SA9-91-088 - 1 POCSI TI ON | DENTI FI CATI ON AND ERROR
HANDET NG | N DATA RECORDI NG DI.SK FILE This invention relates in , 780
data recording disk files, and in particular to fixed block arc ecture
disk files with head 5 positioning information recorded on nultip[y37¢ﬁik
data storage disks. Al disk files require some neans of determining t
radi al position of the read and wite transducers (or heads) heads over the
di sks so that the heads can be -accurately positi-oned over any desired
track. Typically @hLQLbagacconpllshed by recerding head positioning 10

i nfformation on one or nore of the disk surfaces for reading by magrietic or
optical heads. Sonme disk files, known as dedi cated servo files, contain

positioning information only Br&of adkedtRdT N e xkrod uREINE SK i n the disk

stack. In contrast, sone nodern f|| t servo files, store
t he positioning |nfornat|on |nterspgﬁggggg&ﬁﬁﬁﬁﬁgggéﬁggon 15 each dISk _

surface. This latter approach represents the direction in which the
t echnol ogy i s progresghirismdtion prlefesriredersealatrs datat rgrapdipg disk files, and
in particular to fixed block architecture disk files with head

5 positioning information recorded on multiple track data storage disks.

aAll disk files require some means of determining the radial

position of the read and write transducers (or heads) heads over the
disks so that the heads can be accurately positioned over any desired
track. Typically this is accomplished by recording head positioning

10 information on one or more of the disk surfaces for reading by magnetic
or optical heads. Some disk files, known as dedicated servo files,
contain positioning information only on a dedicated surface of one disk
in the disk stack. In contrast, some modern files, known as sector servo
files, store the positioning informétion interspersed with the data on

15 each disk surface. This latter approach represents the direction in.
which the technology is progressing and is preferred because it can be
implemented at low cost and without additional componentry beyond that
required to store the data and further because it provides the
positioning information at the data surface being accessed, thereby

20 eliminating many mechanical and thermal sources of track misregistration.
Fixed block architecture (FBAa) .is a.common configuration used to format
both dedicated servo disk files and sector servo disk files. In an FBA
formatted disk file, each disk track is divided into a number of equal-
sized sectors, and each sector is divided into regions containing either

25 positioning information or data.

A portion of a typical FBA sector servo sector is illustrated in

Fig. 1A. The portion shown spans the end of one sector and the start of
another, and shows in pafticular the positioning information provided
between sectors for three adjacent tracks -- A, B and C. 101 shows the

30. end of data regions for SA991088 tracks A, B and C. 102 shows the start
of the succeeding data regions for tracks A, B and C. In between is head
positioning information for each track designated generally by 103 and
including position identification (position-ID) field 104 and position
error indicating (PES) field 106. Position- ID- field 104 typlcally

35 includes a track number and/or a sector number to provxde radral»(track)
and/or circumferential (sector) orientation for the recordlnu head. It
may be encoded in a gray code format, in whlch ghe encoded numbers on




| npl emented at | ow cost and w thout additional conponentry beyond t hat
requifred to store the data and further because it provides the positioning
information at the data surface being accessed, thereby 20 elim nating many
mechani cal and thermal sources of track msregistration. Fixed bl ock
architecture (FBA) is a conmon configuration used to format both dedicated
servo disk files and sector servo disk files. In an FBA formatted di sk
file, each disk tsaecki-088divided into a nunb&r of equal - sized sectors, and
each sector is divided into regions containing.either 25 positioning
information or data. A portion of a typical FBA sector servo sector is
illustrated in Figdjadént faekoidfeomwysdrdyonspans THie abarsotheotreck/i@ettor idnd

the start of anot heke 1aBh gmws. 1 NerRASt | &dh dhed B bPOSEL itoftikBg bEY efTBtiooNn
provi ded between ro%gr s, feor 0512%\@8&%3%5{1& ug%(@ﬁ#%h%dlﬁr fgea&d ‘ggmhow/s%hom

the 30 end of data reg i ons ra t he

start of the succé‘?éﬂfﬁ‘l‘g‘gdﬁf‘%PF%’QFWS“I’%rthPr"&BF@ 9!€ al§1&"ﬁ’dt’ﬁ‘;‘° in between is-

head positioning information for each track designated generally by 103 and

i ncl udi ng posits on i demt & fae@irbte@NsdrPO itk @iltel, Bhe foeitdonidd iapekmpeish tison
encoded on a separate surface from the data surfaces. The positioning
information is encoded in a manner similar to that described above with
reference to sector servo disk files, and is. similar in form to

positioning information 103.

io While the position-ID field provided by the prior art is designed
to be accurately readable when the-recording head.is on-track, there are
circumstances in which it is desirable to accurately read the position-ID
information when the head may not be positioned on-track. Such
circumstances may arise during a settle operation following a track

15 access when the head has not yet settled over the desired.track but it is
nevertheless desired to read the position-ID field, .or where the servo
architecture depends on the servo system to precisely identify the sector
number. Such circumstances may also arise in magneto-resistivé (MR) head
designs where one element is used for writing and another for reading.

20 * Misalignment between the read and write elemerits can occur due to
production constraints (inability to precisely align the elements at
manufacture time) and due to design constraints (inter-element shift as a

function of accurate direction of access in rotary actuator systems).

The effects of misalignment can be alleviated by a technique known

25 as micro-jog, which involves adjustment of the head-track position '
between reading and writing to allow the appropriate head element to be
on-track for a given operation. However, for a write operation a micro-

jog itself may move the read element significantly off-track.

In the above mentioned circumstances in which it is desirable to
30 read positioning information when the head is off-track, the prior art
position-ID field described above suffers increased error rate
(percentage of READ operations that fail to detect the sought-after
information) due to interference from the adjacent track and decreasing
signal-to-noise ratios. This problem is somewhat correctable'by_gncoding
35 the pﬁsitioﬁ-ID field in gray code so that the position~ID can be known
to within ajvalue of pm '1'. However, when the head is off-tgack,'the
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error indicating (PES) field 106. Position-ID field 104 typically 35
I ncl Udes a track nunber and/or a sector nunber to provide radial (track)

and/or circunferential (sector) orientation for the recording head. Tt nay
be encoded, in a gray code format, in the encoded-—r nbeTmsﬁﬂa}hsBamRelmx
SA9-91- 088 2713g) SHEENtHAS BERN |dli ffe

bit. This allows the track/sector id|to beREPQMOEDO pmil1 t

when in between ttacks. PES field 106=p .cS|t|on|ng S|g
used by the disk fsh¥-@lt@@sposition the recordlmg head preci sely over the
center of a given track. 5 - - " In a-dedicated servo disk-file,*the
positioning information is encoded on a separate surfaee fronlthe'data
surfaces. The pogbsitderi REerienthar siAGle0 thangimgniciadatingss frofenneto silndid ast t 0O
that described abqve MidiRed.€fALENGR. 5951&@&1-915 iR Mai6h 3K dtileSusc@ftdbies to

simlar in form torpo(% Y Ier?ryea Isonfqurcrarg‘ésl Ql'l;lere t%e position-IP must be known

exactly, gray coding may prove ineffective.  Moreover, the use of gray
5 coding increases the length of the position-ID field. The values 0 and 1
must be recorded using the same number of magnetic transitions to

presefﬁé the mggnetization state, effectively doubling the length.

Figure 1B shows a possible means for adding error handling
information to the head posifioning information. BAn error handling (EH)
10 field 105' is appended to the position-ID field 104'. This field may be
' encoded in a number of ways, including a cyclic reduhdancy check (CRC),.
error checking and correction code (ECC), parity, or redundant encoding
{writing one or more extra copies of the field). However, EH field 105',
which is provided as an accuracy check against position-ID field 104',
15 cannot be encoded as a gray code. If the ECC bits are merely appended to
the gray code, as shown, they will also suffer an increased error rate

when read off-track.

It is therefore an object of the present .invention to provide a
data recording disk file having head positioning information including an. .
20 error handling field that can be read off-track with no impact on error

rate.

According to the invention there is provided a data storage disk
having a plurality of tracks, each track comprising a plurality of data
~ regions, a plurality of position identification fields, and a plurality
25 of error handling fields for handling errors in said position
identification fields, said error handling fields on adjacent tracks
being located at nonoverlapping circumferential positions and overlapping

radial positions.

. There is further provided a method for formatting a multiple track

30 data storage disk, compriéing the steps of positioning a recording head
over a first track, recording on said first track a plurality of first
position identification fields and a plurality of first error handling
fields for handling errors in said first posigion.identification fields,
positioning said recording head over a second track, wherein said second

35 track is radially adjacent to said first track, and recording on said
second track a plurality of second position identification f;élds and a



10 While the position-ID field provided by the prior art is designed
to be accurately readabl e when the recording head is on-track, there are
circunstances in which it is desirab Laaectratery-rgpd the position-1D

i nf ormati on when the head may not be||ppsstsHEREHAHBEFNGQk. Such
circunstances may arise during a settlle opREBLAGEDPf ol | alvi ng a track 15
access when the head has not yet setted—ove e desired track but it is
nevert hel ess desir&xd-2lo08&ad the position-ID #ield, or where the servo
architecture depends on the servo systemto precisely identify the sector
nunber. Such circunstances may al so-arise in magneto-resistive (MR) -head
dest gns wher e one plueaBny ofssegsedefror handlinq@ielde fandkhdling erroreddi sedd 20
M sal i gnment bet wegdtohdiodi®tsh addtititit@otlcedan}] Saiaa&:ceﬁ&@ho@bﬁn&ﬁng fields
production CO”S”aLthé JQH}%QA ga&yrésge&f @&'ﬁf‘d ¥1r§% Iegport L‘%aﬂ ng”ﬁ”ﬁ ?‘E as a

manuf acture tinme) esl constraints

function of accur a’f“g‘°‘6‘ir|1§?§’t“i‘%ﬁ"cﬂ”“§f6&‘ét§§l PRSI EANS 3P VR EAEPRINI KA ns) . The -
ef fects of m sal5 gpesdbtongan be al l eviated by a techni que known 25 as

m cro-jog, which involves adjustnent: of the head-track position between

reading -and writing to gl QW hRanaRPEPRA dhinbRR] thl QBBMiof QadiRification

field and error handling field are separate, circumferentially adjacent

fields, both of which are placed at circumferentially offset positions
and radially overlapped positions with respect to like fields on adjacent
10 tracks. In an alternative embodiment, the position identification and
error handling fields are combined into a single field, which is itself
- placed at circumferentially offset;positions and fadiélly o&erlapped
positions on adjacent tracks. The position identification field may be
encoded in gray code without any offset or overlap, while the error
15 handling field is a separate field which is placed at circumferentially
offset positions and radially overlapped positions on adjacent tracks.

In order that the invention may be well understood, various
embodiments thereof will now be described with reference to the
accompanying drawings, in which:

20 Fig. 12 is a schematic diagram illustrating fixed block
architecture sector servo head positioning information according to the -

prior art.

Fig. 1B is a schematic diagram illustrating fixed block
architecture sector servo head positioning information with error

25 handling according to the prior art.

Fig. 2 is a block diagram 111ustrat1ng a data recording disk file
including head positioning information according to the present

invention.

Fig. 3 is a schematic diagram illustrating fixed block architecture
30 sector servo head positioning information having offset ID fields and

offset EH fields. .
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on-track for a given operation. However, for a wite operation a mcro-
jog rtself may nove the read el enent significantly off-track. In the above
mentioned circunstances in which it is desirable to 30 read positioning
i nformati on when the head is off-track, the prior art position-ID field
descri bed above suffers increased error.rate (percentage of READ operations
that fail to detect the sought-after information) due to interferénce from
t he adjacent track and decreasing signal-to-noise ratios. This problemis
sonewhat correct ab%%hY8®ncoding 35 the posPtion-ID field in gray code so
that the-position-1D can be known to wthin a value of pm'1l' . However,
when the head is off-track, the 3 position where the single changing bit
changes froma 0 to a Figi ¢ #of wbpretiediseer usatingelized P?‘icbrﬁrF’E}'te"t“re_
informati on i s -stkédtossso@phead| st Kiosingoirgonmation ranthy effs¢tncehed W8 e t he
position-1D nust keikpown exactly, gray coding may prove ineffective.
Mor eover, the '
Fig. 5 is a schematic diagram illustrating fixed block architecture
5 sector .servo head positioning information using gray code and offset EH

fields.

Referring first to Fig. 2 there is shown a block diagram of a data
recording disk file 200 including head positioning information according
to the present invention. Disk file 200 includes servo control means

10 210, data recording heads 220, rotatable data storage disks 230, motor
240, actuator 250, and actuator arms 260. In operation, servo control
means 210 receives the head positioning information of the present
invention from heads 220 and provides actuator control through actuator
250, which effects movement of actuator arms 260. Meanwhile, spindle.

15 motor 240 rotates disks 230 past heads 220 at a constant angular rate.

. Fig. 3 illustrates a close-up view of a multiple track data storage
disk according to the preferred embodiment of the present invention. The
disk is organized by tracks and sectors, where tracks are concentric
rings, each at a given radius on the disk and extending circumferentially

20 around the disk, and sectors are subdivisions of individual tracks which

" are rédially aligned to form wedges on the disk. The portion of the disk
shown spans the end of one sector and the start of another, and shows in
particular the head positioning information provided between sectors for
three adjacent tracks -- A, B and C. 301 shows the end of data regions

25 for tracks A, B and C. 302 shows the start of the succeeding data
regions for tracks A, B and C. 1In between is head positioning
information designated generally by 303 and including position
identification (position-ID) fields 304 for each track, error handling'
(EH) fiélds 305 for each track, and position error indicating (PES)

30 fields 306 for each track. The position-ID fields 304 provide radial
(track) and optionally circumferential (sector) orientation for the
recording head. The EH fields 305 provide a check on the position-ID
fields, ensuring that thgy are read with no errors. The PES fields 306
provide fine positioning signals used by the_disk.fiie to position the

35 recording head precisely over the center of a given track.



use of gray coding increases the length of the position-ID field. The
values 0 and 1 nust be recorded using the same nunber of magnetic _
transitions to preserve the nmagnetization state, effectively doubling the
| ength. Figure 1B shows a possible neans for adding error handling
information to the head positioning information. An error handling (EH
field 105" is appended to the position-1D field 104'. this field may be
encoded i n a numberddPv#Ps, including a cycli% redundancy check (CRC),
error checking and correction code (ECC), parity, or redundant encoding
(witing one or nore extra copies of the fietd). However, EH field 105",
which is provided as anP%étinatdy fidiéc R4 Gar ﬁélacp@sF‘tanﬁ-aFDrF@éﬁ# gigformat-
cannot be encoded asme cipcayfezaddalllyfofifhe BOE diet Sotifee dIEaBleynadppedieshcto

the gray code, as shaWWBhe th€¥sWatd radiSns %b':f L6dn aﬁciﬂﬁr&amdnf:brﬁemsak& when
read off-track. SUMMRRY, OF, ] C'E'E éo'\AV'% tarerq\l 1nt: 9%9“%%?%%& dlre&18§esﬁ1“t

I nvention to aneliorate one

According to one aé’B?}:tt "of’°stlliié°rﬁ'm/5h?]1do’rf Fe8r T T agl st BJ'sﬁd"%*r Reafgiect to
recordi ng di sk fil @eenprtheiadipcent toicht mlfpmmationa I eddigdoniits feeirignel udi ng a
first track having carqunfdrahtity1yodseebét,Sposiedon- 1EGiedBS 3040 efledd abdilay1y0 fintol ﬂfet

pOSI tion identifi C%Eja%@ntf kS soddt %dfy)écgﬁtald'atcx ;letflbﬁ-ﬁb fields occupy

overlapping radial positions. This allows the position-ID fields to be

10 read off-track with no increase in the error rate. It is to be noted

' that the position-ID field may contain any form of information which
provides orientation assistance”to?the head; in the preferred embodiment,
a track number and an index mark aré encoded there, enabling the disk
file to determine the relative position of the head and disk in both the

15 radial and circumferential directions. The index mark is used to
identify one of ‘the sectors as number 0; the other sectors are identified
in sequential order around the track with respeét to sector 0. However,
the position~ID fleld may also contain a sector number and any other
‘information relatlng to the servo or data systems, or for that matter any

20 information at all for which off-track readability is desired.

Like position-ID fields 304, adjacent EH fields 305 according to
the preferred embodiment of the present invention are recorded at
nonoverlapping circumferential positions and overlapping radial
positions. They receive the same benefits from.this positioning as do

25 the position~ID fields -- immunity from adjacent track interference and
readability off-track with no increase in the error rate. With respect
to EH fields 305 it is to be noted that they may be encoded with any
form of 1nformat10n which provides error detectién or error correction,
including error checking and correction (ECC) or cyclic reaundancy check

30 (CRC), either of which may be used according to the preferred embodiment.
Or, EH fields 305 may-be encoded with alternative forms of error

detection/correction information such as parity or redundant encoding.

Both position-ID fields 304 and EH fields 305 may be recorded such
that fields representing adjacent tracks are circumferentially spaced
35 apart from one another, creating gaps between them. However, according
to the preferred embodiment adjacent track figlds are recorded
Eircumferentially abutting one another such that the end of the first
field and the start of the second field are approximately on the same



error handling fields for handling errors in said first position

i dentsification fields, a second track, positioned radially adjacent to said
first track, having a plurality of second data regions, a plurality of-
second position identification fields, and a plurality of second error
handling fields for handling errors in said second position identification
fields, wherein said first position identification fields and said second
position identifica®i8h%Pelds are | ocated at Tnonover| appi ng
circunferential positions and overl apping radial positions, and said first
error handling fields and said second-error ‘handling fields are " located-
at nonover | appi ng &r¢ierifes-enthialnipivdies thres diakospese PFAPEidnEY thelhead
positions; a notor pbgitismib@tihfignadbtl Gelra inpatagey dithie, inpRowree! Healadilagym

posi ti onabl e over aahqua&asgéeqr@q@s dm-?els u@nrafassélueéleén e eg%éadqm ng said
actuator arm over saitd }gaga ol Sucql case E‘ th Lgsor b;*? pd ] v_bdtached to
said actuator arm ¥or réadi ny fi 6”63t SRFAPT  UATE &t OF a3 TPEk
and servo contr ot ﬁé%ﬁ’% ascﬂﬁﬁ? éﬂgettbersaﬁ goxrdble pRsuBRsilRG e Bhedteonpdiacent
actuator for recei vpsigidredtt piidile pradng The BA dinklksion ﬁhlemrus&ialduhnecs@tdlerhg:d

head and provi di ng ta&dkUg 0dw QQQ&&@LS

Additionally, both position-ID fields 304 and EH fields 305 may be
recorded extending only slightly into adjacent tracks in order to exclude
10 interference from the next-to-adjacent track. However, according to the
preferred embodiment, fields 305 extend 50% into both adjacent tracks in
order to provide full readability with the read head up to 50% off-track..

Fig. 4 illustrates a close-up view of a multiple track data storage

disk according to an alternative embodiment of the present invention. The
15 track/sector organization of the disk is generally the same as in the __.

preferred embodiment. In particular, 401 shows the end of data regions

for adjacent tracks A, B and C; 402 shows the stért of the succeeding

data regions. 1In between is head positioning information designated

generally by 403, and including combined position-ID and EH fields 404
20 for each track and PES fields 405 for each track.

PES fields 405 perform the same function as PES fields 306 in the
preferred embodiment. Combined pbsiiion—ID and EH fields 404 are formed
by encoding the position identification and error handling information
together. Adjacent fields 404 are recorded at nonoverlapping

25 circumferential positions and overlapping radial positions to.gain the
‘same advantages as in the preferred embodiment -- elimination of aajacent
track interference and off-track readability of position-ID and EH
information. The resulting configuration is useful in applications where
it is desired to reduce the number of head positioning information fields

30 or where the EH field is short or where the combined fields are short
enough that one of the two adjacent position-ID and EH fields will be
readable at maximum seek velocity. These latter two qualifications
obtain because the increased overall length of fields 404 can result in
those fields becoming unreadable in cases where the head is moving across

35 tracks so quickly that it cannot read an entire combined position-ID and

EH field in the time period it is over a given track.



According to another aspect of the invention there is disclosed a nethod
for formatting a nultiple track data storage disk, conprising the steps of:
posi tioning a recording head over a first track; recording on said first
track a plurality of first position identification fields and.a plurality
of first error handling fields for handling errors in said first position
identification fielgs;91psd tioning said recordgng.head over a second track,
wherein said second track is radially adjacent to said first track; and
recording on said second track a plurality of second position

identification fields a@gg Asphitakhie¥ PLisec@Ndir §0k Manighs Rgady ﬁdtdsstfoQJge B

handling errors | naﬁg%ﬁc?or%?%g OSI Ie?%ltgrendjvglefnﬁédlﬁ}&tf &teltﬁjespressgllxg second

p03|t|on|dent|f|c to said first

ng recor

position identificaventies-el The B'taCFI/cgfﬁﬁPér?réﬁ‘leﬁwal"rchWf Shsk s BFRe LY tons
and overl appi ng r adciaaté agoii thopssfeared abpdingcorid partbrulérantflli shyvws ithe @nd of
bei ng recorded V\'St rﬁa&@%ﬁ@ﬂnst&rsﬁjgceﬁt nehcker£,08 dhargl $(ﬂgsl-folv£|tds sl@irt of )

nonover | appi ng ci rcunfeeerdgrgg(t da}Ta F%%Bﬁs' ong r%rlgee% JL?a%pIB%th %uf@ﬂ%‘tid Lons.

Accordi ng to anot heT “aspe Iivention the I,SC

recording disk fil e'ﬂeébng?%ig?FgraHleﬁ‘t 23apind instufisg @Psa’g}é“HF% kflejidﬁcfioﬁdf%g a
first track havi ng escpluraed,i £y £01d6 508 tfod aach rtegikormnd BES piigkdsl $a6y fof edchr st

posi tion identification fiml éﬁeleps&ckggn ithe QhAYb£QdEsundfidndaPlthER bduitbarts
first error hanql)l n:lgl {:Ieeere elfftpeléi e &i LY &y EQJen!: 'B:Hsﬁlegdsf 5JSS£re recorded at
nonoverlapping circumferential positions and overlapping radial positions
to gain the same advantages as in the preferred embodiment -- elimination
of adjacent track interference and off-track readablllty of EH
" information. Position-ID fields 504 are recorded side-by-side in gray
15 code to provide position-ID readability to within one track when the head
is off-track. This implementation does not have the advantages of the
. preferred embodiment with respect to the position-ID field, but may
" nevertheless be useful in applications where it is desired to encode the

- position-ID field in a gray code format.



position identification fields, a second track, positioned radially
adj acent to said first track, haV|ng a pIurallty of sec-nd data regions, a

plurality of second position identifima 4414y;4ngyy;__7T___
I1in Grgors in sai

and a plurality of second error handlj
second position identification field R _saiddifirsit mﬁﬂT eplaced
handling fields and said second error ndltng fields are | oc

nonover | appi ng ci r SA#f%8re&&8t i al positions and o%erl appi ng rad

a mot or for rotating said data storage disk; an actuator arn1p03|t|onable
over “sai d data storage disk; an attuator for posi ti-oning said actuator arm
over said data storage disk; a data recordi ngL¥i¥ad attached to said"

actuator arm for reading or witing data on said data storage disk; and
servo control neans, coypj.ed sttgra§€ HsH3LAnGEe gmsﬁq m%a&a@%_q o hdt gf vator
for receiving head<905|t|on|ng ormation fr m sai d recor I'ng and -
provi di ng actuat or “COHt P88 According to yet another aspect of the :
invention there is disclosed a data recording disk file conprising: a

r ot at abI e data recordi ng pdusdht;awmgtarpd;mmal ity of concentric

a plurality of position identification fields, and . - .. - L,

a plurality of error handling fields for handling errors in said
position identification fields, said error handling fields on adjacent
tracks being located at nonoverlapping circumferential positions and

io overlapplng rad1al positions.

2. A data storage disk as claimed in claim 1, wherein said position
identification fields on adjacent tracks are located at nonoverlapping

circumferential positions and overlapping radial positions.

3. A data storage disk as claimed in claim 1 or 2, wherein said
15 position identification fields include any of a track number and an index

mark.

4. A data storage disk as claimed in any of claims 1 to 3, wherein
said error handling fields include error checking and correction

information.

20 5. A data storageé disk as claimed in any preceding claim, wherein said

position identification fields are encoded in gray code.
6. A disk as claimed in any preceding claim comprising

a first track having a plurality of first data regions, a plurality
of first position identification fields, and a plurality of first error
25 handling fields for handling errors in said first position identification
fields,

a second track, positioned radially adJacent to said first track,
having a plurality of second data regions, a-plurality of second position
identification fields, and a plurality of second error handling fields

30 for handling errors in said second position identification fields, -
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tracks wth position identification fields, the position identification
fields of a first one of the tracks extendlng into radlally adj ace

and being circunferentially spaced fromthe position |dent| |cat|on f] hmﬂ
of the radially adjacent tracks, and t pgS ] | g |f cafhi

the tracks radially adjacent to said f r §15¢ |nt

track; a nmotor for rotating the disk; eadl

the tracks on thessh-sk:08a separate wite eled®ent for witing data to the
tracks on the disk; a rotary actuator connected to the read_and write

el ements for positioning the wite element to wite on said first track
while the read el enentsaii§ fiegh etroy hahdlgnedieidsbepusiciicunfareitl yi efséton

fields and their @ﬁnﬁé@ﬁ%@odméﬁoa Haaghiiad |£Ye 1] @es&haﬁ kA& kna %@¢a§@rf¥&t
control ci I‘CUI try COU eglﬁgg EQ? A3 én et‘_he gtarglo?m%n seco dt hl:'erora tix(ljr fleq
i ST5Tat i on

control I i ng nmovenght® o uator rn gﬁ posi Ti oni Ny

read fromthe di sks B?P‘t%é“art%]é’d“élté"rréﬁ’fe rtSES P*Enm OE THE PREFERRED
EMBODI MENT I n order that the invention may be well understood, various
embodi ments they eof widdha Favstberdeserafiag Akl dxeéief et Mo said
acconpanyi ng draw[ LhaiaFlQonal A4 sGh

illustrating fi xeae%ﬁgctkgckmhl fect ur gn s:\(—:tog h%gervgr}ﬁ dg Qggﬁlﬁgradlany

i nf or mati on accx)rd?ﬁ?gsﬁ?ﬂ ﬁlﬁi} 5F395rsg§Ptthat sald first error handllng fields and said
second error handling fields overlap in the radial direction.

7. A multiple track data storage disk as claimed in claim 6, wherein

10 said first position identification fields aje circumferen?iglly offset
from said second position identification fields such that the end of said
first position identification fields and the start of said second
position identification fields is approxihately on the same radial line
and wherein said first position identification fields extend radially

15 into said second track and said second position identification fields
extend radially into said first track such that said first position
identification fields and said second p051t10n identification fields
overlap in the radial direction.

8. A disk as claimed in any of claims:l'fo'6.coﬁprising

20 a first track having a plurality of first data regions ahd a
plurality of first combined position identification and error handling
fields,

a second track having a plurality of second data regions and a

plurality of second combined position identification and error handling
25 fields,

said first combined position identification and error handling
fields being circumferentially offset from said second combined position
identification and error handling fields such that the end of said first
combined position identification and error handling fields and the start
30 of said second combined position identification and error handling fields

is approximately on the same radial line, and .

said first combined position identification and error handling.
fields extending radially into said second track and said second combined
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Fig. 1Bis a schematic diagramillustrating fixed bl ock archltecture sector
servo head positioning information with error handling according to the
prior art. 4b Fig. 2 is a block diagramillustrating a data recordi ng

disk file including head positioning information according to tThe presemnt
invention. Fig. 3 is a schematic diagramillustrati ng f i X adis8heacrfas Been Replaced

architecture sector servo head posit thavi
ische
posi

fields and offset EH fields. SA9-
position identification and error handling fields extending radially

illustrating fixed block architectu
I nfor mati on havi ng offseg conbi ned |
sa9-91-088

jinto said first track such that said first combined position
jdentification and error handling fields and said second combined
position identification and error handling fields overlap in the

radial direction.

9. A data recording disk file incorporating a rotatable data storagé
disk as claimed in any preceding claim, and servo control means
responsive to data read from said disk to control the position of a

data transducer in relation to said disk.

10. A méthod for formatting a multiple track data storage disk,

comprising the steps of
positioning a recording head over a first track,

recording on said first track a plurality of first position
identification fields and a plurality of first error handling fields

for handling errors in said first position identification fields,

positioning said recording head over a second track, wherein said

second track is radially adjacent to said first track, and

recording on said second track a plurality of second position
Ldentlflcation f;elds and a plurality of second error handllng fields
'being recorded with respect to said first error handling fields at
nonoverlapping circumferential positions and overlapping radial

positions.

11. A method as claimed in claim 10, wherein said second position
identification fields are recorded with respect'to said first position
identification fields at nonoverlapping circumferential positions and

overlapping radial positions.
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Fig. 5is a schematic diagramillustrating fixed block architecture 5
sector servo head positioning information usi ng gray code and offset EH
fields. Referring first to Fig. 2th T 0 di agram of a data
recording disk file 200 incl uding hedﬂmesSHEEcT ‘F%B?ﬁ?‘o mat i on according to
the present invention. Disk file 200| ncl uBEELAGEY onfirol nmeans 10 210,
data recordi ng heads 220, rotatabl e =5 je di sks 230, notor 240,
actuat or 250, and éé?'l?ét%’tg arms 260. In operaﬁron, servo control neans 210
recei ves the head positioning information of the present i nvention from
- heads 220 and provides actuator*tontrol through actudtor 250, which-effects
novenent of actuator arns 260. Meanwhile, . s?ﬁs ML 15 - nbtor 240 rotates
di sks 230 past heads 220 at a constant angular rate. Fig. 3 illustrates a
cl ose-up view of - a-nmul t j{daea kéaelindadiak FEiDd ag@reliigdd abthofistedGldod dddeess

preferred embodi ment w&;gom&nﬁﬁ $ERnd AL RAI 0Ly rddagh1di Se¢- er%cmgaanh@egcrl@yse
tracks and sectors, trac . are; concent

051t10 1, %Arg Gkg1g éluges [s) g 4% 1c tlon
radius on the di sk AfITeEatdi Pt RY SRESTARY B 8¥ound 1 5 <
sectors are subds viisfanation P%Ifc?/lpaﬂﬁlde trﬁ%l%sanﬂlﬁfcﬁrc““‘fere““al orientation f°r

. the recording head, and error handling 1nformat10n 305 to ensure that

the id information is properly read. Elther or both of the id
information and the error handling information A, B, C for adjacent
tracks are placed on the data storage disk at circumferentially offset

10 positions to eliminate adjacent track interference, and at radially
overlapped positions extending into the adjacent tracks to provide full
readability when the head is off-track.

-
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are radially aligned to formwedges on the disk. The porti.on.of the disk
showy spans the end of one sector and the start of LH@EMEQ$Q*§§ﬁME in
particul ar the head positioning information prOV|d k&ﬁg&tsectors for
three adjacent tracks -- A B and C. 301 shows tha| epdhe¥ vash EEE@QLQ s 25
for tracks A, B and C. 302 shows the start .of th °Hﬁﬁ°°ﬂ'"" fdata—¥#89gi ons .
for tracks A, B and C. In between is head positioning i nf ormation _ '
desi gnated generally by 303 and including position identification ~
(position-1D) fields 304 for each track, errorihandling (EH) figelds 305. for
each.track;- and position error |nd|cat|ng (PES): 30 fields 306 Tor each
track. The position-1D fields 304 provide radial (track) and optionally

ci rcunferential (sector) orientation for the recording head. The EH fi el ds
305 provide a check on the position-1D fields, ensuring that they are read
with no errors. The PES fields 306 provide fine positioning signals used by
the disk file to position the 35 recordi ng head precisely over the center
of a given track. : ' :

106 102...
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DIRECTION PES DATA
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DIRECTION

SECTOR SERVO HEAD POSITIONING INFORMATION

FIG 74 PRIOR ART
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SA9- 91- 088 _ 6 Position-1D
tracks are recorded at format- time circunferentiall Hﬁfiéiﬁﬁﬁ$ﬁﬁﬁgﬁé

anot her at alternating distances fromthe end of dat regﬂ sJAbo uch ||t hat
the position-1D fields for adjacent tracks do not oviePElD i the
circunferential direction. Thus, 5 when the position- Tera 15 read
off-track, it will not be subject to reading the adjacent track
information. In addition to being circunferentially offset, position-ID
fields 304 extend radially into the adjacent tracks so that adjacent-track
position-FD fields occupy overlapping radial p&Sitions. This allows:the
position-1D fields to be 10 read off-track with no i.ncrease in the error
rate. It is to be noted that the position-I1D field may contain any form of
i nformation which provides orientation assigjance to the head; ™ i'n the
preferred enbodi nment, a track nunber and an index'nz@% are saéoded t here,
enabling the disk file to deternind@he relative poftion of Y he hedf§Zand-

disk in both the 15 radial and cir%unfereﬁgiﬂl dire?tions. SThe ind%x mar k
is used to RADIAL ' AC ]

45364 f or ~adj acent

 DIRECTION DATA D EH  PES DATA -
ol
CIRCUMFERENTIAL ‘IR ¢
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- o3
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Both position-1D fields 304 and EH fields 305 may be recorded such that
fields representing adjacent tracks are circunferentially spaced 35 apart
from oné anot her, creating gaps betmeen thenl However, according to the
preferred enbodlnent adj acent | orded circunferentially
abutting one anot her such that ||t H¥S SHEESHABEEN rlst field and the start of
the second field are approxi mafjel y dRERUACERNe 9 CLAI M 1. A dat a
recording disk file conprisingT a storage disk, including a
first track having a plurality of first data regions, a plurality of first
position identification fields, and a plurality of first error handling
fields for handling errors in said first position identification fields, a
second track, positioned radially adjacent to said first track, having a

Plural ity of  poSITION IDENTIFICATION AND ERROR HANDLING IN DATA
RECODING DISK FILE

ABSTRACT

A data‘recording'. disk file is provided with fixed block address head positioning |
information that is readable off-track with no increase in error rate. The positioning
information includes both identification information (304) to provide radial and/or
circumferential orientation for the recording head, and error handling information (305)
to énsure that the ID information is properly read. Either or both of the ID information
and the error handling information A, B, C for adjacent tracks are placed on the data
storage disk at circumferentially offset positions to eliminate adjacent track interference,
aﬁd at radially overlapped positions extending into the adjacent tracks to provide full

readability when the head is off-track.

FIG. 3
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s&COTd dat a rggions, a plurality of second positig
and a plurality of second error handling fields f
second position identification fields, wherein sa
identification fields and said second position idj .
| ocat ed at nonover | appi ng circunferential3positions an
positions, and said first error handling fields and said second error
handl i ng fi . r ' CJ e ' Lk i and
over| appi ngoraar aftess BEEyifhe ShaiRP T AR8, BBnfe QN TR b2 BEREL. Alfol

an act uat o ApRIROSID! iRfeRHafio il asCeptiBledo @ et ki, s6'in 84debl ke P%r

positioning said actuator armover sald data storage di sk: a data recording
head att achesitioa-1Paifiseld KAGWHA erddily, iefdy éRBdl Ry Prow inkfB@ivdat MdEovedi the
data storage disk; and servo controfl “means, coupled to said data recording
head and saisel ofigtayadodiing imcreasssehy lengthhefatle positivn-iDiffed.| Thowvalaes Oand riomusai d
recordi ng head and providing actuator control. 2. A data recording disk
file as redetrecorded ubiagthe samshpumber ofanagnetic smnsitionsstopuesdrve the magnetization

state, effectively doubling the length.

Figure 1B shows a possible means for adding error handling information to the
head positioning information. An error handling (EH) field. 105" is appended to the
position-ID field 104'. this field may be encoded in a number of ways, including a

" cyclic redundancy check (CRC), error checking and correction code (ECC), pai'ity, or
redundant encoding (writing one or more extra copies of the field). However, EH field
105', which is provided as an accuracy check against position-ID field 104’, cannot be
encoded as a gray code. If the ECC bits are merely appended to the gray code, as
shown, they will also suffer an increased error rate when read off-track. i

SUMMARY OF THE INVENTION

It is an object of the present invention to ameliorate one or more disadvantages of
the prior art.

According to one aspect of the invention there is disclosed a data reéording disk
file comprising: a rotatable data storage disk, including a first track having a plurality of
first data regions, a plurality of first position identification fields, and a plurality of first
error handling fields for handling errors in said first position identification fields, a
second track, positioned radially adjacent to said first track, having a plurality of second
data régions, a plurality of second position identification fields, and a plurality of second
error handling fields for handling errors in said second position identification fields,
wherein said first position identification fields and said second position identification
fields are iécated at nonoverlapping circumferential positions and overlapping radial

positions, and said first error handling fields and said second error handling fields are



[P etet ot

posi ti on identification fields include any of a traflgepyuRbeszandaIET Hdex
mar k. 3. A data recording disk file as recited injclagm 2 rein ¢gaid
first and second error handling fields include erroff gRECKIMIQ..anNd........
correction information. 10 4. A dat a recor di ng—di=g-iH ed
inclaiml wherein said first and second &rror handl i ng f

parity information. 5. A data recording disk file as recited in claim 1

wherein th i v act it '
moad i et udoeibd 3t BondverBphfi et AR pARtbAEH SR bYSng Rodaf BEANOIGG |

file as rechbRd fob rélafihfsall WASIRbragd ABKIAhBchRERT s BodiBeshbld 6betdSd data
separate read and wite elenents and wherein the read el enent attached to

t he act uat atoragéndisk; ah Sdtuatprefdr posidbnidg shid dchRtomarincovet eamrdatnstorug alisit;
the actuator arm 7. A data recording disk file as recited in claim1
wher ei n t hedato sedording i hbad tatthchedt toosaidactuator armh dordidadimgf orewdising fdateaion shid st
track radially overlap into approxinmate half the wdth of said second
track. data storage disk; and servo control means, coupled to said data recording head and said
actuator for receiving head positioning. information from said recording head and
providing actuator control.
According to another aspect of the invention there is disclosed a method for
formatting a multiple track data storage disk, comprising the steps of: positioning a
recording head over a first track; recording on said first track a plurality of first position
identification fields ahd a plurality of first error handling fields for handling errors in
said first position identification fields; positioning said recording head over a second
track, wherein said second track is radially adjacent to said first track; and recording on
said second track a plurality of second position idélitiﬁcation fields and a plurality of
second error handling fields for haridling errors in said second position identification
- fields, said second position identification fields being recorded with respect to said first
position identification fields at nonoverlapping circumferential positions and overlapping
radial positions, and said second error handling fields being recorded with respect to said
first error handling fields at nonoverlapping circumferential positions and overlapping
radial positions. |
According to another aspect of the invention there is disclosed a data recording
disk file comprising: a rotatable data storage disk, including a first track having a
plurality of first data regions, a plurality of first position identification fields encoded in
gray code, and a plurality of first error handling fields for handling error in said first
position identification fields, a second track, positioned radially adjacent to said first
track, having a plurality of second data regions, a plurality of second position

identification fields encoded in gray code, and a plurality of second error handling fields

for handling errors in said second position identification fields, and wherein said first



8. A nmethod for formatting a nultiple track dat BEBkAGE GTSK cbnpr|5|ng
the steps of: positioning a recording head over affirst] dUklb kcor I ng on
said first track a plurality of first position id npﬁﬁlcatrOﬁ ‘fi-eldsjjand a
plurality of first error handling flelds4£or handlTmngerrors 1n said first
position identification fields; positioning said recording head over a
second track, wherein said second track is radially adjacent to said first
track; andeﬂr@ﬁﬁiiﬂilﬁhg S AdsH€ Sedeld lef € had1BlgUfiellis bie Iotatedapncndvesapping
identification fields and a plurality of second error handling fields for
handl i ng eciramsferentiabpdsidiensoand pvesiappiag radielnpositionss a amotbi &rdetatimgisdidsdatand
position identification fields being recorded with respect to said first
posi ti on i storagefdiskt aroactuater dsmaposittmabler dvep shidgdata stonageedisky: amlaciyetor tfopns
and over| apping radial positions, and said second error handling fields

bei ng r ecopeudoRing saidespiaar arg aver gaid; data sterags diska Rodath secording éie%é attached

nonoverl appi ng .circunf eren i al positions a l. di t
A dat I FOGRARY SoRIor, Teeas b VA da S Faif ABFoEES Ttk TBeSTeK

I
I ncl uding control means, coupled to said data recording head and said actuator for receiving head

positioning information from said recording head and providing actuator control.

According to yet another aspect of the invention there is disclosed a data recording
disk file comprising: a rotatable data recording disk having a plurality of concentric
tracks with position identification fields, the position identiﬁcation fields of a first one of
the tracks extending into radially adjacent tracks and being circumferentially spaced from
the position identification fields of the radially adjacent tracks, and the position
identification fields of the tracks radially adjacent to séid first track extending into said
first track; a motor for rotating the disk; a read element for reading data from the tracks
on the disk; a separate write element for writing data to the tracks on the disk; a rotary
actuator connected to the read and write elements for positioning the write element to
write on said first track while the read element is radially aligned with position
identification fields and their extensions into a radially adjacent track; and servo control
circuitry coupled between the read element and the actuator for controlling movement of
the actuator in response to positioning information read from the disk by tlie read
element.

DESCRIPTION OF THE PREFERRED EMBODIMENT

In order that the invention may be well understood, various embodiments thereof
will now be described with reference to the accompanying drawings, in which:

Fig. 1A is a schematic diagram illustrating fixed block architecture sector servo
head positioning information according to the prior art.

Fig. 1B is a schematic diagram illustrating fixed block architecture sector servo

head positioning information with error handling according to the prior art.



11 a first track having a plurality of first data reg plural ey of
first position identification fields encoded in gray E%L@Eg’“a’ el |
of first error handling fields for handling error in '?]_fﬂrshjl_ﬁ:dﬂii tio
identification fields, a second track, pggi tioned radia®S  adi-acentto: $aid
first track, having a plurality of second data regions, a plurality of
second position identification fields encoded in gray code, and a plurality
of second erroFighandd ianglotk @liglamhOfllubieditlsl NAabr FRbEin diski fileS @RARENP YBhd | ON
identification fields, and wherein said Fi rst error handling fields and

sai d secongbs@ionimg heforthativy deceddily @rthe presaitdavemtiomonover | appi ng
circunferential positions and overl apping radial positions; a notor for
rotating sai d bigt 8 istamchematit diagrazmilbstratangofixesh blogosichitentiriel sector serve hieald
data storage_ disk;_ an actuator for ?osi tioning said actuator armover said
dat a st or appsitigning indormation hayinepifrgt H2 digldstand offset EXJ fieddsd actuator arm for
reading or witing data on




said data storage disk; and servo control neans, coupled-to said data

recordi ng head and said actuator for;receiving head psmgpﬁ G h-NEQE on
from said recording head and provi di ng actuator contr 1l . 1@%9555[ g{%,_.ETF
recording disk file as recited in claimQ wherein theemgtéj__ BrJU§ Jotary
actuator and wherein the data recordi ng Read i ncl udeslseparaia read i

Wi te elenments. 11. A data recording disk file as recited in claim9
wherein the data recording head inclugesapgRarate read and wite el ements
and wherein the read el ement attached to the actuator armis misaligned
rel ative tp thg dafd feBoRliBBRk fid taApEdng:0 the actuator arm 12. A data
recording disk file conprising: a rotatable data recording di sk having a
plurality of corssmbleidatd starigs diski inchaking i on i dentification fields, the
position identification fields of a first one of the tracks extending_.into
radi al |y adj acefirstt track bawing soplunajitg iof clinst daernegions,y aqpwrelity of dirst; pesition
position identification fields of the radially adjacent tracks. and the
posi tion iidenfifidationtficdds,fand) aiplusality of firsheneer %miihamfwl%}goaimfﬂ% CEOrY 1n
first track_extending into said Pi rst track;

said first position identification fields,

a second track, positioned radially adjacent to said first track, having a plurality of
second data regions, a plurality of second position identification fields, and a pluralfty of
second error handling fields for handling errors in said second position identification
fields,

wherein said first position identification fields and said second position
identification fields are located at nonoverlapping circumferential positions and
overlapping radial positions, and said first error handling fields and said second error
handling fields are located at nonovierlapping circumferential positions and overlapping
radial positions; |

a motor for rotating said data storage disk;

an actuator arm positionable over said data storage disk;

an actuator for positioning said actuator arm over said data storage disk;

a data recording head attached to said actuator arm, for reading or writing data on
said data storage disk; and

servo control means, coupled to said data recording head and said actuator for
receiving head positioning _informatidn from said recording head and providing actuator
control.

2. A data recording disk file as recited in claim 1 wherein said first and second
position identification fields include any of a track number and an index mark.
3. A data recording disk file as recited in claim 2, wherein said first and second error

handling fields include error checking and correction information.
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12 a nmotor for rotating the disk; a read el enent for eRaE i"AC'“dlzﬁ?“a}'} T ¢
tracks on the disk; a separate wite elenent for witi géafa ULt 887 t r agks
on the disk; a rotary actuator connected to the read e sl enentrs: filor
positioning the wite elenent to wite onosaid first track while the read
element is radially aligned with positioﬁ Identification fields and their

extensions into a radially adjacent track; and servo control circuitry
coupl ed begweep d41£ réRading!dKefile a@ﬁ@ci‘ié@lein%%iﬂl?I Whetedh sHAMECAd S0P ERBENT

of the actuator in response to positioning information read fromthe disk

by the reahamlliap¥ields ihdludé padtyainferamtidhng disk file as recited in claim12
. Wherein the read el enment connected to the actuator is radially m saligned
-relative t® thA datatrecardimgedisk ddensateittdt in ¢lhim dcwbereor thelatbtuatordist a rotary
recording disk file as recited in claim12 wherein the disk is a nmagnetic

recordi ng atuadonael whereiothe dafacresondinghead inelndas separpiereadoandewtitectloments. 15.
B T e ot A%usth Tecording disk ‘s a8 Fecited 1n claim T whetein the dath rébording head

‘includes separate read and write elements and wherein the read element attached to the
actuator arm is misaligned relative to the write element attached to the actuator arm.
7. A data recording disk file as recited in claim 1 wherein the position idenFification
and error handling fields of said first track radially overlap into approximate half the
width of said second track.
8. A method for formatting a multiple track data storage disk, comprising the steps
of:

positioniﬁg a recording head over a first track;

remrdiné on said first track a plurality of first position identification fields and a
plurality of first error handling fields for handling errors in said' first position
identification fields;

positioning said recording head over a second track, wherein said second track is
radially adjacent to said first track; and

recording on said second track a plurality of second position identification fields
and a plurality of second error handling fields for handling errors in said second position
identification fields, said second position identification fields being recorded with respect
to said first position identification fields at nonoverlapping circumferential positions and
overlapping radial positions, and said second error handling fields being recorded with
respect to said first error handling fields at nonoverlapping circumferential positions and
overlapping radial positions.
9. Adata recbrding disk file comprising:

a rotatable data storage disk, including

e
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field of said first track extends into approxi mately h ' '

of its radially adjacent tracks. SA9- 91- 088 REPLACEMENT SHEETL ]
position identification and error handling fields extefdi ngl Qadijal 1997i nt
said first track such that said first com;i ned positio Beffent-i-£-cat-i-on..a
error handling fields and said second conpi ned position rdentrfrcat
error handling fields overlap in the radial direction. 9. A dat a
recording disky ffirktetrhél@%ﬁﬁgaé pRGaly 'dit ﬂltsafah@ fhgichs S hoglaggitdios Kirss pediabired
in any preceding claim and servo control nmeans responsive to data read
from sai d idestifi¢ation dldsodncoliel oghy code, @hd a platatityt ofdfitstercer handling ifiatdsdor t o
said disk. 10. A nethod for formatting a nultiple track data storage disk,
conpri si nghandéing ieeqos imbaid first position identification fields,

a second track, positioned radially adjacent to said first track, having a plurality of
second data regions, a plurality of second position identification fields encoded in gray
code, and a plurality of second error handling fields for handling errors in said second
position identification fields, and |

wherein said first error handling fields and said second error handling fields are
located at nonoverlapping circumferential positions and overlapping radial positions;

a motor for rotating said data storage disk;

an actuator arm positionable over said data storage disk;

an actuator for positioning said actuator arm over said data storage disk;

a data récording head attached to said actuator arm, for reading or writing data on
said data storzilge disk; and |

servo confrol means, coupled to said data recording head an_d said actuator for
receiving head positioning information from said recording head and providing actuator
control.

10. A data recording disk file as recited in claim 9 wherein the actuator is a rotary
actuafor and wherein the data recording head includes separate read and write elements.
11. A data recording disk file as recited in claim 9 wherein the data recording head
includes separate read and write elements and wherein the read element attached to the
actuator arm is misaligned relative to the write element attached to the actuator arm.

12. A data recording disk file comprising:

a rotatable data recording disk having a plurality of concentric tracks with position
identification fields, the position identification fields of a first one of the tracks extending
into radially adjacent tracks and being circumferentially spaced from the position
identification fields of the radially adjacent tracks, and the position identification fields |

of the tracks radially adjacent to said first track extending into said first track;
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positioning a recording head over a first track, recor iﬁQPB’-g:
track a plurality of first position identification fiel/ds an
of first error handling fields for handling errors in il i
identification fields, positioning said J£cor di ng head~ewar 4"
wherein said second track is radially adjacent to said first track,
recordi ng on said second track a plurality of second position

i dentificatiorny fno®drdor Q(Etﬂtiﬁ)g MeWigd;i ty of second error handling-fields being
recorded with respect to said first error handling fields at nonoverl appi ng
ci rcunf erent i & repd eldmem Soraredding elatasfpgnrihe trackisaln thediski ons. 11. A net hod as
claimed in claim 10, wherein said second position identification fields are
recorded with asepprate write slgingnt for syritfngsdata tnthe draoks 61 thetdisky fi el ds at

nonover | apping circunferential positions and overlapping radial positions.
a rotary actuator connected to the read and write elements for positioning the write

element to write on said first track while the read element is radially aligned with
position identification fields and their extensions into a radially adjacent track; and

servo control circuitry coupled between the read element and the actuator for
controlling movement of the actvator in response to positioning information read from
the disk by the read element.
13. A data recording disk file as recited in claim 12 wherein the read element
connected to the actuator is radially misaligned relative to the write element connected to
the actuator.
14. A data recording disk file as recited in claim 12 wherein the disk is a magnetic
recording disk and the read element is a magnetoresistive read element.
15. A data recording disk file as recited in claim 12 wherein the position identification
field of said first track extends into approximately half the track width of its radially

adjacent tracks.
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POSITION IDENTIFICATION AND ERROR HANDLING IN DATA
RECODING DISK FILE

ABSTRACT

A data recording disk file is prm}ided with fixed block address head positioning
information that is readable off-track with no increase in error rate. The positioning
information includes both identification information (304) to provide radial and/or
circumferential orientation for the recording head, and error handling information (305)
: to ensure that the ID information is properly read; | Either or both of the ID information
and the error handling information A, B, C for adjacent tracks are placed on the data
storage disk at circumferentially offset positions to eliminaté adjacent track interference,
and at radially overlapped positions extending into the adjacent tracks to provide full

readability when the head is off-track.

FIG. 3



