TRANSDUCER HEAD SKEW ARRANGEMENT FOR DI SK DRI VE SYSTEM The_present

i nvEntioh rel'ates generally to a track follow ing servo 52‘ { tcﬂ?ﬁx a
=gi'sk” drive unit; and nore particularly to ajtransducer head skew
arrangenent used in a rigid nultiple disk drive data storage systemfor im
proving track-to-track seek tines. Conmputers often include auxiliary
memory storage_units having medi a on which data can be witten and from
whi ch data ¢anTBANFRUGERHEAR BKEW SARRANGEMENT \EOR(DIEK| BREVBOSYSBEM ng

st acked, conmonly rotated rigid magnetic disks are used for storage of data
in magnetic formon the disk surfaces. Transducer heads driven in a path
toward and away fromthe dri.ve axis wite data to the disks and read data
‘fromthe disks.. The data is recorded in concentric,

The-presenf invention relates generally to a track follow-
:ing servo arrangement fo.r. a disk drive unit, and more
particularly'to a t;ansduber head skew arrangement used in
a rigid multiple disk drive data storage system for im-

proving track-to-track seek times.

Computers -often include auxiliary memory storage units
having media on which data can be written and from which
data can be read for later use. Disk drive units incorpo-
rating stacked, commonly rotated rigid magnetic disks are
used for stofagE"éf data in magnetic form on the disk
surfaces. Transducer heads driven in a path toward and
away from the drive axis write data té the disks and read
data from the disks. The data is recorded in concentric,
radially spaced;dafa information tracks grfayed on the

surfaces of the disks..

Data located on a particular track on a disk surface is
read or written by prqperﬁ!%ﬁbé#ﬁgog{?g a data transducer
head directly.over the track. In ‘'order to maintain the
head in proper ﬁasitioﬂ over the data track, track follow-
ing sefvo systems often are incorporated into disk drives.
Servo pbsition'control is used to position i

the data heads in registration with the data information
tracks. One servo system uses a dedicated transducer head
to read position signals recorded in servo information
tracks 6n a dedicated disk surface. The data heads are
ganged with the servo head for simultaneous movement rela-
tive to the data information tracks and the servo informa-
tion tracks.m.Tg access the disk-drive unit,.a feedback
controlled drive system locates the.sérﬁo head in a de-
sired position, thereby to locate a data.head in_registr;-
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radi al | y spaced data information tracks arrayed on the surfaces of the

di .s":ks. ¢ Data located on a particular track on a disk surface is read or
written by properly positioning a data trangducer head directly over the
track. In order to maintain the head in proper position over the data

track, track fekbowsithd = o el QIO drifb it dif OLPRNAlflet &1 @a fh Sk
drives. Servo position control Is used to positiaon the data heads in

regi stration wtphbehwrdsten; aroraadi on tracks. One servo system uses a

dedi cated transducer head to read position signals recorded in servo

I nformation tracks on a dedi cated disk surface. The data heads are ganged

with the servoFREa@*rEP1SI Y-t fnedadandy difentd (&1%-437 BLIGLAIRS Rt Brack

i nformation ”i‘SK_io%E!Hgt he sty Qdtd X iRy 5peRihlaglesvo Ei@ARas swiherdi sk
drive unit, a feedback controlled drive system|ocates the servo head in a -
de- sired posifPho® fndiesledoseaver dislafurhags i’?i’r%gléﬁdrlé’-ated S§YY 90

026 transducer head. The disclosed system distinguishes one
track from another within a repeating group of tracks. A.
biasing. signal is added to the detected signal when the
transducing head is located more than one-half track from
the target track. A position error signal is produced
having a linear slope over the grbup number of tracks for
enabling electrically offsetting of the transducing head
up to one-half the group number of tracks by modifying the

position error signal.

U. S. patent No. 4,807,063 discloses a head position con-
trol system for a disk storage unit using a data-surface-
servo system with reference information written only inte
one portion of each track of data in the circumferential
direction. The refereﬁbe inforﬁation storage regions are
arranged on each major surface of each disk with an angu-
lar spacing of 360°/4N (where N is the number of disks).
The reference information sto;age'regions_for the respec-
tive disks are equiangularl&vdiéplécéd from each other, so
that the reference information-is read out from the angu-
larly displaced reference information storage regions
during each rotation of the disk to detect a displacement
of the head from its normal or proper position every time
the reference information is read out, and-the displace-
ment of the head is corrected in accordance with the de-

tected displacement.

U. S. patent No. 4,809,120 discloses a head position con-
trol system using reference information regions on the
disk surfaces mutually displaced for respective disks.
During rotation -of the . disks, reference information is
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2 This fic data information track whe
wrltt H For exanple, U S. patent No. 3§ BBBSIETdﬂ;SS:BEEEs a
track ten1detect|ng speci al rvo si(

!nals REPLA@ED on_a
dedi cat ed servo di sk surface by a dedicated servo
di scl osed syst | it h 0 0, epeatlng
y ﬁ%ﬁ& §ﬁ grbahene T%gﬂdﬂﬂﬂhdﬁdﬁﬂ%£ &g§%1¥éé ' 8nt F PR the

group of tracks. ‘A biasing ;%f I's added to ect sign
transduci ng heFes P&cdihe iplainddskshal fAL dmmaﬂ:nom Qﬂleeaahgdntead
track. A posErdm®NaCiid¥mall Il pird g.oqigagi aj SPpeover

3 % 3 BI ele ?9§¥t?€n fsettlng oft?hg

the group nunmber of tracks for, ena ctrica
transduci ng héﬁfckfp’-q otsREkhAS @HESSFBGp ﬁmnﬁbatofln r FeRpobgenvt f Lheg

the positionRitedted M} iation) aSpoRditddh NE A B0he263id %%EQ‘%‘?:%FQ head -

position con- trol systemfor a diSk storage unit using a data-surtace-
servo systemwi th reference information witten only into one portion of
each track of Jaglanedse tbat@ntcunéeresmmlz dldi%‘éldh’és The rQﬁQﬁ@QQ?z:.n%

i nformation stor% e re I ons % % ed on ‘each major surface_of eac
disk with an ¥ & e ﬁg O?XPP-] FARREkAET éem1f=§ tRecehimbaatef
di sks). The tabervmmﬂgnfﬁmtwm séodage pe@cess fRimgdov&sPLCeylin-
der, by setting the head record of the'coptiguous cylinder
at a position angularly shifted, or jumped, by an extent

equivalent to fhe_seek time of the mégnetic head.

Japanese patent application No. 25;8969/89 filed October
5, 1989 discloses a disk apparatus having g heads and g
disk surfaces where g is not_leés than 2. The disk sur-
faces include the same number df'sectors and each disk
surface includes a servo sector. ' Servo information for
head positioning_is recorded in eaChuse:VO.sector. Servo
information is-succeésively read out from the g disk sur-
faces. Sucéessive q sefva-infqrmatidnslare averaged to
control a position 6r a speed of the head for the disk
surface from which the last servo-ihformation is read out.

For any servo control arrangement'to be used in a disk
drivé unit, it is important to minimize the time required
to move the data head transducer from a'p;gsent track to a
specified track position. Often the frack-fo-

track seek time or the time needed to mbve from one track

to an adjacent track is the most important factor in the

overall file data transfer rate.

A principal object of the present invention is to provide
an improved transducer head skew arrangement for a rigid
multiple disk drive data storage system to improve track-.
to-track seek times. Other objects are to provide such an
improved transducer head skew arrangement substantially
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| angul arly displaced fromeach ot hﬁrm[s_csm:_tmams BEEN
ion is read out fromthe angu- |Iy di REPBARGEDT ef er

during each rotgtion of

orage regions S _
of the head fromits normal or proper position every tine
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accordance wth de- tected displacenen
spslyagtagess ©f Priexdagdspetrengementstr ol system using -
rmation regions on the disk surfaces nutually displaced f

s. buring. rotation of the disks, reference information is
n brief, the objects and advantages3of thedpset from t he

bgndi SDho&eti®n @@ SHEhieved by a transducer head skew
arrangemenf used in a multiple disk drive data storage
system. The disk drive unit includes a plurality of mag-
netic disk surfaces mounted for simultaneous rotatlon
about an axis.’ A first’ sequence of servo information
tracks are arrayed on the dedicated servo disk surface.
At least one servo reference track is written on‘each data
disk surface for storing servo reference information. The
servo reference track is wrltten on a first data disk
surface aligned with the servo 1nformat10n tracks on the
dedicated servo disk surface. Then servo reference tracks

nce
a

ad

or

are seguentially written on each successive consecutive

data disk surface pfogressively offset radially from the
last written servo reference tracks. A plurality Qf data
information tracks for storing data are disposed at prede-
termined positions relative to the servo reference track
on each the data disk surface. A ' servo transducer head is
mounted for movement in a radial direction across the
first dedicated servo disk surface for reading servo in-
formation;. and a blurality of data transducer heads are
mounted for movement with the servo transducer head in a
radial direction across the disk surfaces for reading the
servo reference tracks and for reading and/or writing data

to the data infbrmation trécks.

In accordance with the invention;'the distance moved by
the transducer heads for a cylihder switch 4is the same
distance moved for each head switéh} so that track-to-=..

track seek time is minimized and an overall data transfer

.rate increases for every data transfer using more than one

data cylinder.
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faces of the nmultiple disks. A devi ation of each head froma normal or
préper Head position in relation to a- specific track is .detected so that

in response to the detected-deviation, a position of each head is
corrected. Japanese patent No. 58-1812 dbscloses an initializing system
for a nobile head type nmagnetic devite to elimnate the waiting tine when
a data pr ocess'l‘hermsre:amt ainyénbiondépgetheretwiitly the hbader agrt dothes he

[ I | arl fted ' d..b
extent equi vaPBdeces i taav=pPAges hek Hedhetis tRaRrttoRas sxdh dthe
pat ent appli cafoMonngZ@e&%Ql@ desediptioheof Xhdo8@bddsmentesnfa thek
apparat us_havi g, d 0eads 80flae8hsknSUnLaaEg MISLE GhbSedlet | ess than 2

The di sk sur- aces Inc e san® nu an
surface includes a servo. sector. Servo information for head positioning

|s recorded inggach,sqryvq Séﬁié}ﬂatjélseéz‘@ bwéﬁrﬁ’i‘ééi’gm ?fs‘éc ey dpead

out fromthe q di Sk”sur- ~ faces uccessive ¢ servo Informations are
averaged to cédataobrecessindorsystem shavingf at idatmagtévagehdigksidrive

surface f10m Wikeh Liohgsho SERY Qob BLORET MDD fol pathPUt . For any servo

control arrangenent to dis rive unit, 1t is inportant to
mnimze the tine required _
FIG. 2 illustrates tracks and sectors of a data storage

disk of the system of FIG. 1;

FIG. 3 is an'eﬁiarged-diagram illustrating relationships
between reference servo tracks on a dedicated servo sur-
face and servo reference track for each successive, con-
.secutlve loglcal data surface of multiple data disks of
the disk drive unit embodying the present invention.

FIG. 4 is a flow -chart illustrating alternative logical
steps performed by a servo processor for head p051tlon1ng
relative to consecutlve 1og1cal data tracks of multlple
data disks of the disk drive unit embodying the present

invention.

In FIG. 1 there is shown a partly schematic block diagram
of parts of a computer data processing system 10 including
a data storage medium generally designated as 12 and a
data utilizing device generally designated as 14. In the
preferred_embodiment of this invention, the data storage
medium 12 is embodied in a rigid magneticwdisk drire unit

12, although other memory configurations may be used.

Unit 12 is illustrated in simplified form sufficient for
an understanding of the present invention because the
utility of the present invention is not limited to the
details of a particular drive unit construction.
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to nove the data head transducer froma present track to a - specified track
p05|t|orf Oten the track-to- track seek tine or the tine need'e'd to nove

fromone track to an adjacent track is the gost i mportant factor in the

overall file data transfer rate. SUMVARY OF THE
is an object of _the present invention to aneli orate one or

| NVENTI ON - t
nmore di sadvanté§§§r5¥n9hﬁ°ﬁrFBrU&?? a%c%r‘élf nehe Axpingpe digdh dniave

present i nventm@ﬁtt her eihs1pdeyi dedsindlt skedidsveasiaks 360Tase SPSHAVing
conpri si ng: %!Eu%al it f data di.sk surfaces nounted in parallel for
si mul t aneous rAMELHC aBBEL2GES axi Disk gPuiRcliles: agpattiernoofaGansen-

‘tracks, said datbci séeysRingdrhageks djr%mohzat(medeswmmeéeﬁoaht e@fes
relative to at_|east. one ervo referepce track on each said data disk
surfaces; wit MATHSELGITSE YhRVH %ﬁ?ﬁ’;ﬁ%ﬁ%&l‘i?‘fﬂ Informatianmaurdrce
tracks on suc@bsofetiiondeskt 2oe dpheaddskksunbagasidati gi n@yerpbyr fagly of
logi cal data %ylIngeﬁgterlgiugglBtﬁoseddghsk surfaces 26. Unit 12 in-
cludes a selected number of the double- 51ded data disks 18
to prov1de a selected storage capacity, for example such
as 14 data surfaces, as indicated in FIG. 1 numbered from
SURFACE 0 through SURFACE 13. Numerous data information
tracks or cylinders 28 are arrayed in a concentric pattern
in the magnetic medium of each disk surface 26 of data
disks 18; The data information tracks 28 are d%sposed at
predetermined positions relative to servo reference tracks
'RO-R13 illustrated and described ‘with respect to FIG: 3.
A data cylinder includes a set of corre_sponding data in-
formation tracks 28 for the data SURFACES 1-N. For exam-
ple, 951 data cylinders can be included in the disk sur-
faces 26 numbered from 0-950 as indicated in FIG 2. Each
data information track 28 includes multiple data sectors‘
30 equally spaced around the cylinder; for example, 48
data sectors nﬁmbered 0-47. The -illustrated disk drive
unit 12 provides a total- of 639,072 data sectors 30 (14 .
data surfaces X 48 data sectors/track x 951 data tracks)
each.assigned a number or logical biock address (LBA).

Sequential data sector numbers of_LBA's are assigned, for
example, with the data sector number 1 defining the first
data sector 0 on data SURFACE O, cylinder O0; the data
sector number 48 defining the first data eector 0 on data
SURFACE 1, cylinder O; and the data sector number 639,072
defining the last data sector 47 on data SURFACE 13, cyl-
inder 950. Typically a data file is written and/or read
using consecutive LBA's,”track following on the data in-
formation tracks 28 of successive consecutive logical data

. SURFACES 0-13 from the starting LBA.
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transducer hedds nounted for novenent in a radial direction across said
dat’'a di gk surfaces for reading said servo reference tracks and for reading
and/or witing data to said data information tracks; characterized by
sequential ones of said data information trdcks in each | ogi cal data
cylinder being progressively offset in a radial direction towards a next
consecutive |ogical data cylinder. Accordi ng to anot her aspect of the

present inventirge Hieke 18 Bhavizdedra fBLALEA! oA ﬁﬁf&lﬂgld%é‘ 5het é'Dn
to a disk drive unit incJuding: a sequence of servo_infornmation trac

arrayed on a d8HFcHURLRR 0ORnARAERY 0ANdi WKtagRatad: sRindleaand f@ﬁt%ta

di sk surfaces 488kiBI1RY 32.P! U idat 0% riddrinatiiicy ABldy tFecdss ach adideast
one servo refergnce track, said, disk surfaces being nmounted in parallel for

simul t aneous rbfatd%h &68Gt 2BALSH sWEAGERPt £ oRYectit COETEFPOBA1RG] Hata

plurality of detankaheepatieda tB@Ch&vaBl&UCétﬁ&fss/etﬁéniﬁ@ktlé’@rM@ di gk
Ilnders respondl

surfaces defin'gﬁ,a glaralléy cal q? %ﬁ' &
dat a transduceteheSa*For SIS n W5e R ‘F?‘% Gatjf 1S Ai g%t §°d|r§?
fsur f aCﬁS dadsepdsutiansdim&rfrxtmbrf Opgb?ﬁduﬂgfbﬁl d:h%e(r]I sérizgf ﬁmﬂﬁnmltdrﬁc ks
romthe dedic ser i_nf ornatd on_ di syr f.ace, and_sai e
oOREES T 1E R O (et S Wel3ER AT 52RY S SRR,

nmount ed for
nmet hod bei ng charfatcer24ed by WW|t|ng sequential ones of said data
information tracks in each logical cylinder with a progressive offset in a

radial direction towards a next consecutive |ogical data cylinder.
Transducer heads 34 and 36 are carrled by arms 38 ganged

together for simultaneous pivotal movement about a support
spindle 40. One of the arms 38 includes an extension 42
driven in a pivotal motion by a head drive motor 44.
Although several drive arrangements are commonly used, the
motor 44 can include a coil 46 cooperating with a magnet
and core assembly (not seen) operatlvely controlled for
moving the transducer heads 34 and 36 in synchronism in a
radial direction in order to position the heads in exact
registration with the cylinders 28 to be followed.

Data utilization device 14 typically includes an interface
processor 50 that controls transfer of data to be stored
in the data sectors 30 of disks 18 for subsequent access
and use. A servo processor 52 is coupled between the
interface prbcessor 50, the motofs 32 and 44 and the data
and servo transducer heads 34 and 36. The servo processor
52 controls the operatlons of mov1ng the heads 34 and 36
into registration w1th a target or selected data LBa '

and of transferring data under the control of the inter-

face processor 50.

Disk access can be generally provided in a conventional
manner by the servo processor 52. Motor 32 is operated to
rotate the disk stack 16. The servo processor 52 employs
known servo control principles to move the data heads 34
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5 The present invention together with the above and ot her obj ects and
advant ages may best be understood fromthe follow ng detailed description
of the enbodi ment of the invention illustrated in the draw ngs, wherein:

FIG 1 is a schematic and bl ock di agram of 8 conmputer or data processing
system havi ng a _data ,stor.age di sk drive_ . unit enbodying, the present
tadlalay S/ith sesbacks oo 4o rakating: 6 ko 18’ B: Shet beade

i nvention; and _
di sk of the sydirdweoimétér 44 to.REéledtivern &Di@hgtBedicRamtihhygtéati ng

rel ati onshi ps ,between reference,servo tracks on, a dedicated seyvo, sur-
face and.servthépgréﬁéglt?aﬁRerflﬁaEﬁaéﬁgc8§§F$é?n08 ﬂi&EEdﬂXikﬁg?%g?%al
data surface ofwhewlet dalta dat odbekreall orherdte&ndri ve unit enbodying the

present invention.

The data ihformation tracks 28 may move around relative to
the servo information tracks 22, causing the centerlines
of data information tracks 28 to be shifted relative to
the centerline of the servo information tracks 22. Con-
ventional position error correction is provided periodi-
cally to identify ‘this misalidnment that otherwise can
cause soft and hard data errors. Utilizing servo informa-
tion written in the servo tracks 22 on the dedicated servo
stirface 24 and servo refe?eﬁce information written on the
data surfaces 26 by the servo,K processor 52 for feedback
error-correction controlled epergization of the mbfof”éé.

FIG. 3 is an enlarged diagram illustrating relationships
of +the present inventiqn between  the servo reference
tracks 22 and servo reference tracks generally designated
RO-R13 written on corresponding data SURFACES 0-13. In
accordance with the invention, the reference servo infor-
mation RO-R13 is written on the data disks with a sequen-
‘tial progressively larger offset: relative- to the servo
surface reference track 22 téward the next logical cylin-
der,-rathér than the conventional arrangement of aligning
each data reference servo track with the servo reference
tracks of the dedicatéd-éérvo surface. During a format-
ting operation or incident to the manufacture of the disk
drive unit 10, each of the cylinders 28 of the data disks
18 is provided with the reference servo inforﬁation track
RO-R13 written in a predetermined position to each data

track 28.

In the illustrated embodiment of the invention, SURFACE 0
reference track RO is aligned with the servo tracks 22 of

the dedicated servo surface 24. Each successive, consecu-
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FIG 4 is a flowchart illustrating alternative |ogical steps perforned by
a servo processor for head positioning relative.to consecutive |ogical
data tracks of nmultiple data disks of the ﬁisk drive unit enbodying the
present invention. In FIG 1 there is shown a partly schematic bl ock

di agram of pa of roc SS st.em 1Q Jd.nc) udi n ata
storage nedi umeégﬁerlaal%%gggeg%ea%% %TQRigallé L#‘I tJtﬁdng°1ftle'%]i‘%‘ée‘§i
general |y desi BHaeededected fracthen pfeéecybﬂn&eboﬂelmtﬁvefté htise prior

i nvention, the r S led in netjc dISk

arive untt 127 OEPPRaLS Eafek TERULEN (EhE e Rt Mot iyt LEbGLERE S,

12 is illust ra@@n i nlslhbelpreﬂetnedn enipdd tment , e saﬂentlﬁ&dle&vdlmd

the present inygeghi <] &l d | e eatian i not

limted to the det a??s Wgﬁlpartﬁch[ th I\?‘ém%%‘?t Bgoﬁgﬂ%ug@f SE

90 026 example, with the 1llustrated 14 data SURFACES 0-13, ref—_
erence track RO is allgned_ w1th a centerline of servo
track 22, reference track Rl is skewed 1/14 of a cylinder
from RO, reference track R2 is skewed 1/14 of a cylinder

from Rl and reference track R13 is skewed 13/14 of a cyl-

inder from RO.

For a read. or write operation, track following on the.data
information tracks 28 is used to access sequential LBA's
from the particular consecutive logical data SURFACES 0-13
in the selected cylinder 28. The track following process
begins with a particular one of the data information
tracks 28 for th§.§elected cylinder 28 on the data SURFACE
cprrésponding to a selected or targef LBA and continues
with corresponding consecutive logical data information
tracks 28 for the.consecutively larger LBA's until all the
data has been read or written. After the last sector of
the data information track 28 on the particular data SUR-
FACE is read or written, a head switch is performed to -
read or write data on the next logical data SURFACE 1-13,
startlng at- sector 0 on the selected cylinder 28. For
each head switch, the transducer heads 34|and 36 are moved
a radial distahqe corresponding to the 1/N fraction of a
cylinder betweeh sequential ones of the data information

tracks 28 in the cylinder.

To accommodate a required head switch time delay when a
new head is selected, the data file is written with the
first sector on the next data SURFACE angularly shifted or
skewed by a selected number of sectors relative to the
current sector of data SURFACE being read. In known servo

control systems where radial_movement of the tfansducer
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6 Referring nowto FIGS. 1 and 2 of the drawi ngs, disk drive wunit 12
I ncl udes a stack 16 of disks 18 and 20 having magnetic surfaces. D sk 20
i ncludes a pattern of concen- tric servo iT ormation tracks 22 (FIG 3)
witten in the magnetic nmediumover a dediCated servo information surface

24 of the disk ta gi ingl yd e NAL=ToR i j, al
on opposed di s}géggrsf gise 0?6% n%edj?#‘n-ea %%:-?%eéswgé%el ec?%‘%%u?%g?g%ﬂ?he
doubl e- si ded dazefiettieske i3racks prnowviakignesd] eat twostsecdge csipift t gonven-

exanpl e, such at. I'ndi ca [ n

SURFACE 0 throﬁgénééﬁgAé% %%Jﬁ%lge?r’ér%ﬁosd 3%?% %% or?’rgtE Jltgﬁ llt7 r algfgig&géri a
cylinders 28 aren&r dajed SURERCH serithe cfpest epacton Ohefnddeetmextreddtan of
each disk surfagRrafrol 43l cdiivilit1biarTiGcIdR Il AT PedyRfes fare

di sposed at predeternm ned positions relative to servo ref
RO R13 il | ust rfiedientd dpkay | 6ot wadh rkepdcsvwidch @exformediavuging iHhrer

SURFACES 1- N B et e o R R CE (i
di sk sur- facéevgetheﬁbﬁgéﬁ inshudessyadialnmoyement ofrithe Xrangdncest a
i nformati on trgekgd83ianghddgs nultiple data sectors 30 equally spaced
around the cylinder; for exanple, 48
When the last sector 47 on the current particular cylinder
on data SURFACE 13 is read, then a cylinder seek to the
next higher cylinder and a head switch to SURFACE 0 are
.performed. - Transducer head 34 is track following data
information track 28 when reading the last sector on data
SURFACE 13. Transducer heads 34 and 36 are -moved the
radial distance corresponding to the 1/N fraction of a
cylinder for track following on the next data information
_track 28 on the next higl"ler' cylinder on data SURFACE 0.

Conventionally, when -the cylinder seek is performed, a
longer time delay is required than for a head switch be-
cause the transducer heads must be moved a complete cylin-
der distance. To accommodate the longer track-to-track
seek time, the data file is written with the first sector
on d:ata SURFACE 0 shifted or skewed by a much larger num-
ber of sectors relative to the last sector 47 on data
SURFACE 13. For example, ',conventibnally a twenty sector
shift has been provided from the last sector 47 on SURFACE
13 to the first sector 0 on SURFACE 0.

Using the skew arrangement of the reference tracks RO-R13
on consecutive data SURFACES 0-13 enables using the same
two sector shift from the last sector 47 on SURFACE 13 to
the first sector 0 on SURFACE- 0. The required distance
moved by transducer heads 34 and 36 for a cylinder' switch
is the same distance for each head switch. w;i.";,h the re-
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data sectors nunbered 0-47. The illustrated disk drive unit 12 provides
a t'otal ‘of 639,072 data sectors 30 (14 data surfaces x 48 data
sectors/track x 951 data tracks) each assigned a nunber or |ogical block

address (LBA). Sequenti al data sector nufbers or LBA's are assigned, for
data sector 0 on

exanple, with the data sector -nunber 1 defining the first
dat a SURFACE ,“E?&i %HéFkO,t%l’:rEaSb'rt geeke&ige.n overaldf idata thansfest

‘data sector O patdabagnSORCARELY, invreRdes Gorande:h -
T ai,séct or 47 onoda{ég’ S RI%aal?,,&%{cy %p%r

639,072 defini ng t he | ast daé _ :
950. Typi cal | yCEOT8ES i FELIRAGK | POWAAaKW/ or read using consecutive LBA's,
track following on the data in- formation tracks 28 of successive

[ ' CES 0-13 fromthe starting LBA, RO 9 90
ConsecutlveI(ﬁ%fggrfggathgﬁé. 4, therq_is shown a f?ow chart illus-

026 ﬁihting sequential operations performed by the servo pro-
cessor 52 for positioning the transducer head 34 and 36 in
accordance with an'alternative arréngement of the inven-
tion. In the alternative arrangement, each of the refer-
ence tracks RO-R13 are aligned with the servo information
tracks 22 when written on each of the N data suifaces 26.
The sequential operations begin with the servo processbf o
52 identifjind"a selected cylinder as indicated at a block
400 and identifying a selected data SURFACE within the
selected cylinder as indicated at a block 402. Then for
the _selécted surface, a last obtained reference track
location ié.read'as indicated at a block -404. The last
obtained reference track location is stored in memory of
the servo processor 52 in terms of an offset from the
servo track 22 on the dedicated servo surface 24 for the

selected cylinder.

Next a desired skew is calculated for the particular se-
lected data SURFACE.by'dividing the SURFACE or head number
for thehparticular data SURFACE 0-13 by the total number N
of data SURFACES and multipiYihg by the cylinder pitch as
indicated_at a block 406. Then the desired skew calculat-
ed at block 406 is summed with the offset identified at
block 404 as indicated at a block 408. Then the transduc-
er head 34 associétated with the particular data SURFACE
is moved over by the sum of the offset and thé desired
skew as -indicated at a block 410. The transducer heads 34
and 36 are moved by the desired skew (1/N of a cylinder)
for each head switch and for a cylinder switch.

It should be understood that the principles of the present
invention are not limited to the illustrated arrangement

RO 9 90 026



The disks 18 and 20 are nmounted in parallel for sinultane- ous rotation on
and by an integrated spindle and notor assenbly 32. The data infornmation
tracks 28 on each disk 18 are read and/or witten to by a correspondi ng
data ‘transducer head 34 novabl e across thdZisk surface. A dedi cat ed
servo transducer head 36 is used only to read position information

provi ded by tWEiddraing nfedigeited senvrs Lnfowpatilen itradhs dedidadeta
servo | nfor Migractiidferatte trdifSIVGa! digada AU Boire 677 4hed bY
arnms 38 ganged together for simultaneous pivotal novenent d%ou a support
spi ndl e 40. Okedsfed rRexvosapeangenenlks whetgt &edven sfiynaks vanei Anger-
pivotal Moti OBpRy ) GRHLM! iEa P of 4 perathO Ut SEUREAl LAY Citsels,
arrangenents are comonly used, the notor 44 can iInclude a coil §e>
cooper ati ng weeRUeNkdgAdly. odfgetsingasferpngecHbivecdnyicpérdateeipfor-
controll ed fopatiew REachsd hayaREHEEOUBEPIEaR4baNErd0i88a5YRSNEQNLAER b 2
radial direction in order to position the heads in exact registration with
the cylinderstb8 £8VEBEEOP owed. Data utilization device 14 typically
includes an interface processor 50 that controls transfer of data to be
stored in the data sectors 30~of disks 18 for subsequent access and use.
A servo processor 52 is coupled between the interface processor 50, the
notors 32 and 44 and the data

RO 9 90 026



and sérvo transducer heads 34 and 36." The servo processqr__ 52 controls t he
oper atHigBhset Hbs BE@WRHPGeddhe heads 34 and 36 into registra | SE—T,

or sel: and of transferrlng data under th
inter- r " Di sk access ckh be general
conven by the servo processor 52. Mdtor 32 is operated .o

rotate the disk stack 16. The servo pr oINS 52 enpl oys known servo
control principles to nove the data heads 34 - RO 9 90 026

8 radially with respect to the rotating di sks 18 by the head drive notor
44 to. selectively align the data transducer heads with a specific radial

position of the cyld ndeLk28rivheddtddiddinded HFst&RIcOhpMEIAED a plu-

rality of disk ‘surfaces mounted in parallel for

simultaneous rotation about an axis;

at least one servo reference track on each disk sur-
face for sforing servo refe;ence information; said
servo - reference tracks positioned progressively
offset radially on each successive consecutive data
disk surface,_ .

a plurality of data information tracks for storing
data, said data information tracks disposed at pre-
determined p051tions relatlve to said at least one
servo reference t¥acdk ‘on each sald disk surfaée,;and
a plurality of data transducer heads mounted for
movement in a radial direction across said disk
surfaces for reading said servo reference tracks and.
for reading and/or writing data to said data infor-

mation tracks. .

v

2. A disk drive data storage system as recited in claim
1 wherein said.sé§§§h§g§?5?%¢e tracks between con-

. secutive data disk surfaces are radially separated

by a fraction 1/N of the distance between adjacent
data information tracks, where N equals the number

of data disk surfaces.

3. A disk drive data storage system as recited in claim
1 further comprising a plurality of servo informa-
“"tion tracks arrayed on a first dedicated servo in-
formation disk surface; a servo transducer head
mounted for movement with said data transducer heads

in 'a radial direction across said first dedicated
servo information for reading servo information; and
wherein said at least one ser&o reference track on a

RO 9 90 026
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rrmmaaa tracks 28 may nove around rel atjve
|nf I causing the centerlines of data .
28 t elatlve to the centerline of the serv I on

tracks 22. Oon- ventional position error g@rrection is provided periodi-
cally to identify this m salignnment that otherw se .can cause soft and hard

data errors. Wilizigiggger, | 0{15@ ga’i:'aoﬁl\gﬁ{' th G Fddd rfs()f%% ééa&lff‘{‘gﬁ

on the dedicated servo surface 24 and servo reference on W I
on the data surfacés Pedgfined sseyvoprisdesyatisn f’ora¢lee@bacs«ald first

errof - correction cogetalchddearifb? ahBingtibicaiRkobufface: FIG 3 is an

enl arged diagramillustrating rel ationships e present invention
bet ween the servo reference tracks 22 and servo reference tracks generally

designated RMR13 ma&%ﬁnd@av@owaee%p@wﬁ@ed%tﬁ@ﬁ%&ééa in!8laim

accordance with the_invention, the ref erence sérvo infor- mation RO-R13 is
written on the dat a3dWERESHP ﬁa& ds@kudfast jope pﬁﬁﬁf‘és’éﬁf@%ﬂq%r@éﬁc%f@%et

relative-to the seryo sedbrdceonséeuense bnaak dA%H ovargathe 1Qexfa<h:9ﬂ1
cylin- der, rather e conventional arrangenment of aligning,

data reference serVS%E?ﬁfrk FPPnSRRE SEFYS FELEFERCE trALMLTHiSaith first

dedi cated servo surdifsk. subfiaiceg &y f ar paledeterignegedtonodr a Ny Migidert 0
t he manuf acture of the dISk drive unit 10, each of the cylinders 28 of the

data disks 18 is pPovFd8% nith the reference servo information track -
RO-R13 written in a predeternmned position to each data

5. A di%k drive data storage system as recited in claim
1 wherein the radial offset between successive con-

secutive data disk surfaces is uniform.

6. .mA disk drive data storage system as recited in claim
2 wherein each said data information track includes
~a plurality of data sectors equally spaced angularly
about said data information tréck and said plurality

of data sectors having congecutive'logical address

numbers.

7. A disk drive data storage system as recited in claim
& wherein said transducer heads are moved in a radi-
‘al direction by said fractional 1/N distance for a

head switch to a next consecutive data disk surface.

8. A disk drive data storage system as recited in claim
7 wherein said:transducer heads are moved in a radi-
al. direction by said fractional 1/N distance to
access a next consecutive data information track on

a next consecutive cylinder.

9. A disk drive data storage system as recited in claim
8 wherein a first data sector on said next consecu-

—_——
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ij“ as Been Replacgde j | | ystrated embodi nent of the inveff
|| Is aligned wwth the servo tracks 22jjotf
Each successive, consecu- RO 9
| ogi cal ref erence track R1-R13 is shjfted ol5skewed by a selected fraction
of a cylinder relative to the prior reference track toward the next '

consecutive | ogi cal tdyei dataeidiskn sturf ameefisr rahd fdrdsb dhyreat prefeterininedd

e e thothe ?‘f‘lust ra?gdufbfgd%?gt%%%g%& fb(?q?%as&{q erence ?r aciml!?O

exanple, with the i
is aligned with a cént eckess shidenexstt consecutivefeybirderrack RL.is

skewed 1/14 of a cylinder fromRO reference track R2 is skewed 1/14 of a
cylinder fromRl and reference track R13 is skewed 13/14 of a cyl- inder
from RO 10. A disk drive data storage system as recited in claim

9 wherein said predetermined number of data sectors

is two.

11. A method for positioning data transducer heads in a
~disk drive unit including a sequence of servo infor-
mation tracks arrayed on a dedicated servo informa-
tion disk surface, a plurality of data disk surfaces
(N) including a plurality of data information tracks
for storing data and at least one servo reference
track, the disk surfaces being mounted in parallel
for simultaneous rotation abqut an axis, ’ a corre-
sponding data transducer head for reading  and/or
writing data to said data disk surfaces, a servo
transducer head for reading the servo information

tracks from the dediqated servo information disk

surface and the servo and date transducer heads

being mounted for movement in a radial direction
across the disk surfaces, said method comprising the

steps of:

writing a first servo reference track on a first data
disk surface aligned with a predefined servo infor- -
mation track on the dedicated servo information disk

surface;

sequentially writing a servo reference track on each
successive consecutlve data disk surface radially
offset toward a next servo reference track on the
.dedicated servo information disk surface from the
last written servo reference track, said radial

offset equalhto a fraction 1/N of the distance be-

tween adjacent servo information.tracks.

RO 990 026 ——— ~ 7T T
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FdP“ aeed operation, track followi ng on the dat a |nfornat|on
tra to access sequential LBA's fromt tHEF
con al data SURFACES 0-13 in the seIecteE'E®$HEEEMA$§EEN e

track follomnng process begins with a parti dél ar one_of tﬁEPHAFBD
information tracks 28 for the sel ected cylinder 28 on
corresponding to a selected or target LBA and conti nues mnth correspondlng
consecutive Io cal pd Se ofqt e ger
CBA s unti | al f2ne Agatieoal YAk od i Coriya ' RErERBECOHEINACY LRET

of the data- |nforna§¢@@ ofack 28 on the partlcular data SUR- FACE is read
or witten, a head switch is perforned to read or wite data on the next.

| ogi cal data SURFACE 1- 13, starting at sector 0 on the selected cylinder

28. For each headmeWingh theh&nansduggsehanssdsima anad 38l adéreebien by
radial distance cor5g3o0tdiaRdibRaing AN MidEeidONFot 8 B8y Re! V%%e“a
sequential ones of the data information tracks 28.in the cylinder.
accormodat e a requi PE¥theqaseartiKer dnbaddialy sHERaGenew head is selected
the data file is witten with the first sector on the next data SURFACE
angul arl'y shlfted or skewed by a sel ected nunber of sectors relative to the

current sectoridf ditBeShREAGE Bechfefeddt q%?ﬁﬂuﬁﬁ1§ﬂﬁ§hﬁ¥xﬂﬂ?¥ﬂ & s
where radi al- anengﬁépobfthe t ransducer ' o

moving_che transducer heads in a radial-direction by
said fractional 1/N distance to access ‘a next con-
secutive data cylinder on a next consecutive data
disk sufface. '
_ .

14. A method as rec1ted in clalm 13 further includes the

step .of:. _ L & g s
fr-..

angularly shlftang,a first sector position on a next
consecutive data algk surface by a’ predetermlned
number of sectors from a last sector position on the
last date disk surface for both said head switch and

to access said next consecutive data cylinder.

i HIIH ] Hlll ll IIII
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RO 9 96—6_26_ 10 heads i s not requi red

for cause the servo reference tr : Irb%%'}'
sect l tionally i's provided fromt ngSa§HE‘§3&j f the
cur - ACE to the first sector 1F of. the FACE.

The conventional two sector shift proviedes suf- Trcient delay for each.

head switch perforned using the . skew anBsTgaeant of the reference tracks
RO-R13 of the invention that includes radial novenent of the transducer
heads 34 and 36. When the | ast sector 47 on the current particular
cylinder on dat SRANSPACERLREAD SEEW, ARRANGEMENT FO& DIEEK DRA VEhSYSTEMt

hi gher cyliinder and a head - switch to SURFACE O are perforned. Transducer
head 34 is track following data information track 28 when readi ng the | ast
sector on data SURFACE 13.. Transducer heads 34 and 36 are noved the

A transducer head skew arrangement used in a multiple disk
drive data storage system is provided. The disk drive
unit includes a piurality of magnetic disk surfaces mount-
ed for simultaneous rotation about an axis. A first se-
quence of servo information tracks are arrayed on a dedi-
cated servo disk surface. At least  one sérvo reference
track is written on each data disk surface for storing
servo reference information. The servo reference track
(RO) is written on a first data dlsk (18) surface allgned
with a predeflned servo 1nformat10n track (22) on the
dedicated servo dlsk (20) surface. Then servo reference
tracks (R1-R13) are sequentlalLy wrltten on each 'succes-
sive consecutive data disk " (18) ‘surface progressively
offset radlally from the last written servo reference
track. A pluraIltprﬁ data information tracks for- storing
data are disposed aé predetermlned positions relative to
the servo reference traékﬁon,each the data disk surface.

A servo transducer head is mouhted for movement in a radi-

al. dlrectlon across the first dedlcated servo information

for :reading servo information; and a ;ﬂurallty of data
transducer heads are mounted for movement with the servo
transducer head in a radial direction across the disk
surfaces for reading the servo reference tracks and for

reading and/or writing data to +the data information

tracks.

The distance moved by transducer heads for a cylinder
switch is the same distance moved for each head switch, so
that track-to-track seek time is minimized without requir—

ing any additional time delay for each head switch. An

"RO 9 90 026



This Sheet Has Been ReElaced 3

radi a responding to the 1/N fraction ff
follo
cyl i nder

Cinder_tar it rack
xt data information track 28 o -lirﬂ%%ip‘g%;
performed, a longer tine delay is requiredt n for a head switch be-

RFACE 0. Convent i onal I%/, whe ylinder seekl is
ha

cause the transducer heads nust be noved a conplete cylin- der distance.
To acconmpdat eovémalbrdatattransfer tralkk ineksaseselof RVeryt 4543 d£5ans-
witten with t fl Y idded or skewed by a
much | arger nuéﬁrr]?r %ée?é%$ﬁg%?§%$§%}gﬁf?%atfﬁ%hgyﬁggéfect or 47 on data
SURFACE 13. For exanple, conventionally a twenty sector shift has been
provided fromthe | ast sector 47 on SURFACE 13 to the first sector 0 on
SURFACE 0. Usi ng the skew arrangenent of "the reference tracks RO-R1l3 on
consecutive data SURFACES 0-13 enables using the same two sector shift
fromthe |ast sector 47 on SURFACE 13 to the first sector 0O on SURFACE O.
The required di stance noved by transducer heads 34 and 36 for a cylinder
switch is theEghe 3istance for each head switch. Wth the re- RO 9
90 026 :

RO 9 90 026



“Hoted trackato-track seek time, the overall data t :

si gnifi cgﬁ ek Bt qacfdor every data transfer tHAtTs &EO2 syehnder
boundary.J ml ﬂlto-FlG 4, there is shownja fl

trating s g tions performed by the serveo=pta—_LESS P for
positioning the transducer head 34 and 36 in accordance wth an

alternative arrangenent of the inven- tion. In the alternative
arrangenment, each of the refer- . ence tracks RO-R13 are alk%gned with the

servo infor matiW CKsf 22 when w-t-en—or—eaeh 050t he "N data surfaces

26. The 3@quem=’a er At i ons'4begin with the sefvo processor 52

i dentifying asel 8ted cylinder s ilndi cated at afPTé€k 400 and :

identifying a sel gcted dda SURFACE WEhin € | .selected cylinder as

i ndi cated at aonjl [ rern—f-or he gel ectegd—sur+aees—a | ast obtai ned
E% Sortieeo | read as indi¢ated af2p b4k 404 The | ast

lLocabhion i

reference trag
.obt ai ned refeE enqge tragk |ocqtiondes store RENVYr he sﬁrvo
processor 292N I i 27 qQn Ehe dedi cat ed
servo surfacés 24 6 f he |gel e E
ey fee I \
: L
| :
18 \
N

T Y AT I
T

BV WL WO W WL W T WUV YO W, WL W W WL Y W WL W

L RN W W W W LA Y

\ .
"SURFACE 33 ‘ (32 |

Fig.2 r—?fggﬁ—ﬁ
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Next a desnmgghéyggyBg Ic Iated for the particular se- lected data
SURFACE - by ACE or head nunber for the.particular data
SURFACE 0- 1 number N of data SURFACES alfiG fiaiL] TDEA=Fe

cyl i nder p|t d at a block 406. Then the

ed at bl ock 406 |s sunned with the offset identified

i ndicated at a bl ock 408. Then the transduc- er head 34 aSSOCIata Slomm

the particular data SURFACE is noved over by the sum of the offset.and the
desired skew as indicated at a bl ock 410. The transducer heads 34 and 36

are noved by the desired skew of a gylinder) for each hgad switch and
for a cylinder swtch. . It s dﬂ;ﬁ; rstood that the principles of the
present invention are not limte the illustrated arrangenent RO 9
90 026 _ 12

. SELECT CYLINDER 400

J

SELECT SURFACE .

WITHIN .
SELECTED CYLINDER | 102

1

FOR SELECTED SURFACE
READ LAST OBTAINED
REFERENCE TRACK

- LOCATION/OFFSET

&’ > -
Y - r Y 1} L § ]
SR L A L ‘){} 3 (':.

404

COMPUTE DESIRED SKEW
BASED ON SELECFED SURFACE
1S INS FORMULA 406

_HEAD No. w CYLINDERY |
TOTAL N OF HEADS PITCH
- SUM THE RESULT

OF THE DESIRED SKEW |—"408
- AND THE OFFSET '

1

MOVE THE HEAD OVER
BY THE SUM OF THE OFFSET _ﬁ»lO
AND DESIRED SKEW




1ef er ence

SHEE'J wher e

_futj kizing dedicated servo information tracks an
tracks. In buried sector servo or im bedded 3

'servo signals are inter- spersed with data on ¢r{beneath the th track
“itself, sequentially offsetting of consecutive|l pgigal Ng-@talggd n - mation
tracks advantageously can be provided, as taught|{by the Inventf gn.
112
- s
1 Jﬁgg’l 14 T 50
=N\ 16 - A— 52
12 !
2‘\3 SURFQCE 0\\ 42, 46
\ 3 ] 36 e[ N
20— I ———— \
N __—a2s( [T s
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Fiad

SELECT CYLINDER |~ 400

l

SELECT SURFACE .

WITHIN __—402
SELECTED CYLINDER

J

FOR SELECTED SURFACE
READ LAST OBTAINED
REFERENCE TRACK
LOCATION/OFFSET

1 Y i Y by ]
‘.'f,f,:'l}_t}l:‘sé- ;-

404

COMPUTE DESIRED SKEW
'BASED ON SELECTED SURFACE
tpa5ING FORMULA | 406

/ __HEAD No. )y { CYLINDER
TOTAL N OF HEADS PITCH

l

SUM THE RESULT ,
OF THE DESIRED SKEW }—" 408
AND THE OFFSET

1

MOVE THE HEAD OVER
BY THE SUM OF THE OFFSET | 410
AND DESIRED SKEW




‘@?L&CEMENT SHEET

uat a ol ulh aytc

13y : ) di sk dri
coThlS'She'etHaSBeenRep]acE)dl uralil .'y-Hﬁ gH@igﬁEgu faces noyntled in parallell f
mﬁﬂ“ﬂlml‘ﬂ Ijukﬂll on abdut_anPreFaC Hurality qf |daD# NONVo9Rat i o
t r ac'ks) informati on tracks di ggosed at predetiermned positiio
relative to at |east one servo reference track on eadh said data disk
surfaces; with consecutive ones of said plurality of ! ' '
tracks on successive consecutive data disk surfaces. defining a plurality of
| ogi cal data ERANSHGER HEAR SHEWARRANGEMENT FORBISK HRINESYSEFEMt ed f or
nmovenent in a radial direction across said data di sk surfaces for reading
said servo reference tracks and for reading and/or witing data to said
dat a i nf ABSIMRAOTL r acks; characteri zed by sequential ones of said data

i nformation tracks in each |ogical data cylinder being progressively offset
in a radial direction towards a next consecutive |ogical data cylinder.

2. The shoragducetticadskéw atran gfxﬂent a5 B QeGP RAUISINAG Ve dath bR raef IR a
fraction 1/ N of the distance between adj acen? cyli nders,ﬁgm%efggisz%me%ual S

t he nunbprovideddelle disk drive uhit dscdudes a plurality of magnetic disk surfaces mounted for

—

simultaneous rotation about an axis. A first sequence of servo information tracks are
arrayed on a dedicated servo disk surface. The servo reference track (RO) written on a first
data disk (18) surface aligned with a predefined servo information track (22) on the
dedicated servo disk (20) surface. Then servo reference tracks (R1-R13) are sequentially
written on each successive consecutive data disk (18) surface progressively offset radially
from the last written servo reference track. A plurality of data information tracks for
storing data are disposed at predetermined positions relative to the servo reference track on
each the data disk surface. A servo transducer head is mounted for movement in a radial
direction across the first dedicated servo information for reading servo information.

Fig. 3



3. JThe.storage systemof claim1 or claim2, fu yplurality
of servo information tracks arrayed on a first H-G-a * ormati on
di sk surface; a servo transducer head nounted or nnvenent fth said
data transducer heads in a radial direction acrpsp sh¥ BE g8y dedi cat ed
servo information for reading servo infgrmation ] nd wherein tle jat | east
one servo reference track on a first one of th '

al i gned wiridaca @lﬁedf&b&ee&w@ry@gwﬁermtthgﬁ!lgr 5 o
servo infaqrmation_ di suriace he storage systen1o arm 3, herein
the at | ed@CShe®fertie rBRLEeRdE 195%%S on @adE O atHen d&fa %Iask heafdaces i s
al i gned wiftdora pr edafraledosepiopdi ohgaal PoslitdCh Oih t Baikitisn dedi ¢ated
servo informat.iqn disk surface, sai ystem further conprising neans for
cal cul ati R§tH& 57 g?cﬁsﬁh@ éiestif’r‘f%"c‘i §P H&t ndBperesRoRBealtquiber of
surfaces @Mtrecaed devintiomperadpssitién of each head is corrected. h
14 5. The storage systemof claim 3, wherein said at | east one servo

reference .track on a second consecuti ve data disk
Japanese patent No. 58-1812 discloses an initializing

system for a mobile head type magnetic device to eliminate

the: waiting time when a data process jumps over a cylin-
der, by setting the head record of the cont:.guous cyl:mder
at a pos:.tlon angularly shifted, or Jumped by an extent
equlvalent to the seek time of the. magnetlc head.

. Japanese patent application No. 25 8969/89 flled October
S, 1989 d1scloses a disk apparatus having g heads and d.
disk surfaces where q is not less than 2. The disk sur-
faces 1nc1ude the sdme number of sectors and each disk
surface includes a servo sector. Servo infermation for
head positioning is recorded in each servo sector. Serve
information is-successively read out from the g disk sur-
faces. Successive g servo informations are averaged to
control a position or a speed of the head for fhe disk
surface from which the last servo iuformation is read out.

For any servo control arrangement to be used in a disk

drive unit, it is important to minimize the time required

to move the data head transducer from a present track to a

specified track position. Often the.track-fo-

track seek time or the time needed to move from one track
~to an adjacent track is the most important factor in the

overall file data transfer rate.



surface.is radially offset fromsaid servo referenc REPLAGEMIE\H'aSHEET st

di sk surface by a predeterm ned part of a cylinder {i$tance.
storage systemof claim1 wherein the radial offset btmﬁrr €¢| %
torag syste

consecutive data disk surfaces is uniform 7. -Thegs
claim1, wherein each said data informat4on track i fcl
data sectors equal ly spaced supMAryl pratrast TReEsTdefa i nf ormation trafk and
said pluralit of data sectors havi consec tlve | ogl cal _addre nunpers.
8. The storgge sys?em% ISt c?g B , eﬁ‘f1 %%ehorfrgﬁscﬁj%%f 1A are
moved i n a@neadiramodier abitsagivant age sl dﬁaxhe' andlorl/adtdi st ance for a head
Swtch 1o @ NRELRISECHY Vhdlaldhdlislo WHAGR At Andildd (e iu 5N tO

access a next consecutjve data | nformation track on a next consecutive
cyl i nder . Provigedria Gisfggdriyst fit? STrALE, SHRFENn COMPLiaingst a skct or

on sai d nplureQisecubitveddesa disk Sudmced smohhtead by PpFrLURLEr EHLd
nunber of data,sectors fo d head switch and: ;L ﬁ- %ss sgl d. next
B UTaidith

consecut | TRy TRARESHS ro{:ﬁglo?h AP 20 3XVEf et e ei n
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consecutive ones of said plurality of data information tracks

on successive consecutive data disk surfaces defining a
plurality of logical data cylinders; a plurality of data
transducer heads mounted for movement in a radial direction
across said data disk surfaces for reading said servo
reference tracks and for reading and/or writing data to said
data information.tracks; characterized by sequential ones of
said data information tracks in each logical data cylinder
being progressively offset in a radial direction towards a
next consecutive logical data cylinder.

According to another aspect of the present invention
there is provided a method for writing data information to a
disk drive unit including: a sequence of servo information
tracks arrayed on a dedicated servo information disk surface;
a plurality of data disk surfaces including a plurality of
data information tracks and at least one sgervo reference
track, said disk surfaces being mounted in parallel for
simultaneous rotation about an axis and with consecutive one
of said plurality of data information tracks on successive
consecutive data disk surfaces defining a piurality of
logical data cylinders; a corresponding data transducer head
for reading and/or writing data to said data disk surfaces; a
servo transducer head for reading said servo information
tracks from the dedicated servo information disk surface; and
said heads being mounted for movement in a radial direction
across the disk surface; said method being characterized by
writing sequential ones of said data information tracks in
each logical cylinder with a progressive offset in a radial

direction towards a next consecutive logical data cylinder.
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data disk surfaces; with consecutive ones of said plurality
of data information tracks on successive consecutive data
disk surfaces defining a plurality of logical data cylinders;

a plurality of data transducer heads mounted for movement
in a radial direction across said data disk surfaces for
reading said servo reference tracks and for reading and/or
writing data to said data information tracks;

characterized by sequential ones of said data information
tracks in each logical data cylinder being progressively
offset in a radial direction towards a next consecutive
logical data_cylinder.

2. The étorage system of c¢laim 1, characterized in that
the offset is a fraction 1/N of the distance between adjacent
éylinders, wherein N equals the number of data disk surfaces.

3. The storage system of claim 1 or c¢laim 2, further
compriging a plurality of servo information tracks arrayed on
a first dedicated servo information disk surface; a servo
tranaducer head wmounted for movement with said data
transducer heads in a radial direction across said first
dedicated servo information for reading servo information;
and wherein the at least one servo reference track on a first
one of the data disk surfaces is aligned with a predefined
servo information track on said first dedicated servo
information disk surface.

4. The storage system of claim 3, herein the at least
one Servo reference track on each of the data disk surfaces
is aligned with a predefined servo information track on the
first dedicated servo information disk surface, said system
further comprising means for calculating the offset using a
surface or head number, a total number of surfaces (N), and
the cylinder distance.
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6. The. storage system of claim 1 wherein the radial
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offset between successive consecutive data disk surfaces is
uniform.

7. The storage system of claim 1, wherein each said data
information track includes a plurality of data sectors

. equally spaced angularly about said data information track
and said plurality of data sectors having consecutive logical
address numbers.

8. The storage system of claim 2, wherein said
transducer heads are moved in a radial direction by said
fractional 1/N distance for a head switch to a next
consecutive data disk surface and for a cylinder switch to
access a next consecutive data information track on a next
consecutive cylinder.

9. The storage system of claim 7, wherein a first data
sector on said next consecutive data disk surface is shifted
by a predetermined number of data sectors for both said head
switch and to access said next consecutive cylinder.

10. The storage system of «c¢laim 9, wherein said
predetermined number of data sectors is two.

11. A method for writing data information to a disk drive
unit inclﬁding:

a sequence of servo information tracks arrayed on a
dedicated servo information disk surface; _

~a plurality of data disk surfaces including a plurality
of data information tracks and at least one servo reference
track, said disk surfaces being mounted in parallel for
simultaneous rotation about an axis and with consecutive ones
of said plurality of data information tracks on successive
consecutive data disk surfaces defining a plurality of
logical data cylinders;

a corresponding data transducer head for reading and/or
writing data to said data disk surfaces;

Tl
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said method being characterized by writing sequential
ones of said data information tracks in each logical cylinder
with a progressive offset in a radial direction towards a
next consecutive logical data cylinder.

12. The method of claim 11, characterized in that the
offset is a fraction 1/N of the distance between adjacent
cylinder_s, wherein N equals the number of data disk surfaces.

13. The method of claim 12, further including the steps
of:

moving the transducer heads in a radial direction by said
fractional 1/N distance for a head switch to a next

- consecutive data disk surface, and

moving the transducer heads in a radial direction by said
fractional 1/N distance to access a next consecutive data
cylinder on a next.consecutive data disk surface.

14. The method of claim 11, further including the step
of: '

angularly shifting a first sector position on a next
consecutive data disk surface by a predetermined number of
sectors from a last sector position on the last data disk
surface for both said head switch and to access said next

consecutive data cylinder.
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TRANSUCER HEAD SKEW ARRANGEMENT FOR DISK DRIVE SYSTEM —

ABSTRACT -

A transducer head skew arra’ngerpent used in a multiple disk drive data storage system is
provided. The disk drive unit includes a plurality of magnetic disk surfaces mounted for
simultaneous rotation about an axis. A first sequence of servo information tracks are
arrayed on a dedicated servo disk surface. The servo reference track (RO) written on a first
data disk (18) surface aligned with a predefined servo information track (22) on the
dedicated servo disk (20) surface. Then servo reference tracks (R1-R13) are sequentially
written on each successive consecutive data disk (18) surface progressively offset radially
from the last written servo reference track. A plurality of data information tracks for
storing data are disposed at predetermined positions relative to the servo reference track on
each the data disk surface. A servo transducer head is mounted for movement in a radial
direction across the first dedicated servo information for reading servo information.

Fig. 3



