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SYSTEM MVD METHOD FOR RECONSTRUCTI NG A SI GNAL_WAVE I N
A PARTT AL RESPONSE READ CHANNEL -Field of the Invntion The
pfesent invention is directed to disk drives. Mre particularly, the
present i nwanéerasszpr ovi des an efficient and rel i abl PCHUS%6OMSANd

nmet hod for selectively sanpling a 5 Known signal waveformas it is
processed by a data read channel such as a partial response, naxi num
| i kel i hood read channel, and utilizing the sanpled waveformto
reconstruct signals representative of circuit transfer functions of
t he read channel. 10 Background of the Invention D sk
drives are commonly used in workstations, personal conput ers, |aptops
and ot her conputer systens to store |arge anounts of data that are
readily available to a user. In 15 general, a disk drive conprises a
magnetic disk that is rotated by a spindle notor. The surface of the
disk is divided into a series of data tracks that extend

SYSTEM AND METHOD FOR RECONSTRUCTING A SIGNAL WAVE
IN A PARTIAL RESPONSE READ CHANNEL

Eleld of the Invention
The present invention is directed to disk drives. More
particularly, the present invention provides an efficient
and reliable system and method for selectively sampling a
5 known signal waveform as it is processed by a data read

channel such as a partial response, maximum likelihood read
channel, and utilizing the sampled waveform to reconstruct
signals representative of circuit transfer functions of the
read channel.

10 :
Backaground of the Invention
Disk drives are commonly used in workstations, personal
computers, laptops and other computer systems to store large
‘amounts of data that are readily available to a user. In

15 general, a disk drive comprises a magnetic disk that is
rotated by a spindle motor. The surface of the disk is
divided into a series of data tracks that extend
circumferentially around the disk. Each data track can
store data in the form of magnetic transitions on the disk

20 surface.

A head includes an interactive element, such as a ﬁagnetic
transducer, that is used to sense the magnetic transitions
to read data, or to conduct an electric current that causes

25 a magnetic transition on the disk surface, to write data.
The magnetic transducer includes a read/write gap that



circunferentially around the disk. Each data track can store data in
the formof magnetic transitions on the disk 20 surface. A head
i ncludes an interactive elenent, such as a magnetic transducer, that
is used to sense the magnetic transitions to read data, or to conduct
an el ectric cuwomsRdsshat causes 25 a magnetic transition ORCT/osostingss
surface, to wite data. The magnetic transducer includes a read/wite
gap that WD 96/ 24932 2
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t he need o CongFﬁgapiga;}xwan;ease the amount of data that need to be
stored. In addition, the rapid growth in the use of servers
on computer networks requires large storage capabilities to
accommodate the data needs of a large numbers of users on
the network who utilize the servers.

15
Accordingly, recent disk drive research and develcpment
efforts have focused on the need to continually improve,
among other things, the magnetic media used in the disks so
as to substantially increase the stotage capacity of each

20 new disk drive design to levels sufficient to accommodate
the ever greater demands for storage capacity placed on disk
drive products by users. - Moreover, the trend in recent
years has been to design and build disk drive products that . -
are lightweight and compact in size, and that operate at

25 high rotational velocities of the disks to increase data
read and write rates.

A consequence of the increasing capacity of disk drive
products having compact designs is that the data density on
30 the surface of the disks and the rotational speeds of the
disks are approaching levels that are too high relative to
. the capability of conventional magnetic transducers to
raﬁidly and accurately sense closely spaced, fast moving
magnetic transitions in a data read operation. Moreover,
35 conventional electronic circuits typically'used to receive



anong ot her things, the magnetic nedia used in the disks so as to
substantially increase the storage capacity of each 20 new di sk drive
design to levels sufficient to accommpdate t he ever greater denands
for storage capacity placed on disk drive products by users.
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that operate at 25 hi gh rotational Velocities of the dISkS to increase

dat a ad_and wjte Se e increasing
capacity ofaﬁﬁé?; ﬁ&aelectr‘ﬁﬁﬁb&&@?§lﬁa§Fﬂﬁe %ﬁ%%g dﬁg Is that the
dat a densit $ransBoions aensasutya@@eomagnscucs&sanﬁﬁnﬁﬁnsraxeuakanm speeds
of the unaBi € kfo Bty ARC daka raual ﬁaébgtcmﬁm:agmmi Frave 1O

accurgtol y Bhflaciay scéxwﬁ%%eaﬁg”e“c”aﬂs"“ $ s grne 4RIt ons i n

a dat & readdvﬁueadesxgnsworeover conventional electronic circuits
typically used to receive W) 96/ 24932
PCT/ US96/ 01 and process

8
el ectrical éPﬁnB?%p‘?%a&r &Q et Fhe,farg recrieval r%#?ﬁﬂﬁnﬁ%rﬂﬁad by the
magnet i c truadewmaliskdrises designs isnabl etilizec aagnatakesistiag r at es

commensur at ﬁr%éﬁhé%? aﬂﬁcﬂée‘i‘i‘t éoﬂﬁﬂé%}&@saﬁr@hécféf’édﬁ'aﬁ eeds of

nmodern di sk |ve osal to neet the data
retr*8val r@ﬁﬁﬁ?%}mﬁﬂ%F ﬁ%nts signal processing technigues such as

partial response, maximum likelihood detection (PRML read

channel). These components provide significantly improved

performance capabilities and are able to process signals

representative of data at rates suitable for operation with
15 modern high capacity, high performance disk drives.

In an MR transducer, a magnetoresistive element is used to
sense the magnetic transitions representing data. The
magnetoresistive element comprises a material that exhibits

20 a change in electrical resistance as a function of a change
in magnetic flux of a magnetic field applied to the element.
In a disk drive environment, the MR element is positioned
within the transducer gap, above a disk surface. In this
position, the electrical resistance of the element changes

25 in time as magnetic transitions recorded on the disk pass
beneath the gap, due to rotation of the disk. The changes
in the resistance of the MR element caused by magnetic
transitions on a disk occur far more quickly than the
response of conventional transducers to magnetic

30 transitions. Thus, an MR transducer is able to sense
magnetic transitions at higher rotational speeds and data
densities.

The MR transducer is coupled to an electronic circuit, e.g.
35 a pre-amplifier, that coperates to detect the resistance



nmodern di sk drive designs is to utilize a nagnetoresistive

transducer (MR transducer) coupled to an electronic read 10 channel
that inplenents signal processing techni ques such as parti al
response, maxi mum | i kelihood detection (PRWM. read channel ). These
conponent s proWasr2493gni fi cant |y i nproved performance aTAISHERIUSES
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VO 96/ 24932 used in disk drives to detect data %ﬁ%ﬂéﬁ%4r ceived
from a transducer.

15 In any signal processing electronic circuit, such as a PRML
read channel, the electrical sigmal output by the circuit
varies as a function of the electrical signal input to the
circuit. For example, in a simple amplifier, the signal
output by the amplifier should have the same wave shape and

20 frequency as the signal input to the amplifier, but with a
higher amplitude. 1In other words, the amplifier amplifies
the magnitude of the input signal.

The change between the input and output signals is referred

25 to as the transfer function of the circuit. In the case of
an ideal, simple amplifier, the transfer function can be
expressed as output = k*(input), where k is a coefficient
representing the magnitude of amplification. If the
amplifier amplifies an input signal by a factor of 10, then

30 k, in that instance, equals 10, and a one volt input signal
will result in a 10 volt output signal.

Actual electronic circuits do not, however, operate in the
ideal fashion that they were designed. An amplifier will
35 - introduce some "noise" intc the output signal such that the



4. changes of the MR el ement, and generate electrical signals

t hat vary in time as a function of the resistance changes. The
pre-anpl1irer output, therefore, conprises an electri cal si gnal that
corresponds to the data recorded as nagnetic 5 transitions on the disk
surface. wdbgag@st put of the pre- amplifier i s coupPEUSAI48Bea(
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15 received from the disk to be within desired channel response
characterigtics of the PRML channel for optimal performance.
The FIR filter generates shaped samples from selected
summations of raw samples of the signals derived from
magnetic transitions on the disk. The raw samples are
20 modified by coefficients prior to transmission to a

summation node.

It is possible to test a PRML channel to determine the
accuracy of data interpretation, and to vary the values of

25 operating parameters of the component circuits comprising
the channel, such as the coefficients of the FIR filter, to
obtain optimized operation of the channel. In one approach,
a test signal having a known pattern is written onto a disk
of a PRML disk drive under test. The disk drive is then

30 operated to use the MR transducer to read back the test

signal.

The read back signal is input to the PRML channel of the
drive under test.: A high performance oscilloscope is
35 coupled to the outputs of selected component circuits cf the



35 I ntroduce sonme "noise" into the output signal such that the
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out put does not necessarily have the exact sane wave shape and/ or
frequency phase as the input signal. Cenerally, "noi se" is any
unwant ed el ectywpogteesdranges i ntroduced into a Ci rcui t ' BCRHUS96/01488 hat
may result form e.g., certain 5 operating characteristics inherent in
the circuit design, * the operating enviéronnment of the circuit, and so
on. El ectronic circuits that inpl ément or_ support PRM signa

processi ng t echn?Rife shannedonpPexeaRive nand geserd Gthe AYtpPut §ignateng For
paraneters that gtdnislle,CicheUbutpltpPoE, chadFIRUSilter card be dmputaty ehedata

i nterpretation. . , AmR an J lsni.Le
i mpul ge response&?ﬂ%& Tﬁewef?F?%?)gilgﬁ%I%id@a%%q |ht|E n'l:tr’iﬁ
raw si gnal s recdtiQwn patterni p§nthe MRPREReFLCRIINAhe EYRGOMPRASANgCcEhet o
shape signgls 15mown ttiered o eRet RApdE Skidnaberai thd vatdsiuse dutpagnel

response charact eri st.i f f ' .
berformance.  Sigtaid SackinsR, By bHR PRPRLICRENGe, e MeBEer suncrione
summati ons of ra®f seheplasmponentecirguits dfr the PRl shannel camghetic
transitions on tdgedbntiaedlne-raw sanples are 20 modi fied by coefficients
prior to transmssion to a sumat i on node. It is possible to
test a PRVML channel to determ ne the accuracy of data
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the conmponent Ci g Wit Hilgna "Ghat does! A8t CERRPLY witdfa Propd® or
coefficients of the FIR f.ilter, to . ,
accurate intexpretation of the input signal, the various
parameters of the respective component circuit(s) of the
PRML channel can be changed or modified in a manner to alter
15 the respective transfer function{s). In the case of the FIR
filter, the transfer function should reveal the proper
shaping of the raw signals relative tc the desired channel
response characteristics of the PRML channel. After
modification of the parameters, the drive can be tested
20 again to once again determine the transfer function(s), and
verify accurate performance by the channel, By changing and
medifying parameters such as FIR coefficient values,
- optimized values can be found for reliable performance of
the PRML channel of the disk drive under test.
25
As no two circuits are identical, the optimized values for
parameters of component circuits of any one PRML channel
will differ from the optimized values for ancther PRML
channel. Accordingly, each disk drive should be tested
30 during the manufacturing process to optimize the PRML
channel for that drive. A problem with the above-described
approach to optimizing a PRML channel is that the high
pérformance oscilloscope required to perform testing of each
drive is expensive. In a mass production disk drive
35 assembly facility, many test oscilloscopes would be needed



obtain optim zed operation of the channel. In one approach, a test

signal having a known pattern is witten onto a disk of a2 PRM._disk
drTtve under test. The disk drive is then 30 operated to use the MR
transducer to read back the test si gnal . The read back
signal iS5 wtiigdze t he PRVML channel of the drive uridERU%9691488 A hi gh
performance oscilloscope is 35 couplgd to the outputs of selected
conponent circuits of the WO 96/ 24932

PCT/ US96/ 01488 rest all Eg%eﬁhﬁﬂ”ﬂmaﬁﬂef et Ay rcC @ir@altiee gout put

signals. For the ut, pf th FIR f||ter Lnput to
t he oR9% q%ﬁﬁquTﬁgeréﬁﬁ sHRRt s |ﬁ§§’|a§g' V&Yt he
known patt erskidfledh¢echpitiansvosldnae . ragumd)atm epnnests and operate

pattern of tdueH Hudle Sggiah EEc?Qe various out put signal s received by
t he o%iLlloscope t he trans unctions of the conmponent circuits of
the P

channel can be det er m ned. 10 In the event that a
| : l-uVIdeS an out put signal that does

not conpl y "!‘ﬁé‘p?:e%"e?ﬂeinQEnton REGFNEL %o | e Ul ity L | nput

signal, the various especti-ve conmponent circuit(s)
of the agyately, aef Eﬁﬁiﬁﬁe%haﬁg%EF%W*#RxRHQF§§HQQ'Qaﬁﬁﬂﬁ§FrFo°§lter

%5| thehrexmgnmmyeztcamséetyﬁﬂeall rusedIintiﬁadxthanmblthuEﬁRas -
riatwt S|°gngl g mat%lfh\%gn%ggfthl Rﬁ%é?‘rﬁe%gc% tﬁ%} éﬂ%ﬁto ggfc?n Zr gglt Q?i gt [ Esse
of the PRVL ¥vantage As; taken of electronic components ordznarlly

assembled intc the disk drive product for normal drive

operation, to perform testing and diagnosis of the BRML

channel.

15
For example, a digital signal processor (DSP) is an
electronic processor installed in modern disk drives to
control various functions required during the normal
operation of the drive. The DSP can be utilized after

20 assembly into the drive to perform signal processing tasks
designed to determine transfer functions of the component
circuits of the PRML channel of the drive. Thus, expensive
external components, such as the oscilloscope of the
previously discussed proposal, are not required to optimize

25 operating coefficients.

Pursuant to the present invention, a signal is generated by
use of, e.g, a pseudo-random signal generation algorithm,
for use as a test signal. The pattern of the signal

30 generated at any one time will be known upon generation, and
the disk drive is operated to write ‘the known generated
signal onto a disk of the drive. The pseudo-random signal
is used as a proxy for data that would ordinarily be written
as magnetic transitions on the disk. The disk drive is then

35 operated to read back the written test sigmal, using the



nodi fication of the parameters, the drive can be tested 20 again to once

again determne the transfer function(s), and verify accurate

per formance by the channel. By changi ng and nodi fyi ng paranmeters such
as FIR coefficient val ues, optim zed val ues can be found for reliable
performance ofogendssz t he PRVL channel of the disk drive undePCIES6/01488

As no two circuits are identical, the optim zed val ues for paraneters
of conponent circuits of any one PRML channdi will differ fromthe
optim zed val ues for another PRWM channel . Accordingly, each disk
drive shoul d bePRMaichamnel tojiprFAEPFeE FRA FASREFIT o optimze
the PRML répre@iting theatedti ¥egndl pr okl dataiid¢dptiire dircaidedisr i bed
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line. Moreover ,D8Prelatively skilled technician would be required to
connect and operate each test oscilloscope. 5 Summary of the

acour at ey and T e SFRA5Y: PRBOULBRRF PF o PEVRey Siyention. th ) o
circuitslgypica#&@atﬁﬁﬂtuze cdxeudBanomprises hansndgo-1 muiplexemcbupled
According to theops fiiild AHAho®8: circuit. The n-to-1 multiplexer has
each of n inputs coupled to an output of a respective one of
the component circuits of the PRML channel of the disk
drive. For example, the output of the FIR filter can be
15 coupled to one of the inputs of the multiplexer. The output
of the multiplexer is coupled to the input of the sample and
hold circuit whose timing at any one time is controlled by a
preselected clock appropriate for the component circuit
selected at the time. According to well known multiplexer
20 design, any one of the inputs of the multiplexer can be
selected at any one time for transmission to the output of
the multiplexer.

The multiplexer/sample and hold arrangement permits signal
25 samples to be selected from the outputs of any number of the
component circuits of the PRML channel during read back of
the pseudo-random signal written onto the disk, at time
intervals, in each case, corresponding to the clock
controlling the selected component circuit, while
30 accommodating the generally slower clock period of the DSP.
To that end, the output of the sample and hold circuit is
. coupled to an input port of the DSP on board the disk drive,
and samples held by the sample and hold circuit are clocked
into the DSP at the clock rate of the DSP. In this manner,
3s samples can be received from any particular component



advantage is taken of electronic conponents ordinarily assenbl ed

into the disk drive product for nornmal drive operation, to perform
testing and diagnosi s of the PRM channel . 15 For exanple, a
di gital signal processor (DSP) is an el ectroni c processor installed
i n nodern govknshhs ves to control various functions pcrRisseMdssiur i ng

t he nornal operation of the drive. The DSP can be utilized after 20
assenbly into the drive to perform signal® processing tasks desi gned
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drive. The stored sigmals are then available to the DSP for
processing. Accordingly, the DSP can be programmed to use
the stored samples received from the sample and hold circuit
to reconstruct the signals represented by the outputs of the

15 various component circuits and to perform comparison
operations between the reconstructed signals and the pseudo-
random signal written onto the disk, to determine the
transfer functions of component circuits of the PRML
channel. The DSP can thereafter perform operations to

20 optimize parameters of the component circuits of the PRML
channel as a function of the reconstructed signals.

Thus, the present invention streamlines the optimization

process by using memory and processing circuits already in
25 the disk drive, to perform optimization operations for a

' PRML channel based upon actual reconstructions of the

outputs of the components of the PRML channel. The

multiplexer enables the ocutput of any one of the component

circuits of the PRML channel of interest in the optimization
30 process, to be coupled to the DSP of the disk drive via the

sample and hold circuit. Samples from the output are then

~readily stored by the DSP in a memory space already

available in the disk drive for future use by the DSP.

DSP’'s ordinarily assembled into disk drive products comprise
38 sophisticated electronic processors whose resources have



representing the test signal. A data capture circuit is arranged in

the PRWML channel to selectively capture the out put of any one of the
conponents of the PRML channel 5 during the read back, and to transfer
tthe captured output to a processor available in the disk drive, such
as, e.g., thewgosmsesz DSP- In an exenpl ary enbodi e n PCHAISIENI488
‘present invention, the 10 data capture circuit conprises an n-to-1

mul ti pl exer coupled to a sanple and WA d circuit. The n-to-I
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this manngg 35 sanpl es can be received fromany particul ar conmponent

Figure 4 is a block diagram of the DSP capture block of fig.
3.

Figure 5 is a timing diagram illustrating the timing

20 controls for the register counter delay and multiplexer
select blocks of fig. 4 in relation to a representative
signal to be captured by the DSP capture block of fig. 3,
and the output of the DSP capture block of fig. 3.

25 Figure 6 is a graph illustrating channel response
characteristics of the PRML channel of fig. 3.

Figure 7 is a block diagram of a representative FIR filter
circuit.

30
Figure 8 is a illustration of a circuit transfer function.

Referring now to the drawings, and initi;}ly to fig. 1,
© 35 there is illustrated an example of a disk drive designated
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9 circuit of the PRVML channel for which optimzation is

desiTed, at one clock period, appropriate for the particul ar

conponent circuit, and transmtted to the DSP at the DSP - cl ock
cycle, suGlg s he DSP is usable to receive PRML 5 PET/YRAI014B8 | es
during read back of the pseudo-random si gnal witten onto the disk.
The DSP stores the sanples, as well as thg pseudo-random si gnal
witten onto tthe disk, in a nmenory al $o available in 10 the disk drive

for use durigendtelliobinichepeeterencel nimeral 10. drheadiskheixiva ad signals

are then avallailded  HRREclobe scoragl E68S| 2 4901 U a1l DOP

can be progra es recelve sanpl e
and hol d ci r@tuzead/wntet beadsoréer-het Sﬁshsﬁgnﬁh% gegraga fiaksR2ahd

out pu:s of Lﬂs ;ﬂi&avmtdheaawﬁwacimgamt belcaats dﬁb}t@ w(rjétf&zra erctgl Sgn
oper at fons bet ween the nec c Lgn W ¢ Pssudo random
signal “writt %ht&stl‘?'et g g ﬂ‘g ea ﬁr%ﬁ%zedreq‘&?cﬁlons of
co?rponent ci each tauxffacehofPrach of thecdéahglﬂa'ﬂb N8 hat dataaicagr

bF the PRAL oo S4K3 Ebol or wRREERR SoDBhA RACH Chlcls DE MO e [ CUl 1S
Thus, the pr%'é%‘m b i on§§t F@Hﬁﬁnb Pﬂéeﬁﬁ‘??; %thntli: disk %F&l'@ss by

usi ng nenor ylelrnda meadys irepreseatativel ofaaydisk 2c5rive gsystam sitiddizdag t o

per f ogm opt i e&éaéi&br@%hﬂﬁénf fhaichat che ids eﬁﬁﬁﬁpﬁﬁﬂeam ual
reconstructi ns of th ﬁ E t he c ts of
channel . The*™P tir“plaeﬂé'ﬁke ] ssl’ﬁEe'Bu% pu NS BPT ST L ase

conponent storage rddiskiss of the PRML channel of interest in the
optim zati on
The storage disks 22a-d are mounted for rotation by a
1s spindle motor arrangement 29, as is known in the art.
Moreover, the read/write heads 24a-h are supported by
respective actuator arms 28a-h for controlled positioning
over preselected radii of the storage disks 22a-d to enable
the reading and writing of data from and to the data tracks.
20 To that end, the actuator arms 28a-h are rotatably mounted
on a pin 30 by a voice coil motor 32 operable to
controllably rotate the actuator arms 28a-h radially across
the disk surfaces.

25 Each of the read/write heads is mounted to a respective
actuator arm 28a-h by a flexure element (not shown) and
comprises a magnetic transducer structure 25 mounted to a
8lider 26 having an air bearing surface (not shown), all in
a known manner. For high performance operation, the

30 magnetic transducer structure 25 can comprise a pair of
transducers, including a magnetoresistive element (MR
element) as a read transducer and an inductance coil as a
write transducer. As typically utilized in disk drive
systems, the sliders 26 cause the magnetic transducer

35 ' . structures 25 of the read/write heads 24a-h to "fly* above



30 process, to be coupled to the DSP of the disk drive via the

sanple and hold circuit. Sanples fromthe output are then readily
stored by the DSP in a nenory space already avai l abl e in the disk
diive for future use by the DSP. DSP's ordinarily assenbled into

di sk drive pragoiséRexaonpri se 35 sophi sticated el ectroni c BFTRSAGL4SE
whose resources have ' WD 96/ 24932

PCT/ US96/ 01488 12 not, prior to
the present invention, been utjlized erfor t|n1zat|on of PRM
channel s for hi gFR®eFHTHIRRT O the reavsstavevﬁ Gﬁéﬁ%t‘}’oﬁ‘ 223-d fop; pgp-

Desci ption of theohraoe mjperat::.on ofi gheedisksdpive psystent, \asc\disktuased
exerplary disk Ofhdfs. when mo ua.se,okﬁ?avafgepéigﬁ \he:0l32 %cagggt Bfle

circuit board of rrve
bl ock di agram ofa’&t‘iﬁﬂ%s@ﬁ!’atzis@éhPﬂH'ElﬁﬁaﬁnﬁPnt“t 5‘%&?%‘??% dE8k

drive of fBgs. 1posﬁtfona&1ré ireald/triget heads 24a-koower Ny despereibBP of the

nventi on. 15, vahdbhg Bk 2y ox, o CHBRAR) CEITPRMITRLL el SFL??% sepe

of fig. 3to rest mlﬁ%ﬁlﬁé@’ﬂ? é’-ﬁknﬁﬁﬁfﬂ‘r’ﬁﬁr arh§ Iﬁ% $eng t he
timng 20 comiderstded, (dah oF ther read/veitdcheadsrhanl tisPlagxpest on
a respective landing zone S8 or 60 at the commencement of a
10 contact start operation.

*

A printed circuit board (PCB) 34 is provided to mount
control electronics for controlled operaticn of the spindle
motor 29 and the voice coil motor 32. The PCB 34 also
15 includes read/write channel circuitry coupled to the
read/write heads 24a-h, to control the transfer of data to
and from the data tracks of the storage disks 22a-d. The
manner for coupling the PCB 34 to the various components of
the disk drive is well known in the art.
20 '
Referring now to fig. 2, there is illustrated in schematic
form the PCB 34 and the electrical couplings between the
control electronics on the PCB 34 and the components of the
disk drive system described above. A microprocessor 35 is
25 coupled to each of a read/write control 36, spindle motor
" eontrol 38, actuator control 40, ROM 42 and RAM 43. In
medern disk drive designs, the microprocessor can comprise a
digital signal processor (DSP). The microprocessor 35 sends
data to and receives data from the storage disks 22a-d via
30 the read/write contrcol 36 and the read/write heads 24a-h.

. The micropfocessor 35 also operates according to
instructions stored in the ROM 42 to generate and transmit
control signals to each of the spindle motor control 38 and

s the actuator contxrol 40. '



sel ect blocks of fig. 4 inrelation to a representative signal to be
captured by the DSP capture block of fig. 3 and t he gutput—of--the
DSP Capture block of fig. 3. 25 Figure 6 is a graph illustrating
channel response characteristics of the PRML channel of fig. 3.
Figure 7 ivwomeRiessk diagram of a representative FIR filtePCI/USI6MI4E rcuit .
30 Figure 8 is aillustration of a circuit transfer function.
Referring nowto the drawings, and initi&Ply to fig. 1, 35 there is
illustrated - exa of a disk drgvg dgsigna.ed . W) 96/ 24932
PCT/ Us96/ 014888 SPindle moror cqntrof, 38, 4S, EREPORELVA FR B GPRSHRE di sk
drive 10 signahs| vecsived firom ithe wmicropragesdorkds2bo-genexhte @ngdality
of read/ wite-hgRadse 243adivdariltalge! B8 tha' 8fendidkiolsR 55 to caudéd

provided with a plurality, of tatracks to Store user 5 , data. As

i | lustrated Fhef$§9r§$ac#éfﬂﬁe 3-8 EPovPidLer 8F an aPPTAREIALR face of each
of theb5di sksr@tatiiosal hwelmeigiat a can be read fromor witten to the
‘data tracks of all of the storage disks. It should be understood

that the disk,drjive 10 is nmerely representative of a disk drive
system uti | i 3#fjtarly, the actuator centrol 40 is responsive to the

control signals received from the microprocessor 35 to

generate and transmit a voltage to the voice coil motor 32
10 to contreollably rotate the read/write heads 24a-h, via the

actuator arms 28a-h, to preselected radial positions over

the storage disks 22a-d. The magnitude and polarity of the

voltage generated by the actuator control 40, as a function

of the microprocessor control signals, determines the radial
is direction and speed of the read/write heads 24a-h.

When data to be written or read from one of the storage
disks 22a-d are stored on a data track different from the
current radial position of the read/write heads 24a-~h, the

20 microprocessor 35 determines the current radial position of
the read/write heads 24a-h and the radial position of the
data track where the read/write heads 24a-h are to be
relocated. The microprocessor 35 then implements a seek
operation wherein the control signals generated by the

25 microprocessor 35 for the actuator control 40 cause the
voice coil motor 32 to move the read/write heads 24a-h from
the current data track to a destination data track at the
desired radial positien.

a0 When the actuator has moved the read/write heads 24a-h to
the destination data track, a multiplexer (not shown) is
used to couple the head 24a-h over the specific data track
to be written or read, to the read/write control 36, as is
generally known in the art. The read/write control 36

35 includes a read channel that, in accordance with modern disk



10 t he present invention and that the present invention can be

I npl emented in a disk drive systemincluding nore or |ess st or age
di sks. The storage di sks 22a-d are nounted for rotation by a 15
spindl e notor arrangenent 29, as is known in the art. Mor eover, the
read/ wite heaggogihessh are supported by respecti ve actRCI/S96/0148S;
28a-h for controlled positioning over preselected radii of the
storage disks 22a-d to enable the reatdng and witing of data from
and to the data tracks. 20 To that end, the actuator arns 28a-h are

rotatably nount edfive design,,cEmRTriges,a pastial FRIPIRAG TRXIFNEY able to
con;rollably r ot pikellilodC reatiochaniel 28foh high genfomiame processifg gEsk
sur f aces ective
actuator arm 28a %e%&@:aﬁ.l gtigﬁgiel g%gﬁ%&fc&?ﬁ éé W? l%% %u&%g ées a
magneti c transduksad Smexatden.25TheuRAMd43 ocan be “SG%I‘?%I&“‘ZG‘-"hMRgraﬂd
air bearing surffesn (¥0koSheWwrit@eh t8 the storfade @isKEPRA-4 For high

perfornance operatlon t he 30 magneti c transducer structure 25 can
conprise a pair of transducers, including a nagnetoresistive el enent
(MR el enefigurend 41liussraressdincblocl diagramdiambeacoil as a
wite tranSdUCGrreﬁ¥é§éﬂ@d%ibh¥?ﬂhh'b&&ﬂnéﬁ fheluddd iy the readlywxdes. the
sliders 26 cause_th ‘ﬁnge transd i n kgtruc ures, 25 o% t he

read/ write heads®JHd: - f Rbe Wit esign, the

PCT/ US96/ %488 electrical l;gnals cransduced by the MR element from the _
magnetic transitions on the disk surface, are processed by a
pre-amplifier (not shown) whose ocutput is coupled to an
input of an automatic gain control amplifier (AGC) 50. The
AGC 50 is used to maintain a constant signal amplitude for

15 the signals transmitted into the PRML read channel, while
the input to the AGC varies in amplitude.

An output of the AGC 50 is coupled to a continuous time
filter 52. The continuous time filter 52 provides filtering

20 and partial amplitude and phase equalization for the signals
transmitted in the PRML read channel. An output of the:
continuous time filter 52 is coupled to a sample and hold
circuit 54 that periodically samples the ocutput of the
continuous time f£ilter 52. The sample and hold circuit 54

25 holds each sample and controllably transfers each sample to
an input of a finite impulse response filter (FIR filter) 55
for filtering and conditioning samples of raw signals
received from the MR transducer, as will be described in
.more detail below. The frequency of operation of the sample

30 and hold circuit 54 is controlled by a voltage controlled
oscillator (VCO) 56.

A timing control device 58 receives an output signal from
the sample and hold circuit 5S4, and charges a charge pump 60
35 to maintain a preselected control voltage value for input to



12 the surfaces of the respective storage di sks 22a-d for non-
contact operation of the disk drive system__as discussed —above— When
not T h use, the voice coll notor 32 rotates the actuator arnms 28a-h
during a contact stop operation, to 5 position the read/wite heads
24a--h overnygofPpecti ve | andi ng zone 58 or 60, wher ®CTVSIGUME/ write
heads 24a-h cone to rest on the storage di sk surfaces. As should be
under stood, each of the read/wite heads ¥®4a-h is at rest on

respective | zpone 58 60 at t com*ren 0 nt
start operatgg ¥ 7567 i&r RoR - P%B& drT?P%%? ]:g p%% to
mount chueuit %4 cis raksc dnpmt conir gaiadcoptrali 62. of Théegaisindl e

mot or 29 andchﬁ@rd?'@f é&x’: 810k eTliﬁnBC@434t6| §904§de a'%&iﬁ‘dﬁvel
read/ wite channel_ circ tr%;ﬁc% Ied to read/ wite heads 24a- h,

to control tRAEBEFShER E and fromthe data tracks of the
storag® di sks 22a-d. The manner for coupling the PCB 34 to the

vai ous COMPRRCBAELSL of che 'W1R Bild e i cHEbLMTEYwh TiAfE: i 2 20

Referring now.to ustr I N"SC ormthe

PCB 34 and t éts?git‘??%%erc&?pl i e FES er 570%??5?°%¥%%’t1rlbm cs
on the PCB 3imphemeires dargpamn arifteriii Iallgcrithmsdtekddcede sys t samplee roHed

b A trol
36, s il e BRSECEEESRignily eFiyed 3N Re' BraAttaCtin SR MG FTT 0
I n mod EFARBLEIORS e thes MR, £1ementyi éFGBFGéESsB‘P BaFtidhprise a
digital si gnabsponsesaaﬁxiﬂiP)likBlW dPRMLSS 8ethdbquesds PRML data to

cont 1ol 56 afACPALTBEE ARl RN T Urpte Bigh BhPednancd MatSREd ol S

al so oper at e§a§Eb6$ dehekertric signads, o deriveodigiral t irfearaion o

gener ate andeht68édiin the sig@AL=0! mndigltﬁleﬂﬁboﬂﬁa&f&zsﬁéﬁﬁébﬂﬁﬁ or

contrgk 38 apfle gara stored on the disk surfaces, and the output of the
Viterbi decoder 57 provides digital signals that, after
further processing, can be cutput by the disk drive as data
for use by a computer. '

20 Bach of the components of the PRML channel illustrated in
f£ig. 3 comprises complex and sophisticated electronic
circuitry that affects input signals as a function of
various operating parameters embodied in the component. As
discussed above, the change between the input and output

25 signals of each component is referred to as the transfer
function of the circuit. PFPigure 8 provides an illustration
of a transfer function for a simple amplifier. The input to
‘the amplifier is a sine wave of a first maximum amplitude a.
The transfer function of the amplifier is a waveform of the

30 same shape and frequency of the input signal, but with a
multiplying effect k on the signal amplitude. The output
signal, as a function of the effect of the transfer function
on the input signal, is also a sine wave, but with a maximum
amplitude equal, to k*a. The precise transfer function of

35 each component of the PRML channel is an important factor



35- t he actuator control 40. WO 96/ 24932

PCT/ US96/ 01488 i 13 The spindl e
notor control 38 is responsive to the control signals received from
the m croprocessor 35 to generate and “transmt a drive voltage to the
spi ndl e not or WP 6E4983use the storage di sks 22a-d to rotPCIrAISs6/01a88
appropriate 5 rotational velocity. Simlarly, the actuator
control 40 is responsive to the cont A8l si ghal s received fromthe

m cr opr ocessor t Qs nsQi vol ta,the voice
coil notor 32 1851‘ Bl?h RS ?‘rg%% ﬁo?z %g‘ ‘fﬁ%d?gﬂs‘?%fhe%& 4a-h, via
t he act ukFaRsgeFsunation t@npr%épéé-ﬁésdr 50i aptimize | the epawation

the storage dislsg £8e- dhamhél g udjikd ingdvadhasi by eﬁei'i'@in paradéﬂéz@e

generated by thgeagiya I a function
m cr opr ocessor ggn?ir%l EQ& {'{J»é) ‘{&%ror%%%& the radial 15 d| rectlon and
speed of £he read/wrlte heads 24a- h. When data to be witten or

read fromone oBytGaysop’ @&gsmple, refierencé’azineiCmsde’€d £1 2 FalhddedCk

different from [ rent di,al tion of the read/ write eads
24a-h, the 20 b rsnrgrjdﬁ %gg%iﬁa%%f Pﬂf’ﬁksdgﬁgrﬁ'ﬂr eHE: r3di al position
of t he rEaEresencanivescixzeuic for the FIRi filpexsi5 of dfhe [BRML
data track V\herehahﬁaeadmelﬁﬁ fﬁ&%ﬁé@ Esaﬁee&%@eﬁntez aﬂ@'é&% he:
m Croproggssor gg h%?%%g) %s %HF g E | on wher ei
control $ignal s geng sdyced figpais fram the MR, head. uét"é'r
control .40 causeptimized operation of the Viterbi decoder 57. The Viterbi
decoder 57 exhibits optimized channel respcnse
characteristics when the magnitude response is within the
frequency spectrum shown in fig. 6. The FIR filter 55

15 conditions raw samples to provide samples that are within
the frequency spectrum required for optimized Viterbi
performance.

The FIR filter 55 comprises a seven tap, analog filter of a

20 type used in PRML channels of modern disk drives. The
sample and hold circuit 54 periodically outputs a raw signal
sample X for input to.the FIR filter 55. The FIR filter S5
comprises a series of six signal sample holding devices D,
indicated by reference numerals 100, 102, 104, 106, 108 and

25 110, respectively. The sample X, of each period, ocutput by
the sample and hold circuit S4, is input to the first one of
the devices D 100. The devices D are arranged in the series
such that the cutput of each device, with the exception of
the last-in-series device 110, is coupled to the input of

30 the next device D in the series.

In this manner, the sample of each of seven consecutive
sample periods can be held in a respective one of the series
of devices, and tapped for multiplication and summation, as



voice coil notor 32 to nove the read/wite heads 24a-h from t he

current data track to a destination data track at the —desired-radi al
position. 30 VWhen the actuator has noved the read/wite heads 24a-h to
tthe destination data track, a nultiplexer (not shown) is used to
coupl e t hgydgpgess4a-h over the specific data track PCTOSI6OMBE t t en or
read, to the read/wite control 36, as is generally known in the
art. The read/wite control 36 35 i ncltfes a read channel that, in

accordance ‘2%'11”993591'(“ S¥ne operation Oy ?fr%g%ii.&er 55 is

PCT/ US96/ O1 . ] drive design,
conpri ses a FSRCFRLlpdspenshiftthesRncents |Qf aack,A8Vis8IDchankbe, for

hi gh perfor miese Ae¢i68SiAthé series alrcadddir damplenatimet.r apgduced by the

MR el enent dyki Lo f eratio e 4 to .huffer
data read 5‘},11§L%F %ran":SFl t8 gggwrof‘t t%né t%"gﬁé s’?g%g% %%ﬁi%}}?%"do 11%
Figure B il| Jopust 89, the éevige (ieQrasn the monkents ofr shecdeniaei 180 PRV
channel "incl u¢ed samble x%;a%w the previ6@s!sshpld pdricaDcagdance with

known di sk drive._design e 10 el gctrical .si |5 transdyced by the MR
el enent from® 1abe aﬁaﬁﬂ%t?‘&tﬁ‘i‘%rﬁf ﬁ%?@gﬁ%@% &R%s EPP;'&'E?:%%% to
processed by the inputpef-thelaéxerifrsarigondevideod82out fhisi schemel £sl to
an i np n t ' ' I | Sl A

AGC 50 {5 UealEainoat PABGLGRAR P Hek ost Rk Fhat Bk ils £

si gnalt® t r an&HVE; 83AERLBRRE PERNICYS AP RETIqRS, 40 sequence, X,
s Xooo X5 and X,,, are available at the outputs of

respective devices 102, 104, 106, 108 and 110, when the
current sample X, is applied to the FIR filter 55 input by
the sample and hold circuit 54, and the sample X, is

15 available at the output of the device 100.

A series of sample multipliers 112, 114, 116, 118, 120 and
122, respectively, is arranged such that the sample of the
current period X, is applied to the imput of the multiplier

20 112, the sample X,, at the ocutput of the device 100 is
applied to the input of the multiplier 114, the sample X,,
at the output of the device 102 is applied to the input of
the multiplier 116, the sample X, at the ocutput of the
device 106 is applied to the input of the multiplier 118,

25 the sample X,; at the output of the device 108 is applied to
the input of the multiplier 120 and the sample X, at the
output of the last-in-series device 110 is applied to the
input of the multiplier 122.

30 Bach multiplier 112, 114, 116, 118, 120 and 122 multiples
the input sample value by a coefficient K;,. The values for
K, are stored in registers (shown schematically in fig. 7 by
a box drawn around each cocefficient) available on the
read/write control 36 in accordance with known integrated



the input to the AGC varies in anplitude. An out put of the AGC SO
s coupled to a continuous_tine filter 52. The continuous tine filter

52 provides filtering 20 and partial anplitude and phase equalization
for the signals transmtted in the PRVML read channel. An out put of

t he contywou@mssat i me filter 52 is coupled to a sanpl e arRFIER9601488
circuit 54 that periodically sanples the output of the conti nuous
time filter 52. The sanple and hold circuit 54825 hol ds each sanpl e and

controllably trangfers. each . .sanple.to " ..ab input . of finite inpulse
response filter (%f’??‘f’r"r f%’)‘% afid 3re; 3pp}{Eq ST, SAR TOSRREELYR, ng

sanpl es of raw sigeglsrers to inpussvol respechiveRnesofdber mudtiplierse
dgfrrc)lriebgg a and A% d ci rq'@l't Fli ibgl,o%ﬁ;l'\?@l_%g b guvzgl ggﬁ%ﬁ?ngﬁﬁegﬁﬁpu
S i i i s )

oséillator (VCO E’Y coeggz.ci%% i"'rﬁ%'c ﬁ r'B’i’dlﬁ{R)]t’c% éé‘ir SRS 18F Bheput
Si gnal60f ggnﬁ sample SQiihe couffiaient rduk;, The amd.‘n:dpé.lﬁ.ges:.aschar ge
punp to i e Led C a LE 0
putp €0 3%, ﬁiﬁﬁ;}sﬂ @@.;ﬂh@% £, S8 eeszgl&#%g Qxé 2 §Be 8&ﬁ1t9£f£e£
15 the vCa-5% mplEinliesohfie $ABPLAt Pt DYf CORECIGIRAE BndthSI d
circuit 54 is al smultdplidro 1200mubtiphies! the. safledd,p by coeffilildmt +G2K,

charges a charge gl mhQ1R194k9823 HELELDELE the sampid@'XOlny O 1he A

50. 5
10 cocefficient +/-K,.

An output of each multiplier 112, 114, 116, 118, 120 and 122
is coupled to an input of a summation node 124. The sample
X,3, output by device 104, is also coupled to an input of

15 the summation node 124. The output of the summation node
124, ¥,, is a sum of all of the inputs to the node at one
sample time, and represents a filtered and conditioned
sample that is optimizad in respect of the frequency
spectrum for idealized channel response characteristics,

20 shown in fig. 6, for input to the Viterbi decoder S57. There
is a conditioned sample Y, applied to the. input of the
Viterbi decoder 57 for each raw sample X, taken by the
sample and hold circuit 54, and the Viterbi decoder 57
decodes the conditioned samples Y, to derive digital

25 information, as discussed above.

The transfer function of the FIR filter 55 is affected by
the values for the coefficients K,, and the transfer
function can be modified to achieve optimized operation for
30 the Viterbi decoder 57, by changing the values of the
coefficients K; stored in the registers. A determination of
optimized values for the coefficients K, can be based upon
knowledge of the actual signal waveform cutput by the FIR
filter 55, particularly when the waveform of the input



An output of the FIRfilter 55 is coupled to an input of a Viterb

decoder 57. The Viterbi decoder 57 electronically Lopl enent s knowa--
Vi-terbr—argoritnns to decode the sanpl es of el ectric signals derived
fromthe transducti on of magnetic 10 transitions by the MR el enent,
accordi ng ﬁ,g Ad al response, maxi mum |l i kelihood PERUB/OIE88hNI ques.
PRML techni ques are known to enabl e hi gh performnce decodi ng of
sanpl es of electric signals to derive digigal information encoded in
the signals. The digital information represents 15 t he data stored on

the di sk surfsigeal dsdknbwnout Powsofan rability tovicapturedapdder 57 provi des

digital signaexchztucef Eﬁé output éﬁﬁmroﬂorﬂﬁemn&nee& B8, OBEPEheby the
di sk drive as data h of the

conponent s oﬂ%%ﬁﬂ/ﬁnﬁaﬂge@ﬂ ?gsﬁrf%t%%%"ﬁ Compl e’ P}§Ct§°gbﬁpr| ses
conpl ex and supiponencst of thecFRMLi channel, feicidditatest haalytiecals i nput

si gnal s5 as aafaws's&agosf read cifdid O?éﬁ%ﬁﬁd& RY #qBkCtangnbodi ed in

t he conponent’. di scussed a t he change between the input and
out put 25 °RS§$§&P5 BRraBRReESnponent is referred to as the transfer
function of the circuit. Figure 8 provides an illustration of a

transfer f“”‘ﬂdd&%df:.?xg %ostﬂBxﬁréﬁ’@xéfir:ﬁFen 3, | AP YathO capeure E?Ee&JPP' | Tier
is a sine wave Ir (}: fﬁg P Tancti on
of the anpli@8%As arxangeds dnnthe ¥$Ed/30=“e %@haﬁetanaeissawﬂw of
the it si gaptureubuspub s:.gnals o vHrilgus ¢oriponentls of the prREnal

apl i tude, Tiaieltt 7o tnad! AL cHO dhl Vol OkeOLsigs € EECLaBl Rl

transfer function
a maxi num @ 5%§ﬁﬁﬁlPﬁdénéﬁﬁﬁbt%#ﬂhePnQTRPWﬂlaﬁ §& ThenohsPut Adt Ron of 35

each conponentesplectivePBht 6Pathe! cimipdient @ ahle PR¥MLOFead channel.
Thus, as shown in £ig. 3, the output of the FIR filter 55,
1s in addition to being coupled to the Viterbi decoder 57 for
normal signal processing in a read operation, is also
coupled to an input of the data capture circuit €8.

Likewise, the outputs of the filter 52, charge pump 60,

20 charge pump 64 and Viterbi decoder 57 are coupled to the
data capture circuit €8. In addition, a sample and hold
circuit 70 is arranged to sample the output of the AGC 50 )
for input of samples of the AGC 50 to an input of the data -
capture circuit 68. The data capture circuit 68 operates to

25 select any one of the inputs at a time to capture the cutput
gignal of the selected component for sampling of the signal.

An output of the data capture circuit 68 is coupled to the
microprocessor 35 installed in the disk drive, which in this
30 exemplary embodiment of the present invention, comprises a
digital signal processor (DSP). The output can comprise an
. analog to digital converter to convert each sample output by
the data capture circuit 68 to a digital value for input to
the DSP. In this manner, the data capture circuit 68 can
35 transmit samples of the'captured signal to the DSP. The
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16 for high performance operation of the channel. Each

transfer function can be nodified to optimnm ze the operation of the
channel by adjusting val ues of operating paraneters of the
respective conpgenéiidsz 5 By way of exanple, reference PCIUSH/OME8e t O
fig. 7, where there is illustrated, in block diagramform a
representative circmt for the FIRfilter 554% the PRW channel .

The FIRfilter s used to filter and %gndltlon 10 raw sanpl es_of the
transduced si gnal By 3 CHEONREABACOFS the captypng rﬁ%&eépéf‘g&‘%nw %he
Viterbi decoder Xar Bubseguenbi use to recomsizuct’ shehidaptured: outpetr signal

h |
Gohin the POMec and proces’ BbCEeSbherrlliy #ﬁﬂg@#ﬁgﬁeﬁsﬁﬁﬁﬁﬁmé 15
condi tions raw s&R% éFSngEe§in§?’és=4§1a?mﬁr FefG Fhganel. e

frequency s@ectrun1reqU|red for optim zed Viterbi per f or mance.

The FIR filter sgye a I f t

ised in PRVL chamiolotustasda  e4Ribals, MUY of dedeud, 2ghe sna'dhife
circuit 54 periodii®®s }8o5PHBLEdALP HRG | dRtA capturezg&ﬁﬁpétxsp@r Theuset ©f
the FIR filter 53inBse lﬁbﬁuﬁaht &r SYNCD line, cmmscmes.meseanesnaﬁ Fide, an

signal sanpl e holghi e

100, 102, 104, 105284 ¥ 863 &n SPATS, EETING LY F B e %Qgﬁs g%@#rﬁn%f
each peri o0 cnn;ﬂﬂﬁab}lnes is pfectBanpyre sRpventianalt c3ecking npeRtEal
the first one of and dataf ba:ﬂeuﬁeﬁ a5 1661 d erdine ey Beabeotidaddoes 4

of - "' % ne | adrtaERabaR ctRByRH. Bl SnendViily SRR, deben, °0F 50

the next device D in the series. In thls manner , the sanpl e of
each of seven COMIRCSYNCD line, when set in a preselected state, indicates
15 that signals in the PRML channel represent data. This line

is used by the data capture circuit 68 to determine when to
capture signals applied at a selected input.

The DSCLK line is the main clock in the PRML channel, and is

20 used to clock data signals through the channel. The data
capture circuit 68 uses the DSCLK to control the timing of
the capture of a signal applied to a selected input.

The set of SDEN, SCLK and SDATA lines comprises a serial

25 port circuit. As is well known, an integrated circuit such
as would implement the read/write control 36, typically
includes an addressable register set to store control and
status information relevant to the cperation of the circuit.
A conventional serial port circuit would be included in the

30 read/write control 36 to support communication via the
couplihg between the microprocessor 35 (DSP} and the
read/write control 36 (see fig. 2), such that the DSP can
address and then read or write. preselected registers within
the read/write control 36 tc control the transfer of data

35 and information between theses components.



sanpl e periods can be held in a respective one of the series of

devi ces, and tapped for nultiplication and sunmation, as na
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17 wi || appear. The operation of the FIRfilter 55 is
control | edwigoeplesht t he contents of each device D to the PcInsIsnmss device
In the series at each sanple tine. As illustrated in fig. 7, the
sanple X err] of a current periodis 5 21 i nput to the device 100 as the

sanpl e peri e ou for
appl i cati on udes cQﬂﬁ?ﬁPnﬁ@F‘GFthéen§§$1$ﬁ9§%rFQ§F(ﬁiﬁ(ﬂ?ﬁiﬁ?n bwhi s
schene is the DSBrtd mbuuﬁon kheugblatribe S£rimput samh diyabasmige from

10 fi

Xore] . X ebipiod 7 el R SapRReCcREEL Y, | SRR AR 68 Hd lene
respecBi ve dbiiesLf e mprialoportoginauin 1are waed 1k conneccm mﬁ‘l
sanpl e X[errgne Wﬁﬁilngﬂbﬂ ¢hehaakhRe él:ﬁeé Sbréuitirdyisters. T t&ﬁﬂﬂ e

out put of 1 niie e, s on" B SpkCiine f5 'dh epai e Mear s 124

116, 118, 12@%@ a preselertede sgatei vel yndicate rehafechacterialk pars
sanpl e of theircuit iscwmfaha%r tadt.%ﬁéf&rlfnﬁ@ﬁha\ﬁbﬁ%éf&lfm of the

2ppl 1 B8 to CHET1IRARY 0f Ehe’ FaR/uFLER SaRtrol € ritle Syigmal A the o ¢ ne
out put of t RCER\Gine 1P a <lack Badnab for timing dfhe t:ransﬁéne ofil tiplier
116, the sanpi€orfifiidn Hedd Erem BYl weictéf to the FRHHHRADS ifhaapplied to
the input Ofsﬁiﬁirgggérggfizes register address information and data.
Typically, data presented to the SDATA line is latched into
15 or form an addressed register on each rising edge of the
SCLK clock signal.

contents of Oﬁdmwbcee dest:Q-:.b dbPelg he ﬁgrra gaXé%é‘l# rédxﬂ.l 43 %w ous

Referring now to f£ig. 4, there is illustrated a block
diagram of the DSP capture circuit 68. Bach input to the

20 data capture circuit 68 is applied toc the input of a
miltiplexer 200. An output of the multiplexer 200 is
coupled to a sample and hold circuit 202. A select register
204 stores a value representing the particular input to the
multiplexer that is to be passed to the multiplexer output

25 at any one time. As is well known, the multiplexer 200
includes a select input that operates to select one input to
the multiplexer for output by the multiplexer, as a function
of a signal applied to the select input. It should be
understood that the select line illustrated in fig. 4 can

30 actually comprise several lines, with various combinations
of digital signals on the lines representing, at any given
time, one of the different inputs to the multiplexer. 1In
the present exemplary embodiment of the present invention,
the select line comprises three digital lines in order to

35 uniquely identify, at any one time, one input from among the



25 the sanple X[err] at the output of the device 108 is applied to

the input of the nultiplier 120 and the sanple X[ err] at the out put
of the last-in-series device 110 is applied to the i nput of the

mul tiplier 122. 30 Each multiplier 112, 114, 116, 119, 120 and 122

mul tipl es wo 9dags2i nput sanpl e value by a coefficient K[ emMCI/USY§RI4ER;| yes
for Klerr] are stored in registers (s gmn schematically in fig. 7 by
a box drawn around each coefficient) availab on the read/ wite

| 36 d
ICD%_?} U296/ 0 1'4283099.5: 20ae1hid SRAWE | "EaWeR8Y, che s b“tv@e@?%‘.?%u.

design, and are SPPPra8es yr¥hupe RisH&dgiral registpr Flak isPYBIRR Soof
respective ones thet bnreylliitplsearent line andsstbtes anufiigue walue

WHGEn T fhe nOPEERREAE S hnespen, st B SRSLUELERY sy
coefficient® + - KF@FrP“tPHE ?ﬁnﬁhﬁﬂﬁQHP 1g @nd h°1d ﬁ&FFPb i €82t he sanpl e
X[ err] by coefficient Klerr], the nultiplier 118 nultlplles t he

e X er oY pRachiRgle N T o 202 il Bhe et e¢%%%=

mul tiplies the s8fpretefcingut\of) the muisdpliexexn200. - KfarEhis manner,
out put of each Mahiy aheetzﬂéz,tﬂelfbuc% ol'l&n 128ea6¢ 88 six c &éﬂﬂ@'cﬂd

devi ce 1040 {s atB Bh éia%%““mﬁ"ee?w%@&e £RE saéﬁa%%ow‘%%%tﬁle

The output of thanduheddi cirewite 202. Thepsampler apd hold eimewit 292 ¢lsche

inputs to the nod@cahd@8can ampliSaded lamflifgehecRASERReE Sidnal afed and

condi ti oned level suitable for transfer to the DSP. The DSCLK clock
signal is coupled to the sample and hold circuit 202 so that

15 the sample and hold circuit 202 can clock the signal capture

in synchronization with the PRML channel. In addition, a
HOLD line is coupled to the sample and hold circuit 202 to
control the time at which sampling begins.

20 The HOLD line is coupled to a delay counter 206 that
receives each of the DSCLK and SYNCD signals. The delay
counter 206 is also coupled to a delay register 208 that
stores a delay value. The delay counter 206 counts DSCLK
clock cycles from the time that the SYNCD state indicates

25 that signals represent data, until the number of clock
cycles equals the value stored in the delay register. When
the count eguals the delay register value, a signal is
asserted by the delay counter 206 on the HOLD line to cause
the sample and hold circuit 202 to capture and hold a sample

30 of the signal from the selected multiplexer input set in the
select register 204.

Figure 5 provides a timing diagram to illustrate the
operation of the delay counter 206 and sample and hold
35-  circuit 202. 1In the example of fig. 5, the selected



sanple that is optimzed in respect of the frequency spectrum for

| deal i zed channel response_characteristics,_20 shown in fig. 6, for
input to the Viterbi decoder 57. There is a conditioned sanple
Y[err] applied to the input of the Viterbi decoder 57 for each raw
sanpl e X[ erwdodrmbzzn by the sanpl e and hold circuit Pérmssss#4ishe

Vi terbi decoder 57 decodes the .conditioned sanples Y[err] to derive
digital 25 infornation as di scussed Zbove. The transfer

function of t r the
coefficient s #Fej‘éjﬁdfé%‘gétffs;naé %%:%qléj% #ggn% eﬁn%%af led to
achi eve opt|#ﬂf@ﬁlépéaathiﬁl#SH°E§¥3tin§|ﬁ9‘Fﬁmpﬂﬁ t&éc@ﬂépu57°fb9h%H¥ﬂ§|ng
the val ues okot Be che pm%&mlen@s%&[ﬁrg”] 3$t0rﬂdchnribﬁn§e&l

based upon  CB8 DSEHE, pabttegdy £4 °§#&?=%a b7 K8 ke 3#?512”;?%
filter 555, p&ﬁgl§amnleyovmnutxra:nenuﬁhgwﬁwmcn: sdgnapuis set low.

28124932 fig 5, the rzszng edges of the DSCE@TAH§9ﬁﬁﬁ§é§§d 1 through

reconstructl%hQsoﬁFBﬁ?sﬁ?Eﬁﬁﬂv?ﬁsﬁﬁhjggqiq%% gggbigra?ﬁgr the SYNCR ¢

si gnal of anpgighalhiésoséerlawnp e BN dgnal enablesoRpensamplefandie PRV
channel, faChbuaa&ﬁcafel 20303 s a"agle R Qe Baniple’ saépﬁéaméﬁ ic is
perfoESEnce to hge tune rating paraneters. According to
the p ent FBn a data capture circuit 68 is arranged in the
read/ wite control 36 to selectively
| As described above, the delay counter 206 sets the HOLD
signal when the count value for the number of DSCLK cycles
(after the SYNCD signal is set low) equals the delay value
15 stored in the delay register 208. In the example of fig. 5,
the value stored in the delay register equals 4, and the
delay counter 206 sets the HOLD signal high on the fourth
rising edge of the DSCLK signal, after SYNCD goes low. At
that time, a sample of the signal is captured and held by
20  the sample and hold circuit 202, as shown in fig. S. The
DSCLK clock cycle typically used in a FRML channel is faster
than the clock cycle of the DSP. Accordingly, the sample
and hold circuit 202 is operated to clock out each held
sample to the DSP at the slower clock speed of the DSP.

25
As described above, a pseudo-random signal generation
algorithm is used to generate test signals that are written
on the storage disks 22a-d. A test signal can be written on
each disk surface, as well as at certain preselected radial

30 positions of each disk surface. For example, when zone bit
recording is utilized in the drive, a test signal would be
written within each zone of each disk surface. The disk
drive is operated to read back each test signal and transmit
the read back signals, one at a time through the PRML

35 channel. The data capture circuit 68 can be operated in



10 capture output signals of various conponents of the PRMWM

channel . To that end, the data capture circuit 68 includes a series
of inputs, each one coupled to the output of a respective one of the
conponents of the PRWML read channel . Thus, as shown in fig. 3, the
out put of theywddgnkdsbter 55, 15 in addition to being coup 1
Viterbi decoder 57 for normal signal processing in a read operation,
is al so coupled to an input of the d&4a capture circuit 68.

Li kewi se, the outputs of the filter 52, charge punp, 60, 20 charge punp
64 and Viterbi o'é&&&crt f sach: ggpdchach sigal, a?d ®ACR CIPPGRENE PEtRe
68. In additi on, PRMI afmelndoiokdch read lsacic\§igndl ,i Toamcanded &ofeBIP! e

t he out put of t §8“¥ r .l I Oof, e

i nput of the da{%ﬁa\% alﬁtsurt'gggi F%{SIP%Q é‘gedsfﬁieg)cgai?lae ct-'é'%l urﬁé@&c?@g%ﬁe%@s
operates to 25 ©f the ARMlghapRelef the inputs at a tine to capture the
out put 5 signal of the selected conponent for sanpling of the signal.

An out put of th r Ik CUI Ny .
i cr opr oceasor i e packe hprbiol A} MRt dilRe copr sigmal,
exenpl ary enbodi thehiSterage: 4iskscreard are icAntinnanslyeFogated anddthet al
si gnal t pr OfeSSOFtéitES@igﬁle z@alapbhcnaa%sgmé Iaﬁppﬁptrhiace tneaaab?a-hOaﬂagl t ?I
converter to co 0 ) e data_capture circu
68 to a di gi t al %ﬁ%‘ﬁ%%% ouﬁﬂﬂ ¢ DS § §%ﬁﬁe£,ak?ﬂeaﬁata
capture ctPcuit ech0f 36 numbery offs samplagrint oiof lthe meadr bdcki gighalo
the DSP. The  one per réRci®itidf34f the disk, for each of the components
PCT/ US96/ 01488

of the PRML channel. The number of samples taken and

position of sample points would be sufficient to provide

signal information that can be used to reconstruct the

1S signal waveform, according to known mathematical techniques.

To that end, the serial port circuit 210 available on the
read/write control 36 is used by the DSP, via the SDEN, SCLK
and SDATA lines, to address and write to each of the select
20 register 204  and delay register 208. The DSP can select
each component, one at a time, by writing a different value
into the select register 204. While a particular component
is selected, the DSP will change the delay value in the
delay register 208 at each revolution of the disk, so that a
25 different sample point is sampled during each revolution.
If the delay register is an eight bit register, up to 256
different delay values can be storesd, one per revolution, in
the delay register 208.

30 As shown in the example of £ig. 5, an asterisk indicates
each of four samples taken, one per revolution of the disk,
at delay times corresponding to DSCLK cycles 1, 2, 3 and 4.
The sampling can be continued, with an eight bit delay
register 208, by changing the delay value in the delay

35 register 208 at each revolution, for up to 256 revolutions



20 DSP, in turn, can store the captured sanples in the RAM 43

for subsequent use to reconstruct the captured output signal and
process the reconstructed signal for determ nation of optim zed
paranmeters for the PRWML read channel. 5 As illustrated in fig. 3, a
set of stawpeegmadzack and data lines is coupled to thRCT/OS9EOLERBt Ur e
circuit 68. The set of lines includes a SYNCD line, a DSCLK |ine, an
SDEN | i ne, an SCLK |ine and an SDATAS i ne. Each of the status, clock
and 10 data'lines is of the type of* conventional clocking, control

and data pat hofi kbe @iskhote AeTEiTemnE Ech@56r differenn sample poinmtts:gr at ed
circuit inplemraatpsg éhﬁﬁ@é—ﬁ&iﬁﬁyﬂare rece;véﬁhﬁ yo¥heDbsP Neronih@ile Set in a
presel ected s i ndi cate 15 Si t he

represent dat ggamrﬁ ?#Sh%lé iroyit [@éd E§$H§°6 a"ﬂ'aEFNL%&Q ‘%uéqr 68 to
det er mi ne whehater use teaAcAnstIuRtalthensptice waveformeof cthée MGT .

The DSClgK |'”Qam?1é&es {@hdn ¢! ofle igkddus s ddn s@a&agbacéadfbf €dep Used to

cl ock data si S thro h th annel . The_dat ture circuit 68
uses the DSCLKST®B P&'ﬂl 1) Fﬁé‘“&éﬁ?u?‘ggo’fﬂa“%l’gﬁeﬂ he

applied to a selectahgi:ne: 204. The set of SDEN, SCLK and SDATA |i nes
conprises a serial 25 port circuit. As is well known, an integrated
circuit such woul d inpl ement, the read/wite control 36, typically

i ncl udes an aa'a}‘ﬁss% Presny aavention provides,fr SFrakghtforwazd ot ys
i nf or M@0 on r wechamism td cquuiare tandh stioreheignatuinformatior €loawy e onal

serial port chaCusigoy!ch Idﬂé}ml d{ﬁ got erga?% 'éﬁa&? trol??éG to

support conmmul ni cat| on via cou between € m croprocessor 35
(DSP) and t he®™® 1%;&9%#4%8 men@e eéé'éafivgpr§§en§m & sk he DSP
can addaesse Angb ttlat redcrbrmalvdelvd ceisc agkeeabedrégyi e o VLT

test and fine tune a read channel circuit. Accordingly, the

15 pPresent invention increases the flexibility of a disk drive
design by incorporating into the disk drive functionality
that heretofore required additional, external test
equipment.



the read/wite control 36 to contFol” the transfer of data 35 an

S e e S I R g
P LABED

descri bed bel ow, the data capture circuit i ncl udes

addr essabl e regigv6m4932t hat are witten by the DSP to contnummmhms

sel ection of input and signal sanple timng by the data capture
circuit. Signals applied to the 5 | i neszgf the serial port circuit are
used in connection with the witing of the data capture circuit

regi sters. To thElaims: end, the signal on the SDEN line is an enable
signal that is 15¢t #dk %ﬁ&&eheshséagaaa ﬂ?éﬁi& d RAlgelidg
serial port circ | S gvai rans i ntQrnati-on to or =1 rom
10 . registers BRdivm %%. SRGANG Sa&aAr oRR3 n‘°?ﬁ€‘§?ﬁ (RAement, for reading

SCLK line is a ciofeérwagiod fuom tand ngzt&ngtiaﬁsfnaciﬁn on the istioxaget i on
read from or W'ﬁl&&?mhoaﬂ&‘ear 8oz f&‘eper£$ M&ﬂiﬁfa E glsle?llfeé‘n

regi ster address mat | on_"a ata.
the 8

the SDATA l|ine i 5BRaBtPERES Y a GPaFoFHFﬁﬁzgdd?ﬁ%E&a qqﬂf%ﬂﬂﬁ’ on each
ri sing edge of the H@eE dtoeh.es:’:gaatic component $Refoxr rﬁmmmj anfi 0.

4, there is illug é¥3§ma LAJ ] rgui t
68. Each i nput tg ﬁég%&ﬁbtﬁ ta Eéﬁ uf§h§|%€ €£6@H¢s apﬁI ﬂf%”@ﬁe%%ﬁBUt
of a mul ti B QX§F°EEEF weAiRiput of the nultlplexer 200 i s

coupled to a sanple and hddatlricotiponen8?ofAthel 86t 6£0Ndctronic cogPbnents

stores a val ue r " tkma%#% tEgihgufbﬁgfédtfhtimbredeteﬂmfﬂéhplexer

that is to be passe exer
arrangement to other components of the set of electronic

components to process the read information;

a data capture circuit including an ‘input circuit
and an output circuit;

the input circuit coupled to the output of each
component of the set of electronic components;

the output circuit coupled to the input circuit to
capture a signal from a preselected one of the outputs
coupled to the input circuit, and being adoptable to
transfer the captured signal to the processor.

2. The read channel of claim 1 wherein the input
circuit comprises a multiplexer having a set of inputs, each
input being coupled to the output of a respective one of the
outputs of the set of electronic components, and an output
coupled to the output circuit.

3. The read channel of claim 2 wherein the
multiplexer includes a select input operable to transfer a
selected one of the multiplexer inputs to the multiplexer
ocutput.

4. The r'ead channel of claim 3 further comprising an
addressable select register coupled to the select input and



25 at any one tine. As is WelT known, thé multiplexer 200

i ncludes a sel ect input that opaj i ne_input | ' ~
mul t1 pl exer for output by the wﬂll“l“ﬂ@ﬂlﬂﬁl’ﬂﬂgﬂjunct i on a18p GEEN
applied to the select input. It shoul ditberm s =+ understoo haREPRACER [ ect
line illusiwbaseshszn fig. 4 can 30 actually conprise s@®CFUsb6mIdsses, W
various conbi nati ons of digital signals on the |lines representing, at
any given tinme, one of the differe® inputs to the multiplexer. In

t he present exenplary_enbodiment qf the present inveptpion, ._, the select
i ne conpr i SESERAPES BP GRraR® [ vadue, b5 A8Lers gae of i muleimlanss ). o
any one tineinputsi fiput trangfentiey theemultiplexer oyErws/ 24932

PCT/ US96/ 01488 22 six avail abl e

i nputs. Likew se_ the_select reqister 204, . onprises a three bit
digital register that ?éeciﬁﬂﬁ<§¥;993 of clajm ?h?ﬁﬁgg+? E®ect 1ine and
stores a uni gdéreasable select gragistendilsgadoptabiectocke caddréssét and
mul tipl exer LRRYESH the [¥ocugyyt. to the sanple and hold circuit 202.
The sanpl e and hol d g?rcd?t 5%2 receives the signal fromthe

selected input of the nmultiplexer 200. In this manner, at any one

time, the output 6f anfhemead diHamnelx oforjadmniswhéréfn thetdecgRidVl

channel is [ a@%fa t a I ircuit
202. The sa%ﬁgcgﬁs Eo cglﬁu%t %%a%g B.‘él& w%ﬁ%ﬁdtég %?ﬁgurr%?i%egr to
anpl i fy the EiFRALeBYs$¥mRling, apd holding.a-pregerigsredieneefinther to the

DSP. The DSCbh#tplboskcoupled t= giiel imputowiilredito the sanple and hold
circuit 202 so that 15 the sanple and hold circuit 202 can cl ock the
signal capture

The read channel of claim 6 wherein the sample and
hold circuit is adoptable to transfer the held sample to the
processor.

8. The read channel of claim 7 wherein the sample and
hold circuit includes a hold input, and further comprising a
delay counter coupled to the hold input to control the
timing of sampling a preselected one of the outputs coupled
to the input circuit via the hold input.

9. The read channel of claim 8 further comprising an
addressable delay register coupled to the delay counter and
arranged to store a value to control the operation of the
delay counter.

10. The read channel of claim S wherein the
addressable delay register is adoptable to be addressed and

written by the processor.

11. The read channel of claim 1 wherein the set of
electronic components comprises a PRML channel.

12. The read channel of claim 3 wherein the output



i n-synchroni zation with the PRM—ehanmet——Th additi on, HODline

is coupled to the sanpl e_and holid \“l) conTHIG SHEET HASHBEEN
whi ch sanpling begins. 20 . ;TM \l 3‘ upled tp a dﬂg@w\g}gynter
t

206 t hat recei ves each of ands SYNCD si ghal-s—Fhe—tetzay
counter 206 i sWOI9§498Dupl ed to al del ay regi ster 208 that PCT/GS6/08488 o
del ay val ue. The delay counter 206 counts QﬁgL clock cycles from
the tinme that the SYNCD state indicates 25 that signals represent data,
until the nurrbe o) Co VAt I t

del ay register. Vﬁéuﬂ é:&npr:.st%e c)c%u i {'12 %iiél a Séd)s(ﬁg’rﬂu\%gl Ege a
signal is sigmak b BaRpling @@F’a?"&ggﬁgeF 90‘5“'5 PERYTe to
cause the sanple and-hold circuit 202 to capture and hol d a sanple

30 . of the signal I:I ronh,wer%qi EC?%'S% eULEI ig{ﬁrlfgﬂmréﬁl itk damp

sel ect register 204.

provi des a t1m ng r.a
illustrate the and holdekzayisn -"(ﬁ Wt&PF&ytEoEﬁﬁﬁﬁf%Gt%%a@p&ﬁdt°

hol-d 35 Cir gHetp2Scessdy. t he exanple of fig. 5, the selected
WD 96/ 24932 PCT/ US96/ 01488
23 mul tipl exer input is the output of the sanple and hol d

circuit 70 that is oberatThe Tead ghemmelhefoglpim 33 vhereix the samples
the PRML channepnisgéldi dirclic BEafdludes aohedg@eifiput, andtieriles K

corresponds to an aggrggrl atfefaynecéu%tséa”@ p&.gﬁ to the held input to
control the timing of sampling a preselected cne of the
outputs coupled to the input circuit wvia the hold input.

15. The read channel of claim 14 further comprising an
addressable delay register coupled to the delay counter and
arranged to store a value to control the operation of the
delay counter.

16. The read channel of claim 15 wherein the
addressable delay register is adoptable to be addressed and
written by the processor..

17. PFor use in a disk drive including a storage medium
having data tracks for storing data, a spindle motor
mounting the storage medium for rotation, an interactive
element for reading information from and writing information
on the data tracks of the storage medium and a processor for
performing control functions in the disk drive, a read
channel, which comprises:

a set of electronic components for receiving and
processing information read by the'interactive element from
the data tracks;

each component of the set of electronic components
having an output and being coupled in a predetermined
arrangement to other components of the set of electronic



5. AGC sanpl e output, after the—SYNCB-signhal is set low In fig.

5, the rising edges of the DS nbered 1 through T....h F2
representative sanpl e tines a\(/;g Bg%ﬂi'mﬁm"m SYNCD EPgﬁj:ftLliA EA§&EEN
> gt

| ow. The HOLD signal enables the hold cir

sanpl e t hewd@gngaspl e out put when it is 10 set high. PCT/US96/01A88

descri bed above, the delay counter 206 sets the HOLD si gnal when the
count value for the nunber of DSCLK cycl &8 (after the SYNCD signal is
set low) equals the delay value 15 “stored in the delay register 208.

In the exanp/SoWpenengs to process ithe \gaak IREHBRTLR™Ihe del ay regi ster
equals 4, and the a ddthayapearé afiZifi s dintludtndOal 4hpael hi gh on the
fourth eS| o[- R e | , r N 0 oWy, At
that tine, a%#%kgg%‘ggt E%gé‘l‘%ﬁa@%ﬁéa% red saa?i%tl eﬁgﬁbgg}g Sirhg "sanpl e
and hold circuit 202, Sbeshopmtimuitiplexer migcuit coppded &Pothecycl e
typically usestipitacfRihcEh nést @S itHe set oft kdectiengkock cycle of

the DSP. Accqrdi gﬂlﬁy‘t the sanple and hold circuit 202 is operated to
cl ock out eacC 8i sanple to the DSP at the sl-ower clock speed of
the DSP. 25 As dtber phtputbsample ub htdld sidowisi gouplgdntoathen

algorithmis ilﬁ?@@ MR18epeeRES EL5tuSt W danigld 2 Wikl hePreselecPiat he

storage disks _2Z2a-d.. A egt mgn&légg% be \gelat.ten on 16 each di sk,

surface, as &8 9%sthe OBFPYFF ¢ & Fhe, Jrputagul tipLerer fErERitach

di sk surf ace.and-rbeingaagaptablbenta cransfier a samplecbheddndni shet ohtpetl i n

the drive, adig¥huit ¢82bnéOPtEcdSsor, witten within each zone of each
sk dr

di sk surface. The di Ive I's operated to read back each test
signal and transmt the read back signals, one at a time through the
PRML 35 channg8.. The dead chanelk of rqlaim AF eherednophsatiagutn

multiplexer circuit includes a select input operable to
transfer a selected one of the outputs of the set of
components to the output sample and hold circuit.

19. The read channel of claim 18 further comprising an
addressable select register coupled to the select input and
arranged to store a value to select one of the outputs of
the set of components for transfer to. the output sample and
hold circuit. |

20. The read channel of claim 19 wherein the
addressable select register is adoptable to be addressed and
written by the processor.

21. The read channel of claim 17 wherein the cutput
sample and hold circuit includes a2 hold input, and further
comprising a delay counter coupled to the hold input to
control the timing of sampling a preselected one of the
ocutputs coupled to the input multiplexer circuit via the
hold input.

22. The read channel of claim 21 further comprising an
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24 respect of each read ba ﬂ“‘u ch corrponemlSo?oHEﬁrTeHAS BEE
PRML channel for each read back sﬂ m“ a full FEPLAEED
sanpl es that can be used to fine tenetthe o onents bt PRVC
channel . woddnig3® a read back operation for a particul ar PCess9exiIgasal |
the storage disks 22a-d are continuously rotated and the test signal
read back via the approprlate head 24a-h and 3 transmtted to the PRML
channel . A sanple n be . t.ak each o sanpl e points
of the read back ¥ éﬁﬁisable %318Xerﬁg+srﬁﬁoﬁeﬁ?tﬁ9cﬁ° 4%? %F%?Y ESEhaﬁﬁ
t he conponents arrangeqd (o BRbEechAaviabie Thecomtmmk tife operaciohabentnad

position of Sa”D'déI&%f&dhﬂM@ﬁ.d be sufficient to provide si gnal
information that can be used to reconstruct the 15 si gnal waveform
according to known mat hemati cal techni ques. To that end, the seria

port circuit 210 avai |23l e The read channekoaf wiadim @ iwhelreift ctheused by

the DSP, via the sidMbgsadié del ;{%? St S LLe
each of the select 20 re |stg¥ ﬁgg an Ql+ay regélﬁs):"t e(ri'q’rgg a@%e%éé’ a}é‘%
sel ect eac MIBh & th8nBraress®¥ne, by witing a dlfferent value
into the sel ect register 204 Wil e a particul ar conponent

sel ected, the DSP wllag d | I
208 at each revol t|on of t %illggﬁ Sﬁﬂ?%atag %mp%’g f"]herrgg's gé p% nt
i s sanpl ed durind® q‘E\FOI"&F‘PBﬁentS compyiges JARML chgngedr s an ei ght

bit register, up to 256 different delay values can be stored, one per
revolution, in del e r shown in the exanpl e
of fig. 5, an asterlséﬁfnd?ba gk &£§$§ &Ei%n éﬁ%ﬁflggéﬁﬁnes.taken one per
revol uti on of the disi® Processgr §er GoRtrRkling rthseiskndrivepSCLK cycl es
1, 2, 3 and 4. a storage medium having data tracks for storing data;
a spindle motor mounting the storage medium for
rotation;

an interactive element for reading information from and
writing information on the data tracks of the storage
medium;
a read channel for receiving and processing information
read by the interactive element from the data tracks;
the read channel comprising a set of electronic
components, each component of the set of electrenic
components having an ouﬁput and being coupled in a
predetermined arrangement to other components of the set of
electronic components to process the read information; and
a data capture circuit including an input
multiplexer circuit and an output sample and hold circuit;
the input multiplexer circuit coupled to the
output of each component of the set of electronic
components;
the ocutput sample and hold circuit coupled to the
input multiplexer circuit to sample and hold a preselected
one of the outputs éoupled to the input multiplexer circuit
and being adaptable to transfer a sample held in the output




The sanpling can be cont|nued—«mrfh“aﬁ’éTﬁﬁ?’blt del ay -eg-St-e

by changing the delay value int register >GHF§SH§EEhM§LBé€N 5

revorutron, for up to 256 r‘a ““\i“)m m\ﬂm V\D 96/ 24932 REPLACED

PCT/ US96/ 01488 of the disk

- to acqui r qyelésses2256 di fferent sarrpl e points. The HIUSIMIBE poi nt s
are received by the DSP fromthe sanple and hold circuit 202, and

stored in the RAM 43 for | ater us®lto reconstruct the entire

waveform of the AGC 5 sanpl ed signal. The process can be repeated for

each CHFpEHe o fba PEOCREECEannel , by changing the value in the

sel ect register 204. Thus, the present -invention provides a

straightforward 14 O%@g&fg&% eaggubigl ng? féfﬂggﬁg f Eﬁrnatlon

t hat can be Use agnose an une rea annel . The
nmechani sm ut FhapRal dﬁﬂﬁﬁﬁéﬁﬁ%aa dgharesnt on a dISk drive, so
that external devices are not required to fully test and fine tune a

read channel ci rc#q ﬁe‘(@é_g@%}ivé QE J:J?a.:.m %W& :..rp\ﬁ til Encreases

the flexibilit f1ve I ncor porati rnto the disk
drive functiBwkE El,ﬁxer cincmdt nepéveesre s%eﬂ ckpoitianes: e 8%t er nal

t est etirandfer .a selected one of the ocutputs of the set of
components to the output sample and hold circuit.

28. The disk drive of claim 27 further comprising an
addressable select register coupled toc the select input and
arranged to store a value to select one of the outputs of
the set of components for transfer tc the cutput sample and
hold circuit.

29. The disk drive of claim 28 wherein the addressable
select register is adoptable to be addressed and written by
the processor.

30. The disk drive of claim 25 wherein the output
sample and hold circuit includes a hold input, and further
comprising a delay counter coupled to the hold input to
control the timing of sampling a preselected one of the
outputs coupled to the input multiplexer circuit via the
hold input.

31l. The disk drive of claim 30 further comprising an:
addressable delay register coupled to the delay counter and
arranged to store a value to control the operation of the
delay counter.

32. The disk drive of claim 31 wherein the addressable.
delay register is adoptable to be addressed and written by
the processor.
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26 1 For use in a storage device including a storage nedium..
for storing data, an interactive elenent for reading information from and
witing information on the storage medi um and a processor for perform ng
control fuWexs6s4es2in the storage device, a read channel pcoiusséniessnpri ses:
a set of electronic conponents for receiving and processing information
read by the interactive element from the storage nmedi um each
conponent of the set of electronic conponents havi ng an out put and bei ng
coupled in a predeterm ned arrangedfefié to ot her conponents of the set of
el ectronic conponents to process the read information; a data
capture circuit including an input circuit and an output circuit;

the input circuit coupled to the output of each conponent of the set of

el ectroni ¢ conponents; the output circuit coupled to the input
circuit to capture a signal froma presel ected one of the outputs

coupled to the input circuit, and being adoptable to transfer the
captured signal to the processor. 2. The read channel of claim1l
wherein the input circuit conprisesga nultiplexer having a set of inputs,
each i nput being coupled to the out&p vf\a respgextive one of the

outputs of the set of electronic cogpg ‘ An Qut put coupled to the
output circuit. o

34
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3.- The read channel of claim2 wherein the mul ti pl exer includes a sel ect

I nput_operagble to fransfer a selected one of the multiplexer inputs to

the mul tipl exer out put . 4, The read channel of claim3 further
conprising an addressabl e sel ect register coupled to the select input and
WO 96/ 2493 WO 96/24932 PCTPcin653601kéd S

27 arranged to store a value to select one of the nultiplexer I nput s
for transfer to the multipl exer output. 5. The read channel of
claim4 wherein the addressable selett register is adoptable to be
addressed and witten by the procegsog 6. The read channel of

claim1l wherein the out put circuit conprises a sanple and hold circuit to
capture the signal by sanpling and hol ding a presel ected one of the
outputs coupled to the input circuit. 7. The read channel of
claim6 wherein the sanple and hold circuit is adoptable to transfer the
hel d sanple to the processor.

ROM
42

RAM

PCB 34

Figure 2 |
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8.- The read channel of claim7 wherein the sanple and hold circuit

I ncludes _a _hold input, and further. conprising a del ay counter coupled_to..
the hold input to control the timng of sanpling a presel ected one of the
out puts coupl ed to the input circuit via the hold input. 9.

The read cNéme6g933f claim 8 further conprising an  addr eskanbsvsORbaY

regi ster coupled to the delay counter and arranged to store a value to
control the operation of the del ay counter. 10. The read channe
of claim9 wherein the addressabl e del ay register is adoptable to be

SUBSTITUTE SHEET (RULE 26)

addr essed and MW|tt§@ by the procék4@ . 11. The read channel of
claim1l wherein the s@ of el ectroni c components conprises a PRM
channel . lzgme read channel of claim 3 wherein the output
WO 96/ 24932 PCT/ US96/ 01488
28 circuit conprﬂgeg a sanple and hold IrCUIt to capture the signal by
sarrpl I ng anctnhol di ng ®he nul ti pl exer out ppt
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13. The read channel of claim 12 wherein the sanple and hold circuit is
adoptable to transfer the held sanple to the processor 14, The
read channel of claim 13 wherein the sanple and hold circuit includes a
hold input, and further conprising a delay counter coupled to the hold
input to Wewsres2the timng of sanpling a presel ected on@cwfuspémadsssout put s
coupled to the input circuit via the hold input. 15. The read
channel of claim 14 further conprising an addressable delay register
coupled to the delay counter and arranged to store a value to control the

operation of the delay counter. 4 16. The read channel of claim 15
wherein the addressable delay register is adoptable to be addressed and
witten by the processor. 17. For use in a disk drive including a

storage nedium having data tracks for storing data, a spindl e notor
mounting the storage nediumfor rotation, an interactive elenent for
reading information fromand witing infornmation on the data tracks of the
storage nedium and a processor for performng control functions in the

di sk drive, a read channel, which cogzrises: a set of
el ectroni c c®@ponents for receiving a processing information read by the
interactive &enent from the data trd&ks; each conponent of
the set of el egctronic conponents havipglan output and being coupled in a
predeterm ned \arrangenent to other copy¥fqnents of the set of electronic
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a_data

29 conponents to process the read infornation;

capture circuit including an input

sanpl e and hold circu

circuit to sanple and hold a presel ected

the input nultiplexer

t;

circuit

mul ti pl exer circuit and an out put
the input nultiplexer circuit coupled

to the owweR493t each conponent of the set of el ectroni pcrgsdngsent s;
the output sanple and hold circuit coupled to the

hel d in the output circuit to thespr@cessor.

channel of claim 17 wherein the input

sel ect input operable

i nput mul tipl exer

one of the outputs coupled to
and being adaptable to transfer a sanple

18. The read
i ncl udes a
to transfer a selected one of the outputs of the

mul tiplexer circuit

set of conponents to the outbut sanpl e3and Hpld chreui §.
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19.

sabl e sel ect

o

value to

sel ect one ofb} hesqu%] of the set of conponents for transfer to the
0

out put sanpl e and
wherein the
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addressabl e select register is adoptable to be addressed and witten by

t he _processor 21. The read channel of claim17 wherein the output_ .
sanple and hold circuit includes a hold input, and further conprising a
del ay counter coupled to the hold input to control the timng of sanpling
a presel ecwedsams2of the outputs coupled to the input nwcrusbeness circuit

via the hol d i nput. 22. The read channel of claim2l1 further
conpri sing an W) 96/ 24932 )
PCT/ US96/ 01488 30 addr essabl e del ay
regi ster coupled to the del ay coité and arranged to store a value to
control the operation of the del ay counter. 23. The read
channel of claim 22 wherein the addressabl e del ay regi ster is adoptable
to be addressed and witten by the processor. 24. The read
channel of claim 17 wherein the set of el ectroni c conponents conprises a
PRML channel . 25. ﬁdi sk drive, which conprises:
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a processor for controlllng t he di sk drive; a storage nedi um havi ng

data tracks for stering—tata; .. aspindle notor nounting the storage
ufgor rotation an interactive el enent f or REPEAGEMENT SHEET

he d e
RN, oo, e o e AT
information® read by the I nteractive elenent fromthe dafjaftracks;

t he read channel conprising a set of electronic conmponefit 5, PAY h,~1%85
conponent of the set of electronic conmponent s havi ng anj}opt put and

coupled in a E&Edﬁge@nAIMEbaIsangenent to other conpone tS
el ectroni c conponents to,p S ad .information;

data capture g?rCUIt |n2?d%ﬂ%g(%% |npd$hlc?nﬁ?TEﬁ¥§&ﬁ CIrCUIt and an OUIp
sanpl e and hol d circuit;2 processor fohecompnlling itphexdiskidcine; coupl ed
to the output of each gorifapte Oﬁnefdl%mﬁeha%ng' ea;l&gn'era EQTREAEN! S;
the output sanple and hold circult coupled I nput nult1pl exer
circuit to sanple and hol d a Pr¥sHIed@kR: one of the outputs coupled to
the input multiplexer CIaCypindl}énﬂgbgtn&oﬁﬁaﬁhéb|t?1et Gty ahedi Rl €
hel d in the output W) 96/ 24 :

PCT/ US96/ 01488 for’rotation; 31 circuit to the

pr ocessor. an interactive element for reading

information from and writing information
on the data tracks. of the storage
medium;

a read channel for receiving and processing
information read by the interactive
element from the data tracks;

the read channel comprising a set of
electronic components, each component of
the set of electronic components having

'an output and being coupled in a
predetermined arrangement to other.
components of the set of electronic
components to process the read
information; and '

a data capture circuit including an input
multiplexer circuit and an output sample
and hold circuit;

the input multiplexer circuit coupled to the
output of each component of the set of
electronic components; _

the output sample and hold circuit coupled to
the input multiplexer circuit to sample
and hold 'a preselected one of the
outputs coupled to the input multiplexer
circuit and being adaptable to transfer



26.. The disk drive of ¢laim25 wherein the read channel conpri se QH\!_DE?NL

‘channel . 27. The disk drive of claim25 wherein tRgPLALIME
mul ti-pl exer CI m'“”mmm [mﬂmllsel ect i nput operable to AGEM NT SHEET
sefected one o t he set é), conmponents to he out put_sarnpt

and hold circuit. ¢ " 28* The disK'drive of claim27 fufthg

conprising an addressabl e sel ect register coupled to the|s¢l ec%‘ A%Gpu%wan
arranged to store a value to select one of the outputs of
conponents for transfer to the output sanple and - hold ci

jos

LITTC oUL
cuit.
29. The disk drive of claim 28 s#&ks n"hehd indcbesgblput SATETE

adoptabl e to be addressed andqhd igdeddbr. the processor. 30. The
di sk drive of claim25 ere nth out put, sanpl e and hold circuit

i ncl udes a hola i nput, ‘iﬂr eATLVR ofpr ELRAR & #EREE 8o rieri Bl ed to
‘the hold input:radlmiplcmcér diddd o ikiclgdes aasplesg mmes@aﬁmw of the
out puts coupl t o L npu | Liplexer: circuit via th hold_in

31. The disk g:rﬁ'a\‘/r%s%%ec%lalgﬁ#’%gy?%rgﬁgr ocfo ?s?'ﬁ“gp'éhs oédapésfa?b'l é’pﬁjel ay
regi st er coupleampanants de fhe auitprt @anplarammhdmld cistawise a val ue to
control the op;ratlon of o, d%edz.slg +§yvggg?;gh;: of clams321 2Ttﬁb,d.| drive

of claim 31 wherei n t he addressab 0 be
addr essed and GRTREEHL an pAdrpegabigofeléct register coupled to the

select input and arranged to store a value to select one
of the outputs of the set of components for transfer to
the output sample and hold circuit.
4. The disk drive of claim 3 wherein the
addressable select register is adaptable to be addressed
and written by the processor.
S. ' The disk drive of claims 1-4 wherein the
6utput sample and hold circuit includes a hold input,
and further comprising a delay counter coupled to the
hold input to control the timing of sampling a
preselected one of the outputs coupled to the input
multiplexer cifcuit via the hold input.
6. The disk drive of claim S further comprising
an addressable delay register coupled to the delay
counter and arranged to store a value to control the
operation of the delay counter. o
7. The disk drive of claim 6 wherein the
addressable delay register is adoptable to be addressed
and written by the processor. _
8. . The disk drive of claiims 1-7 wherein the read
- channel comprises a partial response maximuﬁ likelihood
detection channel.
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