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DESCRLPTL QN Faultetol-erant—Sanple—bata—Servo—Patter-i—— 1)
Field of the Invention The field of the present invention rel ates
to removabl e cartridge disk drives in general and, nore

particularly, to a nmethod and system of encoding and 5 decoding_servo

i nf or mat i oWON 18822 enpvabl e di sk cartri dge. 2)  BacRETOMYTAPS ¢ he

Rel ated Art Renovabl e cartridge disk drive systenms have been
avai l abl e on the market for some time. Like fixed disk drives,
renovabl e cartridge disk drive systens prpvide 10 | arge storage capacities
with relatively rapid access tinmes at |low cost. However, unlike fixed
di sk drives, renovabl e cartri dgeDHSSKIPIFION: systens enable a user to
easily replace a relatively high capacity disk, allow ng for conveni ent

exchange of |arge anmounts of |nfornat|on 15 betmeen renote sites and for
greatly increased syst Zault-Te o8 g S 12 & fixed magnetic
di sk drives, renovable cartrldge

1) Field of the Invention
The field of the present invention relates to
removable cartridge disk drives in general and, more
particularly, to a method and system of encoding and
5 decoding servo information on a removable disk cartridge.

2) Background of the Related Art

Removable cartridge disk drive systems have been
available on the market for some time. Like fixed disk
drives, removable cartridge disk drive systems provide

10 large storage capacities with relatively rapid access
times at low cost. However, unlike fixed disk drives,
removable cartridge disk drive systems enable a user to
easily replace a relatively high capacity disk, allowing
for convenient exchange of large amounts of information

15 between remote sites and for greatly increased.system
storage capacity. )

Like fixed magnetic disk drives, removable cartridge
magnetic disk drive systems use a magnetic read/write head
to read and write data stored as magnetic fields on a

20 magnetic disk surface. The disk surface is divided into
a number of concentrically arranged tracks where customer
data records are stored. To read or write data to the
disk, the disk surface is rapidly zrotated and the
read/write head passes over its surface, following the

25 circumferential path of the track or tracks where the data
are to be stored or read.

For proper data storage and recovery, the read/write
head must locate each track wherein data are to be written
or read, and follow its path accurately along the disk

30 surface. Thus, the disk drive requires some means of
identifying tracks and of controlling the precise radial
position of the read/write head so that read/write



magnetic disk drive systens use a nmagnetic read/wite head to read and
wite data stored as nagnetic fields on a 20 nagnetic di sk surface. The
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motion when seeking between tracks, and to regulate head
position on track when data are being writtem or

10 reproduced. The servo information is preferably recorded
at multiple circumferential locations, at uniform
intervals on every track of the disk. Servo sections on
a given track are radially contiguous with their
counterparts on the adjacent tracks.

15 Many types of servo systems have been devised to
detect and correct the alignment between the read/write
head and the centerline of a track, and to provide
position information to the read/write head identifying
the particular track being followed. An additional

20 component of most prior art servo patterns is an encoded
bit representing track start, or index point. Aspects of
some of these systems are described in:

B. McKnight, "A Track Locating Servo System Utilizing
the Data Heads as Absolute Position Transducers," IEEE Tr.

25 Mag., Vol. Mag-14, July 1978; U.S, Patent No. 5,255,131,
entitled "Asynchronous Servo Identification/Address Mark
Detection for PRML Disc Drive System;"® U.S. Patent No.
4,933,786, entitled "Fault-Tolerant Index Patterns and
Decoding Means;" and U.S. Patent No. 4,459,232, entitled

30 *"Phase Modulated Servo System."

Customer data records are recorded in the space
between servo sectors. During formatting of these data,
a header is initially written for each reccrd, by the data
path controller, to provide full track address and

35 circumferential position information describing the
location of the associated record. The header is used
subsequently to locate and to confirm record identity
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confirm recordpl & élayvfor'greater storage capacity. To realize higher

data storage capacities, servo sample rates must rise in
order to achieve improved tracking at higher track
densities, leading to a need for more compact, efficient
15 sgervo patterns. Nevertheless, accurate read/write head
position information is required in both radial and
circumferential directions to prevent inadvertently
writing over data previously stored on the disk.
With dincreased servo sector densities, and in
20 presence of mechanical tolerances, it is possible that
significant circumferential skew can exist between servo
sectors served by different heads; this skew can in
extreme cases exceed one servo sample interval. It is
nonetheless necessary when changing heads to have an
25 immediate indication of track position on the new head,
without having to wait up to an entire disk revolution to
read an index mark.
Moreover, increasing area densities leads to
increasing susceptibility to servo errors due to flaws or
30 imperfections in the recording medium. Therefore there is
a need for a headerless servo sector format which can
provide robust track ©position and circumferential
orientation information to a sample-data servo system.
Another problem arises in removable cartridge disk
35 drive systems which use rotary activators in conjunction
with magneto-resistive read/write heads having separated
head and write gaps. In such systems, the head may
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so-called headerless formats.

Accordingly, it would be advantagecus to provide a
more compact servo pattern which also supplies an absolute
indication of circumferential orientation of a read/write
head within a track without the use of an additiomal
dedicated field within the servo sector to contain this
circumferential information. It would further be
advantageous to provide a servo pattern which is robust in
the presence of flaws and imperfections in the magnetic
recording medium. It would further be advantageous to
provide a servo pattern comprising servo sectors which
provide an indication of circumferential orientation of a
read/write head toc allow a sample-data servo system to
instantly regain sync during head-switching operations, in
presence of head skew in excess of one servo sample
interval in 1length. Other and further objects and
advantages will appear hereinafter.

Summa e Invention

The present invention comprises a system and method
of encoding and decoding servo information on a removable
disk cartridge in a removable cartridge disk drive system.

In one aspect of the present invention, a magnetic
disk in a removable disk cartridge incorporates servo
sectors which include spatially multiplexed fields which
can be used to provide an absolute indication of the
circumferential orientation of a read/write head within a
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repositioning between read and wite perations, precluding accurate
recovery prior to wite of t he conveniionally-used header field. I

t
is therefore m}v@i&slt{z@éﬂl@ ok OtHESRRRXE withbuthaieaged . of QUi ssé@mOf 5

Consetuent Iy, TEREoRER: TR Lo SREVITE ™ PachRRc e Pnirtabe e

Consequent |y,
headers, of ideft seyvagpadiwrs eachrhaming entixdunfierentisail odrbéntatsion

read/wite heac @lghi n 34 195V eNrddBGi S PaA] | YeifchifeS¥pt £ has a
hi gh 10 potenti éLI i nt erl- h%n%q?:&l rcunferenti éLI skew, andcl scusge

so-cal | ed headSMieDsatiPRppiong a givemdagcki- nglhe ??%Lﬂ’%lt'ﬁfég'éoﬁllaﬁﬂ ageous
to provide a inclodescanpstionsicroiasgatdferserwiol Gecioss ®aphl itesrimg absol ut e
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+2* tracks. The Circumferential Orientation and Coarse
Position information are spatially multiplexed into a
10 common field; the contents of this common field are
identified by the synchronizing mark employed to mark the

onset of the servo sector.

In another aspect of the present invention, a
removable disk cartridge incorporates a servo pattern

15 including servo sectors having Circumferential Orientation
fields which are radially-contiguous along a disk surface
thereby eliminating the need for such information to be
specially encoded in, for example, gray code. Thus, a
read/write head may read Circumferential Orientation

20 information even under a head offset condition such as
with a magneto-resistive head.

In yet another aspect of the present invention, a
removable cartridge disk drive incorporates a servo sector
counter which may be implemented in hardware or as

25 software, and which 1is incremented in response to
detection of Servo Synchronizing Marks, and whose count is
periodically confirmed by reading the encoded
Circumferential Orientation field, The removable
cartridge disk drive may derive accurate index point

30 information from the counter immediately after head switch
without need to wait for index point.

Brief Description of the Drawings
The various objects, features and advantages of the

present invention may be better understood by examining
35 the Descriptiocn of the Preferred Embodiment found below,
together with the appended figqures, wherein:



15 head within a track wi thout the use of an additi onal dedi cated field
Wi thin the servo sector to contain this circunferential information

It would further be advant ageous to provide a servo pattern which is
robust in the presence of flaws and inperfections in the magnetic 20
recordi ng @RfliHES2 |t would further be advantageous to  pcrAlisd¥iéles @ Servo
pattern conprising servo sectors which provi de an indication of
circunferential orientation of a read/ wite head to all ow a sanpl e-data
servo systemto i nstantly regain sync during head-sw tching operations,
in 25 presence of head skew in excess of &@ne servo sanple interval in
| engt h. QO her and further objects and advant ages wi I | appear
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PCT/ US96/ 16305pattern organized in accordance with the present
invention, comprising an alternating sequence of servo
sectors with two different formats.

10 Figure 4A is a diagram of servo sectors used in the
improved servo  pattern, identifying a spatially
multiplexed field, according to one or more aspects of the
present invention.

. Figure 4B is a diagram of servo sectors used in the

15 improved servec pattern, identifying the contents of the
spatially multiplexed fields of Figure 4A.

FPigure 5 is a block diagram of a servo sector
detection apparatus for detecting servo information
according to one or more aspects of the present invention.

20 Figure 6 is a diagram of timing signals associated
with the servo sector detection apparatus of Figure 5.

Pigure 7 shows operation of the orientation counter
of Figure 5.

Figure 8 shows schematically the Demodulator Sequence

25 of Figure 5.

Figure 9 is a block diagram of an index detection and
rotational position sensing apparatus according to one or
more aspects of the present invention.

Figure 9A shows schematically a method of producing

30 an index pulse and an indication of circumferential
orientation suitable for application to an interface
controller subsystem which controls formatting of customer
data on a disk surface.

FPigure 9B is a software process flow chart showing

35 the steps performed in the embodiment of Figure 9A.



given track on the disk wi thout the use of a special dedi cated field.
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cartridge digsk drive;gmy, dghdwe RGSHGH it dRXRA) Eor3Q isdreomaidoroxf rom
e i
features and ageambagescbbrt hdoo 18 Preceded by a Write-to-Rea
Recovery/AGC/Synchronization field 210. The servo sector
200 comprises a Sync field 220, {(to differentiate from
15 later usage of "Mark" field), an Index field 230, a Coarse
Position field 240, and a Fine Position field 250.
Typically, the Sync field 220, Index field 230, and Coarse
Pogition field 240 each comprise a digital bit sequence.
Servo sectors 200 are interleaved with user data as
20 illustrated in Fig. 1, appearing at regularly-spaced
circumferential intervals along each track. Certain zoned

i ncl udi ng servo secll_;ors h%‘ﬁl

format systems may record multiple user data fields, each

with an accompanying header, within a single servo

segment . These methods may split data records around
25 servo sectors.

The Sync field 220 is implemented typically as an
erase gap violating run-length constraints of a chosen
user data recording code, and possesses at least one
transition upon the timing of which detection of the

30 following servo information is based. The Sync field 220
signals onset of a servo sector 200 and is followed by an
Index field 230. The Index field 230 is implemented
typically as a single bit, flagging an Index servo sector
typically located at the start of each track, or as a

35 distributed pattern encoded with one bit per sectorxr, over
a small number of sectors. The Index field 230 is
followed by a Coarse Position field 240.



present invention may be better understood by exam ning 35 the Description
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PCT/ US96/ 16305 Figure 1 is a diagramillustrating a prior art
servo conprising servo sectors recorded on a :
magneti c d‘?gtlgrylgnsgza renovabl e di sk cartridge. Fi SE?e gﬁ I's a diagram
of a prior art servo sector 5 format for a renovabl e di sk cartridge.

Figure 3 is a diagramillustrating an inproved servo pattern organi zed
in accordance wth the present | vention, conprising an alternating
sequence of servo sectors with two different formats. 10 Fi gure 4A
is a diagram of serrtise sBeirges Risdd iiom tiield 24bmenhevéds aeEuml tpatker n,

| dent i fying é‘ddréé’@tfoey b¥ch tra[?:ilt W aged :idnﬁilg‘l- o@cﬁgxfBQ %”'E or fhore

aspects of the resent 1 nven agran1of
servo sectors E@%QWW?@%Q%&QS W%EMOVEﬂdﬁ%r%% ﬁﬁ?t@?ﬁse?ﬁeﬂﬁlePnélﬁ
contents of thehe Co=pad imsiyioul fipld b tiyplidaldy énepdes 4he track

Figure 5 isga Q&&fﬁg &geaargu% 3n3g" xsglgest 8lna1 e 198! &Gl nggpaaemgﬂs for

detecting servo I n accor e or nore ects t he
pr esent i nvent ¥¥#cks. The Coarse P051t10n fleld 240 may encode track

address data with a Gray code which is well known in the

art. Each Gray code digit is then written as a bit, as

pulse-position-modulation, or in other ways well known in
10 the art.

The Fine Position field 250 typically encodes fine
position information in analog form, using any of several
techniques which are well known in the art. For example,
the Fine Position field 250 may contain four bursts

15 arranged in quadrature fashion to deliver a two-phase
gquadrature analog position error signal (PES). This
arrangement is known in the art as an ABCD burst pattern.
Further details regarding techniques for encoding fine
position information can be found in U.S. Patent

20 Application No. 08/330,268 entitled "Servo Burst Pattern
for Removing Offset Caused by Magnetic Distortion & Method
Associated Therewith," filed October 26, 1994 in the name
of Richard J. Pederson and owned by the assignee of the
present invention, and hereby incorporated as if fully set

25 forth herein.

A preferred embodiment of a servo pattern according
to one or more aspects of the present invention is shown
in Fig. 3. Servo sectors of type 300 and 300’ appear
alternately at regularly spaced, circumferential intervals

30 around each track 405 on a magnetic disk in a removable
cartridge disk drive system. Servo sector types 300 and
300’ are interdigitated on each track 405 with user data
segments 410. User data segments 410 are preferably
recorded using headerless technique known in the art, and

35 can be split as known around servo sectors 300 or 300’.
Although for illustrative purposes the segment of the



20 Figure 6 is a diagramof timng signals associated with the
servq sectar detection apparatus—of—E-gHe—5r———H-gHre—7F—shons
operation of the orientation counter of Figure 5. Figure 8
shows schematically the Denodul at or Sequence 25 of Figure 5.

Figure 9 is a block diagramof an index detection and ' I .
position s&R¥W§82Zppar at us according to one or nor e a%%@%@éhgﬁéthe
present invention. Fi gure 9A shows schematically a method of
produci ng 30 an i ndex pul se and an indication of circunferential
orientation suitable for application to ag interface controller
subsystem whi ch controls formatti ng of custoner data on a di sk surface.
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Fig. 1, the servo sectors_100 aggear at re ulail

spaced
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wi th user dat a magn@tdcsdgsient nld(preferred embodiment, a servo pattern

comprises N = 120 total servo sectors 300, 300’ for each

track 405 on a disk in a removable cartridge disk drive
system.

10 Figs. 4A and 4B show the formats for servo sectors
300 and 300‘ which are used in an improved servo pattern
according to one or more aspects of the present invention.
As in the prior art, each servo sector 300 and 300’ is
preceded by a Write-to-Read Recovery/AGC/Synchronization

15 field 310 (which forms no part of the present invention),
a Servo Synchronizing Mark field 320, a Spatially
Multiplexed field 325, a Modulo Position field 340, and a
Fine Position field 350. As illustrated in Fig. 4B, the
only difference between servo sectors 300 and servo

20 sectors 300’ is the content of the Spatially Multiplexed
field 325. In servo sectors 300, the content of Spatially
Multiplexed field 325 is a Circumferential Orientation
field 330, which when associated with the specific code of
servo synchronizing mark 320, carries a representation of

25 the circumferential location of the servo sector of the
track. In servo sectors 300’, the content of Spatially
Multiplexed field 325 is a Coarse Position field 335,
which when associated with Servo Synchronizing Mark 320,
contains c¢oarse position information identifying the

30 radial position of the head. While the preferred
embodiment shows a single spatially multiplexed field 325
in which two fields are alternately interspersed (i.e.,
Circumferential Orientation and Coarse Position fields),
it is clear that different numbers of servo data fields,

35 containing different types of servo information can be
multiplexed in a spatially multiplexed field 325,
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I--near, the tracks are actually concentrically di sposed on the disk's
surface. 10 Fig. 2 shows a prior art format for a servo sector 200
for a renovable cartridge disk drive system The servo sector 200 is
preceded byoysMEdab e-t 0- Read Recovery/ AGC/ Synchr oni zatgeqipidok/fdsps 210.

The servo sector 200 conprises a Sync field 220, (to differentiate from
15 later usage of "Mark" field), an Index field 230, a Coarse Position
field 240, and a Fine Position field 250. Typically, the Sync field

220, Index field 230, and Coarse Posiitgi on field 240 each conprise a
digital bit sequence. Servo sectors 200 are interleaved with user data
as 20 illustrated InnaFiprefetrredppebeiigentt thegubervy- Spackdonizing
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Position field . .
each track 405 (i.e., sectors 0, 2, 4, 6... N-2) comprise

servo sectors 300 while the odd servo sectors on each

track 405 (i.e., sectors 1, 3, 5, 7... N-1} comprise servo
15 sgectors 300'. Thus, read/write head orientation along a

track may be updated by maintaining a running count of

Servo Synchronizing Marks, Mark_0 and Mark_1, detected by

the read/write head.

Servo Synchronizing Marks Mark_0 and Mark 1 are

20 chosen to have the property of strongly violating the run-

length constraints of the selected channel code used for

encoding data on the disk. The Servo Synchronizing Marks

are also chosen toc have both an adequate peak-to-sidelobe

autocorrelation difference when affixed to the Write-to-
25 Read Recovery/AGC/Synchronization field 310 to ensure

detectability in the presence of medium defects, and to

have minimal mutual cross-correlation.

In a preferred smbodiment, Servo Synchronizing Marks

Mark 0 and Mark_l1 are 12-bit characters which confer
30 detectability in the presence of two random errors. In a

preferred embodiment, the Servo Synchronizing Marks are:

Mark_0 = 001100000101 {305 hex)
Mark_1 = 000001101011 (06B hex)

These selections are not the only ones possible, but they
35 exhibit a wmaximum autocorrelation sidelobe height of

seven, enabling detection in the presence of two random

errors. An N-bit character can be detected in presence of
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8 ess
for each track, using a nunber of bits adequate to accomodat e as many
tracks as are present on the disk. The Coarse Position field 240
typically c the track 5 address data such that onlfg‘.:ﬁU ' bi t
changes be%’gﬂ% tracks. The Coarse Position field 240 rras;klgﬁg%de track
address data with a Gray code which is well known in the art. Each G ay
code digit is then witten as a bit, as pul se- posi tion-nodul ati on, or
in other ways well known in 10 the art. 131 The Fine Position field
250 typically encodes fine position information in anal og form using

any of several k bitkechniegies WhiftINarL ell, kolere iV Lhe taet mabdmuexanpl e,
the Fine Position,iigt }tfé%u%\éo?%ié‘%{‘oéoé’fde%%%ts mendd | qged ko,
guadrature fashron to deli1ver a two-phase quadr at ure ‘anal’'og position
error signal @PEF-V=57Thjis arrangenent is known in the art as an ABCD
burst pattern. Add 1 thisnaletspielcd al e gat-dongyh ot iging Markeneas bg fi ne

posi tion ingor ' .be. fo i P pLi '
08/ 330, 268 tésnt g?%éég@q g‘g’r%\}%géﬁrg{;géa’%sgr %nd gé‘?%%d %rr”@gu %%‘%ﬁ’%%%ﬁ"“&‘ﬁsed by
Magneti c Di st oftash S acholirack, Agsde ancedgnthex informatien OocMep¥r 26,

1994 in the nagBch cHYidBsChard posBeHEE SO tabdt OV nbherAswi @nee of
t he pr esent anentlcgn coaréd%eéﬁby Lneor o.rq’te ;183 if tully set 25 forth
her ei n. SPIRLE WL T % Mo i FeRT BT P58t ern accor di ng to

one or nore aspect sSeFve heseetarmt 3¢ eninolndss sthawn Circumfeziegptis
sectors of 10yper38Rtaib300'sidnBear3szo, encoded with information

identifying the circumferential location of the servo

Servo

sector. The Circumferential Orientation £ield 330
contains a Circumferential Index. The first servo sector
300 in the track 405 contains a Circumferential
15 Orientation value of zero. The value of the
Circumferential Orientation is incremented by one in each
successive Circumferential Orientation field 330 in each
servo sector 300 in the track 405. Thus, the
Circumferential Orientation field 330 provides an absolute
20 indication of circumferential orientation, which may be
used to complement, and provide an additional check on a
servo sector count derived from detection and counting of
Servo Synchronizing Marks.
In a preferred embodiment, the Circumferential
25 Orientation field 330 has nine (9) bits, including an odd
parity bit to provide enhanced detection reliability.
Because only six bits are required to support a combined
total of 120 servo sectors 300 and 300’, (2x2° < 120}, two
additional bits are available in addition to the parity
30 bit. These two bits are preferably assigned to encode a
binary representation of head number; this supports up to
four heads.
The Circumferential Orientation fields 330 are
radially-contiguous from track to track on the disk. The
35 information in each Circumferential Orientation field
therefore can be read even under a head offset condition
such as might occur with a magneto-resistive read/write



alternately at regularly spaced, circunferential intervals 30 around each
track 405 on a magnetic disk in a renovabl e cartridge disk drive
system Servo sector types 300 and 300" are interdigitated on each
track 405 with user data segnents 410. User data segnents 410 are
pref er abl Wwo 97r1688cor ded usi ng header | ess techni que knownp¢rusdsassst, and 35
can be split as known around servo sectors 300 or 300'. Al t hough for
illustrative purposes the segnent of the WO 97/ 16822

PCT/ US96/ 16305 9 track 405 is shown
to be linear, tracks are actually dilsposed concentrically along the

di sk's surface. Each track 405 includes N total servo sectors 300
and 300' . heathe ¥R othectigRd ) BARiBNed afe PEITQFMy-2 WrEbhti guous
fromtrack to dgexdcialnong the surface of the magnetic disk. In a

Do o0 e, BELSCFHA DpchchOO Sl pbO bR LRV,
di sk drive  33fst enfheQ Coarser| §esiyjomndieddshdp t Heemsikies fBReservo
sectors 5 3Qdbstlaht300t radhk CHoREEiBACGIthIAN & MU*OVePracky O Pathes)
RCC0TdN €0 OGP Ao RSE! lhabErBLEISH eLDLEAET che cBindl) 11
Pogition field 335 in a servo sector 300’ provides a full
track address.
In a preferred embodiment, the Coarse Position field
10 335 comprises 9 bits coded in conventional Gray code
fashion.
Servo sectors 300 and 300’ each incorporate the
Modulo Position field 340 which provides relative track
position information. The Modulo Position £field 340
15 comprises k bits, identifying the relative position of
track 405 within the + 2*! absolute track position
indicated in the Coarse Position field 335 of servo sector
300‘. The variable k is selected to be sufficiently large
such that any residual errors in the state estimates of
20 the control law in a servo-control system in a removable
cartridge disk drive due to un-modelled drive dynamics and
parametric tolerances are significantly lese than 2%
tracks. (G.F. Franklin & J.D. Powell, Digital Control of
Dynamic Systems, Addison & Wesley, 1980)
25 In a preferred embodiment, k=6 corresponding to
modulo-64 operation. In that case, the Coarse Position
field 335 identifies absolute track position within 32
tracks. Prior to recording on the disk, the contents of
Modulo Position, Coarse Position, and Circumferential
30 Posgition fields are subject to RLL encoding whereby three
bits are mapped to four bits in such a way as to preserve
the unit distance property of Gray code. This encoding
eliminates undesirable long runs of no transitions on the
disk. Alternatively, pulse position (ppm) encoding may be
35 employed to assign to each bit two time slots; a
transition is recorded in a corresponding slot to signify



preceded by a Wite-to-Read Recovery/ AGC/ Synchroni zation 15 field 310
(which fornms pno part of the presert—-Rvrert+ofi——aServo—Synchromzing
Mark field 320, aSpatlaIIy Mul ti pl exed field 325, a Modul o Position
fiheld 340,|and a Fine Position field 350. As illustrated in Fig. 4B,

t he on ference between servo sectors 300 and sepypudénssust ors 300
Is the con‘P’ Fﬁm 2t he Spatially Miltiplexed field 3255’.&9I n servo sectors
300, the content of Spatially Mul tiplexed field 325 is a
Circunferential Oientation field 330, which when associated with the
speci fic code of servo synchroni zi ngrgrark 320, carries a representation
of 25 the circunferential |ocation of the servo sector of the track.

In servo sectoas"B00xy tdre cahieceffetrSpafieither endqdlmsplae‘f:eﬂnﬁbeﬁd 325

is a Coarse Po tt}ﬁ%é%ﬁ)o D@@écg Sﬂ%&gg\hen associated with Servo
al ns co

Synchr oni zi ng arse posjtion informat
i dentifying the 30 Se%R MCtassi39QRRGA 00 HEaChLRCOTPARAS &:th:.ne

pre&ﬁrrﬁdt f@ﬂib%ﬂdfﬁnflémvﬁsa ls;mgﬁe ppavided yaddltighekegpobieidn32s
I n e lelds are nat e LN per s (4 renti al
b A3 &5 }853 138 fﬁje :.Le vabls agrg ?%8

Ori ent ati on"an@ %4 i 1007 Flel F ent
numbers of ser@bsklainive eyasem35T@@nFanﬁ|E@smmﬁéﬁ%dt@%w eBepds

i nformati on capihe positibht ipteveettiioh, auspadialy pEnbbvéiexedhhighds325.

!g)97/16822 as are well known in the art. 1In a £¥g¥é¥¥gy:gﬁﬁg§1ment,

the Fine Position field 350 uses four, six, or eight
10 bursts arranged in quadrature fashion to deliver a multi-
phase quadrature analog position error signal to the servo
loop, as described in U.S. Patent Application No.
08/330,268 entitled "Servo Burst Pattern for Removing
Offset Caused by Magnetic Distortion & Method Associated
15 Therewith."® Furthermore, operating in the servo control
processor combines fine position and modulo position to
form a global representation of head position. Cycle
resolution of modulc position is achieved using the star
estimator, which is periodically checked against the
20 Coarse Position field.

Fig. 5 shows a preferred embodiment of a servo sector
detection apparatus 500 for detecting servo sectors 300
and 300‘.

In the embodiment of Fig. 5, a read data signal 502

25 is provided to a data detector 504 in a servo sector
detection apparatus 500. The read data signal 502 is a
peak-detected, digitized signal which originates from the
disk drive recording channel, which includes a read/write
head for scanning a disk in a removable cartridge disk

30 drive system. The data detector 504 also receives a clock
signal 506 of frequency higher than the expected
transition rate on wire 502. For example, the clock
frequency can be 50 MHz and the transition frequency can
be 50 MHz/4. In response to read data signal 502, data

35 detector 504 produces a synchronized serial servo data
signal 508 representing in binary digital form the



In a preferred enbodi ment, the Servo Synchroni zi ng Mark field 320,
Crcunferential Oientation field 330, Coarse Position field 335 and
Modul o Position field 340 each conprise a digital bit sequence. 5

The Servo Synchronizing Mark field 320 indicates the onset of a
Servo seci{y@ogRy or 300'. The Servo Synchr oni Zcrgush@idses | el d-320
conpri ses one of two types of Servo Synchroni zi ng Marks, denoted Mark O
and Mark_1. Servo Synchroni zing Mark_0 denotes the onset of a servo 10
sector 300. Servo Synchronizing Mark Mark 1 denotes the onset of a
servo sector 300'. The even servo sectorgd4on each track 405 (i.e.,
sectors 0, 2, 4, 6.... H2) conprise servo sectors 300 while the odd
servo sectors 5APEed¥ced informetigs frow thesddgdtalifiglds of a sexve)

conpri se servogabtosectors 300 Thus, read/wite head orientation along a

track may be updat y | 0 aLnin npi f
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preferred embodi rent, the Servo

onj zi ng ar e;
Mark 0 = 001106B8RBICR 30 PIVSLe 4988 Slgnaq r&slaEPbb%cFﬂ@l@H‘(oee

hex) Thesebiel shifonsegisart5litde ovuypatesoposisiftt erediitternay 025
exhibit a maxi EHP&@&”;%&%& atfbﬁ? éi:%i:?%é“%‘o%’i’u% data SEMGih1 #1301 1 ng
det ecti on |n t he presence o random

a 1rst preferred embodiment, the parallel
position data signal 514 is four (4) Dbits wide
corresponding to an embodiment wherein the Circumferential
Orientation field 330, Coarse Position field 335, and
Modulo Position field 340 of servo sectors 300 and 300’

20 are encoded with a 4/3 run-length-limited (RLL) code as
discussed above. The 4/3 RLL code is a fixed length block
code; it is decoded by mapping the least significant four
bits of shift register 510A into three bits.

In a second preferred embodiment, the parallel

25 position data signal 514 is sgix (6) bits wide
corresponding to an embodiment wherein the Circumferential
Orientation field 330, Coarse Position field 335, and
Modulo Position field 340 are each encoded with pulse
position modulation (PPM) as discussed above.

30 The parallel servo data signal 512 is provided to
majority wvote «circuits 515 and 516 which detect,
respectively, Mark_ 0 and Mark_1 characters. Bach majority
vote circuit 515 and 516 comprises a bit-wise cascade of
XNOR comparators 518 which compares the parallel servo

35 data signal 512 to a bit pattern corresponding to the
Servo Synchronizing Mark to be detected.



errors. An N-bit character can be detected in presence of WO
97/16822 RESH-U596+16365

11 k bits in error, if NNV[err] 2k+1, where V is the maxi mum val ue
of the autocorrelation si del obe. Hence, N 12, k=2, and N-V=5.
Additional ecial Servo Synchronizing Marks ma be 5 u cate the
first and ¥OBHF%ervo sectors at theg startyof each ??ggi‘ %ﬁw%o encode
ot her information. Mny such choi ces are possible wi thout departing
fromthe spirit and scope of the present invention. Servo

sectors 300 include the Grcunferential 18§ Oientation field 330,
wth I nformati on i dentifying the circunferential |ocation
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of the ser
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and is clocked at N times the rate of clock 507. Each
group of N flip flops is associated with a single bit in
the mark pattern, and each group is examined individually
and in parallel for the occurrence of the ‘all zeroces’
state, or of the ‘single one’ state. These states
correspond respectively to ‘0’ and ‘l’ in the specific
mark pattern. A tally is maintained of the number of
groups having states agreeing with the associated mark
character bits. When this tally first exceeds the mark
voting threshold, a mark found signal is produced.

In a preferred embodiment, majority vote circuit 515
includes a first bit pattern generating means 520 which
generates a bit pattern comprising the sequence
001100000101 (305 hex). Majority vote circuit 516
includes a second bit pattern generating means 522 which
generates a bit pattern comprising the sequence
000001101011 (06B hex). The first and second bit pattern
generating means 520 and 522 may each comprise a bit
register or a latch, or the inputs to the bit-wise
cascades of XNOR comparators may be directly tied to
appropriate supply voltages. Other embodiments are
possible and considered within the scope of the present
invention, as is the specific choice of the bit patterns
being detected.

Each XNOR comparator 518 produces a mark bit
comparison signal 524 which indicates whether a bit match
has occurred. Mark bit comparison signals 524 are
provided to an adder circuit 526 in each majority vote
circuit 515 and 516 which sums the number of bit matches
to produce a mark match count signal 528. The mark match
count signal 528 thus comprises a value equal to the



servo sector count derived from detection and counting of Servo

Synchroni zi ng Marks.

In a preferred enbodi nent, the Grcunferentia

25 Orientation field 330 has nine (9) bits, including an odd parity bit

to provide enhanced detection reliability.

requi red twoovigest a conbined total of 120 servo sectperasséisesd

(2x26 < 120),

t wo additional bits are available in addition to the

parity 30 bit. These two bits are preferably assigned to encode a
representation of head nunber; this supports up to four heads.
The Circunferential Orientation fields 389 are radi al | y-conti guous from
track to track on the disk. The 35 inforpation in each G rcunferential
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count signal 528 with the detection threshold 532 to
provide an output signal indicating detection of a Servo
Synchronizing Mark when its input 528 is greater than
input 532. Majority wvote circuit 515 provides a Mark_0
detect signal 534 and majority vote circuit 516 provides
a Mark_l detect signal 536. Blocks 515 and 516 thus form
digital correlator circuits.

In a preferred embodiment, the detection threshold
532 for majority vote circuits 515 and 516 is equal to
nine (9), but may be set also to other values to achieve
varying detection thresholds.

The Mark 0 detect signal 534 and Mark_1 detect signal
536 are provided to an OR gate 538 to generate a servo
sector detect signal 540. Servo sector detect signal 540
is alsoc applied to divider 509 to reset it so that
checking of bursts timed by clock 507 are at a fixed time
relative to the Serve Synchronizing Mark 320. The servo
sector detect signal 540 and the divided clock signal 507
are provided to an Orientation Counter 542. The purpose
of the orientation counter is to time events that occur in
other sections of the drive, within a servo segment
interval, and to provide a noise-rejection window in which
searches are conducted for Mark 0 and Mark 1 characters.

A preferred embodiment of Orientation Counter 542 is
shown in Figure 6. Related wave forms appear in Figure 7.
The Orientation Counter 542 comprises a 13-bit serxrvo
period binary counter 602 which receives the clock signal
507 and produces a servo period count signal 604, as
illustrated in Figure 7. The servo period count signal
604 is provided to a state decoder 606. In response to



Position field 335 in a servo sector 300" provides a full track
address ln—a—pref er r od—eRbod-rert-—t-he—Coarse—Positon—fetd—10
335 conprises 9 bits coded in conventional G ay code fashi on.

Servo sectors 300 and 300" each incorporate the Modul o Position field
340 whi ch oV relative track position informti sodi@ed LduUl O
Posi tion f%q&c/flng% 15 conprises k bits, identifying the re E,il'gl ve Bgc\)/gition
of track 405 within the 2[err] absolute track position i ndi cat ed
in the Coarse Position field 335 of servo sector 300'. The variable k
Is selected to be sufficiently large 1guch that any residual errors in
the state estinmates of 20 the control law in a servo-control systemin a
renovabl e ahet r elgek distlgndli veoTUe the useswsleldead odr | geunyemnisee and
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Upon the next cycle of the clock signal 5067, the Q output

of the flip-flop 610 goes high to produce a pulse in a
servo sector pulse signal 544 as shown in Fig. 7. Each
pulse in the servo sector pulse signal 544 indicates an
15 expected time period for detection of a servo sector 300,
300’. The servo sector pulse signal 544 is provided as an
output from the Orientation Counter 542, for use in data
formatting operations on the disk.
The A-count detect signal 608 is also provided to an
20 OR gate 612, whose output is coupled to a synchronous
reset input of the servo period counter 602. In response
to the positive level on in the A-count detect signal 608,
the servo period counter 602 is reset to zero. The servo
period counter 602 then begins to increment its count
25 again as shown in Figure 7. The sexrvo period counter 602
counts up to a count of B corresponding to the expected
number of clock cycles which define the period of each
servo sector 300, 300'.
Upon detecting a count of B, the state decoder 606
30 produces a positive-going level in a B-count detect signal
614. The B-count detect signal 614 is coupled to a first
input of an AND gate 616. A 0 output of the flip-flop 610
is provided to the other input of the AND gate 616. The
AND gate 616 provides a B-count reset signal 618 to the OR
35 gate 612. In response to detection of the count B
signifying the end of an expected servo sector period, the
B-count reset signal 618 exhibits a positive level as
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13 a"1" or "0". The effects of either encoding are undone I n
the Servo Detection process. Servo sectors 300 and 300" each

i ncorporate the Fine Position field 350 which provides additional
position woisz Signals to a servo |loop in the renovablpgriibéicaesde

di sk drive system The Fine Position field 350 may encode fine position
i nformation, using any of several techniques as are well known in the
art. In a preferred enbodi nent, the Fine Position field 350 uses four,
six, or eight 10 bursts arranged in quad¥&ture fashion to deliver a nmulti-
phase quadrature anal og position error, signal to the servo | oop, as
described in shgwgy mngLéntTAp'ETq Pasisdvenevel ompgihes@-sogngnreeekd

"Servo Burst Railgrein si®r iRefRyhngynchréhdesly Gaisedd RheVagrobi pebisdorti on
& Met hod Assoc] at Therew tt*he nl;tgl‘
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forma gl obal %eprexent bheosesvoh@sdigdsicoupher &Ogclagain beginaitton of
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periodically checked aqai nst the 20 Coarse Position.field. , Fig. 5
shows a prefer‘fﬁé)cf B¢ Fﬁei’?%’?eﬂ SBPREC S % e Vo (}J"é‘f"g%‘?i 8R%app_Pat us 500
for detecting tarsy degdondng BB cycleymire30@nce more. I n the enbodi nent of

Fig. 5 a read datami @abual2detedt da%%hdemtﬂsaaﬁ% dABheat @b BRE in a
servo sector detection apparatus . 500. The e%g,d% mgng! 502°| s a
peak- det ect ed, T t7Fet & rfg'fe MAREEPPYPn tés +B fﬁ%_ 10. 4 YRR ve
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receives a cloc . .
pulse in the servo sector pulse signal 544. Thus the
Orientation Counter 542 produces a servo sector pulse
signal 544 having a pulse for each expected servo sector
15 300, 300'.
During each pulse in the servo sector pulse signal
544, the state decoder 606 decodes a count of C,
corresponding to the number of clock cycles just prior to
the expected time for detecting the next Servo
20 Synchronizing Mark. In response to decoding a count of C,
the state decoder 606 produces a positive transition in a
C-count detect signal 624. The C-count detect signal 624
is coupled to an AND gate 626. The other input of the AND
gate 626 is the servo sector pulse signal 544.
25 The AND gate 626 produces a mark window set signal
628 which is coupled to the set input of a synchronous
flip-flop 630. This flip-flop generates a noise-rejection
window which brackets the ideal time-of-arrival of mark
pulses delivered on Wire 540. The AND gate 626 produces
30 a posgitive level in the mark window set signal 628 in
response to a the C-count detect signal 624 being high
during the period of servo sectors 300, 300’. Upon the
next cycle of the clock signal 507, the @ output of the
flip-flop 630 goes high to produce a pulse in a mark
35 window pulse signal 632. Each pulse in the mark window
pulse signal 632 indicates an expected time period for
detection of a Servo Synchronizing Mark.



signal 506 of frequency higher than the expected transition rate on
w-re 502 Eor example,.—thecleck—fregqueney—canr—be—50-MEz—and—the
transition frequency can be 50 MHz/4. In response to read data signal
502, data 35 detector 504 produces a synchroni zed serial servo data

signal 508 gﬁﬁﬁﬁnting in binary digital formthe perfi9sdded 6822 -
PCT/ US96/ 1 14 r epr oduced
information fromthe digital fields of a servo sect or. The
serial servo data signal 508 is provided to a special shift register
510 which is, in a preferred 5 enbodinemp, a nultiple of 12 bits in |length
t o accommodat e a 12-bit Servo Synchroni zing Mark. The shift register
510 generat es a Pae ditientdaiensComateS I, Rigutk 6siagmdisdicelly two

mar k det ect or s gp oAbkl 2P m@ho%eski%@lzt%ﬁ 6§ @ljlé%ark dOfaQI\& Myl @ a
frequency divider 509 yieldi di vided 10 cl ock signal™ 507 |ch‘pulses

at one-sixth tﬁléi?ﬁ?e fa se: | grﬁﬂ"tﬁ% 390 -a T e?‘?eﬁeﬁﬂ%%‘i’ neft E88 t he
pr esent I neento osectiiy idétect| or kmarigridtea®7 signappb4®d tThea seirveo

bit shift regi §é@£o§%ec§;tfs§5§|§10§ SMdd cHRORAER" wRdddw ;%uléeowwgaa aral | el

four or six- b|t osition I rst referred

enmbodi ment, PEE F3 Pr°VlﬂG§|FPoﬁn dPagake gf3d which geperpgge (4)

bits wide a servo sector trigger signal 550. The servo sector

trigger signal 550 synchronously pre-loads the servo
period counter 602 with a number D, slightly greater than

10 C, corresponding to the number of clock cycles for the
expected time of detection of a Servo Synchronizing Mark,
as copied relative to Point A. This pre-load value is
delivered to counter 602 on wire YY.

The servo sector trigger signal 550 is also coupled

15 to an OR gate 636 whose output resets the flip-flop 630 to
terminate the pulse in the mark window pulse signal 632.
The other input of the OR gate 636 is provided from an E-
count detect signal 638 from the state decoder 606. Upon
the servo counter 602 reaching a count of E, corresponding

20 to an expected end of a Servo Synchronizing Mark Window,
the state decoder 606 produces a positive level in the E-
count detect signal 638 which synchronously resets the
flip-flop 630 to terminate the pulse in the mark window
pulse signal 632 as shown in Figure 7. It should be

25 apparent that if no mark is detected in a particular sexrvo
sector, perhaps because of a surface flaw on the magnetic
disk, then the Orientation Counter will coast over the
missing mark. As such, the counter serves also to
interpolate missing servo sectors.

30 Thus Orientation Counter 542 opens a timing window
for detection of a Servo Synchronizing Mark in a servo
sector 300, 300’ of duration equal to (E-C) multiplied by
the period of the clock signal 506. In a preferred
embodiment, where the clock signal 507 is 50 MHz, then C

35 may equal 200 and E may equal 300, corresponding to a time
period of from 4 psec. to 6usec. after start of a servo
sector. In such a case, D may equal 80, corresponding to



correspondi ng to an enbodi nent wherein the G rcunferenti al Orientation
field 330, Coarse Position field 335, and Modul o Position field 340 of
servo sectors 300 and 300' 20 are encoded with a 4/3 run-length-limted
(RLL) code as - di scussed above. The 4/3 RLL code is a fixed |length bl ock

code; it iwo9etgasged by mapping the | east significant foupctasodusseds of shift
regi ster 510A into three bits. In a second preferred enbodi nent,

the parallel 25 position data signal 514 is six (6) bits wde
correspondi ng to an enbodi nent wherein the G rcunferenti al Orientation
field 330, Coarse Position field 335, amdp Modul o Position field 340 are
each encoded wi th pul se position nodul ation (PPM as di scussed above.

30 The pd amcBiinadr v&*agfrhedi giire 51807 s dateptden t8f 2 nBfBHYPty vote

circuits 515 @yhdhkonibing Hetkcéf 5 nsé&sr&f&telrvﬁzhyé, slvar:k Gfaads%wdx 1

characters. Eagch ori Ly 515 6 It-w se
cascade of %ﬁgj com%)iaF‘cli1 o?éf‘g%S&\’}éﬁcﬂhedc&rxrlpalr es paF sé?%o 35
data signal 5mpuls ®epRbOpattern corresponding to the Servo

Synchroni zigig Mark 1n0 bg depestdked embodimd¥d 97/ 16822%quals 750,
PCT/ US96/ 16305 15 I npgegr eferred

enbodi ment, t KETRSARORELEE: FQ S59§RYC Sector period of 15

duration, and A equals 4250, corresponding to an expected
period between successive servo sectors of 85 usec.

Turning again to Figure 5, the Orientation Counter

10 542 also provides the servo sector trigger signal 550 as
an output signal to supply timing for circuits in the
servo sector detection apparatus 500. The servo sector
trigger signal 550 sets a flip-flop 552 to produce a pulse
in a run sequencer signal 554, as shown in Fig. 7. The

15 run sequencer signal 554 and the clock signal 507 are each
provided to a Demodulator Sequencer 556.

Fig. 8 shows a preferred embodiment of a Demcdulator
Sequencer 556, which is a simple counter-based state
machine. In response to a high level on the run sequencer

20 signal 554, a counter 810 in the Demodulator Seguencer 556
begins to count clock cycles. The counter 810 provides a
count output signal 812 to a state decoder 814.

In a preferred embodiment, upon reaching a count of
X, (4 RLL or 6 ppm}, corresponding to the number of divided

25 clock signal 507 cycles between the initial rise of the
run sequencer signal 554 (signifying the end of the Serxvo
Synchronizing Mark 320) and the third bit of Spatially
Multiplexed field 325, the state decoder 814 produces a
first pulse in a latch enable signal 558. Next, upon

30 reaching a count of X, (8 RLL or 12 ppm), corresponding to
the number of divided clock signal 507 cycles between the
pulse in the run sequencer signal 554 and the sixth bit of
the Spatially Multiplexed field 325, the State decoder 814
produces a second pulse in the latch enable signal 558.

35 This pulse governs operation of shift register 584, which
deserializes the contents of the Spatially Multiplexed
field 325 of servo sectors 300 and 300‘.



516 search for a specific Mbit (M=12 in one I mpl enent ati on)
specific nunmber N (six in one 5 inplenentation) of cycles of clock 506.
The mark det ect shift register 510 conprises MN individual flip flops,
and is clogke N tinmes the rate of clock 507. Each Nflip
flops is ai‘é) g%é‘d wth a single bit in the mark pat%%l?l?]é,awgn each
group is exam ned individually 10 and in parallel for the occurrence of the
“all zeroes, state, or of the 'single one' state. These states
correspond respectively to '0" and '1" ipjthe specific mark pattern. A
tally is maintained of the nunber of groups having states agreeing with
t he associ ated mar kSﬂxﬁxIﬂralryacu@pnbrEBchwEamddﬁts bél vy, Y5 san@x¥edds t he
mar k votin sh a r karfromnd al preguc In a
preferred enbogL%zig ﬁgﬁo rit llgavcli)?f e(}llé‘é:z‘rC?S‘ti“{]SlSah'§i ?ﬂclggle'?% f| s bi t
pattern gener aFPRECFRARAL e, numbeye @y fiydded cdpek sigpal,S07

conpri sing theyc]seqméw t 0 H1:06860QA0the ( B@D SeyjencexrVajigmnaly 5540t e

circuit 516 [ d r 522 whi ch
P Lk e L
hex). The firs#c 9 ELpatt e eateaed 85522 may
each conprise a bits®p S&&hd, elrand tmkat ﬁhls@rréé‘;ﬁédtﬁﬁlﬂl? tian Bhaakich- W se
ctpply vol t ageSheb e pighal SeBCY B8 DEds Yovefhe Sporat RPN EHIEE
within the scopegbstene Sﬁﬁesé'lhlch desgeinlimes athes comsengecidf ctbroi ce of
the bit patbernsadlo bebsir et Eiktd. of servo seosXBOR seapsget or 518

produces a mark bit l?e De%O%Eﬁiﬁéﬁr g24 g’EE cgon gn&%eséovg%%& Sr a bit

mat ch has occur rrparl son si gna
provi ded to anchedercxgiesuuntieit reagbisnajwinbey doteoBBRapqnding 5§25 and

516 whi ch sunsthéenimBber o8f chbbxmeyenes occuisi oﬂzuceha petkoaniel count
Zaggf" tngheThg MRLKIBLED 300, COMY . ST, &E8 AOUSHAYIRY $edndnkdkue
15 556 has finished counting Z c¢lock cycles, it triggers a
run finished signal 562 which resets flip-flop 552. This,
in turn, terminates the pulse in the run sequencer signal

554, thus terminating further counting by the Demodulator

Sequencer 556 until a next servo sector 300, 300’ is
20 detected. The Demodulator Sequencer 556 also may provide
other gating signals (QQ) to the circuits detecting the
Fine Position field bursts 350.
Turning again to Figure 5, the Mark 0 detect signal
534 and the Mark_1 detect signal 536 are each provided to
25 a synchronous S-R flip-flop 564 to generate a mode
selection signal 566. The Mark 0 detect signal 534 is
comnected to the set input of the flip-flop 564 and sets
the mode selection signal 566 whenever a Mark 0 is
detected. Similarly, the Mark_1 detect signal 536 is
30 connected to the reset input of the flip-flop 564 and
resets the mode selection signal 566 whenever a Mark 1 is
detected. The signal on Wire 566 is also applied to the
controlling processor, so it can properly interpret the
contents of the Circumferential Orientation and Modulo
35 Position fields as presented on buss 586.
The parallel position data signal 514 is provided to
a modulation code decoder 568. In a preferred embodiment,
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16 nunber of bits in the parallel servo data signal which mat ch
the bit pattern. The mark match count signal 528 is provided to a
magni t ude conparator 530 which is also provided with a 5 detection

t hreshol d @b mnédagni t ude conparator 530 in each maj onpcirisygiesosci r cui-t
515 and 516 conpares the mark match count signal 528 with the detection
threshold 532 to provi de an out put signal indicating detection of a
Servo Synchroni zing Mark when its input 528 is greater than 10 input
532. Majority vote circuit 515 provi des2&a Mark_0O detect signal 534 and
maj ority vote cjirc 16 r ovj des rk_1 detect signal 536. Bl ocks
515 and 516 t hbRef BitalP WF’&%SP &er ggrese eifher RLLnof

preferred errboElPImsnencadtmi dedact | anigraleshol d 1hS s32hf oa Majase, ty thet e

circuits 515 a@é’téﬁr&ﬂaﬁ:l%?%' 58 whetHbP® ﬁé’) e?%feﬁ%?%e%%tbﬁl S%&L

val ues to achi eve

detect signa

var etection t res
%4P%rﬁodmdveng Fevebe TRERaRt PoveRgImria Fesponse.t §ox

o ot her

n CR

gate 538 tosgeesdmple A 3LV quibeseetoredei £Cin SigindidGegPatue SACLOT

detect signa

509 t t It
checki ng of bu?é?ov%blé }a%lt%'figgphggg é?’é‘géa’\t“ gﬁh Xed tcl% izt anef”ggp
the servo Syncﬁﬁ?ﬁﬁ%ﬂmﬁ?ﬂ%%FV 3#jscipeeder g connection with other

10

15

20

25

30

35

circuits described above.

A truth table for a preferred embodiment of decoder
568 is shown in Table 1. The table can be implemented in
PLA or discrete gates.

TABLE 1
OUTPUT R INPUT PPM_INPUT
000 1001 101010
001 1101 101001
011 0101 100101
010 0111 100110
1106 1111 010110
111 1110 010101
101 1010 011001
100 1011 011010

The decoder 568 decodes the parallel position data
signal 514 to generate a parallel decoded position data
signal 570. The parallel decoded position data signal 570
is provided to serial Gray code-to-binary convertors 572,
such as is well known in the art. The Gray code
converters decode the parallel decoded position data
signal into binary form and generate parallel track
position data signals 574. In a preferred embodiment, the
decoder 568 decodes three bits at a time such that the
parallel decoded position data signal 570 and the parallel
track position data signal 574 are each three (3) bits
wide. Feedback is obtained from registers 576 and 584, to
enable serial conversion from Gray to binary code.
Framing of the data in shift registers 576 and 584 is

t hat
ve to



sector detect signal 540 and the divided clock signal 507 25 are provided
to an (rientation Counter 542 —Jhe—pur-pese——-eof—the—ortentatton—count er
is to time events that occur in ot her sections of the drive, within a
servo segnent interval, and to provide a noise-rejection w ndow in

whi ch are conducted for Mark_0O and Mark_1 c 30

A preferreg?%g%?ment of Orientation Counter 542 is shown }iiﬁosFi gure 6.
Rel at ed wave fornms appear in Figure 7. The Orientation Counter 542
conprises a 13-bit servo period binary counter 602 which receives the
cl ock signal 507 and produces a servesperiod count signal 604, as 35
illustrated in Figure 7. The servo period count signal 604 is provided
to a state decddberéff. in|the dsimwimge ofoclock 507 W 7¥dfiB’k* to mark

PCT/ US96/ 16305 4etection. This is_forced by reset o¥7clock £Bg, cl ock si gnal
507, the servo perlod count er. 602 |ncre nts % e count f t he servo

period count signal The4 parallel t%ﬁ’kflﬂqﬁ b+68r i Frepa co‘ﬁms 8 B C
Din Figure pr&ndé& tade Py anighl eeghsveghszonf |'gwaﬂim rdgifsters 5

(not shown) d‘; ?398?3?.7 ﬁ;dLSSOgng%@?&OEHE hebn WhEHe sighdl’ &yfonds to

t he expecte consecufve Servo sectors
300, 300', thef§9§t§hﬁeéﬁmﬂﬂuh§99r SeqPeBERE x5 positive transition in an

A-count detect signah a préfsimasl Srbudiment] gthe. £Ther Aslitrelfiisadr si gnal
608 is 576 is three bits wide by two bits long to latch a Modulo
Position field 340 comprising six (6} bits. In response
10 to each pulse in the latch enable signal 560, the first
shift register 576 latches three data bits from the
parallel track position data signal 574, corresponding to
three bits from a Modulo Position field 340 in a servo
sector 300, 300’. The first register 576 outputs a Modulo
15 Position signal 578 which may be provided on a signal bus
to be read by a digital signal processor or microprocessoxr

in the removable cartridge disk drive.
The parallel track position data signal 574 and the
parallel decoded position data signal 570 are also each

20 provided to a mode selector switch 580. The mode selector
switch 580 also receives the mode selection signal 566.
In response to the mode selection signal 566 being set,
indicating detection of a Servo Synchronizing Mark Mark 0,
the mode selector switch 580 provides the parallel decoded

25 position data signal 570 as an output multiplexed signal
582. This corresponds to detection of a servo sector 300
including a Circumferential Orientation field 330
containing a servo sector number which, as mentioned
before, is not Gray coded.

30 On the other hand, in response to the mode selection
signal 566 being reset, indicating detection of a Serxrvo
Synchronizing Mark Mark_ 1, the mode selection switch 580
provides the parallel track position data signal 574 as an
output multiplexed signal 582. This coxresponds to

35 detection of a servo sector 300 including a Coarse
Position field 335 containing an indication of track



10 coupled to the set input of a synchronous flip-flop 610. Upon t he
next cycle of the clock signal 507, the Q output of the flip-flop 610
goes high to produce a pulse in a servo sector pul se signal 544 as
shown in Fig. -7. Each pul se in the servo sector pulse signal 544

I ndi cat es wbodpesexpected tinme period for detection of a Pyermsegmsssor 300,
300'. The servo sector pulse signal 544 is provided as an out put from
the Orientation Counter 542, for use in data formatting operations on
t he di sk. The A-count detect signal 608 is also provided to an 20
OR gate 612, whose output is coupled to & synchronous reset input of
the servo period counter 602. In response to the positive level on in

the A-count deddd%ess grbdctyogas mentfoned, hefore; ois cBERERFARYY F¥a¥eset to
zero. The serwvmpded. period counter 602 then begins to increnent its count

25 again as shown 'ﬁe':'ngﬂgﬁﬁﬁex-le-aesi%}ﬂ Bg5! od 5980%@&569% a seEBHBtS up
to a count of B correspondi to the“expected = = nunber of clock_ cycles
whi ch define t§hifferregistere®®t. ThedarondcEhifsopegigber 584 also pon
Flet ef:ti ng ascm&&eiaifesB,thbhshsfalta-;@bmestﬁ@n@uﬁGsB@ ﬂf@dtﬁlfésd d&mﬁﬂ&hhﬂﬁeé goi ng
evel in a B-c si gha 14. The B-count detect signa 14 is
coupled to a f§%§§8ﬁ¥@&eﬁﬁgdtgof an AND gate 616. A Q output of ?he
flip-flop 610 i1 g pyrpierred emeodiment . hhat seponhahigd yegésees. The
AND gate 616 psawi gesthrBeC®itle sk 15y J6BRte18it8 1bagORB51atg@ €a 612.

peosianae LRGRE! gRooL e SOk Bazs SO0 Y D ShegleRlRE
positive |dYelOrigntation field 330 each comprising nine (9) bits. In
that case, the multiplexed Coarse Position/Circumferential
Orientation signal 586 is eight (8} bits wide. In
response to each pulse in the latch enable signal 558, the
second shift register 584 latches three data bits from the
15 multiplexed signal 582, corresponding to a Circumferential
Orientation field 330 or a Coarse Position field 335
respectively in servo sectors 300, 300°.

The second shift register 584 outputs a multiplexed
Coarse Position/Circumferential Orientation signal 586

20 which may be provided on a signal bus to be read by a
digital signal processor or microprocessor in the
removable cartridge disk drive. The second shift register
584 also outputs a parity bit signal 588 comprising a
parity bit from the Circumferential Orientation field 330

25 when the Circumferential Orientation field has been
detected.

The multiplexed Coarse Position/Circumferential
Orientation signal 586 and the parity check signal 588 are
provided to a parity checker 590 which checks the parity

30 bit in a Circumferential Orientation field 330. The
parity checker 5920 generates a servo sector number good
signal 592, which indicates whether the multiplexed Coarse
Position/Circumferential Orientation signal 586 passed the
parity check. The servo sector number good signal 592 and

35 the mode selection signal 566 are provided to an AND gate
594. The AND gate 594 generates a servo sector number
valid signal 596 which indicates the detection of a wvalid
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18 showd—|-Rbig—etetRe—poSttire—evrel—or—the—B-cotunt—reset signal
618 in turn synchronously resets the servo period counter 602. Upon the
next clock cycle after being reset to zero, the servo period counter 602
agai n begi xo%&% count up to A, corresponding to the expegb®dnesgsber of

cl ock cycl en consecutive servo bursts 300, 300", t hus begi nni ng
the cycle over once nore. The B-count detect signal 614 is al so
coupled to the reset input of the synchronous S-R flip-flop 610. Upon 10
t he next cycle of the clock signal 507, tlse Q output of the flip-flop
610 goes low to term nate the servo detect pul se in the servo sector

pul se signal 54érvo HessorhewumberOrfmm adi ChrCenfexentsisd pPoiertatipnser vo
sector pulse £3;.33998h. 544 having a pulse for each expected servo sector
15 300, 300 Dur.i ng each pul se in.the seryo secto uls nal
544, the state decodBhsegte (f@é'a'ae§g% £ % JimbsE 'Caf d% éﬁg ‘ﬁdﬁ’teg t he
nunber of cl ockutydpkexedsiCoprrser RositionyOercenfemodmdalt i Geiedtmtion
detecting lNeqiBRKL s8 ﬁ(%é:% Qﬁh gnad | adiRidee bl bRSOARRG L AfigCodi ng
a count of C at co 6pr uces a 05|t|v transition in a
C- count detectI§WQH§P16223r Qﬁﬁﬁ§cF°sV§ﬁa Y epgad/write @ ed to

an AND gate 62@1r$hﬂ\fei~éuetf1amwthe@tathen%ung a @a&elaaﬁafsu-m SIS0
sector pul se si nalﬁi ﬁnaii measy Jge g\l\lp 9% |n u(ﬁ.(%ﬁ:eﬁl% ég‘_f@ ndow

set signal 'S coup ronous
flip-flop 630. lmagment@ticpreplegeﬁésw%%s@tﬁ&w@ F@Jlgétfl%’?ﬂ Decoggn®®f whi ch
brackets the idgal ill1ega0f - @babgal af, elmrkany |w_l se;medeléi\ge{ted ;g-[qure
gﬁgnarhgzéNPng%to%bGZG cr)r(l)soluc t%%uia%%ﬁ' hv'?abfélei in the mark w ndow set

Fig. 9 shows an apparatus for index detection and
rotational-position sensing in a removable cartridge disk
drive according to one or more aspects of the present

15 invention.

In the embodiment of Fig. 9, a servo sector pulse
gignal 902, which in the preferred embodiment may comprise
the servo sector pulse signal 544 from the Orientation
Counter 542 of Figures 5 and 6, is provided to a clock

20 input of a count register 904. In response to a pulse in
the servo sector pulse signal 902, the count register 904
generates and outputs a current servo sector number signal
906. The current servo sector number signal 906 is
provided to an incrementer 908 which increments the

25 current servo sector number signal 906 by one to generate
a next servo sector number signal 910.

The next servo sector number signal 910 is provided
to an "A" input 912 of a select switch 914. So long as
the count register 904 has not reached its maximum count

30 and is not being re-synchronized, the select A input 916
of the switch 914 is activated to connect the "A" input
912 to the input 918 of the count register 904. Thus, the
next servo sector number signal 910 ig coupled back to the
input 918 of the count register 904 to be provided as the

35 current servo sector number signal 806 in response to the
next pulse in the servo sector pulse signal 902.



response to a the G count detect signal 624 being high during the
pert od of servo sectors 300, 300'. Upon the next cycle of the clock
signal 507, the Q output of the flip-flop 630 goes high to produce a
pul se in a mark 35 wi ndow pul se signal 632. Each pulse in the nmark w ndow
pul se si gnwb o9ged2d ndi cates an expected tine period for pcrasdemdeson of -a

Servo Synchroni zi ng Mark. WO 97/ 16822

PCT/ US96/ 16305 19 The
Orientation Counter of Figure 6 is periodically synchroni zed with the
detection of the Mark 0 and Mark_1 pR6éses of a servo sector 300, 300
I n response to the servo sector detect or mark detect signal 540. The

servo 5 sector det®e swhedimento afdFifie Mfardds ndRMWARS cdsiMPFdpUm 632
are each provi getvéd csedt AN egfilst e®3920hivhbclgepesaidiss a makiriny Gegeot Or

{rigger o nal o380 ndiS RIRATCELT e LRLOELLSLAINLPTE SMaREonOUS!Y

pre-loads the Servo counte a nu ‘
greater than 10i€l} 2oMRBEPWAISHTVE oSO HRbEOfcauiresorfidngs tPothehe

expected tige ghmset ast i - SecBRKO3IBPNCHEON Zddrdd lon a madmetqpi ed

relative to Fbégékﬁ%o This pre-lo valugjig e o dglkéereg.gg C gnter 602

on wire YY. Tﬁg FEATo Fec ﬁ‘?"}d P’m&ﬁf g6 9= cYSlJpIed 15

to an OR gate TB® MhstwumuspuvOr Bseter t hembey pndy ope63oaded into the
register 920 from a microprocessor or digital signal
processor. All registers and counters are activated by

10 the high-to-low (falling} edge of the Servo Sector Pulse
signal on wire 544.

In a preferred embodiment, the maximum servo sectorxr
number is 119 corresponding to a magnetic disk with 120
servo sectors 300, 300’.

15 The maximum servo sector number signal 922 and the
current servo sector number signal 906 are provided to a
first comparator 924. The comparator 924 compares the
current servo sector number with the maximum servo sector
number and generates a wrap count signal 926 which becomes

20 active whenever the current servo gsector 300’ is the final
servo sector on a particular track 405.

The wrap count signal 926 is coupled through an AND
gate 928 to a select zero input 929 of the select switch
914 and to a NOR gate 930. In response to the wrap count

25 signal 926 going active, the select switch 914 connects
the input 918 of the count register 904 to a zero position
932. 1In response thereto, on the next pulse in the gervo
sector pulse signal 502, the count register 9504 resets the
current servo sector number signal 906 to zero. Thus the

30 count register 904, the incrementer 908, and the first
comparator 924 together implement a servo sector counter
which counts servo sectors 300, 300’ in response to a
servo sector pulse signal 902 and wraps at the final servo
sector on a particular track 405.

35 The wrap count signal 926 and the servo sector pulse
signal 902 also are provided to a gating circuit 934. The
gating circuit 934 generates a sector signmal 936 and an



term nate the pul se in the mark wi ndow puI se si gnal 632 The ot her

fromthe state decoder 606 Upon the servo counter 602 reachl ng a count
of E, corresponding 20 to an expected end of a Servo Synchroni zi ng Mark
Wndow the state decoder 606 produces a positive |ey | E- .
count det eX©O %?”(5??& 638 whi ch synchronously resets the Fér{?ﬁs}l@%p 630 to
termnate the pulse in the mark w ndow pul se signal 632 as shown in
Figure 7. It should be 25 apparent that if no mark is detected in a
particul ar servo sector, perhaps becagyse of a surface flaw on the
magneti c di sk, then the Orientation Counter will coast over the

m ssing mark. index sdghalt bes ehibhemayebeeproxiidedt o an nivdrepfaziee
T oSon S°TY0, SGEERRER0 in cnd i8I Ler RN PEIBR2 GBS ol M N0

wi ndow for detection o er vo nchroni zi n k 1Tn a servo

sector 300, 30@ndiratieredtldrsexiralsacEorE3ey. nﬁp?l pl i Bee Iector @8 i od of
the clock si gnabSS@@nowé tha aéetersre%ior pubsdasligrrilt sophesecdégte thavck

?O?rng!spgggl Ir?; faop% e 1I1-P‘?;ri'1e 8%?‘6%@/0 ktuigg gﬂ’lat% qus‘g%&@é?%er start of
a servo secﬁér‘folﬂe%mm @“@&%0 3 rﬁi‘ﬁ é‘é]ﬁﬁF &0 eachy F§§ gErlhg (The
WO 97/ 16822  index signal 938 exhibits a pulse ReTAdSP6h363@2 servo
20 sector 0 at the start of each track 405.
It is necessary when attaining initial servo lockup
10 to initialize the servc sector counter with an initial
servo sector number. Re-synchronization may also be
necessary during a head switch operation in the presence
of circumferential skew greater than one servo sector 300,
300‘. This is accomplished in the embodiment of Fig. 9 by
15 means of the Circumferential Orientation signal 940, which
in the preferred embodiment may comprise the multiplexed
Coarse Position/Circumferential Orientation signal 586.
The Circumferential Orientation signal 940 is
provided to a shifter 942 which multiplies by two the
20 Circumferential Orientation wvalue provided by the
Circumferential Orientation signal to produce a detected
sector number signal 944 containing a detected servo
sector number. The shifter 942 is necessary because the
Circumferential Orientation value is advanced by one on
25 alternate servo sectors, and not on every sector. This is
necessary because the Circumferential Orientation field
330 only appears in servo sectors 300, which alternate
with servo sectors 300’ on a track 405. The detected
sector number signal 944 is coupled to a "B" input 946 of
30 the select switch 914.
The following procedure is followed to re-synchronize
the serve sector counter with the detected servo sector
number. A re-synchronize signal 948 is provided to a
flip-flop 950. The re-synchronize signal 948 is asserted
35 in response to a command from a microprocessor or digital
signal processor in the removable cartridge disk drive.
When the re-synchronize signal 948 is asserted, the flip-



a nom nal expected tinme for detection of a Servo Synchroni zi ng Mark of

5-psec. after the start of a servo sector, and the val ue supplied on
line yy to counter 602 woul d be 250. 5 In a preferred

enbodi nment , -B equal s 750, corresponding to a servo sector period
of 15 psecwooriegeir ation, and A equal s 4250, correspondi pgrivgssuss@xpect ed
peri od between successive servo sectors of 85 psec. Tur ni ng agai n
to Figure 5, the Orientation Counter 10 542 also provides the servo sector
trigger signal 550 as an output signal to supply timng for circuits in
t he servo sector detection apparatus2600. The servo sector trigger
signal 550 sets a flip-flop 552 to produce a pul se In a run sequencer

si gnal 554, asflRoBFo; ﬁSFr“-@gg#edrﬁhe 7SSPeRFe $&F&ec 8eXs| gRAPeSER B t he
cl ock signal SHekvar aeegoh pulséwgmgnkxianz a Denodul at or Sequencer 556.
Fig. 8 shows a pretglrgq;g 99%”8{%?8{ 95?95'Qd8£\315f’#d to afINRHC§L&°6.

which is a sinmple count er response t a hi gh
| evel on the rﬂﬁﬂ-seabén%%wiﬁokpgﬁaptw ad seo it BYOBHdRd for ReTeRMB AUl at or

Sequencer 596 mputbe@rl ESfmpcﬂsﬂ HONCKTRECARS . gatie gauatias 84Bepyoyi des a
count out put sr

te decoder referred
enbodi nent , éﬁgﬁeﬁﬁnglﬁiu ¥l?ﬁtatl°%q%§i%F EAIRRL 8FL ngfh
correspondr ng tthﬁ tpreefianres enboiimedsd may odupikiss gike SeTveyseetobet ween
the initial rifgehr WA2id sidhil SUCARIELSE INAL BRA when@WekYhngail@ end of

the Servo ynchr.oni z| and_t third, bit of Spatiall
Mul ti pl exed fi Hf??i%rePﬁégé Feeﬂéﬁ% éb?w%ﬁﬂm%% é?tECtégzs?%B lse in
a latch entbl AN} ggate 5584 alect ,regmive30 aseaohiinyexrtdogntingutX| ehe] (8

RLL or 12 ppmout;ﬁ&rrsﬁeor}sif NG fllglff‘o 0 UIBagr @&hﬁéaf' ded ghbopk) §j gnal
507 cycles betweén t I n_the run seﬁﬁfncer gngPa 54 and t he

sixth bit of lnaqﬂﬁgegpaVPSFvaﬂﬁl%y%l%ﬂﬁﬁj%ﬁ%& neygtepy, e38E¥Bder 814
produces a secmutqunumben sbhendht¥GR .enabl e signal 558. 35 This pul se

governs operation theahbikcﬁ:ﬁeéféﬁlai%nmtsémn vﬁp@rél@lﬂaaes;sbhes

content's of ;e R ALV LR HEd os0 Jd dga2eed’ S Y2a2°5L2LS 300

sector number signal 262 becomes active. The load servo

sector number signal 962 is provided to an inverting input
of the AND gate 928 to inhibit count wrap during re-
synchronization. Also, the load servo sector number

20 signal 962 is provided to the NOR gate 930 to disable the
select A input 916 of the select switch 914 and thereby to
disconnect the input 918 of the count register 904 from
the next servo sector number sgignal 910 during
synchronization. The load servo sector number signal 962

25 also is provided to a select B input 964 of the select
switch 914. While the load servo sector number signal 962
is active, the select switch 914 connects the detected
sector number signal 944 to the input 918 of the count
register 904.

30 In response to the next pulse in the servo sector
pulse signal 902, the count register 904 is loaded with a
detected servo sector number provided by the detected
sector number signal 944 derived from the Circumferential
Orientation signal 940. At the same time, the second

35 flip-flop output 960 is reset, disabling the load servo
gsector number signal 962. Thus, further re-
synchronization is inhibited and the servo sector counter
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21 Simlarly upon treachi-Rg—counts—of—Yfer+r+—¥2—and—Yfrer+1 (12
RLL/18 ppm 16 RLL/24 ppm and 20 RLL/30 ppm corresponding to
t he nunber of divided cl ock signal 507 cycl es between the pulse in the
run sequencer nal 554 5 and the third, sixth, and ni

respecti veI ?% Modul o Position f| el d 340, the sﬁ%ﬂﬁg er 814
pr oduces a first, second, and third pul se respectively in a latch
enabl e signal 560. This pulse governs operation of shift regi ster 576,
whi ch deserializes the contents of the 1§y Modulo Position field of servo
sectors 300 and 300'. The Denodul ator Sequencer 556 conti nues
chnt i % f Cb@gkrklﬁ)’Ebeirﬁét:Hm | $£f €8E NEBe aséwﬂ)%e&oxc(ﬁdl%pcﬁ'i@m to

t he nunber o ck cycl occurr| sect or
300, 300'. %hgthe atBrO %m%ncégg égt?rrnsﬁﬁ%gcoﬁ%tlng Z

clock cycles, svnchrggezedamth rmnﬁtﬁ%fﬂﬁ?@gmﬂm dRréved e farom
flip-flop 552 ihBbSmation | Fodtlihed qrrmam;t esrblmferbseidn dheedust igpguencer

Sequoncer 5% SAFLE BReHt KATIoLBEEErr 0" 300° 15 20 detected. | The
Denodul at or Sequenc'éheSSBdexsféetmgtlmm\ﬁnderotatéonel-mﬂitrﬁ@rsisﬁkﬂi&g((1)) to
the circuits degheehiPlshdih in FE§NS RS bRBckS &) de¥est Scdatk errors
in the servo sector counter. The input 918 to the count
register 904 and the Circumferential Orientation signal
10 940 are each coupled to a second comparator 966. The
comparator generates a count accuracy signal 968 which
indicates whether the servo sector counter agrees with the
circumferential orientation index contained in a
Circumferential Orientation field 330 of a sexrvo sector
15 300.

In the embodiment of Fig. 9, the count accuracy
signal 968 is inverted and gated by the Circumferential
Orientation valid signal 958 by means of an AND gate 970
to generate a count miscompare signal 972. The count

20 miscompare signal 972 is coupled to a latch 974 where it
is clocked in by the next pulse in the servo sector pulse
signal 902. The latch 974 outputs a 1latched count
miscompare signal 976. The latched count miscompare
signal 976 may be provided to a microprocessor or digital

25 signal processor in the removable cartridge disk drive.
When the second comparator 966 detects a count mismatch,
the latched count miscompare signal 976 becomes active.
Thus the microprocessor or digital signal processor may
disable all further writing operations to the disk, and

30 attempt to re-synchronize the servo sector counter as
discussed above.

Figures 9A and SB show the preferred method of
producing an Index pulse and an indication of
circumferential orientation suitable for application to an

35 interface controller subsystem which controls formatting
of customer data on the disk surface.



Turning again to Figure 5 the Mark O detect signal 534 and the Mark 1
detect signal 536 are each provided to 25 a synchronous S-R flip-flop
564 to generate a node sel ection signal 566. The Mark_0 detect

signal 534 is - connected to the set input of the flip-flop 564 and sets

the node wghgeps on signal 566 whenever a Mark_O is peraskeéftesd.
Simlarly, the Mark_1 detect signal 536 is 30 connected to the reset

i nput of the flip- rop 564 and resets the node sel ection signal 566
whenever a Mark 1 is detected. The signal on Wre 566 is also applied
to the controlling processor, so it 8@an properly interpret the

contents of the Grcunferential Oientation and Modulo 35 Position fields
as presented on budbimsgs 566, 578, Sffe podali4d Pigippss dnt ragdypae 514 is

\% O\éi ?egstz (2) aBbréadiy| delseribede glatodee SHSplidd atpr g%ﬁé%cftﬁt)@dbm?nt :
7/ 1 16305
22 t he decoahjfn %cessﬁfog%?gmm%ﬁcr% goggcoﬁo‘%{?%egﬁ{ﬁlf SFPTetspp

encoded data signmks s566 [Markudiyped. cd®, (Modulo peritsianiinat B8R as to
whet her thesde@@ﬂﬁuxﬁ@ra%&faqr r@rﬂﬂtatmnqtoEE%qulcaangmy 413 medg at

POuET uP |0 LTRSS s 8len)® CEEIRAP 4P b AHEYBediok The Eonbib.E " ¢ 1
pr ogr ammabi | i tguilis dindeeprietat boneef bwsswb86 a5t ledther Coarse Position
or as Circumferential Orientation. It will be understood
that micro coded routine 901 forms part of a much larger
10 control routine which performs all computations relating
to servo-control operation, and which operates in time
sliced fashion.
The routine uses a constant variable, max_sect, which

is defined as, 1 - number of servo sectors; in this
15 implementation, max sect = 119, corresponding to 120
sectors. A working wvariable, svo_sect, contains the

current servo sector number.
To commence the routine, a wait for Servo Sector is
made in block 903, after which Circumferential Orientation
20 on buss 586 and Mark Type on wire 566 are valid. Assuming
for the moment that no head switch has intervened, the
program continues through block 905 to block 907, where a
test is done for maximum sector value. If the maximum
value is reached, the sector count svo_sgect is reset to
25 zero in block 909; otherwise, svo sect is incremented in
block 911 to point to the next sector. Block 913 performs
a check on svo_sect against the Circumferential
Orientation value provided from that field of the servo
sector. Recall that Circumferential Orientation is
30 incremented on every other servo sector; this accounts for
the use in block 915 of a factor of two. If the check of
block 915 fails, it indicates either loss of orientation
or a defective servo sector. Accordingly, for a failed
check, the routine branches at 917 to an error recovery
35 procedure. If the check is valid, control passes to block
919.



crrcurts descrrbed above.

PLA or discrete gates. | TABLE 1 QUTPUT

A truth table for a preferred enbodr rrent

RLL | NPUT PPM | NPUT 000 1001

101010 15 1101 101001

0101 Wo¥nem 100,09 010 0112 PCTSSEheses

100110 110 1111 010110 111

1110 010101 20 101 1010

011001 100 1011 31 011010 The
decoder 568 decodes the parallel position data signal 514 to generate a

paral | el decoded poRetusningtaow tcipdetk5805,The pasal |8 dadedefbr
position data %&'&%eﬁ%@ %:'5. hﬁ BEQ?i' Qﬁ@t&ﬂ Sff'é' sﬁ@é’h CRAE- Qc%%y

convertors 572 code
converters decdde Pﬁ'égﬁali“ab’r'%ﬂch?@cc‘i&eélﬁﬁlﬁt?@n ad’éit 323 s?ﬁﬂﬁ? blr?ﬁ’%ﬁ bi nary
form and gener afzdtpafakl ek befek sePant ticvhtddhdngi gofkSunidrentisl

preferr ed enbodi.neat. ihg 38-degedes, 560, dgpodes.dires Ribsefbed el 1 Such
S 2 ErGhal S 707 aRdCR

t hat the para position da e paralle
track position Osrw S#ﬂr%ﬁféfeach 'RW@EPPB) [che] sblOCJSM &5, Fedttback i s

obtai ned from reg skeks 5‘7&_&(513584,13t 0 for@mbl eoser thla_ COWYElS| Ornpff rom
iay to binary £ode, 305 20 Wi eliSodA&d 2Bl ffe YS! §55177GAN 584
factor of two is included for reasons stated above.
10 Control then passes to block 919. Under head switch
condition, there can be a significant instantaneous change
in wvalue of Circumferential Position due to inter-head
circumferential skew; this is accounted for at block 925.
In block 919, the wvalue in svo_sect is written to
15 external hardware elements for presentation to the
interface controller subsystem. From block 919, the
routine looks back to block 903 to await the next servo
sector pulse. A preferred implementation of the invention
reserves two bits in the Circumferential Orientation field
20 under Mark 0, for head address information. This
information is checked elsewhere by micro-code, and masked
out of the Circumferential Orientation field prior to its
use by routine S01.
Continuing now to a description of hardware portionms,
25 these elements buffer and generate Index pulse 927 and
rotational-position indication buss 929 for use by the
interface controller/data formatter sections of the disk
drive.
Parallel register 931 is loaded at block 919. The
30 load operation produces a strobe pulse on wire 933 to
strobe svo_sect on buss 935 into the register. From
there, the data are transferred to register 937 over buss
939, whence they appear on buss 3%28. Registers 931 and
937 can each be eight bits in length. A double-buffered
35 arrangement of registers 931 and 937 is used to ensure
that Rotational Position information 929 and Index 927 are
not subject to time jitter caused by fluctuation in timing
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23- inherent in the timng of clock 507 with respect to mark
detection. This is forced by reset of clock 509. The parall el
track position data signal 574 is provided to a first shift register

576. The fiwphsbnesft 5 register 576 al so receives the | gcghusegfshess Si gnal
560 fromthe denodul at or sequencer 556. In a preferred

enbodi ment, the first shift register 576 is three bits wide by two bits
long to latch a Mdul o Position field 340 conprising six (6) bits. In
response 10 to each pulse in the latch edable signal 560, the first

shift register 576 | atches three data bits fromthe paral l el track

posi tion data “ilgnag BIutiner P8dpondRegisber 93Thrie Bileskefomta WB8Ul o

Position fiel dtfaéﬂllng a ﬁﬁgh(-ﬁ:o 1ovﬁe§&g§ 380,5e30Q . sddt®orf i pislsd egiggter 576

out puts a Md it n 578 i_.ch be rQvi Si gnal
bus to beu¢ % °§: cii‘*gﬁt C% ndl vﬁ\ryéc?es?g‘o c(r?ro %8%8 837
the renovabl e mﬂt:m d{fé‘lQﬁ%k wilthvsate 943 delﬂ\rﬁrq)a?rl‘@l II@Ide?lr pukspoont i on

dat a si gnal 5574 anbdshe par all el decoded position data signal 570 are
al so each 20 provi el ector_ s ch 580. sel.ect or

dt t d
switch 580 al so rec ﬁ/é’%e%ﬁg‘gnb’aie%ﬁ%tkf?nwb eBnﬁ?t %%rm% gt %H E8FBnse to
t he node sel ecef ditsspyrfersed amdiagiments. It |1wdne’a¢r¢igemseantendeﬁ a

Servo SynchronigdehodBEK cYBE&nd to thet@fs@miﬁaéehﬁﬂ%w&féﬂsi 1et0v' des
the parallel ggcoded 25 position d nal 570 as . an outg’e% bgl exed
Y oF°38

si gnal i LeTH (RS 15R &echnigpes: s
i ncl udi ng 1a &} et rfedraduetd] abchﬁlqeels alismrioseidehdreBB) may beomadenbpg a

servo sector nier siiGhg 38 CROLAADSH thoutPBEBLPrinS 10m EhAY sEBHEY-

and spirit of the present invention. For example, the
functions pexformed by the Orientation Counter and
Demodulator Seguencer disclosed above may instead be

15 performed in software in a Digital Signal Processor, such
as Texas Instruments TMS 320C209 or the C25 LP Digital
Signal Processor family, achieving the same yresults.
Moreover, such modifications are considered to be within
the purview of the appended claims.
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provi ded to a second shaft register 584. The second
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egi ster t t
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first servo sector identifier, a first spatially
multiplexed field which provides an indication of
circumferential orientation upon the disk, and a first
track address field which provides a relative indication
of track address; and

a plurality of second servo sectors, each of said
second servo sectors including a second mark field with a
servo sector identifier, a second spatially multiplexed
field which provides a coarse indication of track address,
and a second track address field which provides a relative
indication of track address.

2. The magnetic recording disk of claim 1, wherein
said first servo sectors alternate with said second servo
sectors at regularly-spaced intervals along data tracks on
the magnetic recording disk.

3. The magnetic recording disk of claim 2, wherein
the indication of circumferential orientation included in
said first spatially multiplexed field is radially
contiguous along the surface of the disk.

4. The magnetic recording disk of claim 1, wherein
said first mark field comprises a first servo
synchronizing mark identifying each of said plurality of
first servo sectors.

S. The magnetic recording disk of claim 4, wherein
said first servo synchronizing mark comprises a digital
bit sequence 001100000101 (305 hex}.
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“Orientation field 330 or a Coarse Position field 335 respectively in
servo fuﬁmml" mm" ml§msg¢m§(§5gpi ft register 584 outputs a
mul tip P05|t|on/O r CREFLACEDL | Orientation signal 586 20

whi ch may be } prow ded*on a S|gn e read by a di gital signal
processor wooméstppr ocessor in iﬂ mm | e cartri dgeraissdassss ve. The
second shift register 584 al arlty bit signal 588

conprising a parity bit fromthe Crcunferential Oientation field 330
25 when the GCrcunferential Oientation field has been det ect ed.
The nmultiplexed Coarse Position/C rcu?ﬁ erenti al Orientation signal

586 and the parity check sign provided to a parity checker
590 whi ch checks t e parffy 9‘%@"‘9'5}? ‘T‘??"é'dénﬂcéﬁ?]ér tF MOl e HESERSR i el d
330. The sqmdl tyecdret kemaBi®0 Giebd at esmprssss/0 sectecondinbegergood

si gnal 592, #gﬁ?%g?&%fnﬁﬂﬁtgaénEPEy Q%%%Ppasse ﬁrﬁgurallt% oFy

P05|t|on/C| rcu entation signd
check. The serW@%tﬁﬂr"mﬁﬁéF"ﬁ%od signal 592 and 35 the node sel ection
signal 566 are provided to an AND gate 594. The AND gate 594 generates

a servo sector nu r valj i :g%q ' I ngi cat. th tection of
avalid 5 n‘% 97ngsg'éb'ge§igr@éc e n‘é‘“hﬁ@k in S 6, \%hggelrcx
PCT/ US96/ 163058aid second serve synchronizing mark mpmprises a digital

bit sequence 000001101011 {(06B hex).

8. A method of determining circumferential
orientation in a sample-servo data system in a disk drive
10 which reads data recorded on the surface of a magnetic
disk, comprising the steps of;
writing an alternating pattern of first servo sectors
and second servo sectors in a plurality of
circumferentially displaced servo sectors arranged for
15 periodic sampling on each of a plurality of data tracks on
the magnetic disk, each first sexrvo sector comprising a
first spatially multiplexed field having circumferential
orientation information, and each second servo sector
comprising a second spatially multiplexed field and a
20 track address field which provides a relative indication
of track address, said second spatially multiplexed field
and track address field together providing a full track
address;
reading data stored on said data tracks to detect one
25 of said first servo sectors including said first spatially
multiplexed field;
deriving a servo sector number £from said first
spatially multiplexed field; and
loading a servo sector counter with said servo sector
30 pumber.

9. An apparatus for detecting a servo sector
recorded on a magnetic disk, comprising:

a magnetic disk having a surface with a plurality of
data tracks recorded thereon;

This Sheet Has Been Re];ilaced
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servo ma Crcunferential Oientation field 330.
el 1] e St
Coarse 'k erenti al T&s&*ﬁﬂ’tﬂ&ﬁ'ﬁE@ signal 586 may be used by an
I ndex detection circuit in a E:é')cartrldge disk drive to verify

K.
a5, AVELIEn rﬁgfsﬁﬁi”}ﬂmﬂmamﬂ Poorca o’ pr Erkbpes' T2
P

i npl ement ati on detects presenta PM Decoder 568 10 of illegal

codes, i.e., any of the eight input conbi nati ons not tabulated in Table
1. Fig. 9 shows an apparatus forzg ndex detection and
rotational -position sensing in a renovable cartridge disk drive

aﬁcor(rir{) ng to one or alTEéevaSpﬂBﬁétercohﬁQlﬁﬁﬁ?&'m ah&drﬁ&emhgoggtt%n of | nh
t he enbodi nent l a vQ. se se si gnal ic |nte
preferred enbod&rsﬁt r?g%w sod %cgrss c‘;ig-‘[%hegg BT Or Sﬁ ggrglgh%l
fromthe Ori entcétﬁ%ﬁﬁ‘feren%ﬂ %}érd5ﬁ21é¢e¢| gem@ Beghdrs, Aryanoed dﬁm-’to a

cl ock 20 input pﬁr:L@d(iQUBBmfuB:gth@tcﬁf A4 ofntﬁ@%ﬁ%gg}? 8£PHLER dFhcks fjhe
servo sectorg pyl 6 ,si count, r t enerates an
outputs a currg)n e%erg%gne ér%us ereasctkbn%%% S8, s€ cﬁ‘?g' gl?rrléﬁ &ervo
sector nunber diigss megk f-sdd whiichy pdettides am Mavdy @nbnt ese@idnadi axid

increments the 25¢cuk¢ eBbaﬁ%l’R/ Sﬁﬁ.fl@ipm%@?r f§éwak«h§?9§ B¥RMGek0 gEnerate
a next servo sectaQar nunb céarc n&l next Servo sector
e

nunber signal GHILCELS PBVlO umtsreptial Pﬁﬂ)ﬁ’t’t§'i“2°rt‘.rf andeeach SKfitch
914. So |ong asaid sehen@omttvor egrtors 180rdingns setondaalridfiedd mhcna*h;m

count 30 ang i g,zmt;aagl g msrlsylnci9£9n&sé&3en§@$aﬁal %Ctse%dd”&)%;t: Oft
0 e |npu

the switch 914| |va he

918 of the courl'ﬂu 5?‘815 gbﬁfdﬂﬁﬁghtﬁ’éonde%é& ’s’é‘} t§‘€6’tcﬂf rﬁﬁﬁfé‘r
signal 910 is mﬁplteénbagkthhxm@ set pfip2t tyBksf: the count register 904
to be provided as ther33qmi{ i hedr aesﬁssé@raaym agbgggid%ﬂé’ci&esponse

to the next pﬂl e in the servo. sector | s€ si
or reading said first a d second servo sectors and

15 providing a read data signal;

a data detector for detecting the read data signal
and providing a serial servo data signal;

a shift register coupled to said data detector for
receiving said serial servo data signal and providing a

20 parallel servo data signal;

a first majority wvote circuit connected to the
parallel servo data signal for detecting the Mark 0 bit
sequence and providing a Mark 0 Detect signal which
indicates detection of a first servo sector;

25 a second majority wvote circuit connected to the
parallel servo data signal for detecting the Mark_1 bit
sequence and providing a Mark_ 1 Detect signal which
indicates detection of a second servo sector;

a circumferential orientation register connected to

30 the parallel servo data signal and providing a
circumferential orientation signal when the Mark 0 signal
indicates detection of the first servo sector; and

a coarse position register connected to the parallel
servo data signal and providing a coarse position signal

35 when the Mark 1 signal indicates detection of the second

T

servo sector.
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sector register 920 which provides a maxi mum servo sector nunber signal
922. The register 920 nmay be | oaded wi th a maxi num servo sector nunber
correspondi he 5 nunber of servo sectors 300, 300 on a -
magneti c v&ggﬁéﬂiko be read by the renovable cartridge drgﬁﬁ rﬁ§§§ The
maxi mum servo sector nunber may be | oaded into the regi ster 920 froma
m croprocessor or digital signal processor. Al registers and counters
are activated by 10 the high-to-IOM/(faTm/%g) edge of the Servo Sector

Pul se signal on wre 544, In a preferred enbodi nent, the
maxi mum servo sect or nunber is 119 corresponding to a nagnetic disk
with 120 servo sectors 300, 300'. 15 The maxi num servo sect or
nunber signal 922 and the current servo sector nunber signal 906 are
provided to a first] condarator 924. The cohpar ator 924 conpares the
current servo sector nynber {with the maxi num sgv—&{sector}-— nunber and
generates a wap count BRI 926- whi ch beconmes 20 acfive whenever the
current servo sector 340" id the final servo sector on a particular

track 405. SFhewead qoupt signal 926 is coupled through an AND
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gate 928 to a select zero |nput 929 of the sel ect smntch 914 and to a

the select smntch 914 connects the |nput 918 of the count regi ster 904
to a zero position 932. In response thereto, on the next pulse in the
servo sector pulse signal 902, the count register 904 resets the .
current ser r nunber signal 906 to zero. Thus the regi ster
904, the .‘%@8@@@%@ 908, and the first conpar at or §8T égﬁﬁgF

i npl ement a servo sector counter whi ch counts servo sectors 300, 300"

In response to a servo sector pul se signal 902 and waps at the final
servo sector on a particul ar tratk9405. 35 The wrap count signal
926 and the servo sector pul se S|gnaIL902 al so are praqvided to a fgating
circuit 934. The gating circuit 934 _geénerates a sec

an WO 97/ 16822 B 2 aJPqp 16305
27 i ndex signal 938 which may %g!praged to ar't"\'krtg c

controller in the |[renoabl e cartridge [di s riive to in@catg egth dervo
sector 300, 300'. {The dector signal 935 flol | ows t hg SETVYO]S ggf'pulse
signal 902, except I a pul se en t erjvo sec plg $i gn S
suppressed for o|sector nufBer tthe sta f hitr 40%
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I ndex signal 938 exhibits a pulse in response to servo sector 0 at the

start—ef—each—track 405 ——————+t—t-5—HeGESSAFY—WheA—attalping Lnitial

servo lockup 10 to initialize the servo sector counter with an initial

servo sector nunber. Re- synchroni zati on may al so be necessary during
a head swit Gho9pfgsi i on in the presence of circunf erenH;?I skew great er
t han one servo sector 300, 300'. This is acconplished P odi nment
of Fig. 9 by 15 neans of the Crcunferential Oientation signal 940, which
in the preferred enbodi nent may conprise the nultipl exed Coar se
Position/Grcunferential Oientation signd/686. The
Crcunferential Orientation signal 940 is “provided to a shifter 942
which nultiplies by two pentation value
provided by the Crcunferential Oientdtigyn e a
detected sector nunper signal 944 c i dete@@ servot
sector nunber. The shiffer 942 is neceskar ¥ ugE the 3L Circurfegential
Orientation value is adyanced by one oni237al nate seégsectora and not
on every sector. TQis i necessary pecause{theCirc renti al
Orientation field {n330 o%&a ears J n servgf s@&tors—300,—whichH
alternate wth sedvp se ' a trggk 5. T etected

sector nunber signal 944 is col Jed tQ "B ifip 946 of “B0]t he sel ect
switch 914. ﬁe follp rocedure is f&llowed to re¢-synchronize
t he servo sector dqouMef (4) E etected servo sgcto
re-synchroni ze sig o8 % to a flip-flq;
re-synchroni ze signal 48 s 35 in responge to
m croprocessor or digital gt ocessor in tlhe rje
di sk drive. When the re-sypchrpnize signal 948} s aF
v
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W 97/16822 PCT/ US96/ 16305
28————H-op—0350—+-s—+teggled—+n—response—te—the—next—ptse—+n—the—- servo -

sector pul se signal 902. The flip-flop output 952 is coupled to an
AND gat e 954. The flip-flop output 952 also is provided to a reset 5

i nput of a‘% PP 956. The AND gate 954 al so receivesSpeorms

Circunferen |aI Ientation valid signal 958, which in Cpﬁe preferred
enbodi ment may conprise the servo sector nunber valid signal 596, which
is active whenever a valid Circunferential Oientation field 330 is
detected. The 10 AND gate 954 al so recei 4¢g as an inverting input the

out put 960 of the flip-flop 956 (which is hormally i nactive), whereupon

AND gate 954 generates a |l oad servg =  sectomenuynber signal 962.
When Circunferential Orientation vg®d S|gnaIE§ is 15 active, and the
flip-flop 950 is triggered, the Iohhmﬁervo Edshct or nunber signal 962

becones active. The | oad servo tor tdsignal 962 is provided to
an inverting input of the AND 928 t ibit count wap during re-
synchroni zati on. Al so, the | oad gervo sectoq nunber 20 signal 962 is
provided to the NOR gate 930 to disable the select A input 916 of the
select switch 914 and thereby to di sconnect|{ t he i nput 918 of the count
regi ster 904 from the next  sefvo sector ‘humber signal 910 during
synchroni zation. The | oad servoiXxecfor nunber sl gfdl 962 2 lso is
provided to a select B inpuj-264 the seRRect switch 9 Wil e the
| oad servo sector nunber signal| 962 i§?active, the sel ect gswitch 914
connects the detected cht r fnub stgrrgl P44 to the Nngpt 918 of the
count Sg
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regi ster 904. 30 In
pw-se—sighral—20 he-c.ou
servo sector nunber provi

derived fromthe G rcunfe

ded by the detected S
renti al orientation s

0 sector

nunber signal 944
940. At the same

ector
i gnal

time, the seco flip-flop output 960 is reset, disablj ad
servo s@%tgg}j‘&?}unber si gnal 962. Thus, furt I#g&%s%@fa&so
synchroni zation is inhibited and the servo sector counter WO

97/ 16822 PCT/ US96/ 16305

29 begins to free-run off of the ser{p/@ector pul se signal 902.

By this procedure the servo sector counter i s synchroni zed with a servo

sector nunber derived from i nformati en g¢gont ai
Orientation 5 field 38 og—a—servo sect ox_300.
and rotational - positiofRsé¢nstn circui tt Sho
detect count errors \h thejservo sector) cournte
count regi ster 904 ang@ tThe |G rcunf exentd al i
are each coupled to a secgg%ﬁgﬂnp rat or <966 he
a count accuracy signal iich indicdt es
counter agrees wth the ci rcunflerential Sorie
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Circunferential Oientation field 330 of a servo sector 15 300.

ln the enbodinent of Fig 9 the—~setht—acetHaty——-st-ghal—968—+s—t+nvert ed
and gated by the G rcunferenti al Orientation valid signal 958 by neans
of an AND gate .970 to generate a count m sconpare signal 972. The
count 20 nisconpare signal 972 is coupled to a latch 974 j IS
cl ocked in B’?’Fﬂ ext pulse in the servo sector pulse %%%56505902.
The latch 974 outputs a | atched count m sconpare signal 976. The

| at ched count m sconpare signal 976 be provided to a m croprocessor
or digital 25 signal processor in the rggzgable cartridge disk drive.
When t he second conparator 966 detects a count m snatch, the | atched
count m sconpare signal 976 becones active. Thus the m croprocessor or
digital signal processor may di sable all further witing operations to
the disk, and 30 attenpt to re-synchronize the servo sector counter as

di scussed above. Fi gures 9A and 9B show the preferred nethod of
producing an Index pulse and an indication of circunferenti al
orientation suitable for application to an 35 interface controller
subsystem whi ch controls formatting of custoner data on the disk
surface. WD 97/ 16822

PCT/ US96/ 16305 30
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Wres 566 578, 586 and 544 originate in har dware alr ady descrl bed

routl ne 901 |nterprets Si gnal s 566 (l\/ark type), 578 (l\/bdul o] p05|t| on)
586 5 (G rcunferential Oientation/ Coarse Position), and 544 (Servo

Sector). Si %aJm%QE is enployed by the routine to gui %ﬂn&?&f&sﬁt ation
|

of buss 586 'as ‘e Coarse Position or as Circunferent

Oientation. It will be understood that mcro coded routine 901 forns
part of a much larger 10 control routine ich perfornms all conputations
relating to servo-control operation, ahd which operates in tine
sliced fashion. The routine uses a constant variable, nmax-sect,
whi ch is defined as, 1 - nunber of servo sectors; in this 15

i npl enentation, max sect = 119, corresponding to 120 sectors. A
working variable, svosect, cqgitains the current servo sector nunber.
To conmmence the routine, a wai t&f or Servo S&tor i's made i n bl ock 903,
after which Crcunferential Ori@nt ation @ .fgn buss 586 and Mark Type on
wre 566 are valid. Assuming 2 for th& nt that no head switch has

i ntervened, the program coréi nuessg hfough bl ock 905 to bl ock 907, where
a test is done for maxi num&ect or°Vvalue. -+§ t he maxi num value is
reached, the sector count svo spct Es 1 25 zero in block 909;
otherwi se, svo sect is ingcremenjed Tnh | o¢k 911 g0 point to next
sector. Block 913 perforré a theck SVOo_ t against
Circunferenti al orientat|on vajue pr fromkhat field of t e servo
sector. Recal | £[hat Circunfprential | Oienfatiag is 30 inc nted on
every other servo [sector; this pccounts |for ttye fuse in bl oc g of a
factor of two. If [the check qf bEack 915 fails, |it |nd| cateq el her
| oss of orientatian or &08f ecti ve “Fero—se¢ct or. Ac;eg;gil ngly,
failed check, ithe routine byfanches gt 917% fo [an éerr recovery 5
procedure. If the jcheck is vali(, Rp.ontrgl pasis&S Yo bl o¢ k 9109.
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WD 97/ 16822 PCT/ US96/ 16305

31 Ret ur ni ng now to block 905 a test—is—nade—for——ocettr ence
of an head switch; if a switch had occurred, t he program branches to
bl ocks 921 and_923. These bl ocks wait for a servo sector containing
Crcunferenti al Orientation information, as specified e of a
Mark O mar RYQ ! ter. Thereupon, in block 925, the i%‘ms?g:\’/s"(?ﬁggﬁt

vari abl e is forced to t he val ue of Circunferenti al
Oientation read fromthe disk; again, tg/ factor of two is included
for reasons stated above. 10 Control th gpasses to bl ock 919. Under
head switch condition, there can be a significant instantaneous change
in value of Crcunferential Position due to inter-head circunferential
skew, this is accounted for _at block 925. ~~ 1n block 919, the val ue
in svo sect is witfen to 15 external hardware Ierrents_f:or presentation to
t he interface controller subsystem Fe-0m k 919, the routine
| ooks back to block;903 to await o he next s & sector pulse. A

preferred inplenentation of the f§pvention erves two bits i he
Circunferential Oiéntation fiel {20 wunder_ N . fol head @ress

i nformation. Thi s! i nformatifpn is chegfed ] Jewhef etby nicr de, and
masked out of tbe O'rcum‘grerp ial Oientafianifielf prior tq ite
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use by routine 901. Conti nuing now to a description of hardware
p . Y Al e

rotational -position indication buss 929 for use by the i nterface
controller/data formatter sections of the disk drive. Par al | el

register 93%,.15,..Qaded at block 919. The 30 | oad operati?hpq a
strobe pul séwogﬁnﬁ#?e 933 to strobe svo sect on buss 93 m%glkk%gé

regi ster. From there, the data are transferred to regi ster 937 over
buss 939, whence they appear on buss 92?/?Regi sters 931 and 937 can

each be eight bits in Iength. A double-bufi/efed 35 arrangenent of regis S
931 and 937 is used to ensure that Rotational Position information

and | ndex 927 are not subject to time jitter caused by fluctuation
timng WO 97/ 16822 o«

PCT/ US96/ 16305 & 32 within routin

Regi ster 937 is clocked at the traNi ng, high-to-low edge of ser

sector pulse 544. 'z Conparator 941 dgtgcts a value of zero in regi sfer

937, and in cor?Q;ret with gate 943 ds&ljivers the Index pulse on 5 w
927. The predent invention has en set forth in the form of
its preferred enbodinents. It is neyend I nt ended _
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that nodifications to the disclosed fault-tol erant sanpl e- REPIAGEMENTVSHEET

pattern and detec lmu and to the 10 other related techni ques
diiscl osed herein, 1 ' Juuﬁmuﬁnﬁm’"l t hose skill ¢ mrr %g ut
departing fromthe scope” " dnd*spi ri§}3of the pr ' R} For
exanpl e, the functions performed by“the Oien ta%i on Counter gnd
S

Denodul at or Sequencer di scl osed above may i nst ead 8 geiLf1998ed iin
software in a Digital Signal Processor, such Texas Instrurnerits TVS
320C209 GEAIMS C25 LP Digital Si gnal Processoy Tam Ty, —achievirg the
sane results. Mor eover, such nodifications arg_considered to bd within
the purview of the appended cl ai ns.

-33 CLAI M8 L Ama%netii:.redbrmsm suitalle Foligeindi dikk 8Hvé dthea Sdmpleise i n
a disk drive with a sa - data servo system said nmagnetic recording disk

havi ng #atcsepye pysters, said sagnetis segording disk having a serve patigracomprising:f i r st

servo sectors, ea SAaj | tars idicorporating.a first mark
field with a fi rsfﬂ@@ﬁﬁéﬂéﬁ%%éﬁ{‘%& éﬁ%"bﬁ_‘*r‘@?‘?ﬁ"&% ICOIROTHINE, o
field imcindi markafieldr withf£fiestt sevo Gedten identifier, fd Gl spatisily MudipleRsd &eld

absolute indication of circunferential orientation upon the disk for each

of sai d I¢lpding s cjssumderential origntations field: whichc pravisles cans absalule indicatioprofyi des

Cecond LyResRbBenlion Wi wBik 2o W smig e sorvp secton g il

second raddtess fieldowhich [previdesco refativerindicativnt ofrtraciteudidicss;eaind a second spatial ly
mul tiplexed field i nMi ng a coarse position file[qu,sgai ch provides a coarse
i ndi cation of tradPUH#ISS sseamdy OYEOFSs ofach o SSGoPR (SeRvR iSagfors

Qggfégﬁm as%%ﬁ S paft?lélgﬁ’fiilﬁlvh nﬁ?‘ﬁ@%i%‘@%@g |‘%é}‘%§rg§fﬁ %gﬁg %@F&t rack

addr ess multiplexed field including a coarse position field which provides a coarse indication of track

address, and a second track address field having information which, taken together with said
coarse indication of track address from said second spatially multiplexed field, provides a full
track address.

2. The magnetic recording disk of claim 1, wherein said first servo sectors
alternate with said second servo sectors at regularly-spaced intervals along data tracks on the
magnetic recording disk.

3. The magnetic recording disk of claim 2, wherein the indication of
circumferential orientation included in said first spatially multiplexed field is radially
contiguous along the surface of the disk.

4. The magnetic recording disk of claim 1, wherein said first mark field
comprises a first servo synchronizing mark identifying each of said plurality of first servo
sectors.

5. The magnetic recording disk of claim 4, wherein said first servo
synchronizing mark comprises a digital bit sequence 001100000101 (305 hex).



LY

2.. The magnetic recording disk of claim1, wh BF QA@&@Q@ Bl VO sectors
alternate with said Lors at C ¥ aﬂ'éet@h@r SHE
al ong data tracks o mﬂm‘ lm\tﬂm m ording di sk. . EL
nmagnetic recording dixskcof tcl &ini2,* whegrein theli ndBcHI qgogof _
circunferential orientation included i Msaid {i{st spatially pujtipl exed
field is radially contiguous along the surface of the disk:

4. The magnetic recording disk of claim1, whérein _said first mprk field
conprises a first GelFhe magnetic aeviording diskrdf dlaient,i Wherein id ecohd awdrk field

I I f.f t net c recording
i sk of Sopriea erRRLIVE Srisrorizine ol dengfiing mizwi&i‘g rfesead o

digital sfehjo sefsgnce 001100000101 (305 hex). 6.
The magnetic recording disk of claim1l, wherein said second mark field

conpri ses a second servo synchronizing mark identifying each of said
plurality of seco S ors The neti
recordi ng di sk of ngl aﬁr"r%lgmsgagé m%&%ggﬁ@@epv&mﬁ%

conpr i sesynchrdnigingaharki consprrios A digi0 61 Qéduehod 008003 E01091)(06B hex).

(’Ll
L&

8. A method of determining circumferential orientation in a sample-data servo
system in a disk drive which reads data recorded on the surface of a magnetic disk, said
method comprising the steps of:

writing an alternating pattern of first servo sectors and second servo sectors
in a circumferentially displaced fashion such that said first servo sectors and said second

servo sectors are arranged for periodic sampling on each of a plurality of data tracks on the
magnetic disk, each of said first servo sectors including a first spatially multiplexed field
having circumferential orientation information which provides an absolute indication of

circumferential orientation for each of said first servo sectors, and each of said second servo
sectors including a second spatially multiplexed field and a track address field, said second
spatially multiplexed field and track address field together providing a full track address;
reading data stored on said data tracks to detect one of said first servo
sectors including said first spatially multiplexed field;
deriving a servo sector number from said first spatially multiplexed field;

and
loading a servo sector counter with said servo sector number.

9. An apparatus for detecting a servo sector recorded on a magnetic disk, said
apparatus comprising:
a magnetic disk having a surface with a plurality of data tracks recorded
thereon;
a servo pattern comprising an alternating pattern of first servo sectors and
second servo sectors circumferentially displaced from one another for periodic sampling on
each of the plurality of data tracks on the magnetic disk, each of said first servo sectors




8. A nethod © “f*deterﬁﬁi—ﬁg -ci+cunferenti al m%@ﬁ?&@@ S}ﬁ‘,ﬁq Zﬁgm{?ace OSHEET

servo system ’ , ’ r|ve whi ch reads dat@-recotdetott
magneti c diskM’ r|S|ngthe stieps, of ;
witing an alt l’ of first sdrvo 9tdHls®8dlsdcond servo

sectors in a C|rcunferent|ally di spl ac flashion .such thati gaid first servo
sectors and said second servo sectors are jarranged for perigdic sanpling on
each of a plurality of data tracks on the ‘magrett+e—di-sk—each of said first

servo sdaviogs finstimack figjdawlfich providesnifixkt bit seqiiencplasd adirki spatialiymiudtiplexed

ot cat TR bR LR AL bR iiHon A sHelh erBisRl ofiftadh, SR keth Bt sy
sect or s second mmeeﬁ)rmmgsemﬁh firafk field adtiiel provitel W dedvadditwqadikeserhi al |y

mul tiplexed field and a track address field, said second spatially
mul ti pl Ofsuidmseeand serve sectorkalse having asecond spafindlyrvltiplesed fieldgvhich providesack

one of M nfipaton,of el posibfi3F oA e ot el Ry R Ebfelelfel b BT, £

field, anda second track addréksrfield Rdiich gether with tw sedoid Spatibllp indaplexéd field

spati aI |yttt ptexed—fretdr—anmd roddngTa Servo sector
counterPWth‘ﬁPSsﬁa tragkaddeesst or nunber . 9 An apparatus for
detecting a servo s .6C e H%QH q%ﬁ

conpri si ng: g%é?flwﬁ?e R@ﬁﬂ?&% | {Oh%%/‘?}r!ll a sur g‘aﬂg hé’gaxd

pl ural i fiystainddetand seavk sectors andl providing aaead data signal; a servo pattern
conprising an alternating pattern of first servo sect rs and second servo
sectors ci rcum‘ erentqg? Ié’ééﬁtw%ﬁrﬁa‘;ﬂﬁ@r‘%&n and proyidmeca ling
on eachggl, g allty of data tracks on the magnetic disk, each of said
first servo sect 35

having a first nmar k o shifit degiktex ¢toupled\to daid dataf detextortfior revelyirgnsadd sexihl servor st
spatial lder?ilglx}aj grluf )I(J%iding a parallel servo data signal;

a first majority vote circuit connected to the parallel servo data signal for
detecting said first bit sequence and providing a first detect signal which indicates detection
of a first servo sector;

a second majority vote circuit connected to the parallel servo data signal
for detecting said second bit sequence and providing a second detect signal which indicates
detection of a second servo sector;

a circumferential orientation register connected to the parallel servo data
signal and providing a circumferential orientation signal when said first detect signal indicates
detection of one of said first servo sectors; and

a coarse position register connected to the parallel servo data signal and
providing a coarse position signal when said second detect signal indicates detection of one

of said second servo sectors.

10. A method of determining circumferential orientation in a sample-data servo

system in a disk drive which reads data recorded on the surface of a magnetic disk,

comprising



fi.el d which provides an absolute indication of circunferential orientation,
and each—of-sai-d-second servo sectors havi ng-.a._se.c.o,nd...rxar_JL_LLeREPLMEMENT SHEET

provi des nd bit sequence, each of sai :{{E}Qg&@@\ﬁgﬁ’f[’vﬁ{mtors al so

havi ng a EH@ lw&ﬂuﬁm nul ti pl exed fi el di wrrch—provides i ndi cation of
track po a'set of 2[err] trpack %@e{’-hﬁls a prel ected
vari able and a seconé tfack address figgd whip O( ravm'th t he second

spatially multiplexed field provides a fulljt J'mk address;
a read/ wite head di sposed adjacent to saidi magnetic disk for{ reading said

first and second seryQs: LoV G ot 'at —s-efal
a data detector for %’ﬂpﬁgﬁ%&&[‘%ﬂ&rﬁ c?gl ssﬁla}ﬁéﬁa BW@ SERyoSears a
servo dama eirquneferentially dlsplaced fashion suoh Skt fshid' Bt 3606 eOWR @Kl bfid Seéshddat a

detector for receivi seri gl Seryo data 51 mat——amd—providimg—d
par al | e[SCYQ SOHOIEATg 39%88%* Por periodic sampling on eachap Plﬁtﬂlﬁpgﬂam yragks en ther cui t

connec! afhghé D8P4l bebd Bt k) Roind Bkl s SEA At SUGRERE T s
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(57) Abstract

A headerless, faul-tolerant sample-data serva pattemn, comprising an altemating sequence of first and second servo sectors (300, 300°),
with the first servo sectors each including a partial track address and circumferential orientation information (330), and the second servo
sectors each including a full track address (335 and 340), provides an absolute indication of a read/write head’s circumferential orientation
along a given track on a magnetic disk which is robust in the presence of defects it the magnetic recording medium.




