe

updated si Mtbhl’mlfbi‘ patRf the registess 66! |S(ertvbahtdy GrlyrszJeWés éfﬂ'og?ammed

a reC|abIed |lter or nman e
cggm derab FQ ﬁ@ pﬂﬁb&’o@g a H}R}&B;ﬁ?ﬂ"z groprocgﬁggl q.c&ctr&s%(ﬁ& aahus
undesi r&bl anfﬁaentt latch G2 receiviesl casfficient values frommnltiplkexen 34 whmh)n

oner s heu” alleRed b VBHGP Hot B St Sir BB, HHRF3 S5 Homchiple 0

enmbodi ment r@glsm adependingcon the value ofithe coptrol signal TRNPMNEn Wiite
Fecel ves darartekEe 78 blotided Whic Y@obt E“t‘é‘zﬂk%"‘“’“&?ﬁs e fi1ser 15
coef fici enPEeE‘iﬂé e‘iria @i‘i‘?ﬁa@ al? %&%ﬁ%ﬁrﬁe ¢ac, muliip] C’Erri)
?_ﬁne { at®r aded tocead wuttthe owfﬁcxetm r\mlwdsst storéd) i ?ln l?t&h ‘lblr aﬁa['ﬁz alllbwstmel to "
anti zer er ou ut val ues al on I ne
and quantlf%%d flﬁ%géhvérgécgé%ﬁfﬁﬁ{lgsﬁpge Ievelg (in accoréance ngth cl ass
|V parti al respaﬂmevaneu&smtesnof the altnmqtt\ecsemffmxenmp amism diggussedt or
the-quant ??@ﬁ;@éf’ue “’*‘i 3‘&5 Bofith E*ﬁ 8&5@“4&‘3@&2‘““
the filtert@ é éﬂﬁ’nqg 1 are mdﬂf-" Qdence
bet weerg t hgtate) éﬁfpul% Eﬂtelaﬁﬁ rhb?elStLli’cﬂﬂs zheé previvis. coefficient valueShiThe 01

dforr] - 7 st Selocis e ervehoniicnd g Iy Seiya TERCEEY R O Btatep, VT
the ill ust salaebbd:adren the seﬁ’/o ﬁoﬂbas enabléd.cWhen 10 is selieqted; outputiregistds
e, P R MR B A T e PR
t he il | ust eithet prepragrammedidatagoefficients cfmmrmmrqprecessor address/data bus
20 73 or can select the last w coefficients that were present in output register 66.
In operation, the arrangement of FIG. 7 functions as follows. When
reading data on the disk, the TRNDONE signal is asserted at the end of the
data segment to indicate that a servo wedge follows. TRNDONE causes
multiplexer 74 to select the last values achieved from the adaptation process in
25 the immediately completed data field. The previously adapted values are
saved in coefficient latch 72. If TRNDONE is de-asserted, then
preprogrammed data coefficients are selected instead. In the servo mode the
coefficients are selected from servo latch 71. When the system next returns to
the read mode, the coefficients in latch 72 are selected so that the adaptation
30 unit may continue adapting these coefficients where it left off before the read
~ mode was interrupted. When returning to the read mode, the system switches
to state 11, which is the adaptive mode. The system then continues to select
the new coefficients from FCA1 (FIG. 4B) based on the feedback values
attained before the read operation was interrupted.
35 FIG. 8 shows a sample disk track format and an associated READGATE
signal and TRNDONE signal illustrating this process. The W segments
represent servo wedges. - ID is an identification field immediately following a

servo wedge. D1, D2, and D3 are data fields. D2 is a split data field that
. 11



coefficients are updated is controlled by a special filter coefficient
adapt at i o'W@@6205@0ck si gnal (FCACLK) provided by FCA cl ock $@rm88s/15849

| - inplenented here FCA clock 49 nerely d| vides the systembit clock

signal (Bitclk) by a programmeble (i.e., user selectable) integer J.
If an mcmes dnd§t@alcm1h€sé t tod long totﬂPu‘Etbg&neEiéhﬂfi[er o ficients

are updaj mance

willbe ="WE%" By 38V h#&g;eﬁnf’ i0.5814. D is camposgd:nf themam e o
det er ni neontiguous fields DﬂAaml DR2B:nWhen FRNDONE: i¥ asbsmdt *i‘ﬁdlcated by
accent 2 sAs 15, Rfest BT Fi ddestio RS 85 S0 80N e SSEmicient o o
has Bee atfé!ﬁW%&,f@méf e 69. Semin goefficishtscSRAVFIR aee leadédinter 1 or

SI gnal s registef 66 Froni %ér\'étﬂﬁbﬁt’PI At the beginning of the segment D3

6/
Per/ Usedindisaled BY the ising edgs of the READGATE sigeal in BIG 8) ithen FcA cl ock
49. The prevpouslyrtoained FIR filoaxt evéfficiohscirons latéht‘llP ai’é?fdﬁecpi) él?

fZﬁLT vedeRisiet B | Tiiged ppetficients thep CORENGE 13 dratn B setting B ock,
and18ontkb |T§11gﬁaﬁemmaMem glcontinmons. traﬁmmgpsetestshmthtmmalon mode of

control HICAOPIORERBE ] *“"f‘%%'f‘?*‘ e Gh*sﬁct%‘@ﬂgiﬁ% slgwseibaptbhdn™ " Todee of

oper at i GfPRVergence rate 0¢gagio gislawei RGACGLEmateect i on of the

?dapt o on odobas b g that mH@ h i gh Ist@a eF CIE@E tliare stor d{:‘a(ﬁ
e S
vt i ABARE il blechiery th g@e mﬁ;@vsm Heaprovidess, 4AY

t hel®rran &ﬁecmse sobuthom to another ptdblenghsswlmd&inthl aduptivefilters.t 0 ten-bit
"9l st eWhen' ditas tehd%roiCa Hidl'it is necessary for the clock signal for A/D
converter 26 to be synchronized with the clock signal that was used for
writing the data in the disk initially. . This can be prbblematlc because the
precise frequency with which the data was written to the disk is.not generally
20 known. To circumvent this problem, disk drive systems commonly include an -
adaptive timing loop to adjust the clock signal. The adaptive timing loop
generally uses the same error signals ek that adaptive FIR filter 10 (or filter
40 in FIG. 3) uses. The result is an interaction between. the two adaptive loops
 that causes the FIR filter coefficient values to wander away from the optimum
25 values instead of converging defmmvely to these values. The present _
invention provides a practical solution to this problem by updatmg the filter
coefficients more slowly than the timing loop, which is updated in every cycle.
- If coefficients are updated every 5th or 6th time, for example, then the
wandering within one data sector time interval becomes small enough to be.
30 insignificant in practice. - SRR L :
The above descriptions and drawmgs dlsclose 111ustrat1ve embodiments
of the invention. Given the benefit of this disclosure, those skilled in the art
. will appreciate that various modifications, alternate constructions, and .
equivalents may also be employed to achieve the advantages of the invention.
35 Therefore, the invention is not to be limited to the above description and
" illustrations, but is defined by the appended claims.

I)
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vaI ues until needed in the update ope%—&&%ﬁ%—geﬁef ator 43 generates

error val uesy§lgsgisgvery tinme step k L k drivi pgrhitos/idshs er .
The 15 register 53 holds the error valgpwII o rERéi)h‘g%ed through to barrel
shifter 54 in response to the f|| l cl ock signal FCACLK
The FCACLK I ocks every J- through to barrel
shifter 54%&?@%‘%‘ fiﬁé I nt eger vaI ue d| viding the bit clock rate as
expl ai ned above. Thus, the out put of register 53 change only with

error val ue ek and ermn r of

pl aces speEy$eEy 9&1 h‘éeli/%ﬁcﬁé"lé‘g (§ﬁmﬂﬁs C?U%SPOH ng tQ PE% F§ad The
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g f ER & 2 S l% ga i s| ower adap

d oA 8¢ Pl 1Py §W&F fil
?ﬁ o'? shown pllma&ll'qy »f filtov coefficientsu( wim!*e)e andaingludiggt ane ad@ﬁtmm unltlsfb(i’:n d
58. FCAION, Pr aftng said TEer Qdefficiénts wﬁ-f(l@gtéeﬁﬂ fﬁt\?/lgluzﬁtzgfo Hu?é'e val ue -

on this con |ne IS zer e ne 57
is sel ect eupdate pectficients FWm@"'v]a}Slﬁ ‘il%ledﬁ‘é acco Pgéﬁ 3 pEessal Qﬂn [err]

val ue { nﬁﬂi‘&ﬁém%t EBﬁi‘aﬁ:‘texiiﬁécfltiﬁrthﬁlf1 Is.the -error value

CUEK scal e the n xt sta 0 tation
ol ock 48. The i aﬂv ation unig ¢ sfchued TIG Angsd o prvate UpdBtery
coef f i ci entoefficientswgntkhl) }taccE::rdmgm said rcscr(lﬁ[dea]tgo rithmh wherrever tkhis

FI G 5 ancoahale A ke G0 RRIRpIE L pRAGRRIAE idfeger fuoto Cirfiaygrtion ©

coef f i ci enunitiyoand Seructnedrandiarranged Tiot torppdatetsaidicocfficients btherwisecady

every J-th time} Step{ﬁfad{&&a f&kfo kelsing datbistéd ﬁﬁarcﬁgenu dfRse the

been i ned above. The diagrammtic gate 61 represents a bank of
el even CRgates These gates fll?ﬁahe S| f the [ery]lek termfrom
Eqn. (3) (or thé:cor Adwpappamage GOMPRSINRie total update

val ue is t Aefirse Qe pRoMdihg ﬁ!t'éﬁ%lbckfmghﬂl Q@O&rﬁﬁgm 1afé ©f 61. This
value is operation of said filter; and
an adaptation clock providing an adaptation clock signal governing the
20 rate of operation of said adaptation unit, said adaptation clock signal being
derived by dividing said first clock signal by an integer J greater than unity.

3.  The apparatus of claim 2, further comprising:
25 means providing an error value for use in updating said filter
coefficients; and '
error value storing means for storing said error value, wherein said
error value storing means provides a stored error value for use in said
- updating in response to said adaptation clock signal, whereby a new error
30 value is provided and said coefficients are updated at a rate slower than the .
rate defined by said first clock signal. ‘

4. The apparafus of claim 3, further comprising:
a shift register receiving said stored error value in response to said
. 35 adaptation clock signal and providing a scaled error value for use in said
updating, said shift register scaling said stored error value by a variable step
size; and
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subtract WO 26/2943% he ol d w val ue by adder 62. A roundi ng bi PCT/US3A584%d t o
adder 62 at the carry input CIN. Block 63 checks for overflow of adder 62. .
Mul tipl exer 64 selects either the saturated value arising froman overflow

or thermhua’or%eladmtgosmd vdrgable! step lsézes rwl@stwyt Wé@rfﬁtéﬁ siZgsisnew w

adapt ot YIRCBRor &y faster pdapraFion modt i a sifalldh e sted B elsptediior 4 ne

out put slemersadaptatientmbder coefficients to be sent ~ to FIRfilter- 40.
Mil tipl exers 67 select the coefficients to be sent to registers 66

dependi ng on the state of the conLroI bj-ts al ond(z control_|ines CNTLRFO and
10 SCNTLRF1.54f t hBeapnaratusppk slaspe4ouherein said, filtersaefficients aren

regi st eigd4ted accordiiiio B.Lléaétonhﬁnsgiare'il bi¢himontrol bits are 01, then

the servo node settings /FIRE are selected. If the
control bits are 10, then a pre- programed -val ue. from a regi ster

file is sel ebied. The dpparatust obtlaiim S whereiﬂ said filtertdonfficieints age

Feadi ng ﬁi%tsﬁ?al»c%%?ﬂﬁ@t% sibied s RebfAoheR M, |, paated
coil@i nuial |y andkgeneral |y converge qU| ckly to optinmum val ue for the g
B el T THE ikt sicksits Wi WG RRERLC] Musepiacpaibite

convergence i s correspondingly sl ower This can present a probl em when 20-

enbedded sergo daAaano@bfqmbessingfmtﬂlsﬁdredlm aadi?smdﬁfiretsy% mhgiAgt servo
fields or Wegﬁﬁg. are cr?em . nt.erv Is al on la track sServo (
fiel ds an f&ﬁﬁ“’é@ge}F‘BP 15,8 SB?% &W t he di sk
for|5usedata readdntsaldtd)sladmvel gystem, pmoes'sedmuapm dataor ded at
differ t

el ,dw se ‘éﬁI: § sundf inpiit' dath Safnplet ap ¢
o A ot A AR o A AR
from t hepdating siidi‘ﬁﬂ%r c&ﬂﬁcxems kv (6 said cadaptation unit providing

updated coefficients {wm(k+1)} at time k+1 according to a prescnbed
20 algorithm, said method comprising the steps of: -
clocking said input data samples through said adaptlve filter and
providing said processed output data samples at a clock rate 1/T; and
updating said coefficients {wm(k+1)}, according to said prescribed
algorithm at an update rate slower than said clock rate, wherein sa1d update
25 rate is at most one-half as fast as said clock rate.

(e

9.  The method of claim 8 wherein sald update rate is equal to 1/JT.
where J is an integer greater than unity.
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Mul ti pl exer 76lprowt des—nel te Strokedignal& f oe
preprogrammed, data al_ug‘s to the latc e:sﬂLQand:
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10 used to read out the coefficient values stored in latch 71 and 72

al  ows one {y@ 9¢r20450" €ad t he converged coefficient val ues. PCT/US95/15849he
various states of the alternative coefficient nechani smdi scussed

above in connection with FIG 6 nmay now be bef& er understood with reference
to FIG 7. When the control |ines CNTLRFO and CNTLRF1 are in the 00 15
state, output register .566‘ rel yg@olds the %r evi ous coefficient values. The

01 state sel ects*t’h coef filci enk Held in servoglatch 71. The 01
state is sellapyt £d seryo rfode]s enabl ed. 10 i8!sel ected,
out put register Xy [ akvdep—s am, j.ént Yatch 72. '
Mul tipl exer 74 can sel edt _ i Lr.e.p.dogr amed d pef fli cients from

m croprocessor addregq can select t

coefficients that ut register 66. 3¢ I n
operation, the arran bincti ons as*foll ows w '
readi ng data on the E signal is asserted at Bid of the

data segnent to indi ' serfvo wedge foll ows. TRNDONE ¢auses

mul t.i pl exer 74 to se Leved from the. adl o |ton
process in 25 the ijmediately gonplele vI adapt ed
val ues are saved in coeffi ¢i qpRdmd | f TRNDO\IE i% sskerted,

t hen preprogranmned data coeffifki 5 T3dad In t he
servo node the coefficient $.ark Ll \\hen the
system next returns to TTe e i 'tsmlatch 72 are
sel ected so that the adaptation 30 unit ontli nfie aflapti ng t hese
coefficients where it |ef off before the re¥ no@4;, was i nterrupted.
When returning to the re /i he system swt@eﬁ‘“omuto state 11,
which is the adaptive nod he system then conti NUES réssonsee! ect the
new coefficients from FCAl (FIG 4B) .based on the feedback val ues

‘attai ned before the read operation was interrupted. 35 FIG 8 shows
a sanple disk track format and an associ at ed READGATE si gnal and
TRNDONE signal illustrating this process. The Wsegnents repr esent

servo wedges. IDis an identification field imediately follow ng a
servo wedge. D1, D2, and D3 are data fields. D2 is a split data field that
11



VO 96/ 20450

PCT/ US95/ 15848 96/20450 corresponds to a data segrrent t 00 | opgriusesiiss4si nt o
ane field without being |nterrupted3y @/8ervo wedge and ID field. D2
IS corrposed of t he non- - cont i guous fT28-ds D2A n TRNDONE
is asserted, indicated by the arrows 'r: , the latest FIRfi}l ter
- coefficients are saved into the coefficien#~! 5 latches 72 of Hegister

file 69. Servo coefficients SRVFIR are | oadgd into regi sté¢r 66 from
servo latch 71. At the beginning-of ®¥he seamgnt D3 (indicqated by the
rising edge of the READGATE signal i FIG &t dhe previougly trained
FIRfilter coefficients fromlatch 7 arglidadgddgeck into register

66. These coefficients then cahtinue t rarn by sefting CNTLRFjto 10 11.
Thi s schene achi eves coubd Mious t e ng process Wjfh m ni nal
m croprocessor interrfpt kmsdNot w L hst anfli ng $he slo adaptati pn
convergence rate occasi ogas D buer FGACLK ragml: o It has
been found that indepe dhaid controlfligg t adapt orgcircuifry
timng and the filter Cijeesd TV T1 Y pccordi ng tolgpe j nventi pn al'so

~ provides 15 an effecti !!a ution it rotiTeT= proii-

associatedl with

adaptive filters. P& h dat alils-rehd froma dibk, ¥ is neg¢essary for
t he clock signal for A = v o 26 fo be s,/nchf-qnl zed With the

* clock signal that was uwseEe= -t i nge t he dal the di §k
initially. This can be citlite—beetise e p |se frequency with

which the data was wri f4fE#={ o { S not gener bl | W20 knoywn. To

circunvent this probl gfypeesk d =< =Yt olaYasaeate | Iude an

adaptive tinming | oop & st the cl ocFESrg= ptlvet mng | oop
~ generally uses the sang @& pr signals e th addp |ve FIRfiltpr 10 (or
filter 40 in FI QgL ises. Thgr “i's ap pnteracti on bgptween the

two adaptive |loops - S9— i V)

l
M - L)
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- the art will

t‘hat causes_the FIR filter coefficient values to wander away dshiSsa0
opti mum 25 W& WO6(20450 st ead of conver gi ng ¢ defanitively to these values. The

pr esent i nventign pryvi de¥ a p_&act | (;§1I s@uti ijl to phis ‘grobl em by
updating the filter 3 pef f Fgh entige m)r‘g‘sl o'ogoy tTan tHeti n)ng | oop,
which is updated in ejery tycle ifCi entfs aretupdaged every 5th

or 6th tine, for exapple
time interval becone$ saart |
The above descri pti onp ‘and} dyawif n@s
of the invention.

- constructions, and
~ advant ages of the i

t he appended cl ai ns.
-13- Cl ai s
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1. A clocked digital adaptive filter for processing data stored in a disk
drive systewpog@esdodi gital adaptive filter receiving digital piciRishs/ s
sanples corresponding to data read froma disk in said disk system said
digital filter being clocked at a cl ocking pa&ygod T and providing
processed digital output data sanples linearly related to a sequence of
said digital input data sanples at tinme k by a plurality of filter
coefficients {werr]}, and including a digital adaptation wunit for
updating said filter coefficients {Wef]}, said digital adaptation unit

. provi di ng updated coefficients {Werr]}f at time k+1l according to a
“prescribed algorithm the filter chargéterized in that: sai d
~digital adaptation unit is structured éd arranged to provi de updated
digital filter coefficients {Werr]} aégor di g to said prescribed algorithm
whenever k is equal .to 1/JT where J is pr gglet er mi ned i nteger clocking -
guotient factor greater than unity and} said digital adaptation unit is

structured and arranged not to ugdat =~ej ent s ot herw se, and
wherein said digital adaptation n|t %anrls d i
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a first clock providing the clocking period T governing the rate of

operation of WQi94/2045Dt er ; : PCT/US95/15849
-d4- an adaptatlon of cl ock proglglng an adaptation cl ocking
period JT governing the rate of operatlon of said digital adaptation
unit; error generator neans for providing error values for use
I n updati ng : said filter coefficients;

storlng means connected t® dgper at or
said error val ues, mhere

stored error value or [
adapt ati on cl ock;
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drror scaling means receiving said stored error value from said

error val ue‘gatﬁ,gﬁmg nmeans in response to said adaptation cl opbmjsgsxmsﬁ or
scaling said érror value by a selectable stepzﬁ ze for use in said
e

updati ng; and grap™%i ze s ctor neans for providing a
sel ected step size to said errioryval ue storing neans such that a
| arger step size is selected for al, '. faster filter coefficient
adaptati on node and a snaller stepﬂ'sn’le is selected for a sl ower
filter coefficient adaptation m)de.” o 2. The apparatus of claim 1
wherein said filter coefficients ar e::]lpqlat ed according to a
| east - nean- square al gori t.hm ‘ ,...‘ i
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45- 3. The apparatus of claim2 wherein said filter coefficients are
updat ed ac%?bﬂgs{; 0 a signed | east-nean-square algorithm pefrusesinssde
apparatus of clarm1l wherein said integer J lies in a range between two

and eight and is user selectable. 5. Tom apparatus of claim 1
wherein said adaptation clock conprises a divider for receiving and
dividing said first clock by the integer J. 6. The apparatus of claim

1 wherein said error generator neans is connected to receive digital

out put data sanples from an output of sa\d digital filter. 7. The
apparatus of claim 1 whe¢reipn said error {val ue storing neans
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conprises a barrel shifter shift register. 8. The apparatus of claim
1 wherein said step size selector neans conprises a multiplexer having a
first input for receiving the |arger step size and a second input for
receiving the smaller step size.

-16- 9. A met hod of processing data stoyed in a disk drive system using
a digital adaptive filter, said digital “adaptive filter receiving input
digital data sanples corresponding to data read in said disk drive system
and providing processed output digital data sanples linearly related to a
sequence ogagﬂhg I nput digital data sanples at tine k by a plurality of
filter dig oefficients (Werr]}, and including a digital adaptation
unit for updating said filter digital coefficients

1. A clocked dlgltal adaptive filter for processing data stored in a disk drive
system, said digital adaptive filter receiving digital input data samples
corresponding to data réad from a disk in said disk system., said digital filter
being clocked at a clocking period T and providing processed digital output &ata
samples linearly related to a sequence of said digital input data samples at time
k by a plurality of filter coefficients {w;,*}, and including a digital adaptation
unit for updating said filter coefficients {wn®}, said digital adaptation unit |
providing updated coefficients {wm(k“)} at time k+1 according to a prescribed
algorithm, the filter characterized in that:

said digital adaptation unit is structured and arranged to provide updated

digital filter coefficients {w,*"} according to said prescribed algorithm

whenever k is equal to 1/JT where J is a predetermined integer clocking

quotient factor greater than unity and. said digital adaptation unit is

structured and arranged not to updaté said coefficients otherwise, and

wherein said digital adaptation unit comprises:

a first clock providing the clocking period T governing the rate of

operation of said filter;

T Thig is the replacement sheet
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{w[fér"r]'}, said digital adaptation unit providing updated coefficients
{Werr]} at time k+1 according to -a prescribed algorithm said nethod

conprising the steps of: cl ocking said input digital data sanples
t hrough said digital adaptive filter and providing said processed
output digital data sanples fromsaid digital adaptive filter at a
sanple clock rate 1/ T, ' generating erid+r values from said sanpl es;
scaling said error values in accordance with a variable step size to
produce scal ed error val ues; selecting said variable step size
whereby a larger step size is selected for a faster filter
coefficient adaptation node and a smaller step size is sel ected for

a slower filter coefphcidaptatieiapfailoek prodilingnsh adaptationpekicki ridd JT
digital coefficients {wWerr]} with sai Jﬂﬂgcalnelg er?o?pval ues kg po

according to said prescrjbed algorithmat.a.coptro]l ed date.rate.
' 'ng 1gov Tning the rate o opelzratlon of salﬁ (ﬁ"gltai agaptgﬁonum;

error generator means for providing error values for use in updating
said filter coefficients;

error value storing_means connected to said error generator means
for storing said error values, wherein said error values storing means
provides stored error values for use in said updating in response to said
adaptation clock;

error scaling means receiving said stored error value from said
error value storing means in response to said adaptation clock signal for
scaling said error value by a selectable step size for use in said updating;
and |

step size selector means for providing a selecfed step size to said
error value storing means such that a larger step size is selected for a
faster filter coefficient adaptation mode and a smaller step size is selected

for a slower filter coefficient adaptation mode.

2. The apparatus of claim 1 wherein said filter coefficients are updated

according to a least-mean-square algorithm.

- Thisis the replacement sheet
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-17- 10. The net'hod of claim9 wherein said update rate is slower than
said clock rate and is equal to 1/JT where J is a user-selectable integer
greater than unity. 11. The nethod of claim 10 wherein J is an integer
lying-in a range between two and ei ght. 12. An adaptive digital filter
in a partial response, maxi mumlikelihood data detection channel of a disk
drive having a rotating data storage disKlSsith at | east one data storage
surface and a data transducer head positionable relative to concentric
data tracks of the surface, the tracks conprising data sections

3.  The apparatus of claim 2 wherein said filter coefficients are updated

according to a signed least-mean-square algorithm.

4, The apparatus of claim 1 wherein said integer J lies in a range between

two and eight and is user selectable.

5.  The apparatus of claim 1 wherein said adaptation clock comprises a

divider for receiving and dividing said first clock by the integer J.

6.  The apparatus of claim 1 wherein said error generator means is connected

to receive digital output data samples from an output of said digital filter.

7. The apparatus of claim 1 wherein said error value storing means

comprises a barrel shifter shift register.

8. The apparatus of claim 1 wherein said step size selector means comprises
a multiplexer having a first input for receiving the larger step size and a second

input for receiving the smaller step size.

_
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i nterrupted by servo: wedge sections, at |east one user data bl ock spanning
a said servo wedge section, the channel conprising anal og-to-digital
‘converter nmeans for converting the user data block read froma data track
.into raw digital data sanples at a data sanpling rate of 1/ T and for
converting servo information fromthe said servo wedge section into servo
sanples for use by a data transducer healtﬁ-positioner- of the drive, data
cl ock means for generating and supplyi ng the data sanpling rate of 1/T to

th | to-d t t Vit d.et t .
i mum 1 Rel  ndomeaoBdt Wiocsrsing g sttt & ik dre s iing 2 dsital
adaptive digital filter conprising:

- 18- a puaptivé dltdr; zasd ligithl hdaptive ifiteer seceiempoitgrut! digiel dmaneensids

bet ween

conresponding to data read in said disk drive system, and providing processed
output digital data samples linearly related to a sequence of said input digital
data samples at time k by a plurality of filter digital coefficients (wm(k)}, and
including é digital adaptation unit for updating said filter digital coefficients
{wa®}, said digital adaptation unit providing updated coefficients {wn" "} at
time k+1 according to a prescribed algorithm, said method comprising the steps
of:

élocking said input digital data samples through said digital adaptive filter

aﬁd providing said processed output digital data samples from said digital

adaptive filter at a sample clock rate 1/T;

generating error values from said samples; -

scaling said error values in accordance with a variable step size to

produce scaled error values;

selecting said variable step size whereby a larger step size is selected for

a faster filter coefficient adaptation mode and a smaller step size is

selected for a sléwer filter coefficient adaptation mode; and

updating said digital coefficients {w,"""} with said scaled error values

according to said prescribed algorithm at a controlled update rate.

\
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sai d anal og-to-digital converter neans and said Viterbi detector neans,
and having coefficient nultipliers for each tap, for putting out filtered
digital sanples fromthe raw digital data sanples filtered in accordance
with filter adaptive data coefficients and for putting out filtered servo
sanples in accordance with filter servo coefficients; storage neans for
storing and providing the filter adaptivdd@Mata coefficients to the
coefficient nultipliers of the multi-tap finite inpulse response filter
during reading of the at |east one user data block and for storing and
providing the filter servo coefficients to the coefficient nultipliers
during reading the said servo wedge section; clocked digital filter

adapt at i on]geanTheaheflfott bftcldith 9pWheRsn fsaid apdakriané iy sloieéptinaesdidcdiook s

fromdata sanples fromthe channel and for suppl ying updated filter
adaptive data coeffi ci nt the stora cl gckin

for gener afdt ﬁ@nﬁds‘mﬁ&@i SR idra R5cTse ergtablw %g%&se t&apaum Iter
adaptati on nmeans and the storage nmeans at a rate

11. The method of claim 10 wherein J is an integer lying in a range between

two and eight.

12.  An adaptive digital filter in a partial response, maximum likelihood data
detection channel of a disk drive having a rotating data storage disk with at least
one data storage surface and a data transducer head positionable relative to
concentric data tracks of the surface, the tracks comprising data sections
interrupted by servo wedge sections, at least one user data block spanning a said
servo wedge section, the channel comprising analog-to-digital converter means
for converting the user data block read from a data track into raw digital data
samples at a data sampling rate of 1/T and for converting servo information
from the said servo wedge section into servo samples for use by a data
transducer head positioner of the drive, data clock means for generating and
supplying the data sampling rate of 1/T to the analog-to-digital converter means,
and Viterbi detector means for maximum likelihood detection of filtered digital

data samples, the adaptive digital filter comprising:

This is the replacement sheet
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sloﬁer.than the data’sanpfing rate; the storage neans including |atch _
means for holding a | ast set of updated filter adaptive data coefficients
before reading of the said servo wedge

-19- section and for providing the |last set of updated filter
adaptive data coefficients to the filter upon resunption of the at

| east one user data bl ock fol | owi fiB-r eadi ng of the said servo wedge
section, thereby enabling "~ continuing adaptation and convergence of
the filter adaptive data coefficients follow ng reading of the said

servo wedge secti on.

a multi-tap transversal finite impulse response filter connected between
said analog-to-digital converter means and said Viterbi detector means,
and having coefficient multipliers for each tap, for putting out filtered
d1g1ta1 samples from the raw digital data samples filtered in accordance
with filter adaptive data coefficients and for putting out filtered servo
sampleé in accordance with filter servo coefficients;

storage means for storing and providing the filter adaptive data
coefficients to the coefficient multipliers of the multi-tap finite impulse
response filter during reading of the at least one user data block and for
storing and providing the filter servo coefficients to the coefficient
multipliers during reading the said servo wedge section;

clocked digital filter adaptation means for generating updated filter
adaptive data coefficients from data samples from the channel and for
supplying updated filter adaptive data coefficients to the storage means;
clocking control means for generating an adaptation clock for clocking
the clocked digital filter adaptation means and the storage means at a rate
slower than the data sampling rate;

the storage means including latch means for holding a last set of updated

filter adaptive data coefficients before reading of the said servo wedge

Thig is the repiacement sheet
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13. The adaptive di'gitat*filter of claim 12 wherein the clocking control
means generates the adaptation clock at a rate corresponding to 1/JT where
J is a user-programmable integer lying in a range between two and eight.

14. The adaptive digital filter of claim 12 wherein the data cl ock neans

I ncludes a timng acquisition control |oop operating at a timng
acquisition clock rate, and wherein the cl et ng control neans generates
the adaptation clock at a rate slower than the tim ng acquisition clock
rate. '

section and for providing the last set of updated filter adaptive data
coefficients to the filter upon resumption of the at least one user data
block following reading of the said servo wedge section, théreby enabling
continuing adaptation and convergence of the filter adaptive data

coefficients following reading of the said servo wedge section.

13. The adaptive digital filter of claim 12 wherein the clocking control
means generates the adaptation clock at a rate corresponding to 1/JT

where J is a user-programmable integer lying in a range between two and eight.

14.  The adaptive digital filter of claim 12 wherein the data clock means
includes a timing acquisition control loop operating at a timing
acquisition clock rate, and wherein the clocking control means generates the

adaptation clock at a rate slower than the timing acquisition clock rate.
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