SAVPLED DATA CHANNEL SERVO DETECTOR USI NG PRML TECHNI QUES Fiel d.of the

I nvention The present invention relates to sanpled data channels for use
Wi thin magnetic data-recording. More particularly, the present invention
relates to a synchronous servo detection nethod and apparatus for use in a
Class |V partial response, maxi mum likelihood (PRWM.) sanpled data channel
within a hard disk drive. Background of the Invention Magnetic hard di sk
drives typically include one or nore rotating rmagneti c data storage disks
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during track seeking operations, for settling the head at the vicinity of the
destination track during track settling operations, and for following the
centerline of the destination track during track following operations when
user data may be written or read from the disk.

' Voice coil actuators are typically part of a head position servo
loop. In one approach pertinent to the present invention, actual head
position information is sampled by the head from the user data storage
surface of the disk as the head passes over each one of a series of embedded
servo sectors. A servo data detector circuit detects coatrse head position
information, digitally quantizes fine head position information, and sends
the coarse and fine information to a servo controller, which may include a
programmed disk drive microcontroller. A state model of the head
positioner is developed in firmware, based upon the coarse and fine
positional samples and commanded head position; and, driving currents are
generated and applied to the voice coil to move the head in a highly
controlled fashion. ” .

It is known to arrange the concentric data tracks of a hard disk
drive into contiguous data zones, wherein each zone is given a data transfer
rate adapted to the innermost data track radius of the zone (the innermost




t hroughout the zone). At the expense of circuit conplexity of the read
channel necessitated by changi ng cl ocking rates and read channel
equal i zation with changes in zones, this approach significantly increases
the data storage capacity, by recognizing that nore storage space, and nore
data, is available in radially outer zones, than is available wi thin inner
zones. A track of an outer zone nmay typlcqily i ncl ude twi ce as nuch data as
a track of an inner zone. Accordingly, the outernost zone nay have a data
transfer rate two tinmes the data transfer rate of the innernost zone. One
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by ref er encein comsnaniyassigned,.capending U.S. Patent Application Senal No.
07/937,064 filed on August 27, 1992, entitled: "Disk Drive Using PRML
Class IV Sampling Data Detection with Digital Adaptive Equalization”,
now U.S. Patent No. 5341249 | the disclosure thereof being incorporated
herein by reference. While the approach followed in this prior patent
works satisfactorily, one drawback attending the described approach relates
to the asynchronous, constant frequency embedded servo sectors.
In this prior patent, the servo information was recorded at a
constant frequency across the radial extent of the drive, and was
asynchronous with respect to the data fields which were coded to match a
PR Class IV (1 — D2) spectrum. Because the servo sectors were
asynchronous with respect to user data, special digital peak detection
circuitry was provided to detect and decode the servo information. Also,
the analog filter equalizer, and the digital finite impulse response filter had
to be retuned in real time at the arrival of each embedded servo sector,
‘adding to the complexity of the design and coritrol of the drive. Since the
servo sectors were recorded at a constant frequency in accordance with the
teachings of commonly asssigned U.S. Patent No. 5,170,299, the disclosure
thereof being incorporated herein by reference, considerable data storage
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3 space was | ost, considering that the data tracks are arranged into
concentric zones on the disk surface. These drawbacks have resulted in a
hitherto unsol ved need for a synchronous sanpl ed data channel servo data
detection nethod and apparatus which is nore conpatible with the
synchronous read channel architecture. Summary of the Invention with
hj ects One object of the present inventidn is to provi de a synchronous
sanpl ed data channel enbedded servo data pattern servo pattern detection
met hod and appar at us, whi ch u.ses th onous.read channel .in a manner
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embedded servo sector pattern for head positioning in a hard disk drive
employing a partial response, maximum likelihood data channel in a
manner in which the servo pattern is recorded in synchronism with user
data so as to reduce servo sector overhead and thereby achieve greater
servo data compaction embedded throughout the data storage areas of the
disk.

Another object of the present invention is to make full use of
the synchronous read channel for embedded sector servo s10na1 processing
as well as for user data processing.

Yet another object of the present invention is to provide an
arrangement enabling zoned data recording techniques to be employed in a
disk drive having embedded servo sectors without loss of, or reduction in,
reliability of servo information during track seeking, track settling and
track following operations of the disk drive.

- A further object of the present invention is to provide a new
Gray code track identification pattern for a hard disk drive employing

-embedded sector servo and a synchronous digital PRML read channel and
to achieve a robust decoding of the new Gray code and provide built-in
error detection. : .

One more object of the present invention is to provide a new

- servo address mark pattern for a hard disk drive which bears very low



4 correlation with either a preceding preanble field or with a foll ow ng
Gray coded track or sector identification pattern within each. servo sector
Yet anot her object of the present invention is to provide a dual servo
address mark schene for an enbedded sector servo disk drive including a
coarse asynchronous servo address index mark for use during startup
recal i bration, and a nore accurate synchgonous servo sector address nmark to
mark the location in time of each servo sector and of a follow ng G ay
coded identification field during ongoing disk drive operations. Still a
further obgemelation iwithreither a precedingrpieamble fieldi orwith atfiodleswirig el ds
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new and simplified circuitry for synchronously decoding a servo address
mark, a Gray code, and servo burst amplitudes within an embedded servo
sector of a hard disk drive.

Yet another object of the present invention is to reduce
electronics costs and design time requlred to.implement an embedded
sector servo scheme within a hax;d_,dlsk drive having a PRML synchronous
digital data channel by elimination of separate channels for servo
information and user data. ) . '

Still a further object of the present invention is to employ a
single frequency for both user data and servo information within a disk
data zone of a disk drive having a PRML synchronous digital data channel,
and make use of existing PRML synchronous read channel circuits for
decodmc servo information as well as for recovering user data.

Yet one more object of the present invention is to decrease soft
error rate for servo address mark and Gray coded identification
information within embedded servo sectors of a disk drive having a PRML
svnchronous digital data channel.

One more object of the present invention is to improve the
quality of detection of servo burst amplitudes and resultant head fine



5 position information incorporated within servo sectors enbedded anongst
data bl ocks of a disk drive enploying a PRML synchronous data channe

Still one nore object of the present invention is to elimnate dedi cat ed
circuitry within a PRML synchronous data channel of a disk drive which
woul d ot herwi se be. needed for digital or anal og peak detection of servo
burst anplitudes of bursts in enbedded servo sectors. Yet one nore object
of the present invention is to provide a servo pattern arrangenent enabling
prerecordi ng of synchronous servo sector patterns by using existing
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Brief Description of the Drgwmgs

In the Drawings:

Fig. 1 is layout plan of a quadrant of a data storage disk
incorporating a synchronous servo data pattern within a zoned data
recording scheme in accordance with principles of the present invention.

Fig. 2 is an enlargeéd, diagrammatic depiction of a servo wedge
data structure within the Fig. 1 disk layout plan.

Fig. 3 is also an enlarged, diagrammatic depzcuon of a servo
wedge data structure within the fig. 1 disk layout plan at the vicinity of a
boundary between two data zones having differing data transfer rates.

Fig. 4 is an overall block diagram of a hard disk drive
incorporating a synchronous servo detection scheme in accordance with the
Fig. 1 layout plan and in accordance with principles of the present
invention. | -
Fig. 5 is a more detailed block diagram illustrating a
synchronous Gray code detector in accordance W1th principles of the
present invention.

Fig. 61 is a more detaﬂed block diagram illustrating a
synchronous burst field amplitude detector in accordance with principles of
the present invention.



6 Detailed Description of a Preferred Enbodi nent Data Pattern on Data
Storage Disk 16 Wth reference to Figs. 1 and 4, a data storage disk 16
defines a nultiplicity of concentric magnetic data storage tracks in which
serial blocks of user data are sequentially recorded. In practice a hard
di sk drive may i ncl ude up to eight or nore data storage disks nounted in a
stacked apart relation on a rotating disk spindle. The disk 16 is rotated
at a predeterm ned constant angul ar velocity by a speed-regul ated spindle
notor 18 controll ed by spi.ndl e notor control/drlver C|rCU|try 27. An e.g.
in-1ine data transduchletaded [descnptier @ erred piRbodmedte. g. by a

rotary voice coil actuatorDaga Ratteln ion Dam Qwﬂagg_ Disk 16head position servo
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| ocations aptagsveicetdail actiriter SLowhich wcbmmﬂedrt?f r eduead! positiehesered t o
as "cyli nﬁgrdﬂw‘n ‘t.he sk drive art. The storage disk is preferably of a

smal | di anePEP,CLeRitYa&%appr oxi mately 95 millineters, or smaller, and it
may be an al um num al Asys conyentiendl, the Wata mrdmdubeehead@6 of the head
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di sks and rthgheurﬁacnmfu nfmm/head smkmsa@h}ya&@muaepoatmns/or
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and an ceramic sflTiers are presently preferred for the heads 26, improvements in
. disk drive performance are also realized when other types of heads are
- employed in the disclosed PRML data channel, such as MiG heads or
inductive write/magneto-resistive read head structures, for example.
| - The heads  are positioned in unison with each movement of
i the actuator and head stack assembly 20, and the resulting vertically
aligned, circular data track locations across multiple data storage surfaces
are frequently referred to as "cylinders” in the disk drive art. The storage
disk is preferably of a small diameter, such as approximately 95 |
millimeters, or smaller, and it may be an aluminum alloy or glass disk
which has been e.g. sputter-deposited with a suitable multi-layer magnetic
thin film and a protecting carbon overcoat in conventional fashion, for
example.. Other disks and magnetic media may be employed, including
plated media and/Or spin-coated oxide media, as has been conventional in
drives having lower data storage capacities and prime costs.
With reference specifically to Fig. 1, the data storage surface
of each disk 16 is divided into three exemplary zones of concentric data
tracks: an outer zone OZ, a middle zone MZ, and an inner zone IZ. An
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7 innernost |landing zone LZ is also illustrated which is used in
conventional fashion for contact stop/start recording. Wien the data
storage disk 16 is rotated at a constant predeterm ned vel ocity, by using
zoned data recording techniques, nore optimum storage of data on the data
disk 16 is achieved, with nom nal data transfer rates for each zone being
adapted to disk radius. Wiile in the presknt exanple only three zones are:
illustrated, in practice as nmany as 16 or nore data zones per data storage
surface are preferred. |In practical terns a two tines data,clock difference
may be realinnenmpst landingironel.d 15-alsedllnstrated whichds yse rmmnvx@ﬁ@rxai and
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.servo sectors SO, Sl I@r&mtmaSrtennplacM tlmegldy.ta tlockydiffetence mayrbe may be

: f
Gepend ng dBAICER CELREERE, ddts (RIS %@%@P@Sﬁib ?%P?%&f%ﬁ?%&ﬁ? ed by
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locating arlﬁn@m'mgf Hsit5860e IIZgniabeb@%&Qttéﬁ%tta olwldrigrmtape g 48 IM(Hézi
"W thin each servo sector, Five such tor lin @6 t he Flg 1
di agram SLO, SL1, SL%ZA&C %Eﬁnsrr&axmﬁ! %“6?“3{ ﬁéa@@c?— q5 Wé’§ e.g. SLO,
mar ksdt he lyegicentrig c(aaan dracks)inowhi¢h dafa bhecks arubmkedenp amdadivsdenh dnto
provi des a
Bnce. per - r SpaniRS by A HRuMbAPicy M 3% RS spact apkR %f'?%dﬁed servo
sectors S, there being four such servo sectors S0, S1, S2 and Sn depicted in
Fig. 1. Typically, there may be as many as 62 servo sectors (or m_ore)
~ defined on each data storage surface, depending upon the amount of head
positioning servo information required by the head position servo loop in
order to ensure reliable track following during data reading and writing
operations.

In the data arrangement exemplified by Fig. 1, the disk 16 is
rotated in a counterclockwise direction relative to the data transfer head.
Importantly, in this example, all servo sectors thus begin at substantially
continuous radial sector lines SL which are evenly spaced apart
circumferentially around the disk 16. This sector line arrangement
simplifies the timing required for locating and properly sampling the head
position information included within each servo sector. Five such sector
lines are shown in the Fig. 1 diagram: SLO, SL1, SL2, SLn and SLn+1.
One of the sector lines e.g. SLO, marks the beginning (and end) of all of
the circular data tracks and provides a once per revolution index marker I
for marking a once-per-revolution index position of the rotating data
storage disk 16 relative to a non-rotating data transducer head 26.
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storage disk 16 relative to a non-rotating data transducer head 26. 8
Because the head positioning information is recorded at the zone's nom nal
data transfer rate, there are discontinuous zone boundary regi ons | ocated
bet ween adj acent data track zones including servo sectors. For exanple, a
zone boundary Bl is between the outer zone OZ and the m ddl e zone MZ; and,
a zone boundary B2 is between the m ddl e gone MZ and the inner zone |Z.
Anot her consequence of having the head posSition information in each servo
‘sector S recorded at the sanme clocking rate as the user data of the
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| engt hs racﬁ‘“ﬂ%git'ﬁgtgbﬁﬁ%ata surface and its consequence is_expl ai ned
in greater detail in dmother consequenda of having theshéadposition informatiom
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explained in greater detail in connection with Fig. 3.

It is important to note in connection with Fig. 1 that during
track seeking operations, the data sampling clock is reset by an embedded
drive microcontroller 56 as the data transducer head 26 moves from one
zone to the next. During the moment that the head is crossing a particular
zone boundary B, servo position information is unavailable from the disk,
and the servo loop is operating "open loop", based upon estimated
parameters, such as position, radial velocity, and actuator driving current,
which were derived from previous head position samples taken from the
servo sectors and any other bias forces tending to affect head posmon while
it-is crossing the particular zone boundary.

By increasing the servo sector data rate to match the user data
rate across the zones, it is apparent that a significant servo data compaction
or reducti_bn in storage area otherwise required by the embedded servo
sectors S'is achieved by having the servo clocking rate match each user data
rate. This saving of disk space is relatively depicted in the shaded area to
the left of the dashed line adjacent to servo sector SO in Fig. 1. Greater
savings of disk storage area than shown in the Fig. 1 example may be
realized in practice by employing a larger number of data zones than three.




the left of the dashed |ine adjacent to servo sector SOin Fig. 1. Geater
savi ngs of disk storage area than shown in the Fig. 1 exanple may be
realized in practice by enploying a |arger nunber of data zones than three.
9 An innernost landing zone LZ is also provided as a zone at which it is
safe for the data transducer head 26 to conme into contact with the delicate
data storage surface of the disk 16. Theginner |anding zone LZ is fixed in
part in relation to an inner rotational [imt or "crash stop” which limts
~angul ar di spl acement of e.g. a rotary voice coil actuator structure 20 for
posi tioning the head Ahrinnemmeslanding zonedcZ ii9alsy provided ak a zbnehmul d be
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“addr ess nalbnéf4as desitedat t he begi nning of the data tracks may be detected
fromthe disk surface during drive initialization and initial calibration,
when the synchronous data channel S not yet synchronl zed to I nformati on on
t he data surface of DHMACH 2 ECED g £Ddex servo

32?[ Ezsaﬂ?r ‘ét Egﬁ tern l@@ﬂ:rhﬂ%' ﬁ@'@rstosFiger% %%iﬂglé%@ﬂvﬁ%ﬁ&&iﬁo\éﬁh&ﬁ S0etaui te

| two adjacent data tracks, track 0 and track 1, of a particular data zone are
shown. In this depiction, both tracks are shown to share an AGC/PLL field
102. In addition, each track includés a synchronous servo address mark

field 104, a synchronous Gray coded track identification field 106, and
adjacent tracks share three circumferentially staggered and radiélly offset
constant frequency burst fields 108, 110, and 112 which are separated from
themselves and other fields by guard fields 114, 116, 118 and 120. The
user data field begins (or resumes) at field 122 following the servo sector
SO. This first servo sector SO also includes an asynchronous index servo
address mark 124, so that the beginning of the data tracks may be detected
from the disk surface during drive initialization and initial calibration,
when the, synchronous data channel is not yet synchromzed to information
on the data surface of the disk 16.

“Ideally, the asynchronous index servo address mark pattern

124 includes several very long magnets which are quite unlike any other
data patterns on the disk, and which may be readily detected by
asynchronous operation of the data channel during initialization, so that a
rough starting point for locating following servo sectors may be obtained.
By placing the asynchronous servo pattern field 124 at the beginning of the




data patterns on the disk, and which may be readily detected by
asynchronous operation of the data channel during initialization, so that a
rough starting point for locating follow ng servo sectors may be obtai ned.
By placing the asynchronous servo pattern field 124 at the beginning of the
10 AGC/PLL field 102 in the first sector SO, a space which is otherw se
unuseabl e because of Barkhausen noi se dypi ng normal data wite/read

oper ations beconmes very useabl e and valuable during the initial power up
sequence, when no data witing operations are being carried on at the drive
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field 102 conprises R Qb oBsstved/ that mﬂgem@mw@rtlgwffequmy s the
same as 4 e%gnts tend to trigger impending Barkhausen noise events within the head
structure. In light of this observance, an asynchronous servo mark field
124 may optionally be included in all of the servo sectors at the beginning
of the AGC/PLL field, and an index bit added to the Gray coded track
identification number field 106. In this alternative embodiment, the Gray
code detector 78 also detects the once-per-revolution index bit and signals
index found to the microcontroller 56, while the asynchronous SAM
detector 70 detects each of the fields 124 during initial startup calibration,
thereby reducing rotational latencies in first detection of a servo sector.
Fig..2B shows the asynchronous servo address mark field 124, and a Gray
coded index bit position 125 in dashed lines,~
From the vantage point of PRML, the AGC/PLL field 102
comprises a conventional 1/4T sine wave pattern (which is the same as a 2T
~ pattern in a peak detect channel). Normally, for a PRML data channel,
approximately 50 to 150 clock time cells ("T" intervals) will be provided
for the AGC/PLL field 102. This length may be reduced somewhat by
preloading a frequency offset term into the digital timing loop of the
synchronous data channel, particularly since there is very little frequency
variation from servo sector to servo sector (depending upon the accuracy



pattern in a peak detect channel). Normally, for a PRML data channel,
approximately 50 to 150 clock tine cells ("T" intervals) will be provided
for the AGCPLL field 102. This length nay be reduced sonmewhat by

prel oading a frequency offset terminto the digital timng |oop of the
synchronous data channel, particularly since there is very little frequency
variation from servo sector to servo secldr (dependi ng upon the accuracy

of the servo witing process and spindl e speed accuracy). Since the servo
pattern is witten by the servo witer ,at the factor .once, it is .
practical tgf ihepservenwrIing pracess ang spindie ﬁE@ﬁ‘f ‘&%‘Fé’ﬁ oHnse the $68vat or es
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106, 1n t heingp SBE SREH 1&?%3?5‘%%65 eé“ﬁepf?%@‘yll\%?ﬁ%ﬁd‘?ﬁgﬁ%g IR
groups of fp&mdmlaschanacxensu@eoﬁ BEmO seetor then oo @ead which are
repeated at' the hi ghegh&dgaﬁ { Servcihddreds hiflc ga&emﬁ&herﬁémewmgent

approach, each decode ﬁ lt attern CONpr | hree, non-return-to

zero (NRZ) selectedsondhe tb@ﬁlslo 8? ega.nqe and mw&rﬁﬁ’-l@ém With the
synchr onous Wﬁ%}, 51[% ﬁmz Saﬁ&‘vﬁ‘f‘:ﬁ Re 'eficB Patfefn of the Grzf abded

to the & hyidenodicasian I Sa RS retectsbaPPYAH e actual
dat ]9 val ges ACC/PUEdfield Bbﬁx prives @ravpscsiefburdbite 1), 1 I)beﬁmreSRRMIM Class
Being wr it (oY, BSgCPRng SvS varptrspem?i & fheRiohet bl GRS APRL 1
-precoder 34garpadimetin tHéZpresentiapprozch; eachdecoded daray codedibtpattern | i ne:
155711 SRR e Bl o 002 A i 10,60, 1.
Synchr onousbé&fsye RR4 precoding. aiihecn;mchnenous SAM pattern: I D4risiseleated tone
Hammi ng di sfapgq rhinfmﬁni"@bﬁ@ldtm (Haxifdm Hamming distance) relative to the
AGC/PLL 1/4T pattern, and also to the Gray coded pattern coding
convention (irrespective of the actual data values included within the Gray
-+ coded pattern). o
' 'One presently preferred example is as follows with a binary
" bit stream in the top line, being written by the servo writer but analogous
to the data stream at the precoder 34, and with NRZ encoding of this bit

stream in the bottom line:

11111111 11111000011000110000001 11011 110 011 110
i L R bt IR B o e
AGC/PLL 102 Synchronous SAM 104 Gray code 106

In this particular pattefn the Hamming distance is > 5 which implies that
with a single error fault SAM detection tolerance, two errors in a servo
sector could result in misdetection of the synchronous SAM pattern. With
zero error fault tolerance, three errors would have to occur in the servo
sector before a misdetection could occur. Other suitable synchronous SAM
patterns may be identified with the aid of a computer directed search



with a single error fault SAM detection tolerance, two errors in a servo
sector could result in msdetection of the synchronous SAM pattern. Wth
zero error fault tolerance, three errors would have to occur in the servo
sector before a m sdetection could occur. O her suitable synchronous SAM
patterns may be identified with the aid of a conputer directed search 12
seeking low correlation patterns with thg2AGC PLL field 102 and with the
Gay coded identification field 106. Since these fields 102, 104 and 106
are synchronously decoded in interleave fashion by the Viterbi detector 50
3n d 8as S (;cli stelg ks fowheonrektion pattéthshefity Iﬁher %@VIE%II\_AI fieldy ﬁﬁhgﬂh ;Mish |$Hb’|
ecoder t nchr onous pattern be freely
concatenabl@f%f Fﬂd?‘ﬁégéﬁ@@égﬁgg %%ﬂagléﬁEam ng that each field ends with two
magnet s havi ng t he sa$moegcthese fields ﬂ@stIOA(’JamMO&ai’e aynchronowslybgecoded vo

Since the SapeaLLfAdiPh B PRV et Herran 3 %rﬁ"ire%@%n&?‘%ﬁ%%% 0
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dibit (or t c%ﬁ?ﬁpﬂ}at é[rq%ss??gﬁg?ﬂer §Al“r/’rlca€£ Ze ?E&%ﬂ abl m%@%ﬁect
det ecti on bhetGrayceade hits maeanipgdhat gach rtlte @émgneta Bed

above adva 14ty avoid dibits and tri b| ts The PRML Viterbi
decoder 50rk\r1/'\l/(%g'§i a,gbﬁlt erl eave basis. Jn O{Dder to under stang decode

operation, it is esse £ SETVQ SECINS 3FeoVRETeILPY 3)8eIVoh WIHET & they{ing; oF s et
goes to Onefﬁﬁt @s%ﬁiblwéndi eheekout of dee disk dervie DOeSihoe tthe sebviewrdadrect or,
within the Tqterleave d of ,t he etect will see a 1,0
pattern or Wlpnot Naye e eﬁe\?&ﬂwcﬁoﬁpﬁ]l ttlﬂg qaé?q ISk PAFAMCIErSy o1 each
data pair l@cdwateowtnteapmca érisationy ismeardy c(ssf@lb i Theteforgutheosdrvo

nave now badieY 'sgagaéﬂgphﬁ%&%heﬁé%%%% §W9”%\&§@?3ﬁﬁf@ﬁﬁ¥éﬂté€&éﬁ%

‘desi rabl e e erlerdd miaximine the probabilityosf correchetecImmdehaoE-rawspde g.
SFL0 3oL AP, B Cuap BRI i SeR TR s ARRIY UES
enbodi ment ,avoid dibits andittibitscation i s sacrificed at each
| The PRML Viterbi decoder 50 works on an interleave basis.
In order to understand decoder operation, it is essential that every other bit
be considered. One bit set goes to one detector, while every other bit set
goes to the other detector, within the interleave decoder 50. One of the
. detectors will see a 1,0 pattern or a 0, 1 pattern, depending upon the
pattern received. After each data pair is put out, a transition or merge bit
(one) is also put out, meaning that all ambiguities otherwise remaining
along the PRML trellis have now been resolved in the detector. This
characteristic has the desirable effect of limiting error propagation.

S Data Zone Boundaries, Fig. 3 _

. - Fig. 3. illustrates the discontinuities in alignment of the servo
fields at the boundary B between adjacent data zones. In the presently
preferred embodiment, one data track location is sacrificed at each
boundary, so that the servo fields from the generally aligned servo sectors
of the adjacent boundaries may be written to the centerline of the boundary
track, in order to provide margin for track following and data recovery.

A data clocking rate discontinuity therefore runs along the centerline of the
~ boundary track location, making it impossible for the timing loop of the
synchronous read channel to acquire phase lock. The time required for the



boundary, so that the servo fields fromthe generally aligned servo sectors
of the adjacent boundaries may be witten to the centerline of the boundary
track, in order to provide margin for track foll ow ng and data recovery. A
dat a clocklng rate discontinuity therefore runs along the .centerline of the
boundary track | ocation, making it inpossible for the timng | oop of the
synchronous read channel to acquire phasd3 ock. The tinme required for the
13 head to cross the boundary track during track seeking also provides a
tinming wi ndow during which the servo | oop switches fromthe clocking rate
of the depahbudeomoes theiboungary tiackaduring track seekingaalsoqirovideszane bei ng
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tPEIVL \rern te/ lr ¢3He Wﬁh%r \zohEtBYnCm?sbadu%e:lmkedmgtmel nd 4 nﬁe with
assenbl v (* rEselzameptpiaeve AR R @ttt HACEs & oo 2OBE hdiasy 1.
‘The HDA 12 may follow a wi de variety of enbodlnents and sizes. One exanple
of a suitable HDA is given in cogi) eﬁ U4S Pat ent No. 5,027, 241.

Anot her suitable HDA is describe gned U.S. Patent No.
4,669, 004. Yet anot heWithi referenceio Fsgdésamammplnrzdnghrp agsaneed U. S.

S M R T
patents
sel ect/read Eafmiceﬁhﬁﬁrmb %:ﬁg?& Pf thé fregeqafehuvembﬁqﬁemuetsm B, é*H%a'EPA

12 in close pr to,reduce nqi se
L2 vt and disk instembls ) 3 and 5 fseef 4B S1oGAIRES SEnnhaard
.connected bypCBY f4.n ’IftieeHDAewlrﬁ@y feL1o% at\#ﬂiecvmtytoﬁéﬁﬂiddiﬁﬁntﬁaﬁdrt i on

‘of the erX|bIe astic s exteriorl of the HDA 12
o ovide o eémsc;‘bne exfmiole s manirabie HitA 3 gdver in boRimoply AX0ened Uik pos
14. Patent No. 5,027, 241 Another suitable HDA is described in commonly

assigned U.S. Patent No. 4,669,004. Yet another suitable HDA is described
in commonly assigned U.S. Patent No. 5,084,791. Yet another HDA

- arrangement is illustrated in commonly assigned U.S. Patent
No. 5,255,136. The disclosures of these patents =~ . are
incorporated herein by reference thereto. _

A head select/read channel preamplifier 28 is preferably
included within the HDA 12 in close proximity to the thin film heads 26 to
reduce noise pickup. As is conventional, the preamplifier 28 is preferably
mounted to, and connected by, a thin flexible plastic printed circuit
substrate, A portion of the flexible plasnc substrate extends exteriorly of
the HDA 12 to provide electrical signal connections with the circuitry
camed on the PCB 14.

The electronics PCB 14 physically supports and electrically
connects the disk drive electronic circuitry needed for an intelligent
interface disk drive subsystem, such as the drive 10. The electronics
circuitry contained on the PCB 14 includes a data sequencer and cache
buffer controller 15, a cache buffer memory array 17, a high level
interface controller 19 implementing a bus level interface structure, such as



The el ectronics PCB 14 physically supports and electrically connects the
disk drive electronic circuitry needed for an intelligent interface disk
drive subsystem such as the drive 10. The electronics circuitry contained
on the PCB 14 includes a data sequencer and cache buffer controller 15, a

cache buffer nenory array 17, a high Ievi interface controller 19
i npl enenting a bus |evel interface struc ﬁr ‘such as 14 SCSI 11 target,
for conmunications over a bus 21 with a SCSI Il host initiator adapter
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by Fig. 4 rmne aee. BOSHONIRE pfithe rorAy aciHator ryeruae 20 ¥iria. |n a
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provi ded i na rhe $/9tsd implementation efd (1)34})4) dode. i In By(PdADcades that e 8/ 9t hs
channa C‘%erﬁtiré’%%ﬁ%@@%lﬁ%@%&%&ﬁ@sﬁgﬁ%ﬁﬁgﬁﬁ%@!ﬁa*ﬁhi
synchr onousfmn’rdﬂ:notas dnmmmum member i momecuwee geras withisitex poe 50 pat h
The uni que. PRI At s‘.*%m*‘”ﬁfé&?@%% Eena T iﬁi’&f’ﬁ"ﬁ@m%‘ﬁ? wheBef! ©
‘may convent eﬁnqnsqmtm w@smbt puha Qnecunpach interleave stream. ;Satthengrelseaa. ng
to a first yifenfione e tﬂa'ssrneﬁf&néusegeﬁa détdaeiffanowmef qoea/ dir?econd
vari able gain anplifier an, anal o bl.e filtéer/é ua er 40, a
i ash anal JEPRYSTHION (GFCERE AR the ihidle oo GOFEAIataR RANAT PRVIded Ap e
‘response fidshréfioas SAM ﬁeldiQO@Qt bt §Obypastes the rate 8/9ths coding
convention imposed by an ENDEC/SERDES 32 of the synchronous data
channel. This is because the rate 8/9ths code is byte-oriented, and the
* synchronous servo information is bit-oriented. The viterbi detector 50
:path memory must be mcrementally increased to have sufficient length to
handle the unique pattern comprising the synchronous SAM.
The channel of Fig. 4 may conventionally include the read
preamphﬂer 28, a data path 29 leading to a first variable gain amplifier 37,
a buffer amplifier 38, a second variable gain amplifier 39, an analog
programmable filter/equalizer 40, a flash analog to digital converter 46, a
dicital adaptive finite impulse response filter 48 a Viterbi detector 50, and
a posmoder 52. A dual mode gain control loop, and a dual mode timing
loop also provide important functions within the synchronous data channel.
All of these elements together comprise a highly efficient, and presently
preferred synchronous PRML data channel of a type described in the -
referenced, commonly assigned, copending U.S. Patent Application Serial
No. 07/937,064 entitled "Disk Drive Using PRML Class IV Sampling Data

Detection with Digital Adaptive Equalization”, now U.S. Patent No.
31249
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six bits, and more preferably, eight bits per sample {xk}.

In the Fig. 1 example, during non-read times, an analog
automatic gain control circuit 42 has an input path 41 from the output of
the analog filter/equalizer 40, and it develops and feeds an error voltage to
a control input of the VGA 37 over a control path 43. During read times,
a digital gain control value from a digital gain control circuit 64 is
converted into an analog value by a gain DAC 66 and applied over a path
to control the second VGA 39, while the analog error voltage on the path
43 is held constant. The digital gain control circuit 64 develops its gain
control values from conditioned data samples put out by the digital FIR
filter 48 over a path 49. Details of the gain control circuit are provided in
commonly assigned U.S. Patent Application Serial No. 07/936,742, filed on
August 27, 1992, now U.S. Patent No. 3375145 , the disclosure
thereof being incorporated herein by reference. Qther automatic gain
control approaches may be followed in practicing the present invention.
The FIR filter 48 employs adaptive filter coefficients for

filtering and conditioning the raw data samples {xk} in accordance e.g.
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In order for the present system to work properly, the raw data
samples {xk} must be taken on the incoming analog signal waveform at
precisely proper, regular locations.. Accordingly, the dual mode timing

loop is preferably provided to control the frequency and phase of the flash
analog to digital converter 46. The timing loop includes an analog timing
control circuit 60, and a digital timing control circuit 54 and a timing DAC
57. A timing phase locked synthesizer circuit 61 supplies synthesized
timing signals to the control circuit 60 and a timing reference signal to a
summing junction 58. A sum put out by the summing junction 58 controls
a_current controlled oscillator 62 in order to clock the A/D 46. The
oscillator 62 also includes zero phase start circuitry to provide controlled
startup at an approximately correct phase with the incoming data samples.
The timing loop is described in commonly assigned U.S. Patent No.
5,258,933, the disclosure thereof being incorporated herein by reference.

The digital timing loop (and the digital gain loop) includes a
threshold circuit for determining thresholds at -2, 0, and +2, and produces
a yx value. Accordingly, the timing threshold circuit also functions as the
asynchronous SAM detector 70 during calibration, and provides the control



57. A timng phase | ocked synthesizer circuit 61 supplies synthesized
timng signals to the control circuit 60 and -a timng reference signal to a
sunm ng junction 58. A sum put out by the summing junction 58 controls a
current controlled oscillator 62 in order to clock the A/D 46. The
oscillator 62 also includes zero phase start circuitry to provide
controlled startup at an approxi mately cqzrect phase with the incom ng data
sanples. The timng |loop is described in“Conmonly assigned U S. Patent No.
5,258,933, the disclosure thereof being incorporated herein by reference.
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Disk Drive Head positioner, the disclosure thereof being
hereby incorporated by- reference.
- On the other hand, writing user data to disk requires a write
channel. The write channel includes the ENDEC/SERDES 32, a precoder
34, a write driver 36 including a write precompensation circuit, and the
) frequency synthesizer 61 within the timing loop. The frequency
synthesizer 61 includes an internal current controlled oscillator and a
synthesizer DAC which enables firmware selection by the microcontroller
56 of programmable range-centered frequencies which are selected to
approximate the frequency of each data zone. Thus, as each data zone is
-reached during track seeking, the synthesizer 61 is preset to the nominal
data clock rate for the new zone and that coarse timing setting will be
applied to the timing summing junction 55. While the frequency
synthesizer 61 changes clocking rate for each zone, to simplify timing, the
drive microcontroller 56 is clocked at a constant data frequency _
irespective of zone. Thus, the microprocessor's clock cycle is independent
of the zone data rate, and overall drive control is not lost during a data
zone transition by the head 26.




frequency synthesizer 61 within the timng | oop. The frequency synthesizer
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of each data zone. Thus, as each data zone is reached during track seeking,
the synthesizer 61 is preset to the noniTgl data clock rate for the new
zone and that coarse timng setting will "be applied to the timng summ ng
junction 55. Wiile the frequency synthesizer 61 changes clocking rate for
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the tinm ng ¢¥difionied datai samplesdheteafter), and a ﬁne timing adjustment value
will be applied via the timing DAC 57 to the timing summing junction 55.
The sum reached by the timing summing junction 55 is then applied to
control a current controlled oscillator 62 which in turn clocks the flash
A/D 46 in the synchronous data channel. _

During read times, the timing DAC 57 is active, and the
outputs from a timing loop low pass filter of the PLL control circuit 60 is
held as a static offset. During non-read times, the analog PLL control
circuit 60 is active in regulating the timing loop oscillator 62. By summing
all of the phase offsets into the summing junction 55, the dynamic range
required of the timing DAC 57 is thereby reduced. ~

The index SAM preferably comprises e.g. a 14T DC erase
gap. Accordingly, the disk drive 10 includes an asynchronous index SAM
decoder 70 connected to the output 53 of the postcoder in order to detect
the presence of the 14T DC erase gap within the binary data stream. The
14T DC erase long magnet pattern comprising the asynchronous index
SAM may be readily decoded by passing the decoded binary data stream.
through a shift register having e.g. 12 stages set to detect all zeros in the
pattern, and combinatorial logic connected to each stage to test its latched
state.
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begin head positioning and recovery of the data from the disk 16.
A synchronous servo decoder 71 is also connected to the
synchronous data channel e.g. at the postcoder output 53 and decodes the
- synchronous servo SAM field 104. In order for the Viterbi decoder 50 to
decode the synchronous SAM pattern, it must be equipped to handle the
longest magnet on an interleave basis. In the synchronous SAM example
given above, the maximum magnet length is five clock periods, so at least
one interleave detector within the Viterbi decoder 50 must have six stages.
The synchronous SAM decoder 71 comprises simple pattern recognition
logic which recognizes the unique synchronous SAM pattern within the
post coded (decoded) data stream. The SAM decoder 71 may be provided
with fixed or programmable fault tolerance in detecting the synchronous
SAM pattem, as explained above. =
Upon detection of each servo SAM in the field 104, a signal
resynchronizes a sector interval timer within a'servo sector timing circuit
- 76. The timing circuit provides timing signals via an output path 77 to
control a servo Gray code decoder circuit 78 and a servo burst amplitude
detector circuit 80. A one-of-six circuit 73 is also connected to the
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synchronous servo SAMfield 104. In order for the Viterbi decoder 50 to
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synchronous servo detector of the present invention. '
In this preferred embodiment, the ENDEC 32 converts the
binary digital byte stream into e.g. 8/9ths rate coded data sequences in
accordance with a predetermined data coding format. This coded serial
data stream-is then delivered over a path 33 to_a precdder 34 which
precodes the data in accordance with the PR4 precoding algorithm 1/(1 ©
D2) in accordance with.the (0,4/4) code constraints. The precoded data is
then passed over a:path 35 to a write driver circuit 36 wherein it is
precompensated by-the write precompensation ,ci'rcuit 37 and is then
delivered to the selected data transducer head 26 via a head select function
within the circuit 28.-The head 26 thereupon writes the data as a pattern of
altemnating flux transitions- within.a selected data track on a selected data
storage surface of the disk-16. ~.. . R ,
| Remembering that the synchronous data channel detector 50
detects bits on the basis of a two-to-one interleave, the Fig. 5 synchronous
Gray code decoder 78 includes two identical hardware detectors, a “cell 0"
decoder 126A for detecting the Gray coded bits of one interleave, and a
“cell 1" decoder 126B for detecting the Gray coded bits of the other
interleave. Since the detectors 126A and 126B are identical, only the cell 0
detector 126A will be described in detail.
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1,0) will be present in the Iatch 132. An output line 136A transfers the

detected bit into a shift register 137 clocked at the Gray coded bit rate.

After the bits comprising the Gray coded identification field are shifted

into the register, they are read out in parallel to the microcontroller 56
' over the bus structure 58. S o | ‘

_ . .-However, if the head is located between tracks, the Gray coded
identification field of a particular track may not be able to be read
accurately, and the values.read may be error conditions, such as 1,1,1, or
1,0,1,0r0, 1, 0. Accordingly, additional logic is provided within the
interleave detectors 126 to determine whether a valid zero Gray code bit

~ pattern is present (when a one bit is not present). This circuitry includes
an inverter stage 138 connected between the output of the shift register

stage bk-1 and another AND gate 140. The other two inputs to the AND
gate 140 are provided directly from the outputs of stages bk-3 and bk-5 of
the shift register 128. Thus, if a pattern of 0,1,1 (a Gray code zero bit
pattern) is present at the input of the AND gate 140, its output will be true.
This output is compared with the output of the AND gate 132 in a NAND

gate 142. If neither a zero found nor a one found is true, then an error




and either a Gay coded bit pattern for a one bit (0, 1, 1) or a zero bit
(1, 1,0) wll be present in the latch 132. An output line 136A transfers
the detected bit into a shift register 137 clocked at the Gray coded bit.
rate. After the bits conprising the Gay. coded identification field are
shifted into the register, they are read oug In parallel to the

m crocontroll er 56 over the bus structure 5.2 However, if the head is

| ocat ed between tracks, the Gray coded identification field of a partlcul ar
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the event that rdsyfichfoni2ation pattefns betwuen each of the bursts in the spaces 108,

112, 116 and 120 which are otherwise DC erased.

The sampling of the burst field sine waves occurs at
approximately 0. 707 amphtude on both sides of the peak, both positive and .
negative. In order to recover an accurate quantization of this amplitude, an
absolute value prov1d1ng circuit 150 stnps off the sign of the incoming
conditioned quantization values yk from the output of the FIR filter 48.

This results in absolute burst quantization values lykl which are passed to an
accumulator 152. The accumulator output is applied to a register 154
which is clocked at the zone cell clocking rate T in accordance with a zone
clock 156 which may be part of the synthesizer 61. The microcontroller
56 generates a clear value whlch clears the regxster 154 before each burst
field. An output from the reg1ster 154 is fed back to the accumulator 152
over a path 155. Tn this way, the accumulator accumulates the six bit
absolute quantization values lykl into ten bit burst amplitude values. The
microcontroller 56 signals start and end of each burst amplitude
accumulation process by asserting CLEAR to clear the register 154, and by

~ asserting LATCH to latch accumulated burst amplitude into the latch 158.
This value j is then read by the microcontroller via the bus structure 58.



,achieved, and it wll be unders
~changes in construction and widely differing enbodi nents and applications

becomes marginal during the interval fromthe AGC PLL field 102 to the

first burst field 110, or between burst fields, it is practical to record
smal | resynchroni zati on patterns between each of the bursts in the spaces
108, 112, 116 and. 120 which are otherwi se DC erased. The sanmpling of the
bur st fleld sine waves occurs at approximtely 0.707 anplitude. on both.
sides of the peak, both positive and negatipge. In order to recover an
accurate quantization of this anplitude, an absolute val ue providing
circuit 150 strips off the sign of the incom ng conditioned quantization

\éal utes yk I r omt the Oult PYVhile thB‘i)rE:bér?ltfﬂrﬂvéﬁnoﬁﬂaasleeén desceribed in c@h?ggtib?h

urst quantization val ue ich are mu e

accunul at or owutithug d@éﬁg?*éoéw %@gﬁiﬁidmscﬁ‘qgi’%éyob%?fﬁf engrd

zone cell cl O?(§h afHtNG. SmiﬁztﬁﬁﬂandD-\MEﬂSaiamnﬁermhbakajlﬁﬁswbe useduayithe
esl

Whi chcl ear s equak sagceser it accoiganE} 78 e rfiBROERENG £, iﬁaﬁ#ﬁf# 1 he

regi ster 154 dngaamgnedmmngl HiSrPatent Application Setisb No.n .t hi s

'Yki into t enOh P{fdééﬁﬁéf f"!%%f’?&ﬁ?g‘lg‘e%e' 109% cRUPR, TNLARs Datd SEoitg o

start and endpFefmatandData Gortr qﬁi@ olischosure @eeidwngyng@tham@

accuml ot ed AP friErgice: fn ﬁﬂ‘? £SSAPPEOACH hE'Clhy CotEinld 100 may

the nicrocont beldxpandcd torac gtseemmérrém as quif aia gask@uanggre
i nvention has been deSCﬁIahﬁﬁ lthu@@!é@@ﬁbeamm\eﬁiboalﬂm dfqhermveﬁﬁbﬁyimﬂl

data ID fields, as tau

136,
o 2 ese tat o povbe apbpeciated 10 thE PHIRER S M tnv Rt hAYs bakA SRS s ¢ h
the principl egchruedt anfdt willebe hadepstoodrp thoseasisillpden theomtianmanys.

Cacent AP e égé%tee%w%ﬂﬁiﬁi%a ditfing fopidhedt pnlf spplications

‘correspondi ng oEwh@mmmm il sxmgemahemethmmmegtfmenﬁnms it e

ooy code 1 erANGRBRg BE H96 Eh@’gé’%@“ﬁé?@%ﬁfe =843 el B yre 0°

‘a_track nunbepurélgvillustrative ami;am potl intendetoi be i any senseilmidngon, it

wi Il now be appreci at ed ts of the invention have been fully
Wﬁﬁhst ?nﬁ H§§ those skilled in the art that nmany

<zrlwwin3 (oﬂ'eSPondh\J Europem Patent Agplicéxﬁov\ nunber
94304357.0, >



of the invention will suggest thenselves w thout departing fromthe spirit
and scope.of the invention. The disclosure and the description herein are
purely illustrative and are not intended to be in any—sense limting. Wat
is clained is: -Mhat is clained is: 24 1. A nethod for -
synchronously decodi ng head positioning servo i nform mmmmmm'ﬂ | thin
enbedded servo sectors of a hard disk gdfive includi

st orage di skiWihatdatchimethigiucer head positionabl e at conceht M ¢ $dat"a tracks
formed on a storage surface of the disk, and a synchronous data channel
connected to the dgtaA nrnkodfer sgﬁoﬁrdmuswmcddng hbudaposmmhroonous dat a
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provi de ahalugmdevimhdopmsmmmmsu campling the magretic flaxdi ti on servo
transitions read from the data storage surface to provide synchronous data
samples,

passing the synch:onous data Samplés through a digital finite
impulse response filter to provide conditioned data samples,

decoding within a synchronous interleave decoder the
conditioned data samples into coded data groups, _

- decoding the coded data groups with a postcoder into a stream
Of binary data, - :
-detecting the Servo address mark w1th1n the stream of binary
data to provide a servo sector clocking s1g_nal .

resetting a timing means with the servo sector clocking signal,
for marking in time the location of the interleaved Gray coded track
identification field, and

. decoding the interleaved Gray coded track identification field
within the stream of binary data with an interleave Gray code decoder to
provide the coarse head positioning mformanon toa head position servo
loop for positioning the head. :

2. The method set forth in claim 1 wherein a magnetic flux
transition pattern providing the servo address mark is selected to have
minimized correlation with a synchronization preamble field read just
before the servo address mark field, and with the interleaved Gray coded
track identification field.



loop for positioning the head. 2. The nmethod set forth in claim1 wherein a
magnetic flux transition pattern providing the servo address nark is
selected to have mnimzed correlation with a synchrg Lon preanble
field read just before the servo address nmark field, ;and with the

interl eaved Gray coded track identification field. , mﬂwmm set
forth in claim2 wherein the nmagnetic fbsx transrtron "m mé t he
servo address mark is selected to have &~ Hamm ng di st ance®of! gr'eatser # han
or equal to five. 4. The nmethod set forth in.claim 1 wherein each enbedded
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synchronously from other ones of the servo burst fields.

5. The method set forth in claim 1 wherein the data tracks are
arranged into concentric data zones, each data zone having a data transfer
rate adapted to disk radius, and wherein each servo sector is recorded to
begin at a radial sector line and has a data transfer rate matching a nominal

- data transfer rate of its zone, and including the additional step of adjusting
the timing means to the nominal data transfer rate of the zone as the head
passes thereinto during track seeking operations of the disk drive.

6. The method set forth in claim 1 comprising the further step
of adjusting a gain control loop for controlling gain of the magnetic flux
transitions prior to conversion to synchronous data samples by reference a
constant frequency pattern recorded at the beginning of each servo sector.

- 7. The method set forth in claim 1 comprising the further step
of providing a long magnet asynchronous servo address mark pattern at the
beginning of at least one of the sectors, and detecting the presence of the
long magnet asynchronous servo address ma.rk pattern during an inijtial
disk drive calibration routine, -

8. A SYDCh:onous servo data detection subsYsterri fora partial
response, maximum likelihood sampled data channel for a hard disk drive
including a rotating data disk storage surface defining a multiplicity of
concentric data tracks ang plurality of radially extending servo sectors,




of providing a | ong magnet asynchronous servo address mark pattern at the

begi nning of at | east one of the sectors, and detecting the presence of the
| ong magnet asynchronous servo address mar k pattern during an initial disk
drive calibration.routine. 8 A synchronous servo data detection subsystem
for a partial response, maxi mumlikelihood sanpl ed idata channel for a hard
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Servo sector,
a synchronous servo address mark pattern detector connected
to an output of the sampled data channel for detecting the unique recording
pattern and for thereupon generating a servo address mark found signal,
a synchrohous coarse head position information detector
connected to an output of the sampled data channel responsive to the
address mark found signal for detecting and accumulating coarse bits
comprising the coarse head position information, and
a synchronous fine head position detector connected to the
sampled data channel for detecting the fine head position information.
9. The synchronous servo data detection subsystem set forth
in claim 8 wherein the concentric data tracks are arranged into concentric
data zones, each data zone having a data transfer rate adapted to disk
radius, wherein the servo sectors are synchronously recorded at a data
transfer rate matching a nominal user data transfer rate of the zone, and

wherein the timing loop means adjusts timing to the user data transfer rate
of the zone.

10. The synchronous servo data detection subsystem set forth
in claim 9 wherein each servo sector begins at a radial servo sector line
extending across the zones of the concentric data tracks.



9. The synchronous servo data detection subsystemset forth in claim8

wherein the concentric data tracks are arranged into concentric data zones,
each data zone having a data transfer rate adapted to di sk radi us, wherein
the servo sectors are synchronously recorded at a

mat ching a nom nal user data transfer rate of the z erein the '
timng | oop neans adjusts timng to the r data t Wﬂmmﬂm’"ﬁ
zone. 10. The synchronous servo data det i on subsys n claim
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across the zones of thegc 0
servo data detection s&t ZWE%@%P??& ﬁaﬁﬁéﬁ@ﬂﬁéﬁgﬁ#)&%%ﬁ %}?@3‘?’8{5‘ g.g
channel i ncl ydia Swhereimth channe bincindeman amtomatiesgaing gai n
| evel s of sy { n
wher ein eachcgrgr@nwbj)n ro |zat ?’gl *ﬁ %ﬁﬁ%?rglrsl %f;éjﬂb H@W@lesﬂ%
enabl i ng gai weu@amamxngilopﬁénam%mdw gESIR eaghisesyo symchremization vel |
as timng sg@g t %QWAGMELFﬁdlddnﬁbﬁn% ﬁsnﬂéﬂts HREr onous

ectip

&8

dat forth | h
" ecor i ng posuteRIALGERE) CORDI Iopm mRns AsPl B ik Syichrinigatidtby'the

synchroni zat g gin |1gb§ means.t o the fields providing coarse-and fine head

Do th h el wpar o7 (THE sOHCHGRABAR $Brar Bh SRR AEH AL R
co]ged t [ ack ¢ldimt8 whereimthé unique recopding plamg'mmse&mdetdm pdomt i ont

i on, or
11208{122 and ﬁ%ﬁw#ﬁ Hgéfﬁ o) “%"ﬁgfg ay cogﬁeé(;ﬁ[e@%%&ﬁg{r%ﬂg &%iggThe
synchr onous mmmmmmnu%mn@mset forth in claim8 wherein the
synchronous coarse heaﬂ3P"Fﬁé kﬁb@ﬁeﬁﬁEWdﬂﬂﬁﬁaﬁgog%ﬁ&gfﬁt%rﬂmt‘gl .

sanpl ed data cha downsire n I nt,
t he synchrorﬂi@tm H‘fﬁ%"eh%&]ﬂe £03rsei mﬂgﬁ?%{eq?éﬁ%l’@ﬁ?%r %1"@4)’

| g' ur g' it Y of¢ ﬁl@gd&ﬁ‘i’ﬁcgﬁbﬁffgﬁd\&rgit?éwﬁﬁgtthéfwbrﬁ hﬁa? phsitioner | ea}/ﬁ o
et L RbomoRbBa AR e b oohsd A fhkion iCRaCHY (" Y
detector decodes and accumulates bits comprising a Gray coded track

number.

14. The synchronous servo data detection system set forth in
claim 8 wherein the synchronous coarse head position information detector
is connected to the sampled data channel downstream of an interleave data

- detector, and wherein the synchronous coarse head position information
detector includes a plurality of Gray code interleave decoders, each Gray
code interleave decoder for decoding and putting out an interleaved bit
comprising the Gray coded track number, and further including
accurmulating means connected to outputs of the plurality of Gray code
interleave decoders for accumulaiing the interleaved bits into the Gray

- Coded track number.

. 15. The synchronous servo data detection system set forth in
claim 8 wherein the fine head position information fields of each servo
sector comprise a plurahty of circumferentially and radially offset constant
pattern burst fields, and wherein the synchronous fine head position
information detector accumulates absolute value burst amplitude samples to
provide an averaged burst amplitude accumulation value for each one of
the plurality of the burst fields. _

- 16. The synchronous servo data detection system set forth in
claim 8 wherein one of the embedded servo sectors includes a long magnet



accurnul ati ng nmeans connected to outputs of the plurality of Gay code
i nterl eave decoders for accunulating the interleaved bits into the Gay
Coded track nunber. 15. The synchronous servo data detection system set

forth in claim8 wherein the fine head position |%emmmg?%fj each

servo sector conprise a plurality of circunferenti al and radia y ffset

constant pattern burst fields, and wherein the syj lmnm"

position information detector accunul at e28absol ut [ tude _
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asynchronous servo a address mar pattern detection means connected to the
sampled data channel for detecting a said long magnet asynchronous servo

address mark during a disk drive recahbranon routine.



