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1 DATA RECORDING AND REPRCDUCI NG APPARATUS ) This invention relﬁ?s
net hods and means for provi ding and sanpling servo portions on a e ‘9
recordi ng megiosgp-@md nore particularly refates to such a nethod and neans
wherein the rate at which servo sectors are sanpled on a disk file or servo

sections are sanpled aon a tape drive i.s independent of the data
architecture used. Qur cBYEndFHPRRINGpAE BEPRIAUCAKD| ARBARAGHS Nunber EP 439

278 based on US Patent Application No 07/466195 and filed concurrently
herew th di sgl;Qs d 0 the.servy c
SfiliQ Févegl g&E—I ?’antaeg £ dTG8080ds gna 31%%? P%rgﬁf aits) ﬁxr?% E%%)ng such

sarrpllngratelna rmatted 1n a fi
i ncrease bei SRFVEIIVELSH Rt h "avIR LS ﬁ%ﬁOfﬁh%‘J é@é@m'namqweom@ahewlenbn dat a)

regi ons. Thaatés kohasent hﬁnéihb@ranarxﬁea(ﬁ@nm%%i@rt&le SRV &ﬁ@&mrs%rwl ch
contain all servo and ass c at ed O\ég i nf ormati on. , mcro

servo sect or¥ aPe PASETTRAT A thé” Fl % 8§ ve fﬁ%tejr?nfhaer
servo sector@paodq}wevxﬂenémﬂempét@eoﬁa!saelavdnltnfzomeaumm. These m cro
servo sectors contain a snall portion of the overhead information, only

sufficient to prowd%%o&tlon infornmation and to control the tené)oraré/
nd

i nterruption and PESTHACIBhEBTORAR W PRl PRI AT OhAY b He Flat Y ST SafP
cl ock i nput dnous mdatet @npbiderice dodet/466198BeendiFd léd eoseurtenbly Sbsevirtd

short, nor %&XQnyeQ né %r@rtﬂ&i gt'xd tn@%ny qgri ﬁ&%ggﬁﬁaEﬂe servo sector sampling
rate in a disk formatted in a fixed block architecture {(FBA), such
increase being effected with a minimal increase in the overhead (non-
data} regioms. The disk has the prior art conventional servo sectors
which contain all servo and associated overhead information. However,
miecro 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 resynchronisaton 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 fermat. . ~w s
Several techniqﬁes, now becoming increasingly popular to increase
the areal density in sectored disk files, are constant linear density
{CLD) recording and banded recording. In CLD recording, the data rate
for a given track depends upon its radius. Banded recording is somewha:.;_
similar, except that the data rate is consﬁant within a given band of
radii, but varies from band to band to minimise the range of linear
densities. It follows, then, that if implemented in sectored servo, thz
number of sectors and hence of servo samples would increase prograssivel:w
from the innermost to the outermost bands, and thus require the serve

syscem to adjust to the differing sample rates. Also, seeks across



afterxeach burst. These micro sector bursts are used onl YHEUSHEET Hes BEEN]
(since they. cont ai n only position error signal data) amd al sREPLACEDably
during seek &% hbreviated Gray code is used); and -
sector servo ursts are used during read and wite track foll ow ng. Thi s
techni que desirably provides high sanple rates with - m ni mal
overhead i n khmls &nd ssttiasngt dapdcddgresvaBAVieqhy 84 edhs Snthupda tiis@dLi thd ow
end di sk 11 Sth ! {hEBAdDL MRy 56 Waaked ACRALE Soul@ RECOT N
increasingly popular to increase the areal density In sectored disk files,
are constant linear density (CLD) recording and banded recording. In CLD
recording, the datiereaie of aced fgi:ve&ebéﬁihgdﬁa&ﬁﬂflﬁxeupmmbb&ehadid&he user,
Banded recor [ C h t.th ata rate onst ant
W thin o o vtk o PRt B- chid anf NSBEhA Aoy 150 SIS {hEe HEE R bne
range of i rﬂ?&'ﬂodﬁ’@#?l@é‘»e i3 cppstamksand Henindependent ¢ﬁ’r}§h9rﬁ@me%¥°hmtecture
sectored seryiad 44 1860RQr oy B9CIHAT So@idalR@nee Qe G841 GevidER! €5 sbPWY d

i ncrease proy esswel fromthe innernost to the outernost bands, and thus
require the temto adjust to the differing sanple rates. Al so,
seeks across 2 bands and settles at band edges woul d require constant

updating of the spBL&idAtS thdNPresent invention there is provided apparatus for

controlling the reading and writing of a data stream to and from the data

fields of a sector-servo fixed-block-architecture disk drive having some
servo sectors located within data fields and splitting their associated
data fields into at least two portions, the apparatus comprising: means
for storing a value representing the location of a servo sector within a
data field; a counter for counting the number of data clock cycles in
the data stream; means coupled to the counter and the servo sector
location value storing means for comparing the count value with the
stored servo sector location value; means responsive to the comparing
~means for interrupting the data stream; and means for updating the
storing means with a value representing the location of the next servo

sector.

Fig. 1 is a diagram, not to scale, showing .the regions and fields
of a prior art data sector for a track on a.éisk file formatted for

conventional sectored FBA;

Fig. 2 is a diagram, also not to scale, of a servo sector according

tc the invention; b . ~

Fig. 3 lS a dzagram, also not to scale, of a data sector into which

at selectable locations the servo sector may be inserted;

Fig. 4 is a diagram of a portion of a disk according to the prssent =
invention formatted in banded FBA depicting the constant sampling rate
for all bands, the varied numbers of data secrtors per band, andé the s&rd

sector locations in the respective bands; and

Fig. 5 is a block'diagram showing the circuitry for implementing
the invention. '
This Sheet Has Been R
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timng of the servo sanples would vary. there is a need for a recording
techni que, transparent to the user, useful for both non-sectored and
sectored dis 96_1g§1_47%§e formats, wherein servo sanple rate is constant and

I s i ndepende data architecture uséd and |limted only by the total
area of the disk devoted to servo information. According to the present
invention there is prawkfedhcaionppasedicdspdioh SOMPriot larB0sdRe geadiNng and
witing of a data streamto and fromthe data fields of a sector-servo
fixed- block-architecture disk drive having sonme servo sectors |ocated
within data fiel R ahtusdpRried ingFighel + calsicratBiodatsr Bred gsctan & £ar keast

two porti Onsbrabia&:rﬁﬁpﬁpaffliﬁna@@@@rdxsk NebmpAEsEeS a f ¥rvet QdgiBg 1@, val ue

representing, 1 he, octlo a_ser tor thin a data fi.eld; count er
for counti ngglldteﬁ lcﬁg s 3¥g’d§f331°6‘| ng a@)%c? e?wa Jretgﬁgnd1 ta s r;é%rﬁ %e
coupled to tmeécﬁyﬂérlsanéllMetm for shet driveoelscitorniral e syl ﬁgommse

for conparing the. COUXHdr!QQ WariM (b (181800 ed é?%\é%éﬁ-ﬁﬁ&fs,l %s%tlhé’é‘ ARLME;
means respon3|ve to the conmparing neans for interrupting the data strean

and means f FEEETRISE HRfS RESEL 6195 §RPLALRIPENRCE W1 IRFVP 38 SR A nEF T des

| ocati on of thhebaxdxt feelucrtiegt e, ot&re:ofihndg t 0 ranbt ivar eapesignal (HES)

| nventi on thebes iy PLAulALdnaN:ARAR ALY Sadddka CANLEOLLIAY 0C:.CR%A 20
witing of data to an romth ata e a sector-servo

fi xed- bl ock-C4r B F£8EPAHBI die8R- dri ve, the di sk drive having a data disk with
some servo sectors located within the data fields and splitti ng their

associ at ed data felgs 10,31 JogatfestiouROLNE: s Y0A4BLs R0 e ¢

apparatus conpri sing
needed to 1nsure that PES field 17 is not overwritten and that sufficient

time is provided for the write current to rise to its full value. vCo
synchronisation (VCO Sync) field 19 is required to give the variable
frequency read clock sufficient time to phase lock to the upcoming ID and
CRC field 22. Encoder/decoder (ENDEC) flush field 20 indicates the
number of bits the read channel decoder must receive in order to put it
into a known state called ENDEC flush. Sync byte 21 indicates the sync
byte needed to align the read bytes ‘on current byte boundaries. ID and
CRC field 22 includes as the ID portion a sector identifier and bad
sector flag and as the CRC portion a cyclic redundancy check for errors

in the reading of the ID. - .

In data region 12, fields 23-26 correspond to the ID fields 18-21,
respectivély. However, the function of sync byte field 26 is to tell
the controller when the VCO synchronisation apd ENDEC £flush end and the
real 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 convéntional sector serve system is completely

independent of data regions in the other data sectors.

For a more detailed description of the regions 10-12 and fields 13-

27, the reader is referred to the referenced related zpplication.



meanssfor clocking wite data to and read data fromthe data fields; neans
for storing a first value representing the | ocation of a servo sector

wi't hi n a datsnsf-B®{0¥4Ba counter for counting data clock cycles; a conparator
coupled to the counter and the servo sector |ocation value storing neans
for generating a signal when he vaI ue |,n y € counter .matches the stored
servo sector |ocation val ue; featts=t 3o S

responsive to the conp&es ale ; andadp Reqy : atkilng or witing
of data for a fixed tine perlod and means for updatlng t he storing neans

with a second value, different fromgthe first value, representing_ the

location of the MxtIHTBERIR i %'hlsﬁr'ﬁ $e5ET P ntiByeRRATERR G MYt theop
Accor di ng t anséndilonandififers adgetfiicehtiyhEromtbatdonneidionsl |s&cﬁ<|sn)\9|.ded;eaaor

apparatus [ qp copL Ll igefie{EA0L00 39hAILL iS00 BefAl8 ST LQ,ANd

fromthe data ctor- servo fixe ecture
drive, the dRstd@ 9@%9??1@%@%%@%@68‘&5# Ehe aéERIiTegORTY BWEHdPhg

data in theogaff13t ieah rég vql tagaecwataraidsedamcnilcahgfstfsoef cﬂleskwg data

in the data streamdu:# % read_nod rengtaomatatn $0TE 0

sectors | ocRFBEFRN FRT FCAE Fal o i 8‘? d§ and Sptiterhd ttﬁae’?’sr1 a%%&e?a? SF¢d4t a

fields intothe lasasfattawrpwitions, @dve3appf&|ia1! Us tomgriwitnfor 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 signal (PES)
field 35 and marks the start of servo sampling. Between the end of PES
field 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, for example, for a (2,7} code would be 00. Each of the fields
32,37, 38 are completely written during a write operation; £fields 31 and
36 are partially written during a write operation; and fields 33 and 35

are written only during a servo write operation.

It will thus be seen that each servo sector. 30 consists solely of
bits in PES field 35 containing position information and to each side
thereof bits in fields for controlling the interruption and restoration -

of the writing and reading of data. -

Fig. 3 illustrates the various regions_éf fields~on a -typical track .
39 of a data sector M. The servo sector 30 is not included because it
may be inserted anywhere within any of the locations indicated by the

vertical arrows in Fig. 3.

As illustrated, each track 39 preferably contains the following —
fields: write-read recovery and AGC field 15’; pad fields 42, 43, which
compensate for timing slop; and fields 167, 187, 19, 22‘, 23, 24' and
27’ which, with 15’, are essentially similar to the correspcnding

unprimed fields in conventianal sector servec 9 of Fig. ..

Servo sectors 30 are written at the factory and are inserted either

anywhere within the data field 27’ or at cartain other prescribed



a datsa clock generator for clocking data in the data streamduring wite
node; a disk data controller for controlling the data streamto and from

t he encoder/sdscost@74st he di sk data controlder being coupled to the data
clock generator and having neans for receipt of a clocking signal fromthe
vol tage-control |l ed oscillator; neans for storing a flrst val ue representing

the | ocati oPO8tE3P Sl F2ERAGE SHOEAT MraSHEh 25 FhR dD/CRC: Bifkde P2 c EPESY t o
t he data cl eoktisnefafi@ldald .havorgversafseldsr 22/c@ad pfaiaf e gpborionngs Fignal

fromthe volzeagaerecgat;xﬁ' he&m9§§éé | gty tﬂgﬁeﬁe&ptaénghed%h@a Ho2€ korC YE! Pselﬁ

during read and wite nodes; a conparator col e counter an
servo sect o7 Rt G- & TRA1dt FriPnL RuEPRT Pérp%é?’é’cllenw%l@%&I“WFen t he
val ue i n t heoGDdibkeichHiri-edies Ada ﬁi-awtedasafaueexseehwefbesatunensétarbugactdaéa

{00 A SOrLE e SLEEULLLY £OUL L kou iRl 36 B BpEniLoL ecenn e
response t02ﬂh@rcéh%r1§@©¢13§ﬁblhépllwege@y16'a{a | n the data streamis not

read fromor witten to the data fields during said time period;, and neans
for updating the storing neans t econd val ue representing. {he

| ocation of the ﬁ%"(tse 8\/sc?c§8‘ést gnp f%c’f’ﬁ? It Re Je8ETies g’d %‘ﬁtﬁy”f‘i St ISFLY

I s a di agr anr 3ot becruseathe VEhdwi Figpnt hetamg;ms piecsef pelfdeqodncy prdkor art

dat a SectOrrw{u@nér%cgn%peeﬂcﬁkbfa L1 FOROBL taegemr saRfteent ipaly 58 tored
FBA;, Fig. 2 1s a diag gram al so not_to scale, of servo sector accor to

the inventi 8RFVORFEEEATS| 0 Reginggris 13l fs’t?lﬁﬁtlst 0 %%aPlE 23f “Rigase sr@@‘t‘b"re

i nto which abr ebecilabbeovery or in pad fields 42, 43 used to accommecdate 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 field 33 are not regquired; and
since pad field 42 would then follow the servo sample, VCO field 37 and
CCSB field 38 are not required either. Although eliminating these
fields by starting the servo samples at AM 16/ desirably lowers the
overhead, it probably is not sufficient enough to offset the advantage of
having all the servo sectors be of identical length. In banded
recording, especially, all servo sectors should be identical so that the
servo system will operate independently of the bapdiné.

Fig. 4 depicts a disk 50 formatted in FBA as banded sectors. The -
servo sectors 30 in each respective band A-D are written at equally -
circumferentially spaced intervals and are sampled {ie read) during
seek, settle and track following oneratlons... An allowable number of ._~;_
- servo sectors per revolution and the lgngths of associated datz regions

51 on disk 50 is calcﬁlated such that each oflthe equally spaced servo -
sectors 30 on & given track is located anywhere within either a data
field 27’ of a data region 51 or an identification region 22¢ or
immediately after an index mark 52 or address mark 16’ in a data sector —
M, as shown in Figs. 3 and 4, each data sector M extends from the
leading end of each "other® fields (which are the overhead fields) to the

end of the adjacent data region 51.

It is not necessary for each servo sector 30 to start at the AM 15°

or index mark 52 for every data sector M or that the positions of the

~

servo sectors be the same for every data sector. However, formatting



| ocat-ions the servo sector may be inserted; Fig. 4 is a diagramof a
portion of a disk according to the present invention formatted i n banded
FBA depi ctif)g.-ghsysganstant sanpling rate gor all bands, the varied nunbers
of data sectors per band, and the servo sector |locations in the respective
bands; and Fig. 5 is a block diagramshowing the circuitry for inplenenting
t he invent iwidl be spmplifdeddiifgag d1liesimptahdrhBig-adpdde HIFstheeqvidveptssn

Ej here is prﬁVEQ&ﬂga:de eﬂlﬂﬁﬁﬁtaldstl{é)?:pﬁ??ﬂt Eadialngndhes 1 @adi agnasicbaseaiiqg of a
ata streamto an romt ata fields_jn, a sector-. serva, . :

(T xods bl oCIBSTRHREERT dPestiy ket toet (et fit & Gtk i IoGesgns 1n eavariy
encoder / deapdeed ftdme eincoemengsafmpndezictingexiat aThus, t e diisk 0sthreednata dn

vol t age- conr.ol ledeRSGicl bR -5 Qs eluking: 98k dahd dfhe dildnsd rBaMLYr i ng
read node, and a data _disk with sone servo sectors %oc%tﬁ% within the data
fields and Z&5PF tFRNHORE! 75 48EHSPEIUF Mafaf¥t ‘é?“ﬂé‘“? 8 Feast two
portions, the apparatus conprising: a data clock generator for clocking
data in the datf qualfAARLANA0GY bF Geth0Sand1dlistkellabi SABLEO!dChalLl
controlling the data streamto and fromthe encoder/decoder, the disk data
control | er seeters ¥oegs dand Greme @it HPiPock PEENEEAP T CAMREPREYIIFg2RR 4RSS Eor
recei pt of \Refd Qaki AL 15l Betilech O flkdey 0bi d3gevd QaipIRS| R bepSddlat ion an@ans
for storing a fIfel yPLYe, SRESIeATINY S&:LOER bk & £ 884YQ 28I «o

within a

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
initiated at index 52. As noted in Fig. 4, the ratios of servo samples
N to data sectors M in each 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 constraints. The AM 16’ position tends to fall near the
middle of the gap between data fields 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 because only the e
AM and gap fields need be avoided; and in such case nearly any ratio of -
servo sample N to data sectors M should be permissible, except the larger
integer in either the numeratcr or denominatof‘of saidfratio preferably -
does not exceed twice the reciprocal of those portions of each _track notc

devoted to data fields or identification fields of the data sectors.

Permissible combinations of servo samples and data sectors may be N

computed as described in the Appendix attached herect. . ——

III Implementation of the Invercion

The servo system is ini-ialised by locating 2 servo sector 30 ac
index mark 52 (Fig. 4). ' as illustrated in Fig. 5, clock generator 61
generates servo clock cycles which are counted by counter 62. When

counter §2 reaches a presst terminal count corresponding to the number of



data field; a counter coupled to the data cl ock generator and havi ng neans
for receipt of a clocking signal fromthe voltage-controlled oscillator for

gounti ng da%%, GlhogkeLycl es during read and wite nodes; a conparator
coupl ed to the counter and the servo sector |ocation val ue stori ng neans

for generating a signal when the value in the counter matches the stored
servo sect osetwgcaldaincyalasebetirgen edqh pervensectont 3Gl itisendstanyeraidgl ed to

the disk dagf?fiﬂnéa Q Eeartaﬂ.drﬁ hiace@nRag st or né&r:twts@r ERERL hHskst Ber daka
streamfor a time period in rez_pgnsetot ecoa})a}{ éor g%fald
wher eby dat 8t35% PHEE At & PRI PEEDSL 2t ead iFoiTHR® WFT % E0ata
fields duri agrestod 63i gengetpody sasck Woans sigralupelbichnis tsket sicon i segvaeans

with a second valig 5 %g c{agtgp%zl 0C b1k 062 ﬁerég@etbs;%\éosé@—etﬁma
withinits assomate at a Is a diagram not to scale

showi ng t hesiengit i ZRSITESFRINLERT o pF?’cYP ﬁ?’ttrﬂé’t%' EL PSP T35S the BEK on a
disk file f@iémtisadnﬁwtmnyﬁﬁd Offdrms einor ®GhFRAa Ergrk 20 i@ag G:bdagrhia’s]ed

allso not o, 9eal gy xahud SREN SEELAY PGEULLLIGLR N AN ITLY e |

a di agram WRB, D a data sector 1nto which at selecta
| ocat i ons ttteansepmtse@tf’otthﬁegﬂmﬁem%%ér%sea PIF‘P@ Ak pETVR BPHGPAHITORSHRI

portion of @ dipfK RCeotto1dad Ackhfdir esnkhdwyention formatted in banded
FBA depicting the constant sanpling rate for all bands, the varied nunbers

of data sectors per band, and the servo sector | ocations in the respective
bands; and In the preceding description, it has been assumed that spindle

speed control of the disk drive motor is sufficiently precise to permit
completely open-loop operation; ie the open-loop counting cycle is
repeated for each servo sector 30 and all the servo samples line up at
common index 52 at the end of each revolution of the disk. If speed
control timing slop is unacceptable, however, it can be reduced by

placing a sync bit into PES field 35 to reset a sample timer and thereby

update the timer at every sample time.

Data for read and write operations is processed in the same manner
as in the prior art, with switches 76-79 closed and switch B0 positioned
as shown, until a servo sector 30 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 cogntar 73 matches

the value present at the output of a servo location register 74. - -
Register 74 contains éll the servo sector locations for the various sets

of data sectors.

Counter 73 counts VCO clock cycles from a VCO and data separator 68
during read mode, and counts generated data clock cycles from a data
clock generator 75 during write mode. This ensures that the data timing
and control circuitry 71 will interrupt the data stream at the proper bit

boundary.

In response to the servo location signal from comparator 72, daza

timing and control circuitzry 71 cpens switches 78 and 79. This



Fig..5 is a block diagram showing the circuitry for inplenenting t he
I nventi on. 3 | Introduction -- Description of Prior Art Servo Sector As

i,h lustrat edsi 9-5-%74;}’ a typical prior art, data sector 9 for a track on a
FBA-f or mat t &4 di sk conprises a servo region 10, an identification (ID)
region 11, and a data region 12. Wite-read and speed field 15 all ows
time for thandernnetslthet vaincyslesoarsivigbnérateddamai ¢ Bocdkocyaad. to dAsldraass nar k

(A Tield 18.12:30: 39V RENLGMAE: @PSOI S HIdH A0 GRS SLANES! AL LARNki{] es
t he begi nning of the servo sector and provides the basrs for locating e
ot her fi el dsontrabdey 700k ENRAC &P gfakinpearh §ezve Sertepfifarransppeent to

I nf or mat i oncheesded dnanflet.erm ne the track position of the recordi ng head.
In IDregion 11, read-wite and speed field 18 allows the tinme needed to
insure that PES field 17 is not overwitten and that sufficient tine is

provi ded for theSwitche?Tusresad eoly dyeingovrite pode teaPutea preg@e and write

fsynchroni Sakir%;arl( V@%Syﬁa) nbdeckd dal & d’e@ﬂblié'e%ldoi'%(}?i Vfbﬁrtib& \#@ri@%ie%ea g

requency read clock sufficient fine nase_ | oc e upconin an

RO ol o 295 ProERio dBITIBE RSP {TRDRES=FRAR 2P| 604590 | (RH 208N FRRTber

of bits theof eadcehmndel decodéninygushd reeperale circwitder?l vaputhing switches
76-80 as -positioned in Fig. 5 for a fixed time period until field 37.

Switch 80 is used only during write mode to write VCO resync field 37 and

code constraint field 38.

In write mode, switch 77 is closed first to enable writing of the
VCO resync field 37. After field 37 is written, switch 80 is closed.
In read mode, switch 76 is closed first to allow VCO 68 to resynchronise
to the data. Switches 78 and 79 are closed when the VCO resync field
operation is completed; ie is either written or read. The value in
servo location register 74 is then updated with the location of the next
servo sector 30. The channel again functions in the same manner as a

prior art data channel until the next servo location signal is generated

by comparator 72.

The data and servo sectors work in concert such that the data
channel is prepared for each servo sector 30-without requiring ap. address
mark for that sector. To locate each servo sector conly a servo start
mark 34, which may be as short as 1 bit, it required. Each serve sector
30 can be located by open-loop timing from the previous servo sector and ~

without any knowledge of the lengths or positions of the data sectors.

IV __Application to Constant Linear

Densitv (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 manrer in whichn
the permissible combinations of servo sample rates and number of data

Sectors per track is computed is by an cbvious modification ¢f the

algorithm described in the Appendix for banded recerding.



Intosa known state called ENDEC fl ush. Sync byte 21 indicates the sync
byte needed to align the read bytes on current byte boundari es. I D and
CRC field 22giqngbusias as the ID portion a gector identifier and bad sector
flag and as the CRC portion a cyclic redundancy check for errors in the
reading of the ID. In data region 12, fields 23-26 correspond to the ID

fields 18-21, respectively. I—bvﬁmwn_@mync byte field 26 is

totell the controller when the VCO synchronl sation and ENDEC flush end and

t he real data, A%ga% Jtctg,ggé%a gvo seﬁt?% Qr227bs&e%nggcapd ar?dath; field

27 stores the user e error corre co €. ach
dat a regi on fastartonvErmy éﬁalf—'lgémfGre%fé-MbY Spaeednfron @@ﬁ%l@@leryml agependent

of data regignskisy taheecgiaheangcia; awhigﬁt&&§esﬂ:oﬁﬁs &JTRI &ndeidt lkede @%ﬁsfalt%hon
of the regions 10-12 _and fiel the reader is referred to the

ref erenced r¥Pseedeappid é;é'f"r’i?n‘si"es nﬁtl‘?‘af%%éf‘l § 5R® FP Py A% SHEPERE Sect or
Servo Syst emchibtndBdnde bfRewdreti af) senvdisektdts and mehbext of dataFsepto?s eer vo

sector 30, iJ @ﬁq&'g,dag%m}gﬁééa t e nbNYERt hherdi d 18ES-18bENA koMLY ditORt he

conventi onal sector ect or
. calculation of the allowed bands 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 multiples of the data unit length. If
the servo sector spacing is chosen such that the distance between
adjacent servo sectors is equal to an integral multiple of the data unit

length, then the servo sectors will never lie in disallowed regicns.

VI _Application to CKD Format

Again, servo sectors are positioned and written at the factory.
The first data record on a given track is placed to start at an index
mark, like 52. If the next servo sector lies within the
write-read fecovery area, pad bits are added to the end of the record to
insure that the next servo sector lies in the data region. If the next
servo sector lies within a disallowed field -at the start of the pext data
record, then pad bits are added to the end of the current record to align e
the next address mark with the next servo sector. This process is -

repeated for all sectors on the track. The controller generates the pad

bits during a write operation and extracts the pad bitsfduring a read

operation, thus making said operations transparent to the host.

-
o

VII Application to Tape Drives

While the invention has been illustrated as applied to disk drives, —
it will be apparent that the invention is egually applicable to tape
drives. In both, the rate at which servo séctors for disk or servo
sections for tape are sampled is independent of whether the disk or tape

is formatted in FBA or CXD architecture.

In a tape drive, the allowable time separation between servo

sections on a track and lengths of associated data sections on the tape



30 conprises a read-wite field 31 having a code restraint (CC) portion 32
and a speed gap 33 which together provide the wite-recovery function of
f4eld 15 of daisgss-b74Bhe code constraint 33gconsists of bits to prevent the
decaying wite current fromwriting a transition too close to the |last data
transition. g a':?? Is to account for timng slop caused by
variations i 8P% &F%h%dpé‘é‘a‘ 5hat 3& 1Rask IAmMevet rdeogquaily ispaeed s4rvet ween
field 31 ancseatimisvon st givenrarickldre Noekt 3 wihiat a tdaea | madiange andaf t he

position errQk: {0924 t(hFEls_?tg églwa%; 800 JBLks, L he stgzae;]tcsag{)]e?sder vo sanpling.

Bet ween t he end of PES an op i ona d*37 is a gap
36, again t dREERGIRRE 16 tRenCrea |36ﬁ%1qeﬁt%¢ﬁ Haed s plidke. tlﬁ)ldll@wewgmhn@lnds,?,?

(or gap 36 Itfxe?ﬂealdSn@Qif &&%@}ols‘éc@uﬁ le dlxﬁ%lé’@at Bdddanghd S¢H - ng%qﬂﬁtﬂ i nt
code woul d be 00 ach of the

and sync bit wg: reced n}F
fields 32,37 ¥ coni‘)xfgetsﬁ Xp aﬁﬁﬁ%n dEPf‘ nfdrﬁtvﬁeﬁ’% SGFEFR PBreacH; BFRfE 31
and 36 are pammeixrezpsyaw\pne tconmeputragk andex taedqaehaetucoaedmgdsénvel Sksct33naiyd 35

are written ;i eddldiNGuéte3SIWL 1064 diBn QRGN 84130 ep dhat
each servo sle Qrt 30 co?m sts 3(35 | el lg bItQ&SdI nYPII—_% éfM lﬁgh&%é‘%ﬁetnzzlgmf%g

position i nP%’r e an’t’)‘“thos%"a"ehs%‘?td@nt‘f?é‘ﬁéﬁs BPiedyi of F’FE‘F Ferfpining
cont rol | i ngptdicibnt Brfoupition addts eatbrsideothe@bof hBitd ifbt Npnapsh1iagdinyy of

data. Fig. 3nidrUstiAl 85: LhasMALiQUSEr QI 8p§ ; | € | cal track
39 of a dat ansegtl(g)r %e ster VO seg’t o%g slgé Jndl: sdla%cfafbé%gu’se
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
the 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.

In the disk embodiments, the allowable number of servo sectors per
revolution was calculated for each track or band of tracks. It will be
apparent, however, that in view of the constant-rotational speed of the
disk, the time between each servo sector is censtant. Hence, in both
the disk and tape embodiment, the allowable time separation between servo il
sectors on a track is calculated, though in the disk embodiment this was
expressed as allowable number of servo sectors on a track.

- . o ~ 2

A method and means has been described wherein servo secters written
on a disk (or servo séctions written on a tape) are equally spaced on a
given track and read during seek, settle and track following operations.
An algorithm is used to determine the allowable time separation between Co-
Servo sectors (or sections) on a track and lengths of associated data
sections, such as data sectors or variable length records, that may be
accommodated on the disk or tape in such manner that each of the servoc
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
immediately after an address indicating mark {such as address mark or
index mark) . The rate at which the servo sector (or section) is sampled

is constant and independent of the number and lergthis of the data



may he inserted anywhere within any of the locations indicated by the
vertical arrows in Fig. 3. As illustrated, each track 39 preferably
cont ai ns the f(g%mw ng fields: wite-read recovery and AGC field 15'; pad.
fields 42, il conpensate for tim n"g1 slop; and fields 16', 18", 19';
22', 23", 24' and 27" which, with 15", are essentially simlar to the
correspondi gg-tiiems . nesls fa ekslsti of &nnymﬁémns&@u@ﬁ@enm Qn o tEi:lguqihe
Servo sectoy f.ac apd .are_ins

anyuher o wi PR FRas EpL oF ebudiis, A beldedBrul Splad BLisEEeF uh o ia
posi tions iePr¥aRHiaRal FRPectist akgo sUeh t&anHTéWW@R@#qhéF%FtEQBS O BURCES
portion of éd&tdk&zaatmwxe,r whéﬁe&hd&ezaataalig waitdelEGe Pk BObE0bafiaghd 27
are so smal | g are tSMtthetdr}v hat(gf trrlle Iglkata tion of field 27" that
only a smal}®™ainh 5n Wurbef 6§ per PESTBY e " BfpI°% Posi ti ons woul d be
achieved. As a practical matter, therefore, the servo sectors 30 preferably
shoul d be inserted anywhere in t he dat geppfihit on of field 27' or else

i medi ately follow ng AM 16' . The servo ectors 30 shoul d not be inserted
in the sync fields 19 S S F : < mgaphase or
frequency | ock, Jelctongd S

Nor shoul d

Assuming initially that the allowable linear density as a function
of radius is known, the various fields are broken down into those
portions which scale with linear density and those which do not. aAll
references to bits are in message {non-encoded) bits; and -the linear
density units are kbpmm {kilobits per millimetre), also message bits.

Assume further that

DB = number of data bits per sector (same for all bands for

banded 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

portion).
OF = fixed length portion of other fields in pus
. P = rotational period in pus {ie 1/rpm) -

M = number 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 .

OH = fixed overhead . e o

The minimum allowable ID radius for a band is then given by:



servq sectors 30 be inserted in fields 15, 18 or 23" which are-fequired
for Tthannel recovery or in pad fields 42, 43 used to accomnmodate tim ng
slop. It will be apparent that, if the servo sanples occur at the AM 16
fhen CC fiel 9387 4%AR field 31 and gap fi et®d 33 are not required; and since
pad field 42 would then follow the servo sanple, VCO field 37 and CCSB
field 38 are not required either. Although elinmnating these fields by
starting the servo sanples at AV.16. d¥xi(DBWOB)| oWexSB)t he overhead, it
probably is not sufficient enough to of fset t@@0advantage of having all the
servo sectors be of identical Iength. In banded recording, especially, al
servo sectors should be identical so that the servo systemw || operate

i ndependently of the banding. Fig. 4 depicts a disk 50 formatted in FBA as
banded sectors. The servo sectors 30 in each respective band A-D are
witten at equally circunferentially QQ@&ﬁﬁjﬂl vals and are sanpled (ie
read) during seek, settle and track I Q 5% rations. An al | owabl e
nunber of servo sectors per revolution and the | engths of associated data
regions 51 on disk 50 is cal culated such that each of the equally spaced
servo sectors 30 on a given track is |located anywhere within either a data
field 27 of a data region 51 or an identification region 22' or

i mMmedi ately after an index mark 52 or a dre§ k 16' in a data sector M
As shown in Figs. 3 and 4, each data & ends fromthe

bits

rld{r)=

Where 1d{r) is a constant,

1d(r)=B

r= bits
OH
ZBn{l _E?}

-

-~ and where 1d(r) is linear: - —

Id(r}=Ar+B

22bits
2
271~ ——
{ 2

2a

-B+ |B%*+

|
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| eading end of each "other” fields (which are the overhead fields) to the
end of the adj acent data region 51. It is not necessary for each servo
sector 30 to start at the AM 16" or index mark 52 for every data sector M
or that the PA%I%TBHE of the servo sectorside the same for every data

sector. However, formatting SA9- 89- 074B C
Wi | Ih Ee 3 i mplifi edsudlflyaéhel hlﬁ&&r@éxﬁdty THeEfélasseé,wiﬁelééﬁeﬁgeé%gﬂssem or in
each band starts. at i al ,index ch succeedi ng servq
sector in su%h £/t TAQS! edagi g tit F88%1 el%%’é‘ﬁ“()"n??ﬁ Eqit I%s‘/‘a%’f?é‘ééd

time incr eneyrtesldﬁr'dm smldernmus (tRhuregativelirott SOctiw weten the deacbasing
concentric bandaf-ddsst {A gck&ﬂ:easaéeaef&az? dat M&B&&gjh}é}&fgﬂ&erﬁ eti]gand.
a

nunber of data sectors vary from band to band. Not conbi nat | ons
servo sanpl etf3gls and nunbers of data sectors M per band are perm ssible.
Perm ssi bl e conbi nati ons are those where the rati o between the nunber of

servo sanples N p&{cgr @P(é)lm'fﬂ{)ngﬁl Db Qﬂr%%riugfhagaﬁéaerﬁ F&'EERI M0 Qcﬁl_l

particul ar band uces to aratio o I'nt egers.
exanpl e, ass&ﬁ%ét%q’féhépé?eéws‘?}‘ &Be \R?sé“a‘rP&ISe%f Neper seebvysu? od €adt SeERIs A
B, C and D haxe 38 corfutedOtaradrobhidat if sRetang M peridyantk kBspedbi swhy;

and that all Se.rlé/so ngcr:@l es f in the allowed positions.

To determine the allowed bands:
1 Choose a servo sample rate. {For example, 60.)

2 Compute the band with the greatest number of data sectors,
whose minimum allowable ID radius is less than or equal to

the disk ID. {For example, assume the result is 31 data

sectors.)

3 Starting with this band, check to see if it is wvalid. If
not, decrease the sector count by 1 and repeat. {Thus,
decrease from 31 to 30.) Note that if the sector count gces

to 0 without success, there is no allowable ID band under

these conditiocns. .- -

4 Start with the first band whose minimum allowable ID radius

is greater than the disk ID. {This could be 30 data sectors

as a result of the example used for step I
S See if the band is wvalid, if so, add it to the list.
Increase the sector count by 1 and repeat until the minimum
~allowable ID r=dius is greater that or egqual to the disk OC. _

{Again, using ‘the example from the prior steps, step 5 could

=

give the following numbers of data sectors per band: 30, 2:I,
36, 40, 42, 45, 48, 50 and 54, of which for simplified

-

illustration only four, A-D, are shown in Fig. 4.}



initi.ated at index 52. As t he rati os |pTHERBNBET HARIBEENNIt O
data sectors Min each barlmﬂﬁﬂllummlﬁluimls 2 and 6:5 st art REQLACED
i,nnernost bagd A Make that” ifi each” case the servo sanptes 11me up- el

at the AM position 16' or within the data regions 51 for all sectors in al
bands. Relatively prime ratios of servo sanples N to data sectors M such
as 60/31, are not desirable since they atramMgkely to viol ate the pl acenent
constraints. The AM 16' position tends to fall near the m ddle of the gap
between data fields 27 ; hence, the nunber of allowed conbinations would be
quite high. 3 tHHPPEFAR &FeSORHOLhRE HeG3Rinaend pititerds? dafar¥Erarn
few servo plaﬁeﬁerﬂrometster dartai ﬁn&dsecauseeablryséﬂ%e Meanshmpafélﬁkdétdi@ed be
avoi ded,; and I Y, ser to _data
sectors M shou dé%ggp}ga%rin g% yerggcseerct%ﬁg 19 %ltreéie‘fl%lf’egaera gh‘l‘\i St 78t the
nuner at or  orspdéHERINEGE %F’rs°§a?*d=ﬂr éﬁaofp@ei‘swatkﬂ ¢ tReSS tot pexrcioad, thhiece t he
reci procal qphhae Eapkioing:of each track not devoted to data fields or
identification fields of the data sectors. Perm ssible conbinations of
servo sanples and data sectors may be conmputed as described in the Appendi x
attached her eof . mepms | (7] dipwnstariion aofratire réprespntiog Tie lsextionsystae peid
initialisedgRYed:0wBthATaa28r ¥Fp1gector 30 at index mark 52 (Fig. 4). As
illustrated in Fig. 5, clock generator 61 generates servo clock cycles

whi ch are counted by counter 62. When
a counter {73) for counting the number of data clock cycles in the

data stream;

means (72) coupled to the counter and the servo sector location
value storing means for comparing the count value with the stored servo

sector location value;

means (71} responsive to the comparing means for interrupting the

data stream; and

means for updating the storing means with a value representing the

location of the next servo sector.

-~

2. Apparatus as claimed in claim 1 further comprising an

encoder/decoder (69) for encoding and decoding data in the data stream

and wherein the interrupting means includes means for freezing the

encoder/decoder.
~

3. Apparatus as claimed in claim 1 or claim 2 further comprising means -

(75) for clocking the data in the data stream, and wherein the

interrupting means is coupled to the clocking means.

e—

4. apparatus as claimed in any of claims 1 to 3 further comprising a
disk data controller (70) for controlling the data stream and a data
Cclock generator coupled to the data controller for generating data clock
Cycles during write mode of the disk drive, and wherein the interrupting

means is coupled to the data controller.
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counger 62 reaches a preset term nal count correspondi ng THIStSREETHARBEDK

SA9 -89-074B 7 servo clock cycl #s bet REBFAGERN
Servo sectorsz¥0g89ig74sends an enabl e signal:go a start nark detector 63
Det ector 63 then | ooks for the start mark 34 of a servo sector 30. When

start mark 34 is located, detector 63 generates a start found signal, which
is Sent to a servo controller 64 and t oARSRFACEr 62. Counter 62 is reset

by the start found signal and resunes counting. Servo controller 64 then
reads the PES field 35 ahghaOt RiiorBENe Oakh)’ REBRDuRENG SHEhrasust (rack 1D Gray
code, based upon the known timng offsets fromstart mark 34. Servo

controller 64 then operates in the sane nanner as a prior art servo
control | er using X hetiidSabd meant rial destrabédiahereinneér@hoadtprs [writbér on a

pr ccedi 10 RGK! Rl 0ieud Lofa5:05en eAPUIY Bg] 301 00l%, PREE.£B0TY G cof

the disk drive notor 1s su crently precise en- ?oop
oper ation; it82¢hHENGpERRY SepingotRfs n@eWQI g §r¢<é<péfa%1@a1¢q)rop@aacmosm voAn
sector 30 amdgédithinhss Steé&(tosaﬂﬂ:ﬂrﬁﬁné ithe moﬁibI@WSéﬁmxz&Qbaﬁwéeﬁe end

of each r evgl P‘%]A %gcgérst ? %eggybons %n Spge%ckconé rl%lx tths op %ss%c:,tateg dc?t?’ES

unaccept abl e, however, sync
field 35 tospesiensa %Ja:hp#% dekaesechons phevaemyble 1en9th records; that may be

accommodated on the disk or tape in such manner that each of the servo
sectors f{or sections).equally spaced on a given track is located within a
data field of a data sector or within an identification regibn or
immediately after an address indicating mark (such as address marker
index mark). The rate at which 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 technique
is suitable 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 (CXD), wherein the data is written in records of variable

length, and to tape drives formatted in FBA or CKD.

~ e -
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update the timer at every sanple tinme. Data for read and wite operations

i s.processed in the sane manner as in the prior art, with switches 76-79
cfosed and switch 80 posi tioned as shown, until a servo sector 30 is
encount er ed. Servo sector |ocations are known and stored in a servo

| ocation register 74. Prior know edge of these servo |ocations allows
data timng and control circuitry 71 to nake 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 |ocation signal froma conparator
72. Conparator 72 generates this signal 1t#then the val ue presented by a

73 matches the value present at the output of a servo |ocation

count er
regi ster 74. Regtster—r4=contains all Eﬁkservo sector |ocations for the
various sets of da&a sectprs. Counter 7 ounts VCO clock cycles froma VCO
and data separator{ 683durj ng read node, ahd count § gengrated tia cl ock
cycles froma Hptg clack penerator 75 duk ng witeg node. S Thils ensures
that the data.t|mnmijng #nd cRnt r ol circui:%y 71 will} interr&bt tihe data
stream at the pfopger bit boundary. In rekponse tojthepservo | gecdtion signal
from conpar at or| 72, dgta timng and cont rlol circuitr% T1 opens gwitches 78
and 79. Thi s > S -
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interrupts the VCO cycles and generated data cl ock cycles to disk data

control l er 70 and to ENDEC 69. This freezes the states of the disk data
gontroller 70 and ENDEC 69, naking each servo sector 30 transparent to the
data channel. Switch 77 is used only during wite node to put a preanp and

wite driver 66 in read node to readaserg/ sector 30. Swtch 76 is
opened to prevent detected data from affect'i'hg t he VCO 68. This has the
effect of a VCO hol d. Data timng and control circuitry 71 nmaintains

switches 76-80 as positioned in Fig. 5 for a fixed time period until field
37. Switch SERVOWSECTOR BQluring wite node to VOTHERVCO resync, field 37

and code constraint field 38. \n wit frode, syitch 77 is closed first to
enable witing of the VCO resynd: ;i'lj 3% ter fDATA SECTORMMtt en,
switch 80 is cl osAd. 30 : ijttech 76 pfs irst to allow VCO
68 to resynchroni ». : iftehe d f/f9fa | osed INBEX t he
VCO resync fie k ~ | ifefli g eiffher n ot/ read.
The val ue i 38 j i updaf ed th th ocation
of the next » el ai n fiflunTtiQn n thg same nanner
as a prior WA nekt] ser | o sigpal is
gener at ed g}? A and] der vof fsectfo rk/n concert such
that the dafa
52
57
5/ 7
/
/
/
/
/
/
/
/
/
/
/
/
- r50 -
] BAND | M | N:M~- o
b 50 6:5
40 3:2 —

c
B 36 5:3
A 30 2:1

N=SERVO SAMPLES PER REV.=60
M=NO. OF DATA SECTORS
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channel is prepared for each servo sector 30 without requiring an address
mark for that sector. To |l ocate each servo sector only a servo start mark
34, which may be as short as 1 bit, it required. Each servo sector 30 can
be | ocated by open-loop timng fromthe previous servo sector and w t hout

any know edge of the |engths or positionséa the data sectors. 1V

Appl i cation t»c{1 nt Linear Density ( Recokggdina It will be
under st ood t@a getor servo system fo@&:ordi ng | s e
for banded recording, Exc®pr thaN {h k

t he sane as deg
changes at each and the length of each {latal sect orjwb@ghang
track to track{ xOhq mannef rm whrth1 he perm ssfi ble co ijons
sanpl e rates ade?n';E er of fata sectorfs per tfackl is co ifs by fa
obvi ous nodifiL nlaf—thel al gorithmldescribpd ijn the ey for
recor di ng. SAS-S0,074B ) : 3V cqdtionjta
Format A phu y b‘.f%ervo sectorls arje positjondgd and ~at t
factory. OTheg|ar Egrcum‘ erenti gl 1y [spaced fro%‘reach ot-het —on each trjack
by an equs(l‘ which co#rrespords tjo geconstamt tinme gepbration. _ Y
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Since the data timing does not change in the FBA for
~conbi nati ons of nunber of servo sectors and nunber of
¥ rack may be conputed in the same manner as descri bed @thﬂ@nﬁlﬁjw of
cal cul ation of the all owed bands for banded recording. it -herappr-oach- i|s
to choose a basic data unit that is of the same |length_as the T'engtimof—the

over head fields. The al |l owed data record | engths wo Ingls 'E
3 \
f i@égﬁgﬁﬁs n

mul tiples of the data unit |ength. | f ¥he servo sectfor Sp

REPLAGEMENT SHEET |

such that the di stance between adjacent servo sectors :
integral nultiple of the data unit length, then the servo sectors wll
never lie in disall ®XTARECORPING ANIPREPRODUCING AFPARATHS Agai n, servo
sectors are positioned and witten at the factory. The first data record on
a given track is placed to start at an index mark, |ike 52. I f the next
servo segagg ﬁAﬁi‘ within the wite-read recovery area, pad bits are added
to the en (;]; theé record to insure that the next servo sector lies in the
data region. If the next servo sector lies within a disallowed field at

h f d.. d bi ded .t.h d of
the current. r bTeRRR poflihdnk i sfeinod FherBBberin foelit pRltER on actk Guigiyo
tor. ' 3 j - th .
Crack  SSALdRE SRHBAES lape) are caually spacC A ERn b B 18 ThPloE S8 wBlc, 4
extract s ghd frafiR SolRiwifig Bpératiths? AS afboPEh & 068 to UK thd Hibik GRET at | ons

transparent to the host.
separation between servo sectors (30) (or sections) on a track and lengths of associated data

sections (M), such as data sectors or variable length records, that may be accommodated on
the disk or tape in such a manner that each of the servo sectors (30) (or sections) equally
spaced on a given track is located within a data field of a data sector (M) or within an
identification region or immediately after an address indicating mark (such as address
marker index mark)., The rate at which the servo sector (30) (or section) is sampled is
constant and independent of the number and lengths of the data sections (M).

Fig. 4
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According to the present invention there is provided an apparatus for controlling the
reading and writing of a data stream to and from the data fields of a sector-servo fixed-
block-architecture disk drive having some servo sectors located within data fields and

Nt splitting their associated data fields into at least two portions, the apparatus comprising:
means for storing a value representing the location of a servo sector within a data
field;

a counter for counting the number of data clock cycles in the data stream;

means coupled to the counter and the servo sector location value storing means for
comparing the count value with the stored servo sector location value;

means responsive to the comparing means for interrupting the data stream; and

means for updating the storing means with a value representing the location of the
next servo sector.

According to another aspect of the invention there is provided an apparatus for
controlling the reading and writing of data to and from the data fields of a sector-servo
fixed-block-architecture disk drive, the disk drive having a data disk with some servo

v sectors located within the data fields and splitting their associated data fields into at least
two portions of unequal length, the apparatus comprising:

means for clocking write data to and read data from the data fields;

means for storing a first value representing the location of a servo sector within a
data field;

a counter for counting data clock cycles;

a comparator coupled to the counter and the servo sector location value storing
means for generating a signal when the value in the counter matches the stored servo sector
location value;

means coupled to the clocking means and responsive to the comparator signal for
interrupting the reading or writing of data for a fixed time period; and

~ means for updating the storing means with a second value, different from the ﬁrst
value, representing the location of the next’servo sector within its associated data field.
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o’ means for storing a first value representing the location of a servo sector within a
data field;

a counter coupled to the data clock generator and having means for receipt of a
clocking signal from the voltage-controlled oscillator for counting data clock cycles during
read and write modes;

a comparator coupled to the counter and the servo sector location value storing
means for generating a signal when the value in the counter matches the stored servo sector

location value;
data timing and control circuitry coupled to the disk data controller and the
comparator for interrupting the data stream for a fixed time period in response to the
comparator signal, whereby data in the data stream is not read from or written to the data
fields during said time period; and
means for updating the storing means with a second value representing the location
Nt of the next servo sector within its associated data field.

Fig. 1 is a diagram, not to scale, showing the regions and fields of a prior art data
sector for a track on a disk file formatted for conventional 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 sector into which at selectable
locations the servo sector may be inserted;

Fig. 4 is a diagram of a portion of a disk according to the present invention
formatted in 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

Fig. 5 is a block diagram showing the circuitry for implementing the invention.
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According to the present invention there is provided an apparatus for controlling the
reading and writing of a data stream to and from the data fields of a sector-servo fixed-
block-architecture disk drive having some servo sectors located within data fields and
splitting their associated data fields into at least two portions, the apparatus comprising:

means for storing a value representing the location of a servo sector within a data
field;

a counter for counting the number of data clock cycles in the data stream;

means coupled to the counter and the servo sector location value storing means for
comparing the count value with the stored servo sector location value;

means responsive to the comparing means for interrupting the data stream; and

means for updating the storing means with a value representing the location of the
next servo sector.

According to another aspect of the invention there is provided an apparatus for
controlling the reading and writing of data to and from the data fields of a sector-servo
fixed-block-architecture disk drive, the disk drive having a data disk with some servo
sectors located within the data fields and splitting their associated data fields into at least
two portions of unequal length, the apparatus comprising:

means for clocking write data to and read data from the data fields;

means for storing a first value representing the location of a servo sector within a
data field;

a counter for counting data clock cycles;

a comparator coupled to the counter and the servo sector location value storing
means for generating a signal when the value in the counter matches the stored servo sector
location value;

means coupled to the clocking means and responsive to the comparator signal for
interrupting the reading or writing of data for a fixed time period; and

means for updating the‘é‘to‘ring’ means with a second value, different from the first
value, representing the location of the next servo sector within its assoéi_ated data field.



density units are k&fvﬁh/’(\nﬂfﬂfbﬁ?tfﬁ{ﬁ}g}h mllinetre), also ng géCBMﬁ”SHEET
Assume further that] = nunbér~ofjdgta bits per sector ({sane fﬂ:rs PEC. mds-
for banded recordl i0) S i ang% f |lservo bits (data rat > Dgiendent: e
portion) SF = fixed Ieng?R portro =

f servo in [err] OB nunmber of Dbits

I n ot her fields (dat t fporgaon). OF = fixed length portion of
other fields in [erir] P = rotationalf period in [err] (ie 1l/rpm M =
nunber of data sectors 1 n a bamd—N—= nunber of servo sanples per

revol ution 1d(According tonstil ambelesiabpect of thefinvantioh dliege is providee anagparatus fonm OH

fixed ov T | n by:
14 G VRSO 5 ol U QAR L s Bl W add ol (REHGa (RidIER ST Y
st r eam t éerapdixeddiocknarchisacture diskdlrives the cg@’c@l@ve- h@mgaan encoder/decoder for
fi xed- bl episRiLid &oling dataSin tHE e sBaxh N veRIR-R8fr¥Red oscillator for clocking

data in the data stream during read mode, and a data disk with some servo sectors located

within the data fields and splitting their associated data fields into at least two portions, the

apparatus comprising:

a data clock generator for clocking data in the data stream during write mode;

a disk data controller for controlling the data stream to and from the
encoder/decoder; the disk data controller being coupled to the data clock generator and
having means for receipt of a clocking signal from the voltage-controlled oscillator;

means for storing a first value representing the location of a servo sector within a
data field;

a counter coupled to the data clock generator and having means for receipt of a
clocking signal from the voltage-controlled oscillator for counting data clock cycles during
read and write modes;

a comparator coupled to the counter and the servo sector location value storing
means for generating a signal when the value in the counter matches the stored servo sector
location value;

data timing and control circuitry coupled to the disk data controller and the
comparator for interrupting the data stream for a fixed time period in response to the
comparator signal, whereby data in the data stream is not read from or written to the data
fields during said time period; and

means for updating the storing means with a second value representing the location
of the next servo sector within its associated data field.

Fig. 1 is a diagram, not to scale, showing the regions and fields of a prior art data
sector for a track on a disk file formatted for conventional 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 sector into which at selectable
locations the servo sector may be inserted;

Fig. 4 is a diagram of a portion of a disk according to the present invention
formatted in 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

Fig. 5 is a block diagram showing the circuitry for implementing the invention.
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comparing the count value with the stored servo sector location value;
means responsive to the comparing means for interrupting the data stream; and
means for updating the storing means with a value representing the location of the
next servo sector.

2. The apparatus according to claim 1 further comprising an encoder/decoder for
encoding and decoding data in the data stream, and wherein the interrupting means includes
means for freezing the encoder/decoder.

3. The apparatus according to claim 1 further comprising means for clocking the
data in the data stream, and wherein the interrupting means is coupled to the clocking
means.

4. The apparatus according to claim 1 further comprising a disk data controller for
controlling the data stream and a data clock generator coupled to the disk data controller for
generating data clock cycles during write mode of the disk drive, and wherein the
interrupting means is coupled to the disk data controller.

5. An apparatus for controlling the reading and wriﬁng of data to and from the data
fields of a sector-servo fixed-block-architecture disk drive, the disk drive having a data disk
with some servo sectors located within the data fields and splitting their associated data
fields into at least two portions of unequal length, the apparatus comprising:

means for clocking write data to and read data from the data fields;

means for storing a first value representing the location of a servo sector within a

data field; )
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6. The apparatus according to claim 5 wherein the disk drive is a banded recording
disk drive with each band baving a unique number of data fields, wherein the storing means
includes means for storing the location of servo sectors for each of the bands, and wherein
the updating means includes means for updating the storing means with second values
representing the location of the next servo sector in each of the bands.

7. The apparatus according to claim 5 further comprising an encoder/decoder for
encoding and decoding data in the data stream, and wherein the interrupting means includes
means for freezing the encoder/decoder.

8. An apparatus for controlling the reading and writing of a data stream to and from
the data fields in a sector-servo fixed-block-architecture disk drive, the disk drive having an
encoder/decoder for encoding and decoding data in the data stream, a voltage-controlled
oscillator for clocking data in the data stream during read mode, and a data disk with some
servo sectors located within the data fields and splitting their associated data fields into at
least two portions, the apparatus comprising:

a data clock generator for clocking data in the data stream during write mode;

a disk data controller for controlling the data stream to and from the
encoder/decoder, the disk data controller being coupled to the data clock generator and
having means for receipt of a clocking signal from the voltage-controlled oscillator;

means for storing a first value representing the location of a servo sector within a
data field;

a counter coupled to the data clock generator and having means for receipt of a
clocking signal from the voltage-controlled oscillator for counting data clock cycles during
read and write modes;
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9. The apparatus according to claim 8 wherein the disk drive is a banded recording
disk drive with each band having a unique number of data fields, wherein the storing means
includes means for storing the location of servo sectors for each of the bands, and wherein
the updating means includes means for updating the storing means with second values
representing the location of the next servo sectors in each of the bands.
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A method and means is described wherein servo sectors written on a disk (or servo
sections written on a tape) are equally spaced on a given track and read during seek, settle
and track following operations. An algorithm is used to determine the allowable time
separation between servo sectors (30) (or sections) on a track and lengths of associated data
sections (M), such as data sectors or variable length records, that may be accommodated on
the disk or tape in such a manner that each of the servo sectors (30) (or sections) equally
spaced on a given track is located within a data field of a data sector (M) or within an

identification region or immediately after an address indicating mark (such as address

L

marker index mark). The rate at which the servo sector (30) (or section) is sampled is
H

constant and independent of the number and lengths of the data sections (M).

Fig. 4
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