DATA RECORDI NG MEDI UM AND DATA RECORDI NG AND REPRODUCI NG APPARATUS
This,+nwention relates to nethods and neans for providing and sanpling
servo portions on a novabl e recordi ng nedium and nore particularly rel ates
to such a nethod and neans*wherein the. rate at which 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. .. Qur copendi ng European
Pat ent Application Number .......... ... based on US Patent Application No
07/ 466195 and filed concurrently herew th 'di scl oses a nmethod and neans for
“increasing the servo sector sanpling rate in a disk formatted in a fixed
bl ock architecture (FBA), such increase being effected with a m ni nal
i-ncrease in the overhead (non-data) regions. The disk has the prior art
conventional servo sectors which contain @1 servo and associated over head
i nformation. Howeyer, pdihiiis SRITMO nif SR EcdibSnd ASPkldthubiictRentaja fiel ds
bet ween- t he conventional servo sectors to provide short bursts of servo
“information. These micro servo sectors contain a small portion of the

- over head i nf or mat i offficoifvpnidgs frpietemto Ferbpisoiidgreape SpY PEAYidinG Gindmat | on

sampling servo portions on-a movable recording medium, and more

“

- particularly relates to such a method and means wherein the rate at
which servo ﬁFctors are sampled on a disk file or servo sections are

sampled on a tape drive is independent of the data architecture used.

Our copending European Patent BApplicat
(L
based on US Patent Application Mo 07/466195 and filed concurrently

herewith discloses a method and means for iﬁcreasing the servo sector'
sampling rate in a disk formatted in a f£ixed block architecture (FBA),
such increase being effected with a minimal increase in the vver}‘e ad
(non-data) regions. The disk has the prior art conventional gervo

ectors which contain all servo and associated overhead iniormation.

n

However, micro serve 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 positicn information
and to control the temporary interruption and restoration of the write
current and the dat ream and clock input to a data encoder/decoder.
Because the servo bursts are short, nc resynchronisation 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 1g a sectored serve -

-

system, such as used in low end disk files Wlth FBA format.
]

Several technigues, 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 récording is
scmewhat similar, except that the data rate is constant within a given

band of radii, but varies from band to band to minimise the range of



and to control the tenporary interruption and restoration of |t hai9iter HAS BEEN
current cand the data streamand clock input to a data encoder decotplmpLAc’ED

AW 7Y W

Becduse the servo bursts are short, no resynchronl sation of t VEO-S
necessary after each burst. These 'ﬂwﬁmﬁtlﬂl ¢edt s are used only during
settling (since they contain only p |gnal data) and al so
preferably during seek (if an abbre 1s used); and the
conventional sector servo bursts are used durl ng read and wite track
following. This technique desirably provides high sanple rates with

m nimal overhead in disk files using a sectored servo system such as used
inlowend disk files with FBA fornmat. Several techniques, now~
becom ng increasingly popular to increase the areal density in sectored
disk files, are constant |inear density (C&D) recordi ng and banded
recording. In.CLD recording, the data rate for a |ven track depends upon
its radius. BanddtPeRrelBtdrig: i 5t SonBthat % Miatat’, wYEEptet Hatet &% data rate
i s constant w t hserva, ghe embbarfl seftoradnd herggtolveprie safplemydvam drersatsand t o

- mnimse the rangggddssively from the innermost to the outermost bands, and thus

2, himear densi Liggr, L, Lol Qi LDSRsudk Nl il ieal o ks sect or od

~progressively fr8H°t FESFnEPTHORIY 6“? Rett

servo,—t he nunber sectors apd_hence OE; seryo sa A ul d. i ncrease

Bt 8% ARk © 'g’gn §%and " *Rus require
the servo syst enperstandj wdhtieg of tbe @pmle iy °’§'én'drﬂe‘gr%fte‘§ SW%Gw"Pée‘eks
across bands andwsgbtdaegs at band edges woul d require constant updating of
the sanple rate, and timng of the servo sanples would vary. There
is a need for a recordin techm ue, transparent JLothe user, -useful for
both pon-sectored and e§egf eﬁ"cfl SR ISR Ot Hpe oI Rt S WRer e i S&rvo sanpl e
rate i s constant u&fie ‘153“11*ﬁ&éﬁ@ﬁdé‘?ﬂ'bwm{eﬁe‘“ﬂéﬁ&%ﬁﬁﬁke‘ﬂ‘f‘ufraée d8@®dtsand
limted only by theetinDéaic abgde ohted e celissdntdenolsethdependat \wd thaf dtamt i on.
Qlccork ding to one.asp&etuRfusti@ndiGSeRt odiPUgNHeORctNEFR destidi &ckosed a fi xed

oc

devoted to sexrvo information.

According to the present invention there is provided a data
recording medium having a series of parallel tracks, each track being
divided into a séfies of data portions and having a series of servo
portions fecorde& along the track, the medium being movable tc enable
the tracks to be read and the servo portions to be sampled

characterised in that the servo portions are spaced so that they can

~

be sampled at a constant rate but the positions of the servo portions

Vo relative to the data portions vary along the tracks.

Further according to the present invention there is provided a
data processing apparatus for recording data from or recording data on
a recording medium as described in the last preceding paragraph, the

apparatus comprising a data controller for Supp;ylng data to be

=

sritten or for receiving data which has been read, a recording and
reproducing head for reading from and writing in the tracks on the
recording me%ium, & servo controller responsive to the servo portions
to control the position of the head, counting means to count the
interval between servo portions, the servo controller being enabled by

the counting means at the beginning of each servo sector. .

Yet further according to the present invention there is provided

a disk file comprising at least one rotatable disk, a recording and



architecture disk drive conprising: a rotatable, rigi( THSBHERT HAS BEE]
recordi ng disk having a pIuraI|ty_ni_congenLLLe—%%aeks di vi dedf]i nto BﬂguAeED
sectors of fixed blocks, each bl ock. contalnlng ata field foFthe ==
recordi ng of nagnetlcally witten dé@ ﬁw d|ty of generally

equal |y angul arly spaced servo sector H ervo position

-information extending in a generally ght line across the

tracks, at |east sone of the servo sectors being |l ocated within the data
‘fields and splitting the data fields into at |east two portions; a

. head for witing data to and reading data fromthe data fields in the fixed

'bl ocks, and for reading servo position information fromthe servo sectors;

an actuator attached to the head for p03|Q§on|ng the head across the tracks

and for follow ng specific tracks, the actuator being responsive to servo

posi tion infor mb@adile@dveﬁm&cbﬁdj abtaddh esseddainy data GRS baktiaser vo

‘sample rate det arqijied, By 4f1g, LohALl00 UcaiReE babl sgégsrsdkégcc%ﬁsﬂo shfie angul ar

. spacing of the SBrvo sect means_coup

clocking wite d&FY%ED d%l‘r"i‘d"”rde?&"‘ﬂé‘f%mfsr 6°m"‘f°r?8“°&a'te ST LB TT 1% aessentl ally
. const ant data r aeevef eantedllen ppekajtion the head wighgrespedufd B¢ txcksher head and
fresponsi ve to a thb@ikk 8y GaBredcei® tHaesedad anfohtkdnn)haBangifaar iretiaddi ng dat a

to and decodi ng gata.ff &J;eonha@dalsﬁrsde eq‘ually cmmee%&mplssste&o the
encodi ng and dechl ng g n&e tra a3toppin beg tr gr}cs Of 1(tj1aetag‘~ Lo 8 and from
t he encodi ng and d‘é’co J SEWhen tthﬁ i S Tea T"ng Servo p05| tion

i nformation froreries a§é‘? bngsé‘bﬂﬁ 5341%8?%61% hihie ta3ek HERTEPY FiE ds.
Accordi-ng to anagihigtomspietie efrve Bectpresentivenicetitel datatsheloes verydal®ed osed a
banded recordi NQac kXRH DEQ@kngafL il AREMI Sosdt &K I indeeayIpri sing: .

a rotatable, rigid nmagnetic recording disk having a plurality of radially
spaced bands containing the fixed bl ocks for the recording of nmgnetically
witten data, and aF{-ut d4Fi% 281 gdRErRITF g8l AAFEVRRT P PHEEY servo
sectors cont ai niofige Beioy Grp@istd semoy Ab0R aedorm ackeh fSler frgngaed 69r ext endi ng
in a generally raglieatiofaistda:@htrehj Nne across the bands;

3 _

lg. 2 is a diagram, also not to scale, of a servo sector
S
[W

o the invention;

Fig. 3 is a diagram, alsc 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.

I. Introduction -- Description of Prior BArt Servo Sector
i

As illustrated in Fig. 1, a typical prior art data sector ¢ for a
track on a FBA-formatted disk comprises a servo region i0, an
identification (ID) region 11, and a data region 12. ¥Write-read and

speed field 15 allows time for the drive electronics to switch from



a head fror witing data to and reading data fromdata fields |located in the
flged blzocks of each of the bands, and for reading servo position
information fromthe servo sectors; means coupled to the head for
clocking wite data to and read data fromthe data fields at a plurality of
data rates, each data rate having a uni que val ue corresponding to the band
in which the head is |ocated; and .. an actuator attached to the head
for positioning the head across the bands and within each of the bands, the
act uat or being responsive to servo position information read by the head at

| a constant servo sanple rate regardless of the band in which the head is

" located or the corresponding rate at which the data is cl ocked, said
constant servo sanple rate being deternmned by the rotational speed of the
di sk and the angul ar spacing of the servo sect ors. Fig. 1is a

diagram not to ﬁ&ael S rééaowAB&eLJWﬁd&emipeselanﬁ fd eh dsymafiromow@l i Or art data

. sector_-for a track on a K fi ma 0 e ored FBA;
Fig. 2 is a di ag‘t“é?ﬁ“t%fcé’&“% ot %ncgctgft 1Ben &l];sg?vg&\sig%%%r%?gc%rg%ng to the

| invention; sector anfljgyovigeg §h°ab%ﬁlagff"ér+f’°aé|”§ot'ﬁo‘fthf’b £id4te, Fo5t187 dat a

| sector into whiclirat sekectmblideldoUatindainstihe istrverigeotded fay be inserted;
 Fig. 4is a di agfamefe ghePOabi @8kiefondordtekratsmighag@.to the present

| invention formatted i n bgnded FBA depicting the constant sanpling rate for
- all bands, the varied nunbers of data sectors er band, and.the servo
sector. tocations inlitHB FatfetrTirad yaHgard fgged f1eld 18 a"ll°‘”l‘—'|t§ %™ s a bl ock
- di agr am showi ng rtehéacior busite yhat ES | Sipldetib At inpy ordver ithrrerndi Bt

| . I'ntroduction ~"-*"1D§§Qrﬂlﬁ$ |19@>*&3‘168’ & YAl riSe keS8 ed @fse to its full

SulL L

* Lo value. VCO synchronisation (VCO sync) field 19 is required to give

the varidble frequency read clock SuLLlClenL time to phase lock to th

"""""""" ID and CRC field 22. Enucder/deccder (ENDEC) flush field 20

M

indicates the number of bits the read channel decoder must receive in
order to put it into a known state called .NDEC 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
£
S

In data region 12, fields 23-26 correspond to the ID fields

, respectively. Bowever, the function of sync byte field 26'is
i to tell the controller when the VCO synchronisation and 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 conventicnal sector sarve
system is complietely independent of data regions in the other daﬁa
sectors.

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

15-27, the reader is referred to the referenced related application.

I1I. Description of the Invention

Sector Serve System for Baﬂdcd Reccrding on Dis

As illustrated in Fig. 2, servo sector 30, in accordance with the

invention, differs significantly from the conventional sector 9.

—~



As illustrated in fig. 1, a typical prior art data sector 9 for a track on
a FBA-formatted di sk conprises a servo region 10, an identification (ID)
region 11, and a data region 12. Wite-read and speed field 15 allows tine
for the drive electronicssto switch from '

4 wite to read. Address mark (AM field 16 is an asynchronous, absolute
~timng reference that identifies the beginning of the servo sector and
provi des the basis for locating the other fields. Position error signal
(PES) field 17 contains the information-needed to determne the track
position of the recording head. In IDregion 11 read-wite and speed
~field 18 allows the tine needed to insure that PES field 17 is not-
overwitten and that sufficient tine is provided for the wite current to
rise to its full value. VCO synchronisation (MZO sync) field 19 is required
to give the variable frequency read clqck.sufficient time to phase lLock to
thegupcom' ng | D and fﬁ@r?'oef sFes aEﬁe(?gH'éHed l(:e%%é?q’fﬁﬂf)é‘cfc’afl‘%g 61 d 20

~ i ndi cat es the number{c} portise PRENE eatpeeh g P WBihotpertr Al STOR & &ivve in -
write-recovery function of field 15 of Fig. 1. The code constraint 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
accoun? for timing slop caused by variations in spindle speed of the

disk drive motor;, is inserted between field 31 and a servo start mark

Mark 34 is at the leading end of the positigp error signal (PES)

field 35 and marks the start of servo sampling. etween the end of

PES field 35 and an optional VCO sync field 37 is a gap 36, again to

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 servoc sector 20 consisis sclely of
bits in PES field 35 containing position information and to each side
thereof bits in fields for controlling the interruption and

restoraticn of the writing and reading of data.

Fig. 3 illustrates the various regions or fields on a typical
track 39 of a data sector M. The servo sector 30 is not included
because it may be inserted anywhers within any of the locations

indicated by the vertical arrows in Fig. 3.

(0]

As, illustrated, each track 39 preferably contains the following

)
fields:I write-read recovery and AGC field 15'; pad fields 42,43,
which compensate for timing slop; and fields 1&', 18', 19', 22*, 23°,

24" and 27' which, with 15', are essentially similar to the
ccrrespondiné unprimed fields in conventional sector serve 9 of

Fig. 1.



order to put it into a known state called ENDEC flush. Sync byte 21

i ndi cates 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,

function of sync byte field 26 is to tell

respectively. However, the
the controller when the VCO

synchroni sati on and 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 conventional sector
servo systemis conpletely independent of

ata regions in the other data

sectors. For a nore detail ed description of the regions 10-12 and
fields_15-27, the reades sédofseihfettit@ntteti-ef0t20cad Heliatadeappl i cation.
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Recordi ng on Di |'ustrate

, servo sector 30

2 ) 2 - = de de e, B — - e mDsS 22 1 I n
accordance with PHESHRARITETS 4P FAEY 8218 SRTFI atheh o PSP e T6hYent i onal

sector 9. 22' or ECC porticn of field 27'. However, fields 22' and said ECC
- portion of field 27' are so small compared with the length of the éata
portion of f}eld 27' that only a small gain in number of permissible
-- sample positions ﬁoulﬂ be achisved. As a practical matter, therefore,

the servo sectors 30 preferably should be inserted anywhere in the

-~ data portion of field 27' or else immediately following AM 156'.
-
The servo sectors 30 should not be inserted in the sync fields

1S' or 24' because the VCO is then attempting a phase or frequency

lock, resulting in an unpredictable drift over a servo sample. Hor
Ty

ors 30 be inserted in fie

are required for channel recovery or in pad fields 42,43 used to

- o e o e lemlme o)
accommodate Ciming Si10p.

s
L
27 and CCSB field 38 are not required sither. Although eliminating

these fields by starting the servo samples at AM 16' desirably lowers

e mermenl o 2 po. - 2 -~ o~ b oy &L 2 2 - - P g
the overhead, it pLObublY is not sufficient enOugh to offset the
advantage of having all the servo sectors be of identical length In

banded recording, especially, all servt sectors shoul

e identical so

0.
o

that the servo system will operate independently of the banding.

respective band A-D are written at equalily

h
circumferentially spaced intervals and are sampled (i.e., read) during .
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cllowing operaticns. An allowable number of

the lengths of associated data
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track is locsated anywhere within

51 or an identification



Sector 30 conprises a read-wite field 31 having a code constraint (CC
portion«32 and a speed gap 33 which together provide the wite-recovery
function of field 15 of Fig. 1. The code constraint 32 consists of bits to
prevent the decaying wite current fromwiting a transition too close to
the last data transition. Gap 33, which is to account for timng slop
caused by variations in spindle speed of the disk drive notor, is inserted
between field 31 and a servo start mark 34. Mark 34-is at the

| eadi ng end of the position error signal (PES) field 35 and marks the
~start of servo sanpling. Between the end of PES field 35 and an opti onal

+ 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 exanple, for a
(2,7) code woul d be 00. Each of the fields 32,37, 38 are conpletely witten
during.-a wite ofsidt fon® e s e Y 19E5PII 2B 4N 38K &R BF (O8] 355 SRF MEERIP duri ng a
wWite operation;iaadiafd etatsr 33 anahSB imrBioww Ptandrt. orekly delur sevgerafi servo write

- operation. e,;LHabvmbrh thdUSaddey s@ese tiAl ceReh SeradawsatLae 8O consists
solely of bits in F %_g %SLGQQLagnkgga gﬁ%tlgpargiaqmqtlon and to each
si de ther eof bitS: gs for controlling t |nterrupt|on and
restoration of the MWItI g and readi ng of data. Fig. 3 illustrates

t he various regi ons Ibrisf ied| rpsessaryafery grck servor trekor38P &¢ saaréa?ttat"géﬂt or M
The servo sector 16301 FndBP a6l Bele@very data sector M or that the positions of
the servo sectors be the same for every data sector. However,
formatting will be simplified, if as illustrated in Fig. 4, the first
servo sector in each band starts at the common radial index 52 and
each succeeding servo sector in such band is initiated at successive
locations in equally spaced time increments from said index. Thus, in
disk 50 the data in each concentric band A-D is clocked at the same
data rate but the data rates and number of data sectors ¥ vary from

band to band.

¥ot all combinations of sexvo sample rates and numbers of data
sectors M per band are pefﬁissible. Permissible combinations are
those where the ratio between the number of servo samples N p
revolution and the number of data sectors M in a particular band A, B,
C or D reduces to a ratio of small integers. TFor example, assume
f there are 60 servo samples N per revolution; that bands &, B, C and D
| have 30, 36, 40 and 50 data sectors M per band, respectively; and that

11 servo samples are initiated at index S2. As noted in Fig. 4, the

V]

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. WNote that in each case
1Y

the servo samples line up either at

Relati vqu prime ratios of servo samples N to data sectors M,
such as 50/31, are not desirable since they are likely to violste the
placement constraints. The BM 16' position tends to fall near Lhe
middle of -the gap between data fields 27'; hence, the number of
allcwed combinaticns would be quite high. If the track does not have
VCO or AGC sync fields, there are few servo placement restrictions

because only the AM and gap'fields need be avoided; and in such case



because-it may be inserted anywhere within any of the |ocations indicated
by: the vertical arrows in Fig. 3. As illustrated, each track 39
prefeerably contains the following fields: wite-read recovery and AGC field
15'; pad fields 42,43, whi'ch conpensate for tining slop; and fields 16",
18", 19", 22', 23", 24' and 27" which, with 15", are essentially simlar to
the correspondi ng unprined fields in conventional sector servo 9 of Fig. 1.
Servo sectors 30 are witten at the factory and are inserted either
anywhere within the data field 27' or at certain other prescribed positions
I n each data sector M such as the IDDCRC field 22 or ECC portion of field
27' . However, fields 22' and said ECC portion of field 27" are so snal
conpared with the I ength of the data 8

nearly any ratio of servo sample N to data sectors M should be
permissible, except the larger integer in either the numerator or
denominator of said ratio preferably does not eéxceed twice the

reciprocal of those portions of each track not devoted to data fields

- or identification fields of the data sectors.
- Parmissible combinations of servo samples and data sectors may be

computed is described in the Appendix attached hereof.

o III. Implementation of the Invention

The servo system is initialised by locating a servo ssctor 30 a
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 62 reaches a preset terminal count corresponding to the number
of servo clock.éycles between each servo sector 30, it sends an enable
signal to a start mark detector 63. Detector 63 then looks for the
start mark 34 of a servo sector 30. When start mark 24 is locate
detector 63 generates a start found signal, which is sent to a servo
controller 64 and to counter 62. Counter 62 is reset by the start
found signal and resumes counting. Servo controller 64 then reads the
PES field 35 and other servo information, such as a track ID Gray
m

Servo

e

code, based upon the known timing offsets from start mark 34.
contrcller 64 then coperates in_tha same manner as a prior art servo’
controller using the PES to control an actuator (not shown).

In the preceding description, it has been assumed that spindle
speed control of the disk drive motor is sufficiently precises to
permit completely open-loop operation; i.e., the open-loop counting
cycle is repeated for each servo sector 30 and all the servo samples
line up at cc;mon index 52 at the end of each revolution of the disk.
I1f speed control timing slop is unacceptable, however, it can be
reduced by placing a sync bit into PES field 35 to reset a samgle

timer and thereby update the timer at every sample time.



portion-of field 27" that only a small gain in nunber of pernissible sanple
posi tiops woul d be achieved. As a practical matter, therefore, the servo
sectors 30 preferably should be inserted anyvvhere in the data portion of
field 27° or else imediately follow hg AM 16' The servo sectors 30
shoul d not be inserted in the sync fields 19' or 24" because the VCOis
then attenpting a phase or frequency |ock, resulting in an unpredictable
drift over a servo sanple. Nor 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 accommpdate tim ng sl op. . It will be apparent
that, if the servo sanples occur at. the AM 16', then CC field 32, WR
field 31 and gap field 33 are not required; and since pad field 42 would
then fol l ow the servo sanple, VCO fiel ® 37 and CCSB field 38 are not
required either. p.Al rfaoy&la shlma%gepalogshfssgfocg%téianhxe%raﬁgtI ng the servo
sanples at AM 16' des %( t & 1 Lé{x Ls not -
suf ficient enBUgH o l‘C)f'fsg *F & aHYf nﬁ“é"gcé‘e%f'eﬂﬁv‘i ﬁ‘@ “aTT‘ gfwhe Servo sectors
be of identi cedsitieprgt #6 showp ubdhderbryeeentds Af, iscvpewterefy, Sab? servo
sectors shoul gbch® 1ddetiioh< alte Bwih laad stdrea SEravsersy Ibeiviad tdgioperat e

i ndependent | yp,08: &k uJ.ia@Qoycr\geae servo 1ovawma4, ﬂ,eeum +8nitll $ka 50 formatted in

FBA as banded SEC t_L & cmtr er vo ectors ranscak}er(teﬁoog,ctl ve band A-D
are witten at" eq ik 1,5 B cally §e°a?:e5 &FVal's "and" are sanpl ed
(i.e.7 read) qiﬁﬂehg EEéklt*%é’ﬁt"ll‘B’wanﬂe ap e RhepieAl BUPRRGESpET &89 BIEL An

al | owabl e numdgeterointis dt vecedest @srvpelocatdvokignebirand chlrerdtengehs of

' assolml at ed dadRpdr8QirONSqdad-428s @iu%kségall whek ahe Whaleglesdiels bhat ~each of 't he
equal.ly

counter 73 maiches the value present at the output of a servo location

H .

register 74. Register 74 contains all the servo ssctor locaticns fo

the various sets of data sectors.

Counter 73 counts VCO clock cycles from a VCO and data separator

&8 during read mode, and counts generated data clcck cycles from a

¢

-

data clock generator 75 during write mode. This insures that the data

=

iming and control circuitry 71 will interrupt the data stream at the

o

proper bit boundary. -

in response to the servo location signal from.comparator 72, data
timiﬁg and control circuitry 71 opens switches 78 and 79. This
interrupts the VCC cycles and generated data clock cycles to disk data
controller 70 and to ERDEC 69. This freezes the states of the disk

ata co;troller 70 and ENDEC 69, maxing each servo sector 30

u

tran pareﬁt to the data channel.

Switch 77 is used only during write mode to put a preamp and
write driver 66 in read wmode to read a servo sector 30. Switch 76 is
AN

. .
ting the VCO 68. This

the effect of a ¥C Data timing and control circuitry 71

s positioned in Fig. 5 for & fixed time

~J
c
t
[o]
o o
[+

ains switches
period until field 37. Switch 80 is used only during write mode to

L ]

wrlte VCO resync field 37 and code constraint Elela 38.

In write mode, switch 77 is closed first to enable writing of the

.
EX
VCC rasync field 37. After fiesld 37 is written, switch 80 is closed.



spaced servo sectors 30 on a given track is |ocated anywhere within either

a data field 27° of a data region 51 or an
reglon 22' or
data sector M As shown in Figs. 3 and 4,

t he | eading end of each "other"” fields (wh
the end of the adjacent data region 51.

servo sector 30 td:start at the AM 16' or

sector Mor that the positions of the serv
data sector. However, formatting wll be s
Fig. 4, the first servo sector in each ban

i ndex 52 and each succeedi ng servo sector

i medi ately after an index mark 52 or address nark 16

I dentification

in a
each data sector M extends from
ich are the overhead fields) to

It is not necessary for each

i ndex mark -52 for every data

0 sectors be the sanme for every
inplified, if as illustrated in

d starts at the common radi al

in such band is initiated at

successive locations in equal |y spaced tim® increnents from said index.

din disk 50 the data in_each concentr

read mode, switch 76 is closed fi:

. Thus,
sane

In

: resynchronise to the data. Switches
resync field operation is completed;
The value in servo location register
the next servo sector 3
as a prior art data

ié geiierated by comp

aNn
Ve

ic band A-D is clocked at the

rst to allow VOO 68 to

7

'
Wit

en ths VvCo

<]

and 79 ars closed
i.e., is either written or read.

7

A
&

is then updated with the

The channe
channel until the next servo

ur tor 72.

ible combinations o

mputed 1

n

f servo sample rates and number
s by an obvious modification of

recording.
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data rat-e but the data rates and nunber of data sectors Mvary fromband to
band. Not all conbi nations of servo sanple rates and nunbers of data
sect'ors M per band are permissible. Permssible conbinations are those
where the ratio between the nunber of.servo sanples N per revol ution and

t he nunber of data sectors Min a particular band A, B, Cor D reduces to a
ratio of small integers. For exanple, assune there are 60 sernvo sanples 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 sanples are initiated
at index 52. As noted in Fig. 4, the ratios of servo sanples Nto data
sectors Min each band are 2:1, 5:3, 3:2 and 6:5 starting from i nnernost
band AL Note that in each case the servo sanples line up either at the AM
position 16" or within the data regions 513for all sectors in all bands.

Rel atively prine ratios of servo sanples N to data sectors M such as

60/ 31, -are not desi rimbther sipproech koo sheosk jakedsjc data prjitaihat tRefpigcement
constraints. The AM ikGgtnpasiid Diagtreorishd ovehkmdakl flends. t lree mildddéedat t he gap

between data fields 27 . lenssa tmeb@umg;aquul@i byl coahiangist ons woul d be
quite high. |If fetrack does not RGC there are

few servo pl acem:f¥est FEt 78RS SHETafE i c]t’chs RN)%{“and‘tl AD Frards need be

avoi ded and in gm#pncﬁgcen\_ servo sectors is equal to an integral mu tlp...e of the

data unit lqngth then the servo sectors will never lie in disallowed

regions.

VI. Application toc CKD Format

Again, servo sectors are positioned and written at the factory.
The £irst data record on a given track is placed to start at an index
mark, like S2 If the naxt servo sector lies within the write-read
recovery 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

ector lies within a disallowed field at the start of the next data

2]

record, then pad bits are added to the end of the current record to
align 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 bits during

a read operation, thus making said operations transparent to the host.

VYII. Application tc Tape Drives

While the invention has been illustrated as applied to disk
drives, it will be apparent that the invention is equally a
to tape drives. In both, the rate at which servc ssctors for disk or
servo sections for tape are sampled is indepenﬁent.of'whether the disk
or tape is formatted in FBA or CKXD architecture.

In a tape drive, the allowable time separaticn betwsen 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,



nearly any ratio of servo sanple N to data sectors M should be perm ssible,
except fhe larger integer in either the nunerator or denom nator of said

rati'o preferably does not exceed twi ce the reciprocal of those portions of
each track not devoted to’data fields-or identification fields of the data

sectors. “Perm ssi bl e conbi nati ons of servo sanples and data sectors
may be conputed is described in the Appendi x attached her eof .
[11. Inplementation of the Invention The servo systemis

initialised by locating a servo sector 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. Wien counter 62 reaches a preset term nal
count corresponding to the nunber of servo_clock cycles between each servo
sector 30, it sends an enable signal to a $tart mark detector 63. Detector

63 then | ooks for,l Ng.a3iabk ar@;&, S4eh & m@yaqeégggearupspopenm%p start nark
34 is |-ocated, detector 6 ates a stat gnal , whi.ch is sent to

a servo control | &™g% *é?ﬂ'“dgrte Pr(?(c)% ?geferé'ﬁ Setfd‘urht e 6‘2ul“sserl§%esfc“6°“ fhe start

- found signal andepdsth?e’s CBEEPARSF 7. one Serrd tearit taser @pd Gt ﬁéﬁeat“‘éfaids t he PES
. field 35 and ot hgervsefevtion rikcinhibtedngt suwekssis fochtimok ih Botaldy sppde®, based

- upon the known ti mnghcpdfen@t froh QA $tadk! FREke3A sec§fornvaz>-.sa@.9§ selchgr 64 then

operates i.n the s me man ermgs a, mn% art,.serv con;thrgil Lrllcgﬁhe PES
to control an acfb&tor© hBwin ? Eormatipy @ AT e cf’escrlptlon it
has been assumned f?ha?"té‘ﬂllﬁtﬂ’l Yé‘es”;j‘é%‘ﬂu%tdﬂ‘t i r?ﬂtmtaﬁié’“d‘?fsﬁ’ed‘f’il%’é’gﬁf’or i S

sufficientl y pr egemidng of data. The ratio of servo sections to data sections is
- . other than 1:1. At least some servo sections are located anywhere

> "within a data field in ﬁ"daté 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 Gata 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 ﬁbOd¢meugS, the allowable number of servo sectors
'per revolution was calculated for eauh track or band of tracks. 1t
_ will be apparent, however, that in view of the constant rotational
) speed of the disk, the time between each servo sector is constant
Hence, in both the disk and tape embodiments, the allcowasble time
separation between servo sectors on a track is calculated, though in
the disk embodiment this was expressed as allowable number of servo

sectors on a track.

- A method and means has been described wherein servo sectors

written on a disk {or servo sections written on a tape) are egually

o
o)
=]
oY)
ot
2]
0
0
»”

spaced on a qiven track and read during seek, settl
following operations. An algorithm is used to determine the allowable
time separation between servo sectors (or sections) on a track and
1eﬁgth° of associated data sections, such as data sectors or variable
length records, that may be accommodated on the disk or tape in such

manney that each of the servo sectors (or sections) equally spaced on

24

a given track is located within a data f£ield of a data sector ©



pernmt conpletely open-loop operation; i.e., the open-loop counting cycle

i s repeated for each servo sector 30 and all the servo sanples |ine up at
common index 52 at the end of each revolution of the disk. If speed control
timng slop is unacceptable, however, it can be reduced by placing a sync
bit into PES field 35 to reset a sanple tiner and thereby update the tinmer
at every sanple.tine. _ 9 _ Data for read and wite
operations is processed in the same nanner as in the prior art, with
switches 76-79 closed and switch 80 positioned as shown, until a servo-
sector 30 is encountered. Servo sector |ocations are known and stored in a
servo location register 74. Prior know edge of these servo |ocations allows
data timng and control circuitry 71 to make the servo sector transparent

; to the data channel. Crcuitry 71 alloys the data channel to operate in
- the usual manner until it receives a servo |location signal froma

conpar at or 72 vigdnparidewiiitatigeneswhey ihediatdlgndkerwbhenddrbes val ue present ed

by a counter

regi ster 74.
vari ous sets

FRamdieh sy hecy ak URaREL SO oflindehR Gt PUhe Qf:ea S€rVO | OCation

wﬁﬁzgl éxL %rer‘Z'J4secéQ<LlI ?ci_rn§ec@‘.!.oln) tlgesaggj!‘e\é(%.ssceoggtghl. lat?(?at I Ons f Or t he
of . dat.a sectors. -

independent of the number and lengths of the data ssctions. B2s a
T T

conventional FBA, and also even to non-sectored architectures, such as
count-key-data {CKD), wherein the data is written in records of
variab}e length, and to tape drives formatted in. FBA or CKD
APPENDIX
Computation of Permissible Servo Sample to Data
Sector Combinations for Banded Recording in FBA Format

Assuming initially Llhat the allowable linear density as a
function of radius is known, the variocus fields are broken down into
those portions which scale with linear density and those which do not.
All references to bits are in message {non-encoded) bits; and the
linear density units are kbpmm (kilobits per millimester), alsc message
bits Assume furiher that

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

banded rescording)

SB = number of servo bits (data rate dependent portion)

SF = fixed length portion of servo in us

OB = number of bits in other fields {data rate dspendent

portion) ’

OF = fixed length portion of other fields in js

P = rotatibnal period in us {i.e., 1/rpwm)

M = number of data sectors in a band

R = number of servo samples per revolution

ld{r)} = linear density in kbpmm, where ris the radius in mm

OH = fixed overhead



Counter 73 counts VCO cl ock cycles froma VCO and data separator 68 during
rgad node, and counts generated data clock cycles froma data clock
generator 75 during wite node. This insures that the data timng and
control circuitry 71 wll interrupt the data streamat the proper bit
boundary. In response to the servo location signal from conparator
72, data timng and control .circyitry 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

t controller 70 and ENDEC 69, naking each servo sector 30 transparent to the

dat a channel . Switch 77 is used only during wite node to put a

preanp.and wite driver 66 in read node to read a servo sector 30. Switch
76 is opened to prevent detected data frdfnaffecting the VCO 68. This has
the effect of -a VCO.hal Da .ng .and cont.raol CI[CUI L ry 71 maintains
swi tches 76-80 'bes‘lf)'éé‘i"'t :jld“ﬁe Re I‘B I‘—"gé*“"g grbaégfl B Ee "ﬁerl od until field
37. Switch 80 is used only durlng wite node to MWIte VCO resync field 37
and code constraint field{#&.(pB + 0B) +Nrx\#B} te node, switch 77 is cl osed

first to enable wiysktirng of the VCO resync field 37. After field 37 is

~witten, swtch 80 is closed. 1050

!
!

OH = M x OF + N x SF

rid(r)=



10 In read node, switch 76 is closed first to allow VCO 68 to
regynchroni se to the data. Switches 78 and 79 are cl osed when the VCO
resync field operation is conpleted; i.e., is either witten or read. The
value in servo location register 74 is then updated with the | ocation of
the next servo sector 30. The channel again functions in the sanme manner
as a prior art data channel until the next servo |ocation signal is
generated by conparator 72. The data and servo sectors work in
concert such that the data channel is prepared for each servo sector 30
w thout requiring an address mark for that sector. To |ocate each servo
'sector only a servo start mark 34, which ggy be as short as 1 bit, is
requi red. Each servo sector 30 can be |ocated by open-loop timng fromthe
previ ous SerVO,Sﬁ%&g&a@pqswggggg%tany know edge of the lengths or positions
.of the-data sectors. o V. 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
recordi ng, except that the clock frequency changes at each track and the
| engt h of each data sector will change fromtrack to track. The manner in
whi ch The perm ssible conbinatiQps of servo sanple rates and nunber of

j — =

an
Lra
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dat a sectbrsyper track is conputed is by an obvi ous rodification of the

al gorithm described in the Appendi x for
V. Application to FBA For nat Aplurality
positioned and witten at the factory. They are
from each other on each track by an equal angle,
constant tinme separation. Since the data timng
format, the allowed conbinations of nunber

[ Usually the linear density decreases

banded recordi ng.

of servo sectors are

circunferentially spaced

whi ch corresponds to a

does not change in the FBA
of servo sectors and number
datia sectors per track nmay be conputed in the sanme manner as described in
t he Appendix for calculation of the allowed bands for banded
AnOther approach is to choose a basic data unit that

is of the
with increased radius,

f < therefore A<0 and B>0. In this case, the positive root of the
guadratic yields the smaller radius (the negative root cccurs where
; the decreasing linear density is compensated for by the increasing
' circumference of the track).

. 3 - .
- Cnce 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 determine if the band is valid; i.e.,
- that the servo samples ¥ occur only in the allowed positions.

To de termlne the allowed bdnus.

1. Choose a servo sample rate {Tor example, 60.)

2. Compute the band with the greatest number of data sectors,
whose minimum allowable ID radius is less than or equal Lo
the disk ID. ({For example, assume the result is 31 data
sectors.)

3. Starting with this band, check io see if it is valid. If
not, decrease the sector count by 1 and repeat. ({Thus,
dacrease from 31 to 20.) Note that if the ssctor count goes
to O without success, there is no allowable ID band under
these conditions.

4. Start with the first band whose minimum allowable ID radius
is greater than the disk ID. {This could be 30 ta sectors
as a result of the example used for step 3.)

E. See if the band is valid, if so, add it to the list

increase the sector count by

allowable ID radius is greater

{Again, using the example from
. 3 .

give the Following numbers of 4

35, 36, 40, 42, 45, 48, 50 and

illustraticn only four, A~D, ar

and repeat until

than or egual to ¢

recordi ng.



same kengtk as the length of the overhead fields. The allowed de
| engths woul d then be integral nultiples of the data unit |engt

servo sector spacing is chosen such that the—di-stance between adli

servo sectors is equal to an |ntegral Ie of the data unit | ength,
then the servo sectors wll never I|e gi ons.

VI. Application to CKD Format = tors are positioned
and witten 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 wite-read recovery area, pad bits are added to the end of the
record to insure that the next servo sector "?l es in the data region. |If the
next servo sector lies within a di sallovve% eId at the start of the next
data recerd, then pad bits are added to thé& ésnd of the current record to
align the next address mark with the next servo sector. This process is
repeated for all sectar&tanetdréingr@ekum tEgCoORESIOS o Ipagdh@r ataeks,t éehpad
bits during a witg.0Psdial is@kaendnexd @&%5 ok e P BE £ B S -.duHﬂg As&Lad
operation, thus making sald. opegegggu Sy, ra_nsgar ent. to ;me savable

VI, Ap‘pl ication to apé"rf)l'* ' i Te The i AVERt) c‘iﬁ"’ﬁa’ IS
illustrated as appl® gt E‘I?C’ifr Fa/BY re3d ang ‘fhle BKEv APt wnttotitatampird
inventian is equaldhyrcapphﬁa}iabi Ehaf Ghe casevodparviess ard spdved o thide thegt @anat whi ch
servo sectors for Wi spRE 364 ¢onsSRL! 1R8Suf Afe baICIAL B2 SAIRLSE foStions

i ndependent of V\he}ehﬁ]vet be i ﬁlé"r Oﬁorrcﬁﬂ vL?y ]tsﬁ\g;\gqf;(ggawp FBA or CKD

architecture. a tape drive, tine separation between
servo sections on a track and | engt hs of assom ated data sections on the
tape i s establisheéd s@oRdidadccaitdiboebes rlaioievigeh tihdnede ol of patiel. $8r VO
sections on a Qi venatd atkordl &ch @6k Okt Mgt dlafradsdedraadal @lethedfo porladnd section

and the rate at We?@ £J}Go SELYES §§a@£d gp%q@aliedlggaqpésegeggz%less of radius.

A medium according to claim 1 which is in the form of a tape, t

apparauu comprising a data controller 708 for supplying data to be
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. 5 A data processing apparatus as claimed in claim 1 further

[

i comprising data timing and control means 71 to time the supply of data
to or rezlaﬁi of data from the recording and reproducing head, a data
counter ?3, servo location register 74 and a comparator 72 which
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|ndependent of the data architecture used. Like the disk enbo Wﬁ@§§HEETHASBEE

12 > t-he*readi ng of a servo sectio upon op OOREPLACED
timng fromthe preceding servo sect| ervo SeCtIQBrQH—~PGGE——~——
track conmences at one common track mm ml cceedl ng servo

section is initiated at successive Iy spaced tine

I ncrements from said i ndex. - Each servo section consists solely of bits
containing position information and to each side thereof bits for
controlling the interruption and restoration of the witing and reading of
data. The ratio of servo sections to data sections is other than 1:1. At

| east sone servo sections are | ocated anymhﬁ{e within a data field in a
data section. At 'least sonme others of the “equally spaced servo sections
are within an idefiti fa gahigRbceki@l hpPdracdsBLdiahad ¥n afdiRrs amsa.@ldlre@sse\

i ndi cattmg, mar k. markl @edof B8 o0 Oécﬁé‘tat &4.{ 3P8. of DS LALLQ Lime
e

4 SESXv

separ ation bet weer s b {a sections to the tine separatloncﬁetmeen Servo
sections shoul d &FaFif"reduce to a ratio of snall i ntegers. For a CYD
formatted '

; e 7. A data processing apparatus as claimed in claim 5 wherein the

73 is coupled to a dat

er ta
clock cycleg during a write wmode and is coupled to a

8. A data processing apparatus as claimed in claim 4, 5, 6 or 7
arranged to read data from or rscord data on a rscording medium in the
form of a disk formalkied to accommodate data sectors the first of
which on each track starts at a common radial index

S. A data processing apparatus according te claim 8 arranged to read
data from or record data on a recording mediuwm in the form of a disk

1 h o &~ - o b - eomde e mle T m B2 AT, T -
10 K 3disk file comprising at least one rotatable disk 50, a
recording and v ng head f
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tape, it‘will
| nwt he &i sk enbodi nent s,

.revol uti on was cal cul ated for

~apparent, however, that

idi sk,

be necessary to add pad bits as described in Sec

the time between each servo sector

i BS\BHEET HAS BEE!
t he al | owabl e nunber of servo sectors{jper REPLACED
each track or band of tracks. It WTT be

in view of the constant rotational speed of the

is constant. Hence, in both the

|di sk and tape enbodi nents, the allowable time separation between servo
isectors on a track is cal.culated, though in the disk enbodi ment this was
l

expressed as al |l owabl e nunber of servo sectors on a track

A net hod

and neans has been descri bed wherein servo sectors witten on a disk (or
‘servo sections witten on a tape) ar.e equally spaced on a given track and

read during seek,
used to determ ne the al

sections) on a track apghl @RGiRS Hords SACbahS
sectors or variable length records,

.tape in such manner that each of the serV o ee

settle and track follow n

operations. An algorithmis
| owabl e tinme separation between servo sectors (or
hoghaig: #8Ckdsfdtcnguch as data
he accommmodat ed on the di sk or

t
ECtors (or sections) equally

hat__ma

data field of a data sector or

“spaced on a given track is located within a

cracc

| a—

on a tape)
and read during sesk, settle and
to
separation between;servo sectors (or

ssociated data sections, such

R
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such as address mark or index mark}. The.

(

sector {or section) is sampled i

independent relationship, this technique is suitable for

-ecording, to banded disks using sectored

in FBA or
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13»W|th| n an identification region or inmediately after an address

.after an address indicating mark (such as address mark or index mark). The
wate &t which the servo sector (or section) is sanpled is constant and

i ndependent of the nunber and | engths of the data sections. As a result of
this independent relationship, this technli e is suitable for CLD

- recording, to banded di sks using sectored rvo as in conventional FBA, and:
al so even to non-sectored architectures, such as count-key-data (CYD),

wherein the d en in records ofngariable | ength, and to tape
drives formatjted i n §BA qr CKD. APPENDI X
Comput ati on df Ferm si blje Servo Sanpl e to (hata [ Secfor gt i ons
for Banded Recordl nd-i n FBA For nat suming inittiall

al | owabl e | fHear| derg@ity as a function of dius is kpown, | he Wari dus
fields arev%~ rlokgn do®n i+t those portiops!which scalle wﬂﬁT‘T'ﬁ"@? dgnsity
and tnose i{ch {do t. | references to ts are in rres ape (non-gngqoded)

" bits; ~and thq lijnearcdendity units are kbpmm (ki lobitg p i | i et gr),

- al so nmessage {bi t}s. /@surrq further t DB = nu f data bift 4 per
sector (sane |forl-a-—bargqs for bangded recor g) : B nunber
of servo bitd @dat £ndt e penden [porBin) Sk =|ffxed| | er@th gorftion
of servo in (gs§ = nmber ofbits In her field (&}ma rate
dependent o v Bor tfi on) :

< < T - Z
<1 o [NV S) s
R 24 = N\ i
_ b & i
o 02 & 1 « .| o
> o KN r
i >5 = Q N
i Q e =
n. o > | = ﬁj
(o) (o 9 D
zow M
¥ rzw N o Q2 m] o i
O~ e q wo ¥
51 oy i < « H
N& o0 Nﬁ O oo = -
7 ozax ™~ ™ o O
o ow 1a U5 =19 ©
1R I~ ol = e e e e
Z- N k. « Slo - -—
()} - > U[O o I75) w (’\l
[n g ) '9p) < < -t
o |z} ox Q W =. =18
w o =z e b o O -
o | (TS L P R 82
Jd 1a o o ¢ ¢ >
< |28| 8z &= 0 o . - ;
Z S i - N\
O " o g
= a td < rs
5 o B HY |©
] zow KR “ oo A~ OD
> | ZW 0 8l 22
20 raga ¥ wao
OoOxX w = s
o(\ K o —_—
L. [7) = ) @ g o
Q ul A 1 o (Q =
- P o = o <
g o © S
= lo s NS = -
T ju < Ry
@) 1o N Ll xo
rel 0 I O
o ) Q
> 9] e o <
o o o~
W] xou
G| 124
»




OF “=4fixed length portion of other fields in [err]
period,in [err] (i.e.,

1/rpm

P = rotati bnal .

M = nunber of data sectors in a band

N® = nunber of servo sanpl-es per revol ution

kbpmm where r is the radius in mMn
14 The. mninmum all owable | D.radius for
(Mx(DB+CB) + N x SB)

H =

-

Mx OF + N x SF
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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 updating of the
sample rate, and timing of the servo samples would vary.

There is a need for a recording technique, transparent to the user, useful for both
non-sectored and sectored disk and tape formats, wherein servo sample rate is constant and
is independent of the data architecture used and limited only by the total area of the disk
devoted to servo information.

According to one aspect of the present invention there is disclosed a fixed block
architecture disk drive comprising:

_ a rotatable, rigid magnetié recording disk having a plurality of concentric tracks
divided into angular sectors of fixed blocks, each block containing a data field for the
recording of magnetically written data, and a plurality of generally equally angularly spaced
servo sectors containing servo position information extending in a generally radially straight
line across the tracks, at least some of the servo sectors being located within the data fields .
and splitting the data fields into at least two portions;

a head for writing data to and reading data from the data fields in the fixed blocks,
and for reading servo position information from the servo sectors;

an actuator attached to the head for positioning the head across the tracks and for
following specific tracks, the actuator being responsive to servo position information read
by the head at an essentially constant servo sample rate determined by the rotational speed
of the disk and the angular spacing of the servo sectors;

means coupled to the head for clocking write data to and read data from the data
fields at an essentially constant data rate for all tracks;

means coupled to the head and responsive to a clock signal from the data clocking
means for encoding data to and decoding data from the head; and

means coupled to the encoding and decoding means for stopping the transfer of
data to and from the encoding and decoding means when the head is réading servo position
information from the servo sectors located within the data fields.

According to another aspect of the present invention there is disclosed a banded
recording, fixed block architecture disk drive comprising: '

a rotatable, rigid magnetic recording disk having a plurality of radially spaced
bands containing the fixed blocks for the recording of magnetically written data, and a
'plurality of generally equally angularly spaced servo sectors containing servo position
information, each servo sector extending in a generally radially straight line across the
bands;
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result of the examBh@totaadcHed to $heehead. fbr positioning the head across the bands and
within each of the bands, the actuator being responsive to servo position information read
by the head at a conétant servo sample rate regardless of the band in which the head is
located or the corresponding rate at which the data is clocked, said constant servo sample
rate being determined by the rotational speed of the disk and the angular spacing of the
servo sectors.

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.
. Introduction -- Description rior Art Servo Secto
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 identification (ID) region 11, and a data region 12.
Write-read and speed field 15 allows time for the drive electronics to switch from
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fields at an essentially constant data rate for all tracks;

means coupled to the head and responsive to a clock signal from the data clocking
means for encoding data to and decoding data from the head; and
means coupled to the encoding and decoding means for stopping the transfer of
~ data to and from the encoding and decoding means when the head is reading servo position
information from the servo sectors located within the data fields.

2. The disk drive according to claim 1 wherein the data stopping means comprises
means for interrupting the essentially constant data rate clock signal to the encoding and
decoding means.

~ 3. The disk drive according to claim 1 further comprising:

means for storing values representing the locations for servo sectors located within
the data fields;

a counter coupled to the data clocking means for counting the number of clock
cycles;

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

wherein the means for stopping the data transfer is responsive to the comparing
means.
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to claim3 eR 8l A t | . storing. neans conpri ses
a register }Mg'céfdegd%(r?ecﬁﬁdéﬂ%i@%’?b%c}é :%ﬁ’igc eégskggy%rcg)_g}wg}%g, fixed bl ock
architecture di 8kotatablee rigidvmagagtiegrecording disk havinga ghuhlity of radjaldy spagedt i c
recor di Noh#ds kon@imingtR fBleHFlﬂédl&YoPihe&ééHr&inF%f%%ﬁ@ﬁ’caﬁ? OOk dBgng t he
fixed blocks for the recording of gnetlcaly Itten.data, and a

pl ur al i t yPIBralitypEgenearsl Ye%ﬂ}ahygn&%ﬂ? P3Csd SEIYO SACLQES GPBLAiRIBg SPIYO PRtiaNNi ng
servo posinforfdationf edchiseivonsecto eltedding n a@eherally xidialti sirisli e GRARE @d Y
radially gatnhgi ght |ine across the bands;

a head for writing data to and reading data from data fields located in the fixed
blocks of each of the bands, and for reading servo position information from the servo
sectors;

means coupled to the head for clocking write data to and read data from the data
fields at a plurality of data rates, each data rate having a unique value corresponding to the
band in which the head is located; and

an actuator attached to the head for positioning the head across the bands and
within each of the bands, the actuator being responsive to servo position information read
by the head at a constant servo sample rate regardless of the band in which the head is
located or the corresponding rate at which the data is clocked, said constant servo sample
rate being determined by the rotational speed of the disk and the angular spacing of the
Servo sectors.

6. The disk drive according to claim 5 wherein the disk has a radial index mark
common to all the bands and extending across the bands in a generally radially straight line,
and wherein the first servo sector is located at the common radial index mark.

- 7. The disk drive according to claim 5 wherein the servo sectors on the disk are located
within the data fields of at least one of the bands.

8. The disk drive according to claim 7 wherein the servo sectors located within the data
fields of at least one of the bands split each of the data fields into at least two portions of
substantially different circumferential lengths.
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nunber of servo sectors on the disk is represented by the constant N, then
the ratio of 19, TheNidlodrieasdtoRfinglto claidtl S Fhrthe? cdmpafsing: of two i ntegers,
means for storing values representing the servo sector locations;
a counter coupled to the data clocking means for counting the number of clock
cycles; and _
‘means coupled to the counter and the servo sector location value storing means for
interrupting the reading and writing of data by the head when the counter reaches a value
corresponding to a stored location value, whereby servo position information may be read

by the head during the period of the interruption.

13. The disk drive according to claim 12 further comprising means coupled to the head
and responsive to a clock signal from the data clocking means for encoding and decoding
data, and wherein the interrupting means includes means for interrupting the clock signal to
the encoding and decoding means, whereby the state of the encoding and decoding means is
frozen during the period the servo position information is read by the head.

14. The disk drive according to claim 12 wherein the servo sector location value
storing means comprises a register located off the disk.
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