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This inventiof r&l at s +ed eetHpds and nmeans for provi ding and sanpling
servo sections on a novable récording nedium and nore particularly rel ates
to such a nethod and neans wherein the rate at which the servo sectors are
sanpled on a disk file or servo sections are sanpled on a tape drive is

i ndependent of the data architecture used.
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are used
(FBA), such increase being effected with a minimal increase in the overhead (non-data)

regions. The disk has the prior art conventional servo sectors which contain all servo and
associated overhead information. However, micro servo sectors are inserted in the data
fields between the conventional servo sectors to provide short bursts of servo information.
These micro servo sectors contain a small portion of the overhead information, only
sufficient to provide position information and to control the temporary interruption and
restoration of the write current and the data stream and clock input to a data
encoder/decoder. Because the servo bursts are short, no resynchronization of the VCO is

necessary after each burst. These micro sector bursts are used only during settling (since
they contain only position error signal data) and also preferably during seek (if an
abbreviated Gray code is used); and the conventional sector servo bursts are used during
read and write track following. This technique desirably provides high sample rates with
minimal overhead in disk files using a sectored servo system such as used in low end disk
files with FBA format.

Several techniques, now becoming increasingly péﬁul_ar to increase the arcal
density in sectored disk files, are constant linear Idensity (CLD) recording and banded
recording. In CLD recording, the data rate for a given track ‘depends upon its radius.
Banded recording is somewhat similar, except that the data faté is constant within a given
band of radii, but varies from band to band to minimize the range of linear densities. It
follows, then, that if implemented in sectored servo, the number of sectors and hence of
servo samples would increase progressively from the innermost to the outermost bands, and
thus require the servo system to adjust to the differing sample rates. Also, seeks across
bands and settles at band edges would require constant updatmg of the sample rate, and
timing of the servo samples would vary.
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read and write track foll ow ng. This techni que desirably provides high
sanple rates with mninmal overhead in disk files using a sectored servo
system such as used in |ow end disk files with FBA format. Sever al
t echni ques, now becom ng increasingly popular to increase the arcal density
in sectored disk files, are constant |linear density (CLD) recording and
banded recording. In CLD recording, the ‘Fata rate for a given track depends
upon its radius. Banded recording is sonewhat si-mil.ar, except that the data
rate is constanThefetiBiannesddoy & reenrdingdechnigiel trafsparent o ele Gsepnusedicfor dotiand
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constant updating of the sanple rate, and tining of :the servo sanples woul d
vary. SUMMARY OF THE INVENTION: -2 -
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for both ngn sectored and sectored ( tape ' fornafs, erern servo
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written ognghtrabsilis2hat Ay de! abcommodated on the disk or tape in such manner that each of
the servo sectors (or sections) equally spaced on a given track is located within a data field
of a data sector or within an identification region or hnmediatéiy after an address indicating
mark (such as address mark or index mark). The rate at whxch the servo sector (or section)
is sampled is constant and independent of the number and lengths of the data sections. As a
result of this independent relationship, this techmque is smtable for CLD recording, to
banded disks using sectored servo as in conventional FBA, and also even to non-sectored
architectures, such as count-key-data (CKD), wherein the. data is written in records of
variable length, and to tape drives formatted in FBA or CKD.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram, not to scale, showing the regib‘_nsf and fields of a typical prior
art data sector for a track on a disk file formatted for conveﬁt__ig__ipal sectored FBA;

FIG. 2 is a diagram, also not to scale, of a servo sector according to the invention;

FIG. 3 is a diagram, also not to scale, of a data $é§tor into which at selectable
locations the servo sector may be inserted; :

FIG. 4 is a diagram of a portion of a disk formatted m banded FBA depicting the
constant sampling rate for all bands, the varied numbers _of data sectors per band, and the
servo sector locations in the respective bands; and N

FIG. 5 is a block diagram showing the circuitry fof _i_ri;f;lementing the invention.

DESCRIPTION OF PRERERRED EMBODIMENTS

1. INTRODUCTION - DESCRIPTION OF PRIOR ART SERVO SECTOR
As illustrated in FIG. 1, a typical prior art data sector 9 for a track on a FBA
formatted disk comprises a servo region 10, an identiﬁcatic_in -(ID) region 11, and a data



Spaced on a given track and read during seek, settle and track follow ng
operations. An algorithmis used to determne the allowable tine separation
bet ween servo sectors (or sections) on a track and | engths of associ ated
data sections, such as data sectors or variable length records, that nay be
accommodat ed on the disk or tape in such_ manner that each of the servo
sectors (or sections) equally spaced on "3 gl venftrack Is |ocated within a
data field of dat.a sector or within an identification region or
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illustrated 1n FIG 1, a typical grlor art data sector 9 for a track on a
FBA formatted dnsfatasegien dds fieldse23-36 raontespondOto the Iy ieldsf 1821, mespeativly.

regi on 1How&\r At ignction of sync byte field 26 is to tell the controller when the VCO
synchronisation and ENDEC flush end and the read data, which is contained in field 27,
begins. Data and ECC field 27 stores the user data together with the error correction code.
Each data region in a conventional sector servo system is cémpletely independent of data
regions in the other data sectors.
For a.more detailed description of the regions 10-12 and fields 15-27, the reader is
referred to the referenced related application.

II. DESCRIPTION OF THE INVENTION SECTOR SERVO SYSTEM FOR BANDED
RECORDING ON DISK

As illustrated in FIG. 2, servo sector 30, in a_ccorda_r;l___ce with the invention, differs
significantly from the conventional sector 9. Sector 30--cqfr__1prises a read-write field 31
having a code constraint (CC) portion 32 and a speed gap 33 which together provide the
write-recovery function of field 15 of FIG. 1. The code cé_ﬁs_traint 32 consists of bits to
prevent the decaying write current from writing a transition too close to the last data
transition. Gap 33, which is to account for timing slop caused by variations in spindle
speed of the disk drive motor, is inserted between field 31 and a servo start mark 34.

Mark 34 is at the leading end of the position error s1gna1 (PES) field 35 and marks
the start of servo sampling. Between the end of PES fieid 35. and an optional VCO sync
field 37 is a gap 36, again to account for variations in spindle speed. Following field 37 (or
gap 36 if 37 is not used) is a field 38 containing a coding constraint and sync bits which,



-3 - ' region 12. Wite-read and speed field 15 allows time for the drive
electronics to swtch fromwite to read. Address mark (AM field 16 is an
asynchronous, absolute tim:ng reference that identifies the beginning of

t he servo sector and provi des the basis for locating the other fields.
Position error signal (PES) field 17 con%al ns the information needed to
deternmine the track position of the recordi ng head. In I D region
11, read-wite and speed field 18 allows the tine needed to insure that PES
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Servo sectors 30 are'wntten at the factory and are inserted either anywhere within
the data field 27' or at certam other prescnbed positions in each data sector M, such as the
ID/CRC field 22', or ECC portlon of field 27'. However, fields 22' and said ECC portion
of field 27' are so small éotnpared with the length of the data portion of field 27' that only
a small gain in number of perm1ss1b1e sample positions would be achieved. As a practical
matter, therefore, the servo: sectors 30 preferably should be inserted anywhere in the data
portion of field 27' or else nnmedlately following AM 16'.

The servo sectors 30 should not be inserted in the sync fields 19' or 24' because

the VCO is then attempt_;_ng___a phase or frequency lock, resulting in an unpredictable drift
over a servo’ sample. No'__:'should servo sectors 30 be inserted in fields 15', 18' or 23'
which are required for channel recovery or in pad fields 42, 43 used to accommodate
timing -slop. :
It will be apparent that if the servo samples occur at the AM 16, then CC field
32, W-R field 31 and gap it Id 33 are not required; and sirice pad field 42 would then
follow the servo sample,' VCO field 37 and CCSB field 38 are not required either.
Although eliminating these felds by starting the servo. samples at AM 16' desirably lowers
the overhead, it probably 1s not sufficient enough to offset the advantage of having all the
servo sectors be of identi l-'length In banded recordlng, :espec1ally, all servo sectors
should be identical so that 1 he servo system will operate mdependently of the banding.

FIG. 4 depicts a. dlsk 50 formatted in FBA as banded sectors. According to an
important feature of the 1nv_ent10n, servo sectors 30 in each re,spectlve band A-D are written

- at equally circumferentiaﬂy si;aced intervals and are sampled (i.e., read) during seek, settle _
and track following operatlons An allowable number of servo sectors per revolution and



I'l . DESCRI PTI ON OF THE | NVENTI ON SECTOR SERVO SYSTEM FOR BANDED

RECORDI NG ON DI SK As illustrated in FIG 2, servo sector 30, in
accordance with the invention, differs significant I y fromthe conventi onal
sector 9. Sector 30 conprises a read-wite field 311}__, havi ng a code
constraint (CC) portion 32 and a speed g 9ap 33 whi chiit oget her provide the
wite-recovery function of field 15 of FIG 1. The _defconstral nt 32
consi sts t reyent the decaying wite current fromwitin
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track 39 tﬂe datadat acﬁect or  rate but the data rates and

concentric band A-D is clocked at the same
number of data sectors M vary from band to band.
Not all combinations of servo sample rates and numbers of data sectors M per band
are permissible. Permissible combinations are those where the ratio between the number of
servo samples N per revolution and the number of data sectors M in a particular band A, B,
C or D reduces to a ratio of small integers. For example ‘assume there are 60 servo
samples N per revolution; that bands A, B, C and D have 30, 36 40 and 50 data sectors M
per band, respectively; and. that all servo samples are 1mt1ated at index 52. As noted in
FIG. 4, the ratios of servo samples N to data sectors Mmeach band are 2:1, 5:3, 3:2 and
6:5 starting from innermost band A. Note that in each case the servo samples line up either
at the AM position 16' or within the data regions 51 for all sectors in all bands.
Relatively prime ratios of servo samples N to data sectors M, such as 60/31, are
not desirable since they are likely to violate the placement.-__constramts The AM 16'
position tends to fall near the middle of the gap between data 1 les 27'; hence, the number
of allowed combinations would be quite high. If the track does not have VCO or AGC
sync fields, there are few servo placement restrictions b nly the AM and gap fields
need be avoided; and in such case nearly any ratio of 'Sample N to data sectors M

should be permissible, except the larger integer in eithf
said ratio preferably does not exceed twice the reciprocal
devoted to data fields or identification fields of the dataf

The manner in which permissible combinations

e nuimerator or denominator of
those portions of each track not

0 samples and data sectors
is computed is described in the Appendix attached hereto



Mthat may be used to inplenent the invention. The servo sector 30 is not
I ncl uded because, in accordance with the invention, it may be inserted
anywhere within any of the |ocations indicated by the vertical arrows in
FIG 3. As illustrated, each track 39 preferably contains the
followng fields:.- wite-read recovery an% AGC field 15'; pad fields 42,43,
whi ch conpensate for timng slop; and fiel ‘ds 16', 18 h19 22 253 24’
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is encountered. Servo sector locations are known and stored in a servo location register 74.
Prior knowledge of these servo locations allows data timing and control circuitry 71 to
make the servo sector transparent to the data channel. Circuitry 71 allows the data channel
to operate in the usual manner until it receives a servo location signal from a comparator

72. Comparator 72 generates this signal when the value presented by a counter 73 matches
the value present at the oﬁfput of a servo location register 74. Register 74 contains all the
servo sector locations for the various sets of data sectors.

Counter 73 counts V_CO clock cycles from a VCO and data separator 68 during
read mode, and counts ger ra_ted data clock cycles from a data clock generator 75 during
write mode. This 1nsures that the data timing and control circuitry 71 will interrupt the
data stream at the proper bit b:oundary.

In response to tI_ie servo location signal from comparator 72, data timing and
control circuitry 71 opens switches 78 and 79. This interrupts the VCO cycles and
generated data clock cycles to-disk data controller 70 and to ENDEC 69.

This freezes the states of the disk data controller 70 and ENDEC 69, making each
servo sector 30 transparent to the data channel.



“5 - the I engths of associated data regions 51 on disk 50 is calculated
such that each of the equally spaced servo sectors 30 on a given track is

| ocat ed anywhere within either a data field 27' .of a data region 51 or an
identification region 22" or immediately after: an 4-ndex mark 52 or address
mark 16' in a data sector M As shown [ FIGS ‘3 and 4, each data sector M
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smal | i ntlgg%ﬁﬁe@o?ﬁee@a@glg b E%uier(rlé%ﬂ é e1§1er 5 =r vo sa Sllﬁg %“ gp servo
revol ut i olQCatQn;registery 44 As t@n updated Mlﬁaﬂi’é IQGﬁthBGOf the: next Swod%ecwrs’iﬂ:t e M

per band, chanﬂﬂe{ghin/ﬁinmoﬁlm hB3hma Ihan®ie¥ XOa HABP bt al Shabhiértirid 6k Abxelsh ﬁl%x
52. As n ‘3&1& 1na?‘ - qﬁdkatbos %&rﬂvo sanples N to data sectors I n
each bangltoarenzsg 5Y EEneRAeC BN OB PE ing frominnernost band A. Note
that in each caAecqrdmgsterauampartmhtd"eaturertﬁ they invie ntiiver, thadaﬂnanw\b&r}vosedtbﬁrwd&
or Wi t hi nigt s lsic Al ARSdapl e Ps! %&ﬁ%{ﬁo? eé&{ Qelrlrog 10 S3%w1tgxutéthregg1rmg

Rel ati vel rime ratl os of servo sa a:Sec
60/ 31, ar e¥eiarka frethat sector hBg logate eacheservar sectarOndy @ serwo ptartcroarknsd,

const r ai nwhich ni4}ebAbs sHdit as 1 bit, is required. Each servo sector 30 can be located by open-
loop timing from the prev1ous servo sector and w1thout any knowledge of the lengths or
positions of the data sect_ors

IV. APPLICATION TO CONSTANT LINEAR DENSITY (CLD) RECORDING
It will be understood that the sector servo system for CLD recording is essentially
the same as described for banded recording, except that the clock frequency changes at each
track and the length of each data sector will change from track to track. The manner in
which the permissible combmatlons of servo sample rates. and number of data sectors per
track is computed is by an apparent modification of the algorlthm described in the Appendix
for banded recording. ' '

V. APPLICATION TO CONVENTIONAL FBA FORMAT
A plurality of servo sectors are positioned and en at the factory. They are
circumferentially spaced from each other on eac"' trac by an equal angle, which
timing does not change in the
ctors and number of data
‘described in the Appendix for

.corresponds to a constant tlme separation. Since th
FBA format, the allowed comblnatlons of number of
sectors per track may be co_l_npl_lted in the same man
calculation of the allowed ban'dS' for banded recording.

Another approach_ is to choose a basic data unit that is of the same length as the
length of the overhead fields The allowed data record lengths would then be integral



position tends to fall near the middle of the gap between data files 27';
hence, the nunber of allowed conbinations would be quite high. If the track
does’ not have VCO or AGC sync fields, there are few servo pl acenent
restrictions because only the AM and gap fields need be avoided; and in
such case nearly any ratio of servo sanple N.to -da.ta sectors M shoul d be
perm ssible, except the |arger integer T | "ei ther . .the nunerator or
denoninator of said ratio_preferably does not exceed. tw ce the remfrocal
of those pultiplesrof the dataamitilength. A6the sexvotseefor spagingds rhesed suel that the distance

i dent i fi CigdrivBeh hdjaed® s@volsB@oftls %qﬁﬁ%od’nsmtegral multiplE'UF 1R ARG unlit e ngm ?1
perm ssi bl e conbl natlonfl of servo ﬁ@’\@ﬁs and da'_ta ‘Sectors 1s conplt

descri bedBf SEVRSeASE: AL aexen U iedfs gegions.
-6 - 111. | MPLEMENTATI ON OF THE | NVENTI ON The

servo systemis initializedyby ﬂg@ SR 30 at index mark 52
(FIG 4). As illustrated |§’IFI Aﬁ@”‘ﬁ generafor AT enerates servo

cycl es whi ch arAgaiBuseme septors @ne dosiioned \aad, voditan at. theofactazheThe finst deta

term nal ﬁe&atoxPQ"g{\%ﬁR%ﬁwﬁlaEéH Hﬁat@ldffﬁﬂnd@fr nﬁl’cvmceCSPC!Ef h¥ TkRiSsePFS VResH
each servQ segt.or |t sends an enablﬁip gnal ‘g% Start mark detector 63.

Det ect or £ Wit %memd TERRVEL 3553, P thesd.af dhe,pecap tajngire
start nartkathel sext aentoestctateli@cinothebdity eegiomt df the sty serv® vedors ligh adithinvai ch

5SS BRI b B s8R B S HE MBI hEsRERE

r eads t hecmt frécoird t@ Blign dhe névdraddegss anark fwithnthei rext servh seeton t'Irln'rs: prdcessGisay

code, Emi 3P séchord ont dh@‘tf}&kOf'i‘ﬁ@E&ltfdilg éﬁe%&s R 4361 iNPa write
controller 64 t en o erates I n i) sa,rre man er as;’ r|or art _servo
cont r ol | eFpefationgand, pash b1t [AUERAE AcFed tQPFW’HEt drrgiymg said operatiops; he

pr ecedi ngrs{gpmnptormahostt has been assuned that spi ndI e speed control of
t he

VII. APPLICATION TO TAPE DRIVES

While the invention has been illustrated as applied to disk drives, it will be
apparent that the invention is equally applicable to tape drives. In both, the rate at which
servo sectors for disk or servo sections for tape are sampled is independent of whether the
disk or tape is formatted in FBA or CKD architecture.

In a tape drive, the allowable time separation between servo sections on a track and
lengths of associated data sections on the tape is established such that at least some of the
equally spaced servo sections on a given track are located within a data field of a data
section and the rate at which the servo sections are sampled is independent of the data
architecture used. Like the disk embodiments, the reading of a servo section is initiated
based upon open-loop timing from the preceding SErvo sect_ion. The first servo section on
each track commences at one common '5track index and éacli- succeeding servo section is
initiated at successive locations in equally spaced' time increments from said index. Each
servo section consists solely of bits containing position information and to each side thereof
bits for controlling the interruption and restoration of the writing and reading of data. The
ratio of servo sections is other than 1:1. At least some servo sections are located anywhere
within a data field in a data section. At least some others of the equally spaced servo
sections are within an identification field or immediately after an address indicating mark.

For a FBA formatted tape, the ratio of the time separation between data sections to
the time separation between servo sections should again reduce to a ratio of small integers.
For a CKD formatted tape, it will be necessary to add pad bits as described in Section VI.



disk drive motor is sufficientl y precise to permt conpletely open-I|oop
operation; i.e. the open-loop counting cycle is repeated for each servo
sector 30 and all the servo sanples |ine up at conmon index 52 at the end
of each revolution of the.disk. If speed control ti-ming slop is

unaccept abl e, however, it can be reducedgby pl acing.a sync bit into PES
field 35 to reset a sarrple tlrrer and t hereby update the tinmer at evgry ]
sanmple tinme. tafo and wite operatlons i s processed in the
" same manner as £ hf’ﬁ"é‘%ﬁ e\/\‘i?‘ﬁ‘%\m‘?@ﬁﬁs i medBERd isaingensei s unleso
posi t i onesthersvisshindicatedn to generﬁ:eny deﬁm:élﬂrer aQnagmeﬁﬂCiﬁalgﬁe&f ephcaﬁef bﬁu@cﬂ Qs

| ocati on en. re

know eng“g? t egig@sogggytﬁ{ﬂ {a§€| ons at | OV\,SOCF%%HF %‘fﬂ?f‘f:ﬁlg It F@I’J‘?rt ry
71 to makETYheectus for diskiHes andasesya sestions forttape daveas, @hdimeetennddatwsdctlyng’l

al l ows thig lﬂeﬁ@dqbag&ﬁ@mau@ dRARE Meddt sdclists YHURB A HRA DY dts hid

servo l\c/)\ﬁ at i n Si &ngg él'gﬁg a conparator 72. Conparator gﬁﬁenera{h%%#%ﬁl% :

si gnal OHP¥d by a counter 73 matches the val ue present
at the out put (Th the disk\embodimérits)rthe aowilé miiber el iectots pONEedbtion wast Ne

s ata se
Séglrjx'? e?e cou i,(;IJ\%%E I:fa%f&c}rrbean%i%g t&’%‘?ﬂ itt &gbgﬁap?fﬁ?ta%é’g’ﬁé{?rat%t iggvigrofng
read noddhe gapstans Aotatiogahsnead exﬂ thediske |thecumeyaﬂtweem eavin servinsectar 3ctonstant,
gener at orHeflee Jiff boiH the &fsl% aﬁ@@e e-ﬁliﬂo'ﬁ c?\@iblé Bﬁ{ %@ﬁﬁaﬁbﬁ%&%@ﬂ gervo
control ci rtgysl E)xrxya 71c e data S roper
boundar y.5€€ Rt e‘§ ?mb?ﬂlmeghmls fwasnemmad asor
72, dat a allowiablg mintbet ofi sérob se¢t0fsmxu tta&kl opens swi.tches 78 and 79. This

control ey 70 AN JE\ Rty HA" 8L Shoy? o B5tned [t resbet 3 mrmteniesi
dat a contemhorlgnems)tlmeprmDEﬂi Boundeastood) by shiise skilled in ¢l art tB4 changssdarfonh t o
the dat a ;pfadut6il -may be made in these embodiments without departing from the scope anZ
teaching of the invention. Accordingly, the method and means herein disclosed-are to be
considered merely as illustrative, and the invention is to be lnmted only as specified in the

claims.
. APPENDIX
Computation of Permissible Servo Sample to Data Sector Combinations for Banded
Recording in FBA Format

Assuming initially that the allowable linear density as a function of radius is
known, the various fields are broken down into those paftions which scale with linear
density and those which do not. All references to bits are ih message (non-encoded) bits;
and the linear density units are kbpmm (kilobits per mllhmeter), also message bits. Assume
further that : _

DB = number of data bits per sector (same for all bands for Bhn_ded recording)
SB = number of servo bits (data rate dependent portion) -
SF = fixed length portion of servo in ps
OB = number of bits in other fields (data rate dependent portxon)
OF = fixed length portion of other fields in s
- P = rotational period in ps (i.e. 1/rpm)
M = npumber of data sectors in a band
N = number of servo samples per revolution
1d(r) = linear density in kbpmm, where r is the radius in mm



det ect ed dat af g the VCO 68. This effect af a VCO hol d.
Data tim ng a cuitry 71 maintains svvltches 76-80 as positioned
inFIG 5 for a flxed time period until Jleld 37.. Switch 80 is used only
durlng wite node to wite VCO resync f eld 37 and code constraint field
38. In wite node, switch 77 is closed first to enable witing of
t he VCO p&yhgx‘F‘?@Y“d'h@ﬂ After field 37 is witten, switch 80 is closed. In
read node, switch 76 is closed flrst to allow VCO 68 to resynchroni ze to

the data. Switghes .78 and, 79 en.th VCOr nc field operation
i s conpl et ed; jhg minium allow bfi?/ﬁ? &‘W}@Hg BngP ‘in servo |ocation

register 74 |s then updated with the | ocation of the next servo sector 30.
The channel again functions in HQMSQMMB)@W%SB prior art data channel
until the next servo |locati oﬁ’%rgTTa‘r_l‘s_ﬂﬁa‘eT‘a‘red—gy conpar at or 72.
According to an inportant feature of the i nvention, the data and servo
sectors work in concert such that the data channel is prepared for each
servo sector 30 wi thout requiripgrama08Fesg gk for that sector. To
| ocat e each servo sector only a servo start mark 34, which may be as short
as 1 bit, is required. Each servo sec%or %a can be | ocated by open- |oop
timng from the previ ous servo secsQr. i hout any know edge of the
| engths or positions of the data sec ?'—% | V. APPLI CATION TO
CONSTANT LI NEAR DENSI TY (CLD) RECORDI P It will be understood that
t he sector servo systemfor CLD recording is essentially the sane as
descri bed for banded recording, except that the clock frequency changes at
each track and the length of eachy L selfsor wil | change fromtrack to
track. The manner in which the per # e @Hnpi nati ons of servo sanple
rates and nunber of data sectors per dek s?)conput ed is by an apparent
nmodi fi cation of the algorithmdescribed in t Appendi x for banded
r ecor di n§/here 1d() is a constant, \/ APPL| CATI ON TO CONVENTI ONAL FBA FORMAT
Aplurality of servo, sectors are posid@ryag] and witten at the factory.
They are

:Svmtch 77 'SI‘h tﬁ&ls\éeqyepl'cﬁ’ wite node to pTE RRs@Beh Yrite driver
mi has

66 in read no Il eérvo sector 30. S h sePPened to prevent

_ bits
B OH
27| 1— ==
P “( P )

and where 1d(r) is linear:

Id(r) = Ar + B,

4 Abits
OH

2 1-—
B( P)

24

—B+ B?

Usually the linear density decreases with increased radius, therefore A<0 and
B>0. In this case, the positive root of the quadratic yields the smaller radius (the negative
root occurs where the decreasing linear density is compensated for by the increasing
circumference of the track).

Once the minimum allowable ID radius has been computed, the actual relationship
between the positions of servo sectors 30 and data sectors M must be computed to



circunferentially spaced from each other on each track by an equal angl e,
whi ch corresponds to a constant tinme separation. Since the data tim ng does
not change in the FBA format, the allowed conbinations of nunber of servo
sectors and nunber of data sectors per track may be conputed in the sane
manner as described in the Appendi x for cal cul ati-or<of .the all owed bands
for banded recording. Anot her a'pH pach is'to. choose a basic data
unit. that is of the sane | ength as the | ength of -the:overhead fields. The
al | oned ddetermise Jf dhe barg fss valish| ice.t itkat the servoesgmplles. N occur only in the allowed
-8- ~mul t po¥iensof the data unit length. If the servo-sector spacing is
chosen such tha,ﬁ, the dl_st&ncg b%ﬁe%g adj acent servio sectors is equal to an
integral nultipf@dsterope s allowied bandsigth then the servo sectors will

never |ie in dial Chosese asegvosmnple rate. (For example, 60.)" VI . APPLI CATI ON
TO CKD FORVAT D, (Y C positioned and itten at
the factory. The 1 CPTP G%zaiﬂthg brag‘gg_ér/l g‘ gl‘r% é@.{%gt?s\;g{r!ilg?bggﬁqa R SLR LT R L
an index mark, |i kdlloymble ID radiusisidesssbanor eqol torthe idisk F).t fFor exhmpler, iassamecad
recover area, pad thelresuld § 33dfebsceRrihe end of the ‘ecord to insure that

the next servo secfor.lies in the data region. |f the next servo sector
lies within a d?-sa tF‘HW&dW@-éﬁa bapdq‘ﬁw%ﬁ%ﬁ?e it is valide x I nett decrease the seatemn

pad bits ar E a_ddﬁdcmmt bid amddepéat! (e, deraiseRABY th 303! Nak ﬂﬁ@ifrtﬁékecul)rl

Sectors on the tr s JREE i VERAE oBlese, Be, B ML Sicwetle B B el et o

operation and ext reepd#ionse pad bits during a read opération, thus making

sai d operationsytrogsngfiRihe fifst Had Wiise minimum allowable ID radius is greater than
the disk ID. (This could be 30 data sectors. asaresult of the example used for
step 3.) -

5. See if the band is valid, if so, add it to the list, Increase the sector count by 1
and repeat until the minimum allowable ID radius is greater than or equal to
the disk OD. (Again, using the example from-7"&1e prior steps, step 5 could
give the following numbers of data sectors per band: 30, 35, 36, 40, 42, 45,
48, 50 and 54, of which for simplified illustration only four, A-D, are shown,
in FIG. 4)




M. APPLI CATI ON TO TAPE DR Whil e the invention has been
illustrated as: j l“H g “(c“! EEI ives, it wll be apparent that the
invention is ey o tape drives. In both, the rate at which
servo sectors for - di ‘sk or servo sectlons1 for tape are sarrpl ed is

I ndependent of whether the disk or tape i%s formatt€d in FBA or CKD

archi tecture. In a tape drive, the allowable tine separation

bet ween s& gections on a track and | engths of associated data sections
on the tape I's established such that at |east song:ff-the equally spaced
servo sections on a given track are | ocated w thin:a data field of a data

section gnd they e@érewt ﬁﬁrn\tagnéﬁ@feceﬂ_ﬁn G40 0P HRddisie béiagependent

Zfertvﬂesﬁfqﬁwsﬁér@”e e 5 @Hasa B 08 B R b A B 880 g

servo sedtdcks in &ch Hand beingativided anto ithensame mmbier of dat éa:tmsmﬂantoaat plarality

. S
Coerecs: L WnAfr ot ERANGIEACEELND REIE, AEGHADR, Sl LehElh iy

Each ser veackdegingdshe same fan all dash &tagksom the bandsand sheimimbesefidatagsecions iy adatron
St Or Bt 1 o e L e T e it 0f (AL -"‘%“f‘%‘méf“’“a@f v“% st ons
i s other Wﬁffﬁig% f"éta%f’ggﬁtﬁegeg@”‘g aé’g ﬁgntﬁjﬂ @Eﬁ%ﬂ tQNI thin
a dat a f ibisgall of thedgemaradlyeg) anifuldriyespacabseevasdeeor méachhﬁthqdab.ltmcmw

ZS&YZSieﬁ%%?%ﬁs%%&%*ﬂy%ﬁﬂ? Ao A0 el A BB Bl By

ti me sepaeetprsoif tb@ptbsé datgdragks eﬁthechasda,ovhen@ytmmrgeﬁmtgmetxtatﬁ@evmﬂner VO

sections rgmch@ggtﬂggagdyce to aratio of small intiegers. For a CKD
formatted tape, 1t will be necessary to add pad bItS as described in

Section VI. -9 -
2 The disk according to claim 1 wherein if the number of data sectors per data track

for each of the bands is represented by the variable M and the number of servo sectors per
data track is represented by the constant N for each of the bands is equal to a ratio of two
integers, each integer being between 1 and 12,




As héreinafter used in the clainms, the: tern1 novi ng: nmedi um' i s intended,

unl ess otherwi se indicated, to generlcally define either a magneti c,
magnet o- optical or optical disk or a magnetic or optical tape; the term
"sérvo sections” is intended generically3to cover servo sectors for disk
files and servo sections for tape drives; and the term"data sections" is

i ntended to generically define the data sectors for FBA and CLD formats and
the variable length records for CKD fornat. - In the disk

enbodi nents, the allo \i ol uti on was

cal cul ated for each tﬁg@hﬁgﬁﬂ@Eﬁgnﬁingﬁggggﬁﬁﬂﬁﬁaﬁpﬁf@gﬁ@% arent, however,
that -in view of the ESHSARRY-ANGHILARLY-SPACHDOSERVEO SEG'RORJShe time between
each servo sector is constant. Hence, in both the disk and tape

enbodi ments, the allowable tinme separation between servo sectors on a track
i s cal cuPBSIRACFough in the di sk enbodiment this was expressed as

al  owabl e nunber of servo sectors on a track. VWil e the invention

has b h d d_.wi ts th f,
w11 AemEa B SRR i RPN SeRORLPHEFH SR 2 ik 9 SEVR SPURFand
detai |l nwyitlen ameajape)‘am heqaail)es}hodi orea givenittabb and mﬂalutmg gedk, gettieaad sracke

SlngC][ gggg; ar elﬂé Ob%g gonsﬂéea%alﬂﬁnqgﬁgdqgld\ém“.lh I"H$I ve, angmg%gﬁﬁnven?: (r;n is

to be | ibetween 8envy seeforser seations)ion a mckcam Ieggths of associated data sections, such
APPENDI Xa5 data S0T014! ¥ tvabiabR leripRh fcdds? tifht RAN R a%adfﬁdnsdatted BRtRe &g@ bpfa ein

Conbi nat | ons f or Bande ecordi n
Format Such manne;\élas ﬁﬁ%@oﬁ the SETYP|SEOtPRAT seEong) eqyally warsd enp giNeAdrack iss o
f uncti onlogited aeithis ai datkfieldrof atdaea seator @v ithire it Rlentificakion tegion! Olf\/ihnnﬁﬂﬂtdlshos e

Fet er oncaith it e dpdibqeihe foB S ucttSidutesd B, i laFE), R, A 41 i he
density serve secaoxe(drtsmnnnskmsompled ip constant hndmﬁepmdexatl ddhmamhqanm lengths
Assune f Uf et %ﬁmg %s ofcﬁnsqﬁ& Qﬁ:[oe'ngl‘ﬁ?t ffis (SR uﬁﬁljﬂe bands

for banded recor er of rvo a rate cgu
port i on) fogCID frps@rémge ﬁgbwdsé ldﬂﬁké Hsigg sg@wé SPWO[%@F%H‘@UQH% J%a’eranéfalaﬂ ts
i n ot her efenabdm-¢edfiral airhRedh@esWeR bs Bt keytata (CKD), wherein the data is

written in records of variable length, and to tape drives formatted in FBA or CKD.

-
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Fig. 4
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[err] Usually the linear density decreases with increased radius, -
- therefore A<O and B >0. In this case, the positive root ‘of "the quadratic
yields the snmaller radius (the negative root occurs where the decreasing

| i near density is conpensated for by the increasing circunference of the
track). Once the minimum al | owmabl e | [RKafiUsE $as been conputed, the
actual relationship between the positions of servo sectors 30 and data
sectors M nmnust be conputed to '

SERVO SECTOR 30=—— 51 OTHER _
\\_..,:5”_— AT~ _DATA SECTOR M
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" determine if the band is valid; i

~in the allowed positions.

1. Choose a servo sanple rate.
band with the greatest nunber of data sectors,

.e.,

that the servo sanpl es

N occur only

To determ ne the all owed bands:

allowable ID radius is | ess than or equal

(For exanpl e,

60.)

2. Conpute the

whose m ni num

t oShbet 31io§l3 | D. (For exanple,

assune t he result s 31 data sectors). 3. Starting with
this band, check to see if. is valid. If not, deC¥ease t he sector
count by 1 and re (Thus decr ease from 31 to- 30 ) Note that if the
sector - mt——gﬂ £s -1-6--0—w S Lher bl e
| D band under §e‘” condi td,)oni : N&hmth first
band: whose ni ni ' werbt 1Draf|us'\|s.-_gre_ter tihe o | e disk
ID. (This could % Bojdata kectorsfas a rdsulf. Q & uge@f -
step. 3.) b= | “"‘t‘h’é‘-baﬁd is vglid, 0 w7 | i st.
| ncrease theD @8 unt by 1 - any B Eondu 3251 um
al | owabl e IE)JH{ | %fgrﬁ er tithan or eqdal’ kjf OD.
(Again, usi edamgke<fr om tihe [prior gt epg BT of
gi ve the fo{ ow ng nu f dqtalsegtord -3¢--35, 36, 0 42
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12 CLAIMS 1 A magnetic recording disk, the %Jn

'surface of the disk being divided'itnto a:pl urallty of rad aced band
of concentric data tracks, all of the data tracks ing eachll rgiZbMARg‘iQQ'I
divided into the sane nurrber of data sectors and into a pl Ity of

general ly equal l'y angul arly spaced servqpsectors, t he nundef_of—setxro
sectors in a data track being the same for all data tracks| in the
the nu of t ors in a data track of each.band belng dlfferent
fromtgte)éﬁurrb@?é%o egﬁe[%g sectors in a data track in the .ot her of the bands,
but each data sector in each band containing the same. nunber of data bits,
al | of the genprinivmmealdwabdemy radiby forRAsd is Bied Piveadyer s i n each of the
data tracks of the bands being generally radially akignéd with the
‘generally equally angularly spaced servo sectors in:the other data tracks
of the bands, whereby the sepyp- ﬁ.’éﬁﬁMﬁMﬁeral ly radially across

t he bands. 2 The di sk accordi ng 1@0cl ai m -wherein if the nunber of
data sectors per data track for each of the bands |$_represent ed by the
vari able M and the nunber of servo sectors per data:frack is represented by
the constant N for each of the Kd¥hdsMi>sOEGuNIx SR a- ratlo of two integers,
each integer being between 1 and 12. B
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Where Id(r) is a constant,

and where 1d(r) is linear:

Id@) = Ar + B,
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Usually the linear density decreases with increased adlus, therefore A<0 and
B>0. In this case, the positive root of the quadratic yiclds th smaller radius (the negative
root occurs where the decreasmg hnear densxty is compe_ '

ted for by the increasing -
circumference of the track) :

Once the miinimum allowable IB radlus has been computed the actual relationship
between the _posmons of: _servo_ ~sectors 30 and data sectors-M must be computed to




