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System and Method for Encoding a Servo Background of the ;
the I nvention The present invention relates generally tg

drives or direct access storage devices (DASD). In par:i‘ul a
i nveition relates to encadi ng a servo address to cont Al

in fewer

bits. Related A’t A direct access storage deVi!
information for later retrleval on a mefnetic or el ec,

having, one of Dot SLhasEy WRethad i BRcoRiE W‘

fromand stored in the tracks via read/wrlte heads.

have separate read el enents and separate wite elenments. Qthers use
same el ement to performboth operations. In order to accurately acc
data, servo information is witten onto the disks to prow de positioning
I nformation for the read/wite heads.

Background of the Invention

Field of the Invention

The present invention relates generally to the field of disk drives or
direct access storage devices (DASD). In particular, the present invention
relates to encoding a servo address to contain more information in fewer bits.

Related Art

A direct access stofage device (DASD) stores information for later
retrieval on a magnetic or electro-optical medium typically referred to as a
disk. A DASD may comprise one or more disks having one or both surfaces
used to store information. The information, or data, is written onto the disks
in concentric tracks. The data is retrieved from and stored in the tracks via
read/write heads. Some read/write heads have separate read elements and
separate write elements. Others use the same element to perform both
operations.

In order to accurately access the data, servo information is written onto
the disks to provide positioning information for the read/write heads.
Ordinarily, the servo information is written into the tracks along with the data.
In a multiple disk stordge environment, one entire surface of a storage disk
may be dedicated to servo information. This one surface is referred to as a
servo surface. One read/write head known as a servo hm& accesses the servo
surface to read the position information stored thereon. Since the servo head

etrieved
eads
hE

ess t he



Ordi'narify, the servo information is witten into the tracks along with the
data. In a nultiple disk storage environnent, one entire surface of a
storage di sk may be dedicated to servo information. This one surface is
refeired to as a servo surface. One read/wite head known as a servo head
accesses the servo surface to read the gosition information stored thereon.
Si nce t.he servo head -2- isin afixéd relationship relative to the
other read/wite heads, the position of the servo head can be used to

i-ndi cate the position of the read/ wite heads. An alternative to a

dedi cat ed surisdfa fixed reRtivmshipfelitivel toQhle bhePread/rite heéadse thepgsitionesfn. | n
this schene, pie-shaped wedges of servo informatiqgn are interweaved between

sections of dleservpricadesan bejusedrorindiente the position 96 the Ead(‘m‘@ ‘i ndi vi dual
N T e it
used as randogeras pagEnERDhis sdhefiR) picstped atedgessof sared information are
immnwaumdlmuwxnsambnsofdMa.TheSmNohﬁbanMMishmnqxumed
_into the individual data tracks on the data surfaces of the disk drive by
dividing the data tracks into a plurality of smaller fields, or sectors. Because
disks are used as random access memory in many applicaﬁons, such as
* personal uuﬂmmms,xnhmﬂ information may not always be written in
consecutive sectors in the individual tracks. In addition, as old data is
removed and new data added, it is not always possible- to write new data in
adjacent sectors or even adjacent tracks. Because related information may be
scattered in several different sectors on the disk, it is important for the disk
drive to be able to quickly and .accurate_,ly access individual tracks and
i individual sectors of each track.
One method of providing sector positioning uses a countef which
continuously monitors sectof position once an initial position has been
established. In this scheme, the counter is reset once per revolution at a
pmﬂeﬁmmdinmw(nuuktxlcmﬂlsnvotﬁmk. The counter is incremented as
" sector marks which indicate the beginning of individual data’ sectors pass
under the servo head. Independently of the sector counter, another counter
is used to continuously monitor track position. This track counter is
bidirectional. It is reset at a predefined track zero position of the servo head
and is incremented or decremented as the head crosses individual servo tracks.
Thesumm:amnmm:ummﬂmrvﬁﬂfﬂmInmktxmumm:pnwmkzanmﬂhod
fbraunua&iyhkﬁnﬁyhm;kxaﬁonéonﬂmaaxwomnﬁmz.Iﬂlxwwmnx,beunme
of system noise or other perturbations the sector count or track count become
corrupted, subsequent locations will be incorrectly identified until the disk is
resynchronized. For this reasén, this method (known as relative position
sensing) is unreliable when used without an independent method of location

verfication.
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personal conputers, related informati on may not always be witten in

consecutive sectors in the individual tracks. In addition, as old data is
renmoved and new data added, it is not always possible to wite new data in
adj acent sectors or even adjacent tracks. Because related information may
be scattered in several different sectoBs on the disk, it is inportant for
the disk drive to be able to quickly and accurately access i ndividual
tracks and individual sectoors of each track. One nmethod of providing sector
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t'he track coualsercoptaiy iaiherainfoirhatibn related to media defects and redundancy
' information for error detection. During operations for reading or writing
data, the disk controller reads the sector ID of each data sector as it is
* encountered and applies various tests to the information. contained therein,
including comparison of the identifier which was read to the identifier which
was expected. If the various tests are passed and the identifier read matches
the identifier expected, then the disk controller reads from or writes to the
subsequent data portion of the sector. Because each data sector is uniquely
and independently identified, the incorrect identification of any data sector will

not affect the correct identification of any subsequent data sector. This

method of location verification is reliable.

Another method for independently verifying the sector location is to
place the identifier from the sector ID into the servo information area. This
method is used in systems such as IBM’s No-ID™ Sector Format. In such a
system, the sector ID preceding a data sector is eliminated from the disk.
Instead, portions of the sector ID are stored in solid-state memory or other

- fields within the sector. In order for. the servo controller to properly

’ determine the location of the sectors, the identifier portion is placed in a servo
address field of the servo information area which previously contained just the
track, or cylinder, number stored as a Grey code.

' One problem associated with both theses schemes is that the identifier,
also referred to as a servo address, occupies storage area that would otherwise
be available for recording data. Th1s becomes eSpeciaily troublesome as the
track densities increase and disk siw;decreas;e. As track densities increase,
larger track numbers, which réquire larger field widths on the disk, are
required to uniquely identify each track. Smaller disks place a premium on
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for accurately identifying |ocations on the servo surface. |f, _however, :

because of system noise or other perturbations the sector cpuptgey.t+rack -
count becone corrupted, subsequent |ocations will be incorrgctl yg@qrﬁé’fj“éd““
until .the disk is resynchronized. For this reason, this netbed=lkeoun e
relative position sensing) is unreliable when used w thout an independent
met hod of |ocation verfication. -3- One nethod for independently

\(_e[ |hfyi ng the location is to precede each data sector on each data track
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i nformation _3&%@2%%%?%%?§eﬁ%r%g% tﬁe enta?regelhg*rligerét.—l A tylg?tggcll
identifier ineHicldpsiutéseihéanfount ofidisk spade requitest to stére thesenyo addraser, and for
a DASD with nultiple data heads, the head nunber. The sector ID may al so
contain other information related to nedia defects and redundancy

I.nformation for error detecty [ | for readi it
| Sihmaly' SP e hvknfibn ing or writing

The present invention is a system and method for encoding information
identifying each sector on a disk in to an encoded servo address requiring
fewer bits of disk storage space. The encoded servo address is determined
from a sector number, a track pumber, and a head number. The encoded
servo address allows independent verification of the position of the head with

respect to the surface of the disk.

One feature of the present invention is that the encoded servo address
is stored in fewér bits than conventional servo addresses. Conventional servo
addresses include a track number stored in Grey code and a separate sector
identification field. By encoding the servo address, 1§10re space is availal;le
on the surface of the disk to store data. The encoding achieves this spacé at
the expense of an ambiguity in absolute disk position. This ambiguity is
resolved by monitoring a position of the head with respect to the disk.

Another feature of the present invention is that it can be used to
replace the index mark used to identify the first sector inside a tra.ck. This is
accomplished by detecting a non-uniform transition in the encoded servo
address from sector to sector within a given track. For example, the encoded
servo address may be increased By a uniform amount from one sector to the
next within a given track. However, the servo address transitions by a
different amount between the last sector and the first sector in a track. This
non-uniform transition is easily detected and can be used to indicate the
location of the first sector in a track, replacing the index mark used in
previous systems.

The foregoing and other objects, features and adMMges of the

invention will be apparent from the following more particular déscription of
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data, the disk controller reads the sector |ID of each data
encount er ed andnﬁmhdtHSsBéaﬂR M@edt ests to the information coit

i ncl udi ng conpar}

?’é'grﬁ
whi ch -was expect ous tests are passed and thets FT4 /
mat ches the iden t hen e di sk controller reads frOﬁTOF=?‘«\tf
wites to the subsequent data portion of the sector. Because each data
sector is uniquely and independently identified, the incorrect

i dentificat t {,ﬁﬁﬁe&
I i I %eg%%hﬂelﬁ@%%e iﬂvad}P asaﬁ Thi s met od of |OC&§I on

i dentification o ny subsequent data sector.

verificati ondrawings.i abl e. Anot her met hod for independently verifying the
sector location is to place the identifier fromthe sector IDinto the
servo information area. This nethod is used in systens such as IBMs

No-1Dferr] Sector Format. lfﬂgf?é&ﬁ’ﬁ%éﬁ%‘w*‘??%& r D preceding a data

sector is elimnated from por of the sector ID are
stored in solid-state nenory or other fields within the sector. |In order
for the servo controller to properly determine the location of the sectors,
the identifier porklieopresent piveotion ismdescabed in safekeness td thel abcompamyinger vo

| nformation %;'fv%n\é\g.i Cﬂt %;ee\(/ii'a%lusxégl ﬁl?entz'eai!epc%gejnlﬁ%h)ers indicate identical or
functionally similar elements. - Additionally, the left-most digit(s) of a
reference number identifies the drawing in which the reference number first
appears. .
FIG. 1 shows a block diagram of one embodiment of a disk dﬁve _
implementing the present invention. '
FIG. 2 demonstrates one embodiment of the general organization of the
- information contained on a disk.
FIG. 3 illustrates the organization of information contained on a disk

for a disk drive embodiment implementing a sector format having"a data
sector ID field. |

FIG. 4 illustrates the organization of information contained on a disk
for a disk drive embodiment implementing a "No-ID" sector format.

FIG. 5 contains a comparison of a typical servo address and an
encoded servo address according to"t.he present invention.

FIG. 6 illustrates a flowchart of the encoding performed according to

the present invention.
Detailed Description of the Preferred Embodiments

The preferred embodiment of the invention is discussed in detail
below. While specific components and configurations are discussed, it should
be understood that this is done for illustration purposes only. A person skilled
in the relevant art will recognize that other components and configurations

may be used without parting from the spirit and scope of the invention.
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track, or cylinder, nunber stored as a Grey code. One probl em associ at ed
with both theses schenes is that the identifier, also referred to as a
servo address, occupies storage area that woul d ot herw se be avail able for
recording data. This becones especially troublesone as the track densities
i ncrease and di sk sizes decrease. As tréack densities increase, |larger track
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ﬁ?maé%?eer aspect of the invention there is disclosed a disk
&Mc 1€y, ng: at |east one surface for storing data, said
ded into a plurality of data storage | ocations, each data
storage | ocation having an encoded servo address which identifies the
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sector within a disk drive system, into a single encoded servo address

requiring less disk space than storing each number individually. For purposes
of illustration, the invention is described in terms of a magnetic disk drive
system. This is done for purposes of illustration only. A person skilled in the
art will recognize that the invention may be used in other applications such as
optical disk drives.

FIG. 1 is a block diagram showing a disk drive system 100 for storing
data. Disk drive system 100 is éomprised of one or more disks 102 mounted
rotatably on a disk spindie 104. A disk spindle motor (not shown) rotates all
of disks 102 simultaneously via disk spindle 104. '

Each surface of disk 102 may be used to store information. Associated
with each information storing surface of disk 102 is a read/write head 106

- mounted on an arm 108. Read/write head 106 may have a single transducer

that can write and read information. Alternatively, read/write head 106 may
have separate transducers for each of these operations. Each of the arms 108
is attached to a voice coil motor 110. Voice coil motor 110 receives signals
via a driver signal carrier 124 from a voice coil motor driver 122. Voice coil
motor 110 responds to the signals by rotating, causing arms 108 to change
position, which, in turn, allow read/write heads 106 to read from and write
to desired locations on disks 102. '

Each read/write head 106 is used for reading from and writing to disk
102. Each read/write head 106 is held closely adjacent to a corresponding
surface of disk 102 by a corresponding arm 108. Each read/write head 106
sends signals based on data stored on the surface of disk 102 to an arm
electronics module 114 via a head signal carrier 112. Arm electronics module
114 receives the signals from read/write head 106, amplifies and filters the

signals, and sends them to a position error generator 116.
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position. According to still another aspect of the invention there is

di scl osed a nethod for locating a desired track on a disk surface having a
plurality of concentric tracks, each track having at | east one sector, each
sector, having a servo address, the servo address being encoded in sald
sector as an encoded servo address, saiF® encoding introducing an anbiguity
W th respect to an absol ute position on the surface of the disk, to reduce
the size of said servo address, 'the nmet hod conprising the steps of: (a)

determ ning a sect nunber of a. o t t K
encoded servo addrg% ?‘?W%%‘?“&raé‘étc m[’%l\?lﬁm?f ‘?‘E?—la r:ﬂ’é @1@%n§%éggsgpvo
address toget {gm W DedtrdricsiRGdIE 114 BRE fevefops AGRsRion e as fead fidmCk.

According to yet another aspect of the invention there is di-sclosed a disk
drive for st odisk302aPasitionenoi génegatox L16 outputs this pesitigoyrropsignalde anone di sk

Storing dat a. ABOLSSK A FPERoR SoRSHduARRE d16y 2cks | ocat ed on sal d surf ace.
each said track hayifgiR seek and position control module 118 is a multipurpose
microprocessor which, in the preferred embodiment, calculates velocities in
addition to other processing associated with controlling disk drive 100..
Actuator seek and position control module 118 receives the position error
* signal from position error generator 116 and compares it to a desired position.
Based on the comparison, actuator seek and position control module 118
outputs a signal to a zero order hold (ZOH) 120 so that the position as read
by read/write heads 106 will more closely match the desired position or

velocity at the next sample time.

Zero order hold (ZOH) 120 receives an input signal from actuator seek
and position control module 118 and outputs ‘a signal to voice coil motor
driver 122. The output of ZOH. 120 is maintained at a certain levei' until a
next input is received, similar to a digital to analog converter with hold
capability. Voice coil motor driver 112 then outputs a current to voice coil
motor 110 in response to the output signal from ZOH 120. As previously
mentioned, this allows read/write head 106 to be positioned radially to desired
locations on the surface of disk 102. ‘

In the preferred embodiment, a housing 126 encloses the disks 102 and
the components associated with read/write heads 106 including arms 108 and
voice coil motor 110 as shown in FIG. 1. Alternate embodiments may include
additional components from disk drive system 100 in housing 126 as well.

FIG. 2 demonstrates the organization of information on a surface of
disk 102. Disk 102 is divided into a plurality of concentric tracks 202. Disk
102 may contain many hundreds to several thousands of tracks 202 depending
_0;1 disk size, track density, head sensitivity, and head positioning accuracy.
Track 202 is sometimes referred to as a cylinder because in a disk drive
system 100 having several disks 102, a "track” on the surface of one disk 102
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track nunber, (3) at least one sector located within said track, each said
sector having a sector nunber, and (4) an encoded servo address conputed
fromsaid sector nunber and said track nunber, said sector nunber and said
track nunber uniquely locating said sector within the - 4B - disk drive,
sai d encoded servo address identifying s#-d sector within said track and
bei ng encoded to reduce its size, and said encoding introducing an
anbiguity with respect to an absol ute position on the surface of the disk;

o d ik o Folth i biler attadacmed b retperids Sl ek 07 ORGIRIPITIE novi ng
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track on a di sReylindeelcis iadi wigtnorefiéruing| fota/ tratk onmmsitiplei disks' #@ken disich track
i épindle. Both terms refer to a concentric structure for storing data located at
a radius on the surface of disk 102. However, the terms "track” and
“cylinder" are used rather loosely in the art. In the remaining discussion, the
term "track" will be used for clarity to describe this structure regardless of
Wwhether referring to one or many disks 102.
< FIG. 2 includes an exploded view 206 of a section of several tracks
. 202 located on the surface of disk 102. Exploded view 206 shows sections of
tracks 202 as straight sections for ease of depiction. In reality tracks 202 are
curved. Exploded view 206 includes three tracks 202, hereinafter referred to
as track,,, track,, and track,,,, respectively. In this illustration, each of
track,,, track,, and track,,, is further divided into M+1 sectors 204,
hereinafter referred to as sector,, sector;, SeCtor;, . . ., SECtOry, s, and Sectory,.
(Only sectory,, sector,,, sector,, and sector, are shown.)

Each sector is also broken down into fields characterized by the
information stored within them. For example, in track,,, sectory, there are
three fields: a gap field 208, 'a servo information field 210, and a data field
212. |

Gap field 208, also known in the art as write recovery field, is an area
on the disk allowing read/write head 106 to be able to read the next servo
information field 210 following a write operation. 'For example, if a write
operation had been performed in sectory,, track,,, read/write head 106
(shown in FIG. 1) must transition during gap 208 to read servo information
field 210 in sector,,, track, ;. |

FIG. 3 illustrates, generally, a cbnﬁnon embodiment of sector
formatting. As shown therein, servo information field 210 essentially contains
two types of information: a servo address field 302 and a servo burst 304.
Servo address field 302 contains coarse head positioning information for
locating track 202 on disk 102. Typically, servo address field 302 is a track



hav?ng at | east one sector, each sector having a servo address, the servo
address being encoded in said sector as an encoded servo address to reduce
t he size of said servo address, said encoding introducing an anbiguity with
respect to an absolute position on the gurface of the disk, the nmethod
conprising the steps of: (a) determinifg a sector nunber of a sector
within a track; (b) reading an encoded servo address from said sector; and
(c) wusing said encoded servo address together with said sector nunmber to

locate the deghmBér 3108&ss0cidred Grith Beck 202! IEdr SaRplera aERA0L wsing! fhes

invention there is disclosed a disk drive for storing data, conprising: (a)
a housi ng; (bmethod dfesgstor formatiing wouldabavel the valugtnell injeacli serve pddngsusi ng,

sai d di sk havj a surface for storing data, (2)e: | upal | of
concentric t rggﬁs:&f%%fa?a@ﬁ 0&'7‘%‘3@ he?@‘étf’_lbgi:h“@‘af'd S(‘?’gléﬁyhg@i"lﬁgyea_ track
nunber, (3) Awduldbé iIPERhSEHRICIdIES FHeht 302 b kdthsadtdr,! thilkh sea6R, imai d
sector having a sector nunber, and
track,. In other words, servo address field 302 has the same value for all
sectors 204 in a given track 202. Servo address field 302 also typically
contains an index mark 310 which is an additional bit to identify sector,. For
example, index mark 310 is set to 1 for sector, and set to O for all other
* sectors 204 in track 202. Index mark 310 allows disk drive system 100 to
maintain count of sectors 204 in track 202 as disk 102 rotates.
Servo burst 304 contains fine head positioning information for locating
tracks 202 on disk 102. Several methods are well known in the art for

implementing this fine positioning including amplitude servo bursts or phase-

encoded servo bursts, depending on the demodulation system. Both servo
address field 302 and servo burst 304 enable read/write head 106 to maintain
a proper position over a spécific track 202 to acjcurately read from and write
to disk 102. ' , " |

Following servo information field 210 is data field 212. Data field 212
contains two types of information: a sector identification (ID) 306 and data
308. Sector ID 306 contains a track number 312, a sector number 314, a
head pumber 316, and an other field 318. Track number 312, sector number
314, and head number 316 uniquely identify sector 204 on disk 102 for
verification that the subsequent data 308 is indeed the target for a read or
write operation. Other field 318 contains flags for logical sectors and error
correction codes which are well .lcnown in the art and not the subject of the
present invention. Because of all the information included in sector ID 306,
the disk space required can be quite extensive. In fact, in many popular disk
drives, sector ID 306 can utilize up to ten percent of all usable disk space.
Note that track number 312 occurs in both sector ID 306 and servo address
field 302 and is therefore redundant.



- 4C - (4) an encoded servo address conputed from said sector nunber and
said track nunber, said sector nunber and said track nunmber uniquely

| ocating said sector within the disk drive, said encoded servo address

i dentifying said sector within said track and being encoded to reduce its
si ze, "and sai d encodi ng introduci ng an-Habiguity with respect to an

absol ute position on the surface of the disk; (c) a transducing head
positioned in relationship with said surface of said disk for reading said

encoded servo addr : d (d nmeans for noving said héad relatiye to said
surface of said digﬁé: A?ﬁ‘b‘?é#‘%ﬁ%&eﬁm HRFRh Ot SeCIE CHOTBRtNE ¥iPent i on
there is di SCélﬂﬁﬁﬂtc@Fﬁﬂ%hcohﬂ%éﬁﬁoﬂn%ﬁh'&ﬂm&eﬂqﬁké&&ﬁ?‘%&f%ﬁisﬁ'm surface

having a plurality o ncentric tracks, each track having at |east one
sector, each amkcstores litiini solid statee memonyl dnseemd, Thietype rof sectdr fersmtting isgy encoded

addr oss, -t he EVTLEF LSRR GL BaRep soap ALACHGEL 48R 208 3 S0t or
number of a Spfdrifaribh! ikl $10,” 262 Wit field 212 as in the above described
formatting scheme. Servo information field 210 includes a different servo
address field 402 as compared with servo address field 302, as well as a servo
burst 304. Servo address field 402 includes an index mark 310, a track
number 312, a sector number 314, and a head number 316. Servo
information field 210 is followed by servo burst 304 as previously discussed.
Following servo information field 210 is data field 212. Data field 212 in a
No-ID format does not include a sector ID 306. Rather, the entire data field
:212 is comprised of data 308.

In the two a_forementioned sector formatting methods, track number
312, sector numbe; 314, and head number 316 are stored as independent
values within either sector ID 306 or servo address field 402. As described
above, much of this information is redundant either because the information
is contained elsewhere on disk 102, as in the case of track number 312 in
servo address field 302 and 'sector ID 306; or is repeated, as in the case of
head number 316 repeatedly stored in ever).' sector 204 on disk 102 and track
number 312 repeatedly stored in every sector 204 in the same track 202.

The present invention eliminates redundant information by encoding
track pumber 312, sector number 314, and head number 316 into an encoded
servo address 504 as illustrated in FIG. 5. For ease of discussion, track
number 312, sector number 314, and head number 316 will be referred to
collectively as "servo addrgss" regardless of whether they are being stored in
sector ID 306 or servo address field 402. In the preferred embodiment of the
present invention, an encoded servo address is computed from a servo address
using the following encoding equation: _ ) '

Encoded Servo Address = Track Number +

((Head Number+1)*(Sector Number+1)).



readi ng an encoded servo address fromsaid sector; and (c) using said
encoded servo address together wth said sector nunber to | ocate the
desired track. According to still another aspect of the invention there is
di sclosed a disk drive for storing data, conprising: (a) a housing; (b) at
least one disk rotatably mounted withinlkaid housing, said disk having (1)
a surface for storing data, (2) a plurality of concentric tracks |ocated on
said surface, each said track having a track nunber, (3) at |east one

sector | ocated w tRLD:S3] a h sai,d sector .havin ect gr nunber,
and (4) an encodedaggr'%gha dﬁoeggéhc(g%t%&dfquﬁg%% sgcétgf gﬁﬁgu%&eand said
track nunber, encodigegoation dbovecfor 26 rEdofs.! Fask somelififegerisGe@lived @Cat i ng

said sector withi ng?ﬁe di sk drive, said encoded servo gddress i denti fying

sai d sector vha Rfideds 0 doth afkthesel npwbag te vasrer monwzeth cesult: afteri the, (c) a
L) O B led S0P Nt Sl R iR 2%
relative to seowldsbefeapal @b el tack Skumber which festdesl ihl/ e Biriability 40 -
discriminate between sectors. For example, on head, all sectors would bave
an encoded servo address of the track number regardless of the sector number.
Second, adding an integer other than one generates larger values for the
-+ resulting encoded servo address. Larger values. require more bits of disk
space. Thus, adding one provides the optimal result in terms of disk space
while still allowing discrimination between sectors.
An example best illustrates the usefulness of the present invention.
Table I illustrates a typical servo address field 302 for a disk drive system 100
having 2 heads, 7 tracks, and 6 sectors. As noted earlier, servo address field
302 eontains index mark 310 and track number 312. Table I specifically
illustrates track number 312 as it changes across sectors 204 and heads 106.
From Table I, it is readily apparent that servo address field 302 only changes
as the track number changes. For the same track number, each servo address
field 302 in a track 202 contains the same information regardless of changes
in head or sector numbers. As a further redundancy, the track number is
included with the sector number and head number in sector ID 306.
Table I illustrates a servo address encoded according to the present
invention for the same disk drive system 100 with 2 heads, 7 tracks, and 6
sectors. Several important aspects of the present invention are illustrated in
reference to Table II. First, the encoded servo address changes for each
sector in a track. For example, for track,, head,, the encoded servo addresé
has a value of 3 for sector, and has a value of 8 for sectors. Thus, by
knowing the encoded servo address, sector number 314, and head number
316, track number 314 can be determined using the above encoding equation.
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According to still

anbiguity in absolute p05|t|on

i nvention ther
di sk surface W
| east one sectjk
bei ng encoded
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tor as an encog%an§q

AL

acnact

1.0 SH—a

lMﬁ‘)éddress

utao _nact to

i ntroduci ng a
surface of thg

Sd A Al

silze

Ff 2ai d
ng a s

O T ot

SEBVO

L9 §

ddness

conpri sing the 1 (a) determn ect or mber of
within a track y—amencodedi—servo ‘ﬁd1caa fronmrsgi
(c) using said encdﬂed slerv0. addr e®s togebher| wi Oh spi dOsec}
| ocate the degyred frackf :
1 1 1 1 1 1
2 2 2 2 2 2 2
) 3 3 3 3 3 3 3
4 4 4 4 4 4 4
5 5 5 5 5 5 5
6 6 6 6 6 6 6 "
Head 1 Sector Number
Track 0 1 2 3 4 5
Number -
0 0 0 0 0 0 -0
1 1 1 1 1 1 1
2 2 2 2 2 2 2
3 3 3 3 3 3 3
4 4 4 4 4 4 4
5 5 5 5 5 5 5
6 6 6 6 6 6 6

Second, the encoded servo address changes by a different amount for
each adjacent sector based on the head on which the sector resides. For
exanqﬂe,ﬁnr&md&,h&nk,ﬂmunmndaianvoaddnxschanga;hy1.bewwkm
sector, and sector;, while for track,, head,, the encoded servo address changes
by 2 between sector, and sector;. Thus, by knowing the amount of change in
value of encoded servo addresses bétween adjacent sectors, disk drive system
100 can verify that the proper head is being read.

sai d encoded servo
sai d encodi ng i ntroduci ng an
anot her aspect- of the

or;




Accordi ng to yet another aspect of the invention there is disclosed a disk
drive for storing data, conprising: (a) a housing; (b) at |east one disk
rotatably nmounted within said housing, said disk having (1) a surface for
storing data, (2) a plurality of concentfjc tracks |ocated on said surface,
each said track having a track nunmber, (3) at |east one sector |ocated
within said track, each said sector having a sector nunber, and (4) an
encoded servo address comput ed from said sector number and said track
nunber, said sgq : };sald
sector within §i |

Head 1 : Sector Number -

Track 0 1 2 3 4 5

Number '
0 2 4 6 8 10 12
1 3 5 7 9 11 | 13
2 4 6 8 10 12 14
3 5 7 9 11 | 13 15
4 6 8 10 12 14 16
5 7 9 11 13 15 17
6 8 10 12 ‘14 16 18

Third, the encoded servo address can also be used to encode an index
mark 310. As previously discussed, index mark 310 is a bit used to indicate -
sector, in a given track, i.e., index mark 310 is set to 1 in servo address field
302 or servo address field 402 for sector, in track,, and index mark 310 is set
to O for all other sectors in track,. In the present invention, sector, can be
identified by searching for the non-uniform change in the vaiue of the encoded

servo address between sectory, and sectory in a given track,. For example, for



” .
(c) a transducing head positioned in relationship with said surface of said
di sk for reading said encoded servo address; and (d) neans for noving said
head,rel ative to said surface of said disk. According to yet another aspect
of the.invention there is disclosed a nethod for |ocating a desired track
an a di sk surface having a -plurality ofl4oncentric tracks, each track
havi ng at | east one sector, each sector having a servo address, the servo
address being encoded in said sector as an encoded servo address to reduce

[ f d ' di ' ' th
22, 52 UL R YA BB B Rl B9 £ b2 Y
conpri sing th@eﬁbx%ﬂﬁcc@ét beéﬁéendéeﬁoﬁ,f,mis%m@vﬂﬁﬁé flie ¢ticodal seato address or
within a track; (b) readin an encoded servo address from_said sector; and

(c) using sai Ghengesbydl@e %ﬁéﬁ%@ﬁ@@ﬂ@gé&'ﬁﬂdlﬂ%er to

! g\c/g;ei E)Eet ggﬁét@%‘%l s@?%seg‘?%%‘lh@ Eﬁf?tlhg/e%dor g:?xo” n ﬂ%'ﬂ?gio g]:)sﬁ%@?ssi ng: (a)

a housi ng; (bR04&hn beasintédfromi th& nbauifodn yhaiipe 6 eahfymmammmuwusn ng,
sai d di sk having

Finally, the present invention reduces the amount of disk space
required to store a servo address. FIG. 5 illustrates the reduction in field
widths obtained by using the present invention. For purposes of this

-+ illustration, a typical disk drive having 2000 tracks, 128 sectors, and 4 heads
is assumed. FIG. 5 shows a conventional servo address 502 used to idcntify'
sectors for the example disk drive and an encoded servo address 504
according to the present invention. Servo address 502 includes index bit 310,
track number 312, sector number 314, and head pumber 316. Index bits 310
requires 1 bit. Track number 312 requires 11 bits to store track numbers
ranging from O to 1999 (i.e., 2000 tracks < 2!! = 2048). Sector number 314
requires 7 bits to store sector numbers ranging from 0 to 127 (i.é., 128
sectors = 27 = 128). Head number 316 requires 2 bits to store head numbers
ranging from O to 3 (i.e., 4 heads = 2> = 4). In all, 21 bits are required to
store unencoded servo address 502.

In contrast, the number of bits requlred to store encoded servo address
504 is only 12. This number is arrived at by determining the number of bxts
required to store the result of the following equation:

Maximum Value = Number of Tracks +
(Number of Heads * Number of Sectors)

Using the numbers for the example disk drive yields a maximum value
of 2512 which can be stored in 12 bits (i.e., 2512 < 2'2 = 4096). Thus, the
encoded servo address can be used to save a significant amount of disk space
by reducing the number of bits required to store the same information.

" However, the présedt invention introduces ambiguity with respect to
an absolute position of the head with respect to the surface of the disk.

Particularly, several sectors not in the same track may have the same encoded



(1) a surface for storing data, (2) a plurality of concentric tracks

| ocated on said surface, each said track having a track nunber, (3) at

| east. one sector located within said track, each said sector having a
sect or- nunber, and - 4C - (4) an enﬁgged servo address conputed from
sai d sector nunber and said track nunber’” said sector nunmber and said track
nunber uni quely locating said sector within the disk drive, said encoded
servo address identifying said sector within said track and bei ng encoded

to reduce i!s ghviPaddie. SR RiME] fom Thble d¥.CitieterRBdaITRirdd alidred Fdi r espect
to an absolute position on the surface of the disk; (c) a transduci ng head
posi tioned i n headgitrackss Iseqtoryiis 3’s alhiis 3sithiecsamedds thee isevoraddeesstisng sai d

encoded servo Ao orS iradll” sédlbr, ahd Bead!, Wackn 4eBBrsH el hea, Hack? L0 sai d
sector,. Thus, the encoded servo address alone will not absolutely determine
a position on the surface of a disk within the disk drive system. However, the
encoded servo address along with a relative position of the head with respect
to the disk will allow the ambiguity to be resolved. For example, the encoded
servo address along with a sector number and a head number will allow

'+ determination of a track number associated with the track from which the
encoded servo address was read.

In order to do this, the present invention must maintain the relative
position of the head with respect to the disk as well as identify which head is
being used. This is accomplished by determining a sector number. The
present invention determines the sector number by counting sectors in a track.
The sector number is incremented within a track as each individual sector
passes under the head and is reset once per revolution at the index mark. In
‘the preferred embodiment, the index mark is identified as a non-uniform
transition in the encoded servo address.

Once the sector number and a head number associated with the head
being read are detennincd, thé encoded servo address can be used to
determine the track number. Specifically, the track number is determined
using the following equation:

Track Number = Encoded Servo Address - .

(Head Number+1)*(Sector Number+1).

Once the track number is determined, the ambiguity in the absolute
position of the head with respect to the surface of the disk is resolved. This
facilitates locating a particular sector within a track on a surface of the disk
prior to performing read and write operations on data.

FIG. 6 illustrates a preferred embodiment of the method used to
encode a track number 312, a sector number 314, and a head number 316 into

an encoded servo address 504. In a step 602, track number 312, sector



Thi s Sheet Has Been Re | aced 5 Brief Description of the Figures The
present invention is described in reference to the acconpanyi ng draw ngs.
In the drawi ngs, |ike reference nunbers indicate identical or fuctionally
simlar elements. Additionally, the left-nost digit(s) of a reference
nunber 7identifies the drawing in which tb& referece nunber first appears.
FIG 1 shows a block diagram of one enbodi nent of a disk drive inplenenting
the present invention. FIG 2 denonstrates one enbodi nent of te general
organi zation of the information contained on a disk,. F|G 3.il|ustrates t he

or gani zat i on oPumReh 3 ht 3nshhead Rumbrs P 1ormarg determineg, for the pRrtiEPar SRR 0 di mrent
i npl enenting ag£Gh Ye fdAGREA. 'Y aNGef 603! dne is added to head number 316 to

obtain a first result. In a step 606, one is added to sector number 314 to
obtain a second result. In a step 608, the first result obtained in step 604 and
the second result obtained in step 606 are multiplied together to obtain a third
result. In a step 610, the third result obtained in step 608 is added to track
number 312 to obtain encoded servo address 504. In a step 612, encoded
servo address 504 is converted into a grey code using techniques well known
* in the art. In a step 614, encoded servo address 504, represented as a grey
code, is written to disk 102 in the particular sector 204 to be identified.
While the invention has been particularly shown and described with
reference to preferred embodiments thereof, it will be understood by those
skilled in the art that various changes in form and details may be made therein
without departing from the spirit and scope of the invention.

i



sector IDfield. FIG 4 ilstrates the organization of information contained
on a disk for a disk drive enbodi nent inplenenting a "No-1D" sector fornmat.
FIG 5 contains a conparison of a typical servo address and an encoded
servo address according to the present invention. FIG 6 illustrates a
flowchart of the encoding perfornmed acddrding to the present invention.
Det ai |l ed Description of the Preferred Enbodi nents The preferred enbodi nent
of the invention is discussed in detail below. Wile specific conponents

and configurW a di_sgtrjfs_ed, it should be understood that this is done
for illustrat plﬁgg%@e sy A person skilled in the relevant art wll
recogni ze that other conponents and configurations nay be used w t hout

parting fromthe spirit and scope of the invention. - 6-
1. A method for determining a position on a surface of a disk comprising:

a)  reading an encoded servo address from the surface of the disk
via a transducing head, said encoded servo addrcss being encoded to
reduce its size, said encoding intrbducing an ambiguity with respect to
an absolute position on the surface of the disk; and

b)  resolving said ambiguity of said encoded servo address based
on a relative positioﬂ of said transducing head with respect to the
surface of the disk. |

2. The method of claim 1, wherein said step of resolving comprises:
a) monitoring a position change in said transducing head with
respect to the sufface of the disk;
b) determining said relative position of said transducing head
based on said position change and a prior knowh position of said
transducing head; and
c) using said relative position and said encoded servo address to

determine the position on the surface of the disk.

3. The method of claim 2, wherein said step of monitoring comprises
determining an angular position as said transducing head moves from a first
angular position. |

4. The method of claim 3, wherein determining said angular position
comprises counting sectors as said transducing head moves from a first sector

to an adjacent sector.

—
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System Overvi ew The present invention is a system and nethod for encoding a
head nunber, a track nunber, and.a sector nunber, which uniquely identify a
sector within a disk drive system into a single encoded servo address
requirring less disk space than storing each nunber individually. For

purposes of illustration, the invention_jgs described in terns of a magnetic
di sk drive system This is done for purposes of illustration only. A person
skilled in the art will recognize that the invention nmay be used in other

applications such as optical disk drives. FIG 1 is a bl ock di agram show ng

a di sk drive systenA dik drive foratorig ditd,acomprisingdri ve system 100 is
conpri sed of one or nore disks 102 nounted rotatably on a di sk spindle 104.
A di sk spindle not® (nctheWsiRgi) rotates all of disks 102 sinultaneously

via di sk spindle 1G4 Eaaqhﬁprohgqgs@%o&ﬁ? O EntSR Yiften $5@%hduling! 948

I nformati on. Associated w each Information storing surface of di sk 102
is a read/wite healiskiBfvinpanleast ane surface forlG8ringdatd/ said serfaceadivided may

have a single transducer that can wite and read in (Hmation. .
Alternatively, readnteapiurglityjok dafa sigrage locations, each data storage location

having an encoded servo address which identifies the position of said
data storage location on said surface, said encoded servo address being
encoded to reduce its size, said eﬁcoding introducing an ambiguity in
absoluté position;
¢)  a transducing head positioned adjacent to said surface of said
disk for reading said encoded servo address;
d) actuator means for moving said transducing head relative to
said surface of said disk; and
e) rotator means for rotating said disk.
i

6. The disk drive of claim 5, further comprising:
f) | means for:determining a relative position as said transducing
head moves from a first known position; and |
g) means for resolving said ambiguity using said relative position

and said encoded servo address.

7. The disk drive of claim 5, further comprising:.
h) means for determining a head number based on which
transducing head is selected; and
i) means for resolving said ambiguity using said head number and
said encoded servo address.

A




hav'é sepér ate transducers for.__each of these operations. Each of the arnms

108 is attached to acvoice coil notor 110. Voice coil FoF—=ti0-receives

signals via a dri ﬁlﬁjﬁﬁff‘i‘m‘ﬁi@i’ 124 from a voi cejcgﬁ Thﬂﬁ@“;drl_)xgrti[g ]
1 Iy 108

Voi c€ coil motor 11 m the signals by rotating, cau$iErgagf:Re &]
to change position, n, allow.-read/wite heads O
and wite to desired |ocations on disks 102. Each read/wite head 106 is
used for reading fromand witing to disk 102. Each read/wite head 106 is
hel d cl osely adjacent to a correspondi ng surface of disk 102 by a

correspondi ng &r m 1bee disk dive of ¢laimi 3, cfultbemicandprisiegids si gnal s based on dat a
stored on the surfage of_disk.102,to an armglectronics, nbdqule 114 via a
head signal carrie 112.m% gﬁ}re&etedml%lgg nbd M%F’éc'@ssgso’t‘ h¥Wgna| s
fromread/ wite heasanb@cinghedd &kiserectad filters the signals, and sends them

to a position error generator 116. = -7-
k) means for determining a sector number; and

m)  means for resolving said ambiguity using said head number,
said sector number, and said encoded servo address.

9. A disk for storing data comprising:

* at least one surface for storing data, said surface divided into
a plurality of data storage locations, each data storage location having
an encoded servo address which identifies the position of said data
storage location on said surface, said encoded servo address being

* encoded to reduce its size, said encoding introducing an ambiguity in
absolute position. |

10. A method for locating a desired track on a disk surface having a
plurality of concentric tracks, each track having at least one sector, each
sector having a servo address stored therein, the method comprising the steps
of:

a) determining a sector number of a sector withih a track;

b)  reading an encoded servo address from said sector; and

c) using said encoded servo address together with said sector

number to locate the desired track.

11.  The method of claim 10, wherein said step c) comprises:
1) adding a first integer to said sector number to obtain a first
result;
2) subtracting said first result from said encoded servo address to
obtain a track number; and
3) using said track number to determine if the desired track is
located. |

I



Position error generator 116 receives the filtered and anplified signal
fromarm el ectronics nodul e 114 and devel ops a position signal as read from
di sk 102. Position error generator 116 outputs this posifion error.signal.
to an actuator seek and position control nodul e 118. Act latog sseek (a;mdh |
position control mpdule 118 is a nultipurpose m croproced,sor vdqr-,.qmut ' t'he ;'
preferred enbodi nent, cal cul ates vel ocigg-es in addition te=other—processing
associated with controlling disk drive 100. Actuator seek and position
control nodule 118 receives the position error signal fromposition error
generator 116 and conpares it to a desired position. Based on the

compari son, a&-uat @he methodoeficlpioy 10; fithep nomptising @ustep b_qfer)sIFplbl)Qfa si gnal

to a zero order old (Z 120 so .t hat t ep03|t _ a ad/wite
heads 106 wil | rmrg) c|08%%‘"ﬂ&18c Etﬁ]wgﬁg?&ég ?"at t he

next sanple time. gﬁ{mfg%édagfaﬁ{@-l) 120 receives an input signal from
actuator seek and position control nmodule 118 and outputs a signal to voice
coil motor driver 122. The output of ZOH 120 is maintained at a certain
| evel until a ext i ceiyed, . simlar to digital to anal og
converter wit hoI a‘he e&hodsofrc \.(S wheremn sat tepc?com%nses. :

1) adding a first integer to said head mumber to obtain a first

result;

2)  adding a second integer to said sector number to obtain a
® second result;

3) multiplying said first result and said second result to obtain a

third result;

4) subtracting said third result from said encoded servo address to

obtain a track number; and

5)  using said track number to determine whether the desired track

is located.

14. A method for encoding an index mark into a servo address comprising
the steps of:
a) modifying the servo address by a predetermined value for each
sector in a track from a first sector to a last sector;
b)  storing the servo address in each of said sectors;
c) reading the servo address for each of said sectors; and
d) detectmg a non-uniform change in the servo address between
said last sector and said first sector, said non-uniformi change
occurring once per track and functioning as the index mark.

I —
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“m )
capability. Voice coil notor driver 112 then outputs a current to voice
coil notor 110 in response to the output signal from?Z , Lausly
mentioned, this allows read/wite head 106 to be positiahe "§§€jii3"§ﬂf--;}c‘sttrg;mj
desired | ocations on the surface of disk 102. In the pré F 5 wsceiyment , |
a housing 126 encl oses the disks 102 and the .conponents associ at et Wth—-
read/ write heads 106 including arns 1081and voice coil notor 1107ds shown
in FIG 1. Alternate enbodi nents nmay include additional conponents from
di sk drive system 100 in housing 126 as well. FIG 2 denonstrates the
organi zation of information on a surface of disk 102. Disk 102 is divided
into a pluralli.y oA diskndewe forcstoring data2comprising: 102 may contain many ~
hundreds-to several, thousands of tracks 202 dependi ng on disk size, track
density, head sensttivi #VOUSIB® head positioning accuracy. Track 202 is
Somet | mes referredﬁ)to agt RadtYore @ik rbB&BISMolited wittilf saidi Noushigs tsaid 100
havi ng several disKs 102, a "track"” on the surface of one disk 102

disk having '

1) a surface for-storing data,

2)  a plurality of concentric tracks located on said surface,
3) at least one sector located within said track, and
'4) a servo address computed from a sector number, a track
® nuxﬂber and a head number, said sector number, said track
number and said head number uniquely locating said sector
within the disk drive, said servo address identifying said sector
: within said track; .
) a transducing head positioned in relationship with said surface
of sail disk for reading sector addresses; and
d) means for moving said head relative to said surface of said
disk.

16.  The disk drive of claim 15, wherein said servo address is computed by:
| 1) adding a first integer to said head number to obtain a first

resuit;
2) adding a second integer to -said sector number to Obtain a
second result; _
3) multiplying said first result and said second result to obtain a
third result; and
4)  adding said third result to said track number to obtain said

servo address.
I

eet Has Been Rel laced

11

;| |||'I|L| T TR




b L
forms a "cylinder” mhen viewed wth respect to each disk 102 on di sk
spindle 104. Thus, "track" is used when referring to a tLack on-a single.
di sk 102 and "cyllnder" i s used when referring to a tragky
102 on disk spindle. Both ternms refer to a concentric s§r
data l.ocated at a radius on the surface of disk 102. Hot
"track" -and "cylinder" are used rather dggely in the art.
di scussion, the term"track”™ will be use or clarity to describe this
structure regardl ess of whether referring to one or many disks 102. FIG 2
I ncludes an expl oded vi ew 206 of a section of several tracks 202 | ocated on
the surface of gysk THediskapivedeelakh a9, Wief \AWFset s 4ddress i9Eorhp@ed by 202 as
strai ght sections for ease of depiction. In reality tracks 202 are curved
Expl oded vi ew 206 i né) udegddmgeeemamdslmead)aumhm@mtuamfmfrmted to as
track[err], track[er .Lracklerr. res |veI Jn this stration
each of track[err] Jrackf‘gq"}‘% ongk%s?bée%?% ?ﬁe?“&?‘%/fea% into M+l

sectors 204, herei naB)er afil@lyiag safd ﬂﬁsts&ﬁh%{iesraid secofé irésulteto dbtain a
sectorf[err],..., sector errl and sector[err]. (Only sector[err],
sectorferr], sector[d’\ﬂ’f& ctor[err] are shown.) Each sector is also.
broken down into fi e‘lﬁjs Ca&f actsglrd ghu% r&ultt Qo said track number to obtain said

servo address.

* 18.  The disk drive of claim 15, wherein said servo address is computed by:
1) aﬂding a first integer to said sector number to obtain a first
result; and |
2)  adding said first result to said track number to obtain said servo

address.

19. The disk drive of claim 15, wherein said servo address further
comprises identifying means for identifying a first sector from said servo

addresses within said track.

20.  The disk drive of claim 19, wherein said identifying means further
comprises détecting means for detecting a non-uniform change in value of said
servo address between adjacent sectors on each of said tracks, said non-
uniform change indica't-—ihg a transition between a last sector and a first sector
of said track, said transition occurring once per said track.
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information stored within them For exanple, in track[err], sector[err],
there are three fields: a gap field 208, a servo information field-24%0, and
a data field 212. Gap field 208, also knovvninth ' ’
field, is anareaonthedlskallowlngre wite Iy d
read the next servo information field 210 4[| owi ng a -GHEFE . For
exanple, if a wite operation had been perforned in 1 sector[err],

track[err], read/wite head 106 (shown in FIG 1) nust transition during
gap 208 to read servo information field 210 in sector[err], track[err].

FIG 3 illustrates Q9 | f e SEGLO tting. As
shown t herein, serv%ggﬂﬁgfm *#@ﬁ?@%@?ﬁ&%l%ﬁﬁﬁt@b types
of information: a servo address field 302 and a servo burst 304. Servo
address field 302 contains coarse head positioning information for |ocating
track 202 gasfRcf02. Typically, servo address field 302 is a track

A servo address is encoded in a disk drive system (100) having at least one disk (102)
for storing data.- A servo address associated with a sector (204) in a track (202), or cylinder,
on a surface of a disk (102) and cdmprised of a sector number (314), a track number (312),
and in multiple disk systems, a head number (316) is encoded into the encoded servo address
(504). Encoding the servb address saves disk storage space because the encoded servo address
(504) uses fewer bits than a conventional servo address while still enabling the disk drive

- system (100) to locate positions on the disk.
Fig. §5..
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-9- nunber 312 associated wth track 202. For exanple, a disk 102 using
this.nmethod of sector formatting woul d have the value n-1 in each servo
address field 302 of each of sector[err] through sector[err] in track[err].
Simlarly, the value n would be in each servo address field 302 of each
sector[err] through sector[err] in trackfLé6r]. In other words, servo
address field 302 has the sane value for all sectors 204 in a given track
202. Servo address field 302 also typically contains an index nmark 310
which is an additional bit to identify sector[err]. For exanple, index mark
310 is set to 1 for sector[err] and set t.o O for all other sectors 204 in
track 202. Index mark 310 all ows disk drive system 100 to nmai ntain count of

sectors 204 i ack_202 as disk_102 rotates. Servo burst 304 contains fine
head positionilng information for Tocating tracks 202 on di sk 102. Several
met hods are Il known in the art fgy inplenenting this fine pgsitugping

i ncl udi ng anpli tude servo bursts orShase- encoded servo bursts, d ndi ng

on the-denodu“ation system Both gepwN\address field 302 and sdrvo/bur st
304 enabl e reqd/mwite head 106 t¢ W&l N\a\n a proper position over
specific tracﬁ 202 to accuratel f Rand wite
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to disk 102. Follow ng servo.information field 210 is data field 212. Data
field 212 contains two types of information: a sector identification (1D)
306 and data 308. Sector ID 306 contains a track number 312, a sector
nunber 314, a head nunber 316, and an other field 318. Track nunber 312,
sector nunmber 314, and head nunber 316 umd/guely identify sector 204 on disk
102 for verification that the subsequent data 308 is indeed the target for

aread or wite operation. OQther field 318 contains flags for | ogical .
sectors and error correction codes which are well known in the art and not
the subject of the present invention. Because of all the infornmation_ -

I ncluded in sector |ID 306, the disk sﬂace requi rBd can be fuite ext efsi ve. L.

In fact, in many popul ar di sk drives, gf§ector TD BU6 can utflize up tq wen

percent of all usabl e disk space. Notfel that track number 312 occurs ijn[both

sector I D 306 and servo addre%g field 302 %Eg S the¢§foré red%gdant.
: <z

~ << <<
{i‘ = / a L

SECTOR,
204

D<A, (D=, D<A, _)
<z =T
= = =
=L <r <C
a = a

ﬁﬁY
SECTORy,
204

i (1= ol W< Dol *i
T <
~ = = =
< <r =
=) = a

Awrﬁ
SECTORy
204

'NU)LI.J%>O NLIX>0 | HuleE>0O

D<) w

A

P

G

A

P
A

= <C <<

<< = = !

a < << -

. a = o=
S =
O o
o~
73

NS> O NS>0 | LHUeE>O

]
{



-10- FIG 4 illustrates ‘another enbodi nent of sector formatting which
elimnates nuch of the information contained in sector ID 306 fromdisk 102
and stores it in solid state nenory instead. This type of sector formatting
is knowmn as "No-ID'. In this format, a sector 204 includes a gap 208, a
servo information field 210, and a data3_ﬁeld 212 as in the above descri bed
formatting schenme. Servo information field 210 includes a different servo
address field 402 as conpared with servo address fiefd 302, as well as a
servo burst 304. Servo address field 402 includes an index mark 310, a
track nunber 312, a sector nunber 314, and a head nunber 316. Servo
information field 210 is foll owed by servo burst 304 as previously

di scussed. Follow ng servo information-field 210 is data field 212. Data
field 212 in a No-ID format does not include a 306, Rather, the

entire data field 212 is conprised of data 308 af orenent i oned
sector formatting nethods, track nunber 312, /s &5 r 34, and head
number 316 are stgred as pndependent val ues, §-t-A I segtor |1 D 306 or
servo address fieﬁa_Aﬂz__zgrd$scribed /////N\ _ ou.
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above, nmuch of this information is redundant either because the infornation
is contained el sewhere on disk 102, as in the case of track nunber 312 in
servo address field 302 and sector ID 306; or is repeated, as in the case
of head nunber 316 repeatedly stored in every sector 204 on disk 102 and
track nunber 312 repeatedly stored in evefpp sector 204 in the sane track
202. The present invention elimnates redundant information by encoding
track nunber 312, sector nunber 314, and head nunber 316 into an encoded
servo address 504 as illustrated in FIG 5. For ease of discussion, track
nunber 312, sector nunber 314, and head nunber 316 will be referred to
collectively as "servo address" regardl ess of whether they are being stored
in sector ID 306 or servo address field 402. In the preferred enbodi nent of
t he present invention, an encoded servo address is conmputed froma servo
addr ess usi ng théFfoIIomﬁEg encodi ng equation: Encoded Servo Address =
Track Nunber + (( e+*%)*(8ector Nunber+ 1)).
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One is added to each of the head nunber and sector nunber in the encoding
equati on above for two reasons. First, sone integer is required.to be added
to both of these nunber to ensure a non-zero result after the -
mul tiplication. Gtherwi se, for head[err] or sector[err], the encoded servo
address woul d be equal to the track nunmb %Mich results in the inability
to discrimnate between sectors. For eXaﬁ%f , on head[err] all sectors
woul d have an encoded servo address of the track nunber regardl ess of the
sector nunber. Sedgnd, adding an integer other than one generates |arger
values for the resolting ENC ed\Fervo address. Larger values require nore
bits of disk spacex Thus, df ng pne provides the optimal result in terns

of di sk space V\/nd:jH tiletal lpwi npy discrimnation between sectors. An
exanpl e best il | &%rates usef bl ness of the present invention. Table
illustrates a tyf<Gal ser ddreps field 302 for a disk drive system 100
havi ng 2 heads, 7 tracks, 6 spctors. As noted earlier, servo address
field 302 contains index 310 and track nunmber 312. "Table |

specifically illustrates kK nupber 312 as it changes across sectors 204

and heads 106.

SECTOR
NUMBYER 314
bO |b6 b5 b4 b3 b2  bL BE PH
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FromTable I, it is readily apparent that servo address field 302 only
changes as the track nunber changes. For the sane track nunber, each servo
address field 302 in a track 202 contains the same information regardl ess
of changes in head or sector nunbers. As a further redundancy, the track
nunber is included with the sector nunber and head nunber in sector |ID 306.

Table Il illustrates a servo address encoggl according to the present
i nvention for the sane disk drive system 100 with 2 heads, 7 tracks, and 6
sectors. Several inportant aspects of the present invention are illustrated

ess changes for each
AD, [TRAGKd[ el r], the encoded
RS&ifDRas| a val ue of 8 for
HokkR sk, sector nunber 314,
usi ng the above

in reference to Table I1. Fi
sector in a track. Fob02xanp| JETERMING
servo address has a val ue ot ANDSEEGR
sector[err]. Thus, by knowi njy SEEQRcN
and head nunber 316, track n

encodi ng equati on. -12-

604 _
N ADD ONE TO HEAD -
NUMBER T0 GET A
FIRST RESULT

1

™\,  ADD ONE TO SECTOR
NUMBER TO GET A
SECOND RESULT

- 608 1

| MULTIPLY FIRST RESULT;
| WITH SECOND RESULT TO
6ET A THIRD RESULT

610, l

.| ADD THIRD RESULT TO
™ TRACK NUMBER TO GET
ENCODED SERVO ADDRESS

612 - l

|  REPRESENT ENCODED
SERVO_ADDRESS AS
A GREY CODE

614 I

| WRITE ENCODED SERVO
ADDRESS 10 SECTOR
T0 BE IDENTIFIED

606
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disk sﬁacu%gﬂﬁble%r c:lLatn Whais 1nccded ifa ?Losition veHﬁCftign mefhod which 0
reduced the amount 3f disk space feqired to store % servo addred. 3 3
SUMMARY OF THE INVENTION

It is the an object of the present invention to ameliorate one or more disadvantages of the
prior art,
According to one aspect of the inventign there is disclosed a method for determining a

position on a surface of a disk comprising:

(2) reading an encoded servo address from the surface of the disk via a transducing head,
said encoded servo address being encoded to reduce its size, said encoding introducing an
ambiguity with respect to an absolute position on the surface of the disk; and

®) resdlving said ambiguity of said encoded servo address based on a relative position of

said transducing head with respect to the surface of the disk.

According to another aspect of the mvenuon there is disclosed a disk drive for storing
data, comprising: |
(2) ahousing;
®) at least one disk rotatably mounted w1thm said bousing.- said disk having at least one
surface for storing data, said surface divided into a plurality of data storage locations, each
data storage location having an encoded servo address which identifies th; position of said
data storage location on said surface, said encoded servo address being encoded to reduce
its size, said encoding introducing an ambiguity in absolute position;
(c) a transducing head positioned adjacent to said surface of said disk for reading said
encoded servo address; |
()  actuator means for moving said transducing head relative to said surface of said disk;
and

| fe) rotator means for rotating said disk.




4 4 4 v 40 4 4 4 5 e 2 S
5 5 =5 TR 6 6 ”' RerLBoTMNT erfer ||
6 Secomnd, the engobeld SHEETHARIBEENS| changes by a di f ferentj ‘ I

=V amount for each
ased BEPtAREDead o

adj acent sector 1 whi clr 4he sector resiides: 29 =%
for track[err], , ; ded servo address chandes=by—1-beltWegh
sector[err] and sggdopding td Yet aildthérsfed! of thinkdrioh therd\B AkcREEd a disk PorQitfhged
servo address changes by 2 between sector[err] and sector[err]. Thus, Dy
knowi ng the adataopmpdisizhange in val ue of encoded servo addresses between

adj acent sectors, disk drive system 100 can verify that the proper head is
bei ng read. - 18-leagiene sgrface for storing data, said surfaceyée@qdrmnlmlmhwam ‘ 0

1 2 storage ?ocal:ions. caAéh dat storag%- k':\tl:lzjmngneﬁaving an encoded servo address which

identifies the position of said data storage location on said surface, said encoded servo
address being encoded to reduce its size, said encoding introducing an ambiguity in absolute
position.

According to still another aspect of the invention there is disclosed a method for
locating a desired track on a disk surface having a plurality of concentric tracks, each track
'having. at least one sector, each sector hav'ing a servo address, the servo address being
encoded in said sector as an encoded servo address, said encoding introducing an ambiguity
with respect to an absolute position on the surface of the disk, to reduce a size of said servo
address, the method comprising the steps of: '

(a) determining a sector number of a sector within a track;

(b) reading an encoded servo address from said sector; and

(©) using said encoded servo address together with said sector number to locate the
desired track.

According to yet apother aspect of the invention there is disclosed a disk drive for
storing data, comprising: . '

(2) = housing;
(b) ar least one disk rotatably mounted within said housing, said disk h.aving
(1) a surface for stori#g data,

(@ aplurality of concentric tracks located on said surface, each said track having a

track number, | : |

(3) atleast one sector located within said track, each said sector having a sector
number, and | |

(4) an encoded servo address computed from said sector aumber and said track
number, said sector number and said track sumber uniquely locating said sector within the
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encodkd t& reduce its auze3 and said em:édmg mtrftziuc]ng an arrzl&l&gty with resﬂéts toan 13
absolﬁti: position od ihe surfacc ol‘i'ﬂxe4dxsk 6 8 10

gdc) alt?anf@cmg head nogmonedm rcl?uionship wiiéaid .surfncelgf said disk t%?teadmg
said encoded servo address; and

(@ means for moving said head relative to said surface of said disk.

‘According to yet another aspect of the invention there is disclosed a method for
locating a desired track on a disk surface having a plurality of concentric tracks, each track
having at least one sector, each sector having a servo address, the servo address being
encoded in said sector as an encoded servo address to reduce a size of said servo address,
said encoding introducing an ambiguity with respect' to an absolute position on the surface
of the disk, the method comprising the steps of:

() determining a gector mumber of  sector within & track;

(b) reading an encoded servo address from said sector; and

(¢©) using said encoded servo address together with said sector number to locane the
desired track,

According to still another aspect of the invention there id disclosed a digk drive for
storing data, comprising:

(a) a housing; '
(b) at least one disk rotatably mounted within said housing, said disk having

(1) a surface for storing data, _

'(2) a plurality of concentric tracks located on said surface, each said track

having a track number,

(3) at least one sestor located within said track, cach said sector having a

sector number, and

This Sheet Has Been Reﬂlaced
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Third, the encodeg=setvye=—= 55— al so be used to encgdeamr-ErdERFErR—)
310. As previousl {f THSSHEIHAS REEN \ rk 310 is a bit usedaEo ABEIEHT SHEET
sectorferr] in a ¢iven RERERCED e . jindex mark 310-is set| to Iz fnFserigy
address field 302 servo address field 402 for sector]| kE}nf:@i:n..t.r-ack?‘fz-’e-r-r-]--,
and index mark 310 is set to O for all otherdCsectors in t¥aekferri. o the
present invention, sector[err] can be identified by searching for the

non- uni f or m chang)i ran éigoded| seyo AlidieficcofipaRd Grdmssidwectarisumises ahd taid eack
sector[err] and sector[err] in a given track[err]. For exanple, for -19-
SHEET 8. Theumberk said sectorglumbemand s3id tfack nispber awigpely docating §aid seston mithimothe
determ ni ng a, head nunper ‘,based on which transduci ng head is selected; (k)
means for det &iskArve,paid enceded serynaddress idendifying s“fﬁaﬁfﬁg" Wgﬁ"‘r’é’é‘dﬁ‘ikﬁﬁd being|

anty Qui Ly uS! Bfkodd b GR2E i HHRRkna R e Blrodlih anBiiy il 2HGYS
absolute position on the surface of the disk;
(¢) s transducing head positioned in relationship with said surface of said disk for reading
said encoded servo address; and '
(@) means for moving said head relative to said surface of said disk.

This Sheet Has Been Rcilaced
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9. A disk for storing data conprising: at |east one surface for storlng | .

data, said surface divided into a plurality of data storagenﬁg_at1on>

data storage |ocation having an encoded servo address whichjite

position of 'said data storage |ocation on said surface, salgA q@qquﬁgﬁ%ﬁ_
address being encodedto reduce its size, said encoding intr & ng a9

S —each—)
OFEMENTIHEET

T

anbiguity in absolute position. 10. A neshod for |ocating a desired track
on a disk surface having a plurality of concentric tracks, each track

havi ng at | east one sector, each_sector havi-ng a_servo address, the servo
addr ess bei ng encoded in sai BriefDescriptian ehtheBeguresvo address to reduce
the size of said servo address, said encoding introducing an anbiguity with
respect to an absol ute position on the surface of the disk, the nethod

conprising the steps Pie pleseht ifdeAtfin's HeRtgibed RPfef@énce 4T ltRE n&Bmﬁ fying Of
within a track; (b read| ng an encoded servo address from said sector; and
(c) using said dmwingsd Fre theodmmingss dike agferance nuinbers siadicate ddenticalnarber’ t o
locate the desi rﬁncttion%ﬁy ‘similar elements. Additionally, the left-most digit(s) of a
" reference mumber identifies the drawing in which the reference mmmber first
appears. .
FIG. 1 shows a block diagram of one embodiment of a disk drive
implementing the present invention.
FIG. 2 demonstrates one embodiment ofthe general organization of the
information contained on a disk.
FIG. 3 illustrates the organization of. information contained on a disk
for a disk drive embodiment implementing a sector format having a data
. sector ID field. |
FIG. 4 illustrates the organization of information contained on a disk
for a disk drive embodiment implementing a "No-ID" sector format.
FIG. 5 contains a2 comparison of a typical servo address and an
encoded servo address according to the present invention.
3} FIG. 6 illustratcs a flowchart of the encoding performed according to
the present inveation.

Detailed Description of the Preferred Embodiments

The preferred embodiment of the invention is discussed in detail
below. While specific components and configurations are discussed, it should
be understood that this is done for illustration purposes only. A person skilled
in the refevant art will recognize that other components and configurations
may be used without parting from the spirit and scope of the invention.



- 15- servo address For exarrpl e, fromTable Il, the encoded servo address
for head[err], 1. qector[err] is 3. This i sii the SE. as e ,
encoded servo agdressesdondead track[err], sec| or{eﬂr A SHEET |
head[err], trac [err],ﬁﬁeec@@;gﬁer&—j as wel | as head[err ,Dgr@ gk FEsr 1997 l
sector[err] Thts—tFe—enc o addred8-al one wi | JHot absolutety: |
determ ne a position on the surface of a disk wwthin the disk drive system
However, the encoded servo address along with a relative position of the

head W|th respect to the dISk will allow the anbiguity to be resol ved. For

exanpl e, the nco ,&s$ sector nunber and a head
nunber wil | égéifn?a?m nat i on a trac‘ﬁbnu er associated with the track
from whi ch the ene P deglefns ForQdepatingsa 16 nhRbét bated onrwitch fransducinghead is he
preesent invention nhust maintain the relative position of the head with

respect to the disdected; well as identify which head is being used. This is
acconpl i shed by determ ning a sector nunber. The present invention -

det er i nes t he setdormeansifer M#‘ﬁ@fﬂ@?’ér@q n a track:
(m) means for resolving said ambiguity using said head m;mber. said sector mumber,

and said encoded servo address.

9. A disk for storing data comprising: |
at least one surface for storing data, said surface divided into a phurality of data
storage locations, each data storage location having an encoded servo address
which identifies the position of said data storage location on said surface, said .
encoded servo address being encoded to reduce its size, said encoding introducing an
ambiguity in absolute position.

10. A method for locating a deésired track on a disk surface having a plurality of
concentric tracks, cach track having at least one sector, each gector having a servo
| address, the servo address being encoded in said sector as an encoded servo address

to reduce a size of said servo address, said encoding introducing an ambiguity with

_ respect to an absolute position on the surface of the disk, the method comprising the
steps of: |

(@) determining a gector numiber of a sector within a track;
(b) reading an encoded servo address from said sector; and
(¢) using said encoded servo addreas together with said sector mmber to locate the

desired track. '

Sheet Has Been Replaced

T MR I

* c L M S *



The sector nunber is incrénented within a track as each dndividual sector
passes under the head and is reset once per revolution: tlt—uthe Amgex,ngk,
In-the preferred enbodi ment, the index maroﬁ is identified as. a non-uniftorn
transition in the encoded servo address. Be the sect ot L Eléhdggy head
nunber associated with the head being read are detern ned--—t-he endoded

servo address can be used to determ ne the track nunber. SpeC|f|caIIy the

track nunber is.determned using the follow n& equation: Track Nunber =
Encoded Ser voll\dd’fh,%mthﬂdpéelum\fﬂrﬂdwm beompsipr + 1). Once the track

T B R i,
W t respect to t I "tates .
to"perf o mi g r cot o BRPEREE s Py o et Sl e e o b b

preferred enbodi ?Iﬁﬁﬁbe?f agdhe nmethod used to encode. a track nunber 312, a
sector nunber 31 nd a head number 316 into an encoded servo address 504.

In a step 602, tr@yk yaiigaid 2k numberito determine if the desired track is located.

S eyt S

12. The method of claim 10, further comprising a step before step (b) of:
(e) determining a head number associated with the disk surface containing the
desired track.

13. The method of claim 12, wherein said step (c) comprises:
(1) adding a first integer to said head oumber to obtain a first result;
@) addmg a second integer to said sector number to obtain a second result;
| (5) multiplying said first result and said second result to obtain a third result;
(4) subtracting said third result from said encoded servo address to obtain a track
number;-and
(5) using said track number to determine whether the desired track is located.

14. A disk drive for storing data, comprising:
(@ ahousing;
- (b) at least one disk rotatably mounted within said housing, said disk having
(1) a surface for storing data,
@ a plurality'of concentric tracks located on said sur_face.' each said track
having a track number,
(3) atleast one sector located within said track, each said sector having a
sector number, and

—
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-21- (4) an encodeg

servd-address conputed from sai d sectern pumherTangsr
sai d track nunber, [5aH SEEEP[LAY

e and said track nunber uniquely

| ogating said sect df Wi t FiEmg kB ndl Hri vk, said encoded &QL\@']&FEBG}QQ‘,’. ......
i dentifying said sectorwthira=said tlack -&ld being enc e—fFetce—ts—
size, and sai d encodi ng |ntrodu0| ng an anbiguity with respect to an

absol ute position on e & s%o'a&&:*l'cﬁ&put?&?mﬁshﬂ%@&dxu{ﬁixﬁtﬁrhﬁ‘ﬂhxd

positioned in rel atlonshl p WI sal d surface”of said disk for reading said

encoded servo addtradsnumbes, sail) seotornmimbe? andmid cacksmmberatghelyeloedtingaakigector d
surface of said disk. 15. The disk drive of claim 14, wherein said servo

address is conput Withinthe disk driveiisaid encaded servo addsegs idepiifyingisaidsestonwithiniseid

Lo obtain & secontarka Helng cByodsil i Fodnts s s S b A HOSSEHRg By o

said track nunber SERERRY itk Hepfs REDH bsou betioh of ' safhaci e e dla ¢ " oSU1 1 1O
(c) a transducing head positioned in relationship with said surface of said disk for
1"eading said encoded servo address; and |
(d means for moving said head relative to said surface of said disk.

¢

U v - -

‘15, The disk drive of claim 14, wherein said servo address is computed by:
(1) adding a first intager to said head number to obtain a first result;
(2) adding a second integer to said sector number to obtain a second result;
(3) mmitiplying said first result and said second result to obtain a third result; and
(4) adding said third result to said track number to obtain said servo address.

MR nﬁi'““ -
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wher ei n sai d head nypher—trmgusl =Y’ -_- es said sector w tzl?n#-tiaer—drsk_::::-—
drive. , REPLACEME _-|sk drive of cl aijmiErAaCHREEE THEH]

servq address is cqf ,_ df ng one to a head Ihurrb t n ai
first result; 2) {0 s@2tor nunber to @mgz ?Egb@@%

result; 3) mul ti plying sai d fI.I’St Tesult and said secEHEFESHFETE—
obtain a third result; and 4)  adding said th|rd result to said track

nunber to obtain $&id enein ueI y
| ocates said sector wi id{n&tﬁg’gg §‘E“‘am mf?‘m sg'?R’ ?@fégﬁg)ﬁhpg&g Yel ai m
14, wherein sai d servd)addraddiag vac eosidihed niberld obtamldcﬂrﬁgmmlfl rst integer

to said sector nunber Jo obt%ﬁg a first result; and addi ng sai d
first result to said t¥ack SAEHSSRE {9 saishieston numbeg "Qé’PV’éﬂ adegand gesult;

3) multiplying said first result and said second result to obtain a
third result; and o

4) adding said third resuit to said wack number to obtam said
servo address. '

17.  Thedisk drive of claim 1 4, wherein said servo address is computed by:
1) adding a first integer to said sector number to obtain. a first
result; and '
2)  adding said first result to said track number to obtain said servo
address,
[} .
18, The disk drive of claim M4, wherein said servo address further
comprises identifying means for identifying a first sector from said servo
addresses within said track.
18.  The disk drive of claim 18; wherein said identifying nieans further
comprises detecting means for detecting 8 non-uniform change in value of said
servo address between adjacent sectors on each of said: tracks, said non-
uniform change indicating a transition between a last sector and a first sector
_d_)f said track, said transition occurring once per said track.

This Sheet Has Been Replaced
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18. The di sk dri. ofelatm— 4 rein said servo dﬁe*s.s fort\h.er e
conprises identi fy,l n@Ht&&H‘iSETf BAslmnt‘ fying a first seqgior f om sal g sé}fv
addresses within sgid t r RERLACED Th di sgg drive of cl é )

said identifying re3 i$es detecting nea

non- uni f orm ai d s SS. b en - Secto
on each of sard %%ﬁ?\&a@uﬁ‘dﬁ}%ﬁa&ﬂﬁéﬁfﬁcﬁp aﬁg ﬁlﬂ(&e} sition
between a |l ast s B&ﬁn?\gac s fdadtSirack siétio&j i@f [ .on
occurring once p%rG sald track g@%ﬂﬁ%&f 35&%11 olcl%‘{ gw&
desired track on agdsks$ kh@uwoamxeb@ue;ﬁ@en%omqﬁ adul ﬁectoefas RPEROIST Sefvol ddfels -
each track having at 'east one sector, each sector having a servo address,
the servo addr esdo beduoea size ofigid mvcsaddltssehdmethmscomprlmmhmsiepsmfvo addr ess

to reduce the size of said servo address, the nmethod conprising the steps
of : (a) determ ni{aly de@mmnmaftw&ommmwka track;

(b) reading an encoded servo address from said sector; and
(c) using said encoded servo address together with said sector number to locate the
desired track. .
21. A disk drive for storing data, comprising:
(2) ahousing;
(b) st least one disk rotatably mounted within said housing, s#id disk having
(1) a surface for storing data, |

(2) a plurality of concentric tracks located on said surface, each said track
t

having a track number, .
(3) at least one sector located within said track, each said sector having a
sector mumber, and
. (4 anencoded servo address computed from said sector number and said
track mumber, said sector number and said track mumber uniguely locating said sector
within the disk drive, said encoded servo address Identifying said sector within said
 track and being encoded to reduce its size; |
(©) & transducing head positioned in relationship with said surface of said disk for
reading said encoded servo address; and
(&) means for moving said head relative to said surface of said disk,

Sheet Has Been Replaced
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(b) “readi ng an encoded servo address from said sector; and (c) usi ng said
encoded servo address together with said sector nunbe

desired track. 21. A disk drive for storing data, co d E$'~1LngE .

housi ng; (b) at |east one disk rotatably nounted w tjhin ai d
I Patei:1 . 0T do ic
R 3)

di sk having (1) a surface for storing dat? (2) a pl

tracks |l ocated on said surface, each said %rack havi

at | east one sector located within said track, each said sect or haV| ng a
sect or nunbe rAC%?rlidlmgéw yahamtiherchspecs exf e mddrtemsthmarrp diselbséd ® disk ToelstdEGEOr
nunber qd said track nunber, said sector nunmber and said track nunber

uni quel y a&%ﬁmwamg&l d sect or within the disk drive, said encoded servo

dd dent j f t t hi track and b ded t
Feduce 1 ts. oissdshst e Sinfaek 61 Sorie Rl st steradeSHuiged oup i VDR o g ¢

sai d surf@ggeOlocaibdt, thfadif torffédl'ogglonahagmegnacnogn%g S ielvo SaRbe i

identifies the position of said data storage location on said surface, said encoded servo

address being encoded to reduce its size, said encoding introducing an ambiguity in absolute
position. |

According to still another aspect of the invention there is disclosed a mefhod for
locating a desired track on a disk surface having a phirality of concentric tracks, each track
having at least one sector, each seé_'tor haviﬁg a servo address, the se'rvo.. address being
encoded in said sector as an encoded servo addré%s, said encoding introducing an ambiguity
with respect to an absolute position on the surface of the disk, to reduce the size of said servo
address, the method comprlsmg the steps of: - N
(a) determining a sector number of a sector within a track;
(b) reading an encoded servo address from said sector; and
(¢) using said encoded servo address together with said sector number to locate the
desired track.’

According to yet another aspect of the invention there is disclosed a disk drive for
storing data, comprising:
(a) a housing; |
(b) at least one disk rotatably mounted within said housing, said disk having

(1) a surface for storing data, )

(2) a plurality of concentric tracks located on said surface, each said track having a

track number, - |

(3)  at least one sector located within said track, each said sector having a sector
number, and |

(4) an encoded servo address computed from said sector number and said track

number, said sector number and said track number uniquely locating said sector within the



(d) neans for noving said head relative to said surface of said disk
16. The di sk drive of claim 14, wherein said sefvo—addr eﬁé{\&% e Ut ed
RERGACEMENLEHES" 5

by: 1) addi ng one to said head nunber to obt ai
addi ng one to said sector nunber to obtain a secomd reshl%
nul tiplying said first result and said second resij Pae5oh

. d
result; and 4) adding said third resuft “to sai Fack nunber to obtain
said servo address. 17. The di sk drive of claim 14 wherein said servo

addr ess flisk dsiypusaig) epgoded)servo agdaess gdentifying saifl secerewithin ssifl dackeandobeingimber
to obtain a first result; and, 2). ddj- said first result to said-track
nunber  t SROBEhIhredHre1ts éWoaI&Hﬁﬁ)ﬁ‘é gacodig IntrodyIng e pmBiEuE ith FosBEGHIO am,
wherein 38R BosiRod 99"t Surkabe o} Hhe disi

(©) a transducing head positioned in relationship with said surface of said disk for reading

said encoded servo address; and

(d) means for moving said head relative to said surface of said disk.

According to yet another aspect of the i_nvention there is disclosed a method for
locating a desired tréck'on a disk surface having a plurality of concentric tracks, each track
having at least one sector, each sector having a seivo address, the servo address being
encoded in said sector as an encoded servo address to réduoe-the size of said servo address,
said encoding introdhcing-an ambiguity with respect to an absolute position on the surface
of the disk, the method cbmprising the steps of: -

(@) determining a sector number of a sector within a track;

(b) reading an encoded sefvo address from said sector; and

(c) using said encoded servo address together with said sector number to locate the
desired track.

According to still another aspect of the invention there is disclosed a disk drive for
storing data, comprising:

(a) a housing;
(b) at least one disk rotatably mounted within said housing, said disk having

(1) a surface for storing data, -

.(2) aplurality of _cox‘icehtric tracks located on said surface, each said track
having a track number,

(3) at least one sector located within said track, each said sector having a

sector pumber, and



conprises identifying means for identifying a first sector fromsaid servo
addresses within said track. 19. The disk drive of claimi18 wherein said
i dentifying nmeans further conprises detecting neans f hEﬁEA@@MEQQs%

non-uni form change in value of said Servo address between,a Jacent sectors
on each of said tracks, said non- unlforn1§hange indicg&ba _______________ i tion
between a | ast sector and a first sector O 1

said trad -—-——'-‘ra+—d~t-—F—anSJ~tl on
occurring once per said track. This Sheet Has Been Repl aced 20. A

met hod for | é®at iangnaodisssereaaddragskeampuieddirema saidrseaioe nhabemendasaid tragki ty of
concentric tracks, each track havj ng at | east one sector, each sector

havi ng a 8@Peh saibsestor number sad sal ataaﬁl@wbsépwgu@xé@fa@ag ispid$aetar Suthin thens

an encoded. s rvo addr es 0 red a, SIZ id ser res e. net hod
o o) Acives selEngaded v aiGRs RS inR calfNsttoR Hithey 3 traciae(ﬁgﬁuwtm h

a track; elgcp()de{i ?@géd]ﬁe% sHIKS 9l (gaﬁeé’n\éf?dlﬁg gr{tpo'ﬁﬁcifné %H]aifﬂlgul i rri:esp%(?tdto an

absolute position on the surface of the disk;

(c) atransducing head positioned in relationship with said surface of said disk for reading
said encoded servo address; and

(d means for moving said head relatlve to said surface of said disk. -

According to still anothe.r.a;pec':"t. of the invention there is disclosed a method for locatm.g
a desired track on a disk surface having a plurality of concentric tracks, each track having at
least one sector, each sector having a servo address, the servo address being encoded in said
sector as an encoded servo address to reduce a size of said servo address, the method
comprising the steps of: (a) determining a sector number of a sector within a track; (b)
reading an encoded servo address from said sector; and (c) using said encoded servo address
together with said sector number to locate the desired track.

According to still another aspect of the invention there is disclosed a disk drive for
storing data, comprising: (2) a housing; (b) at least one disk rotatably mounted within said
housing, said disk having (1) a surface for storing data, (2) a plurality of concentric tracks
located on said surface, each said track having a track number, (3) at least one sector located
within said track, each said sector having a sector number, and (4) an encoded servo address
computed from said sector number and said track number, said sector number and said track
numb;r uniquely locating said sector within the disk drive, said encoded servo address
identifying said sector within said track and being encoded to reduce its size; (c) a transducing
head positioned in relationship, with said surface of said disk for reading said encoded servo

address; and (d) means for moving said head relative to said surface of said disk.



(c) using said encoded servo address. together with said sector nunber to
| ocate the desired track. 21. A di‘sk drive for storing data, conprising:
(a) a housing; (b) at least one disk rotatably nmounted within said __
housi ng, said disk having (1) a surface for storing %@Adﬁﬁﬂﬁrﬁhk‘éﬁ ty
of concentric tracks located on said sugfjace, each gaid track having
track nunber, (3) at |east one sector |ocated withif m%\yﬁci each (sai d
sector having a sector nunmber, and (4) an encoded gervashddtCestIlCoindt ed
fromsaid sector nunber and said track nunber, said sector nunber and said
track nunber_ uniquely |ocating said sector within the disk drive, said
encoded &er vbheadigk dsiye jof gldmdy ifaghergompsisior within said track and being
encoded to rgduce its size; (¢) a,transducing head sitioned jn .

rel ati onshi fdhi t/Rea;fgr defermipiigg b e jpa OW%(B@BM&CH‘%Md servo
address; and feg:zed means for noving said head relative to said surface of
said di sk, ‘ool | |

(k) means for determining a sector number; and

(m) means for resolving said ambiguity using said head number, said sector number,
and said encoded servo address.

9. A disk for storing data comprising: |
at least one surface for storing data, said surface divided into a plurality of data
storage locations, each data storage location having an encoded servo adﬁress
which identifies the position of said data storage location on said surface, said
encoded servo address being encoded, to reduce its size, said encoding intrdducing an

ambiguity in absolute position.

10. A method for locating a desired track on a disk surface having a plurality of
concentric tracks, each track having at least one sector, each sector having a servo
address, the servo address being encoded in said sector as an encoded servo address
to reduce the size of said servo address, said encoding introducing an ambiguity with
respect to an absolute position on the surface of the disk, the method comprising the
steps of:

(4) determining a sector number of a sector within a track;
(b) reading an encoded servo address from said sector; and
(¢) using said encoded servo address together with said sector number to locate the

desired track.

| O



Thi s Sheet Has Been Repl aced -21- 15. A disk drive for storing data,
conprising: a) a housing; b) .  at least one d ed

wi thin said housing, said disk having 1) a surff
a plurality of concentric tracks |ocated on said s}
one sector |located within said track, arnd-.4) a K
froma sector nunber, a track nunber and a head nunber, Said Sector nunber

said track nunber, and sai d head nupber uni u&éy | ocating said sector within

the disk drive, &Hi d28gpcasied garvosaddress compyted fram sid seqtonumppsriang said d

track; track number, said sector number and said track number uniquely locating said sector

within the disk drive, said encoded servo address identifying said sector within said
track and being encoded to reduce its size, and said encoding introducing an
ambiguity with respect to an absolute position on the surface of the disk;

() a transducing head positioned in relationship with said surface of said disk for
reading said encoded servo address; and

(d means for moving said head relative to said surface of said disk. - |

15. The disk drive of claim 14, wherein said servo address is computed by:
(i) adding a first integer to a head number to obtain a first result;
. (2) adding a second integer to said sector number to obtain a secor_ld result;
(3) multiplying said first result and said second result to obtain a third result; and
(4) adding said third result to said track number to obtain said servo address,

wherein said head number uniquely locates said sector within the disk drive.
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c) a transduci ng head positioned in relationship with said surface of

said disk for

to said sector

readi ng sector addresses; and d)
head relative to said surface of said dISk 16. 3
15, wherein said servo address is conmputed by: 1}
to said head nunber to obtain a first result; 2)°
nunber to obtain a secohd result

~eans for—pavi-re—gai d
i| RepLACEMENTISHEEDT {{cl ai m

| ot 122
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first result and said second result to obtain a thlrd result and 4)
adding said third result to said track nunber to obtain said servo address.

-22- l6.

17.

18.

The disk drive of claim 1 4, wherein said servo address is computed by:

1) adding one to a head number to obtain a first result;

2) adding one to said sector number to obtain a second result;

3) multiplying said first result and said second result to obtain a
third result; aﬁd

4) | adding said third result to said track number to obtain said servo address,
wherein said head number uniquely locates séid_sector within the disk drive.
The disk drive of claim 14 wherein said servo-address is computed by:

1) adding a first integer to said sector number to obtain a first
result; and . .

2) adding said first result to said track number to obtain said servo

address.

“The disk drive of claim 14, wherein said servo address further

comprises identifying means for identifying a first sector from said servo

addresses within said track.

19.

The disk drive of claim 18, wherein said identifying mieans further

comprises detecting means for detecting a non-uniform change in value of said
servo address between adjacent sectors on each of said tracks, said non-
uniform change indicating a transition between a last sector and a first sector

of said track, said transition occurring once per said track.
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17. The di sk drive of claim 15, wherein said servo address is conputed
by: 1) addi ng one to said head nunber to obtain _ =
addi ng one to said sector nunber to obtain a secon ﬁfgé?PFM’%ﬁTSHEET :
multiplying said first result and said second res t o] gbt)pt Ny ALt i Nid -
result; and 4) addi ng said third resdff to sai b@?dkgnﬁlg%e&ﬁZe--ot'tai n
said servo address. 18. The disk drive of claim15, WwWhéréin saird Servo
address Js CARRMAES fdlocding a d&GRdnehcR onia Gk furte8 Bhvihg aJRdIigLest or nunber
to obtain a first result; and 2) adding said first result to said track
nunber to ohdocficéntBidithcRsraach addk Gasing k9 least ohb8edloss leach se¢torfavitlgad §8rvd S,
wherein said servo address further conprises identifying neans for

i dent i fyi ng aldféss sthessectoaddressrhesd ehcodedvin saiidseetos es amendoded saivo dddeesk. 20.
The di sk drive of claim19, wherein said identifying means further

conpri ses detogedwsegthesiza of Said seocagdrass, the methadriomprisingithe steps of:val ue of
said / '

(@) determining a sector number of a sector within a track;
(b) reading an encoded servo address from said sector; and
(c) using said encoded servo address together with said sector number to locate the
desired track.
21. A disk drive for storing data, comprising:
(a) a housing;
(b) at least one disk rotatably mounted within said housing, said disk having
. (1) a surface for storing data,
(2) a plurality of concentric tracks located on said surface, each said track
having a track number, i |
(3) at least one sector located within said track, each said sector having a
sector number, and
(4) an encoded servo address computed from said sector number and said
track number, said sector number and said track number uniquely locating said sector
within the disk drive, said encoded servo address identifying said sector within said
track and being encoded to reduce its size;
(c) a transducing head positioned in rélationship with said surface of said disk for
reading said encoded servo address; and

(d) means for moiring said head relative to said surface of said disk.
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servo address between adjacent sectors on each of said tracks, said non-
uni form change indicating a transition between a last sector and a first
sector of said track, said transition occurring onge per said track

24

SYSTEM AND METHOD FOR ENCODING A SERVO ADDRESS

ABSTRACT

A servo address is encoded in a disk drive system (100) having at least one disk (102)
for storing data. A servo address associated with a sector (204) in a track (202), or cylinder,
on a surface of a disk (102) and comprised of a sector numBer (314), a track number (312),
and in multiple disk systems, a head number (316) is encoded into the encoded servo address
(504). Encoding the servo address saves disk storage space becé.use the encoded servo address
(504) uses fewer bits than a conventional servo address while still enabling the disk drive
system (100) to locate positions on the disk.

Fig. 5. P



