MAGNETI C RECORDI NG DI SK W TH | DENTI CAL SERVO PATTERNS FORMED ON EACH DI SK
SURFACE BY SI NGLE MASTER TEMPLATE AND DI SK DRI VE USI NG THE DI SK BACKGROUND
OF THE INVENTION Field of the Invention 100011 This invention rel ates
generally to a magnetic recording disk with pre-patterned servo patterns
formed wth a nmaster tenplate, and a nmagnetic recording disk drive having a
servo control systemoperable with the servo patterns. Description of the
Rel ated Art 100021 Conventional magnetic recording hard disk drives use

ei t her hoVAGNETIC RECORDING'WISKEWI THEDPRYTCALSERVORP ATTERNS FORMED t he
magneti cal QN EREH PESK SURFRCESB PSENGLEWARTER TEMPLATHAN® Didie DRI&®H di ng

| ayer on the hard di sks, or perpenrel di ng wherein the magnetized
regions are oriented perpendi cul aﬂ%w?g%ﬁgﬁg of the recording |ayer. Each

recording surface on the disks is a continuous |ayer of magnetic materi al

t hat beconmes fornmed into concentric data tracks containing the nagnetically
recorded data bits when the recording head wites on the nagnetic material.
Each di sk surface al so i nclBAEKGROAUNPOF pHE- INNGXBEN pattern of servo
sectors that can not be witten over by the recording heads and that are
used to Eogét&_gn t he.heads to the desired data tracks and maintain the
heads on At . 100031 The conventional nethod of generating the
pattern of servo sectors is by "servo-witing" the pattern on a
track-by-track basis, either with a special wite head and servo-witer or
with the [fi4détsiipyentier slaiengsnaaliy ta hampgretigiregerding disk WO PIeRRGRRISTY o
time-consym f j . - £,.Qr,

gener at i nd e B G B o T Y ™ gt
dupl i cat i eonteo] systanspanblé GMh)the somepdtiers. referred to as magnetic

Description of the Related Art

[0002] Conventional magnetic recording hard disk drives use either horizontal recording
wherein the magnetized regions that define the magnetically recorded data bits are oriented in
the plane of the recording layer on the hard disks, or perpendicular recording wherein the
magnetized regions are oriented perpendicular to the plane of the recording layer. Each
recording surface on the disks is a continuous layer of magnetic material that becomes formed
into concentric data tracks containing the magnetically recorded data bits when the recording
head writes on the magnetic material. Each disk surface also includes a fixed, pre-recorded
pattern of servo sectors that can not be written over by the recording heads and that are used to

position the heads to the desired data tracks and maintain the heads on the data tracks.

[0003] The conventional method of generating the pattern of servo sectors is by "servo-writing"
the pattern on a track-by-track basis, either with a special write head and servo-writer or with
the production recording head in the disk drive. Because this is a time-consuming and therefore

expensive process, other methods for generating the servo patterns have been proposed.

[0004] In contact magnetic duplication or transfer (CMT), sometimes referred to as magnetic

printing or magnetic lithography (ML), a “master” template is used that contains regions or
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printing or magnetic |lithography (M), a "master" tenplate is used that
contains regions or Page 1 022 islands of soft (lowcoercivity) magnetic
material in a pattern corresponding to the servo pattern that is to be
transferred to the disk. The CMI master tenplate is typically a rigid
substrate or a rigid substrate with a plastic filmfornmed on it, as
described in U S. Patents 6,347,016 B 1 and 6,433,944 Bl; and by Ishida, T.
et al., "Magnetic Printing Technol ogy-Application to HDD', |EEE

Transact i cshemdeof doftqivst-t@scivivgmapaetiddaateRal iVapatter2 EdispqoralifpA8 tE32rvolpafiern
Patent 6,791,774 Bl, assigned to th ame assignee as.this .appljcation,
descri bes 3t BN bf Eapiferred taer 3;%}?-0 f dvasreéﬁ?ﬁu%@teg%wwaw figidriubstyate or

per pendi cyl; i Yo' i : i A ing a
Frexi bl ¢ AnEiBHRRE i A REE DA Bl Sn O PRSI YR 1 LIS MERIAHS BID B
to the saf@33944 Bneadas khids Taepili, CMaignatic Paintind TeBaotbigy- Aipliahtion to MGt i C

| it hograph for servowiting applications using flexible nagnetic masks
nanof abr i éé%&r@ﬁafmoaé o Maggefist {}alt%‘?sN,O- MM?@E?&%M @%@ﬁ%-ol}?ﬁﬁ,atem

' S 7 . edto assigitee ¥ thi® hiHieFton. LscHBLSH CRITSERY Rt gt €F NS
10. 1007/ 99?1‘% 9@%%%?%?&3 LOQ0R] Jgaﬁ iDhA o, Qbschi i e Pt

: / t
is applicable’ no 0 convent1o I nuous”™ ‘magnetic ne erein

t he concepidcess fokefomingaelk® pattémns O pegskndiculahMagiuticireasading disky eviagfetioagnet i c
mat eri al bé}the recording heads, but also to "discrete track” nedia. In this
type of mbthography (MEyesinge Hexible raasterfaneplatg iydescribed ivrl{. SqPajens 60/98,598 820 dat a

track congj I i: G at eni 3 (SN o Te IRV a
tr acks. ar Seod e AR balnles o BEANEbH R B paktl o oK SRR
used to f dorvervotvricng ¥pplicati@sniémgikiibby magretit nakkonanbfabrictitatsmeplesticr acks.
[ 0006] Patterned magnetic media has_been proposed to replace conventional
continuou§mmﬁﬂﬁﬁeﬂﬁ€”ﬁ§&m§%Q%W%@@@E@gIPHBUH§F§4%98?Q§%‘§ensity in disk
drives. In patterned nedia the nmagnetic material on the disk surface is

patterned into small isolated data islands such that there _
[0005] The CMT process for forming servo patterns is applicable not only to conventional

“continuous” magnetic media wherein the concentric data tracks are formed in the continuous
layer of magnetic material by the recording heads, but also to "discrete track” media. In this
type of media, as described for example in U.S. Patent 4,912,585, each data track consists of
continuous magnetic material, but the individual data tracks are separated by nonmagnetic
guard bands. The CMT process may be used to form not only the servo patterns but also the

discrete tracks.

[0006] Patterned magnetic media has been proposed to replace conventional continuous
magnetic media to increase the data storage density in disk drives. In patterned media the
magnetic material on the disk surface is patterned into small isolated data islands such that there
is a single magnetic domain in each island or "bit". To produce the required magnetic isolation
of the patterned data islands, the magnetic moment of the regions between the islands must be
destroyed or substantially reduced so as to render these regions essentially nonmagnetic.
Alternatively, the patterned media may be fabricated so that that there is no magnetic material
in the regions between the islands. Patterned media can be produced by replication from a
master template via nanoimprinting. The nanoimprinting process forms not only the isolated
data islands in the data tracks, but also the servo patterns. In nanoimprinting a master mold or

template replicates a topographic pattern onto a polymeric resist coating on the disk substrate,
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is a single magnetic domain in each island or "bit". To produce the required
magnetic isolation of the patterned data islands, the magnetic nonent of

t he regi ons between the islands nust be destroyed or substantially reduced
So as to render these regions essentially nonmagnetic. Alternatively, the
patterned nedia may be fabricated so that that there is no nmagnetic materi al
in the regions between the islands. Patterned nedia can be produced by
replication froma nmaster tenplate via nanoi nprinting. The nanoi nprinting
process f fulloweddy spuitey dégagition of alaghkticAmdterial shanhispaterd. ardihpridtirgafs, but

al so the servo patterns. |n_nanoinpri ntil%g_‘ a master nmold or tenplate

repl i cat eBatigredgpgshaisiescrivad by Bandin elnla Rrdterned magneticsedia dppestod nappsede di sk
bst r at f . i1 et i i al
DSt 121 oo R fn Rrd BRABIAE S YR EoSPASi R, O THARSA By FBLET 21

et al., "&alllcTORICATRREVIEW: Nagsfabridatddaat seif-asembiedahagnetiadthetuiéstg dafa har d
di sk drives", Solid State Technologé S7+ Su?ggi S, SEP 2006; and by Terris
et al., "stoppcmedibvi Phys. Radapabirse s €00anB12%ER224ssenbl ed magneti ¢

structures as data storage nedia", J. Phys. D Appl. Phys. 38 (2005)
R199- R222. 100071 In hard disk drives, the servo pattern on the back surface
of the di H087] In haod diskidnvdscthk seryo pattam on therback surfach of thiedisks isi nptédentifal ta, he

ter. he front surf f the di sks. Thus, to. f
bat tor o By ok BeGRIoR haght: B Sirdt pHiFn Ph e Sronl SiBioe P e SHEL TR ¢ o
master  t gl BHRDatteRs bl efther e T BPﬁHnoﬁﬂﬁﬁrﬁflﬁ,Siti’sfneE&@a@it& kbridie oo makter the

back surfaces of the disks. This doubles e tine and cost to fabricate the

mast er t etepipdatess ond fior thedronbissefaods of threcliskp andhonefgr the heck suefacasiof therdigkat €hisan be
very expensi,ve .and require several ,days, to fabricate because it |

Vo o Pl B Gt B0 Fa i EURL w8 et Brtrats, Of MiesaSs St efngtirizdng the

equi pment maftBORMblaWiein He&egﬂﬁ%&@bﬁeﬁanﬁ réRERaEValldaGPlothiikatl bekaust §ths | dent i cal

servo patterns on front and Dback surfaces, and a disk drive with a servo
control stpicelly géngratedby wslatively sostiytandisles ¢-Heam lithagraphy equipment.

[0008] What is needed is a magnetic recording disk with identical servo patterns on front and
back surfaces, and a disk drive with a servo control system that can operate with the identical
servo patterns, so that a single master template can be used to form the servo patterns on both

sides of the disk.

SUMMARY OF THE INVENTION

[0009] The invention is a magnetic recording disk with identical pre-patterned servo patterns
on its front and back surfaces and a disk drive with a servo control system that can operate with
the identical servo patterns. The servo patterns on each disk surface are pre-patterned with a
single master template, resulting in the identical pattern on each disk surface. In a first
embodiment, the servo sectors on the two disk surfaces can form identical patterns of angularly
spaced arcuate-shaped lines that extend generally radially across the data tracks. The
arcuate-shaped lines on one surface, e.g., the front surface, generally replicate the path of the

recording head as it is moved across the data tracks by the rotary actuator, so that there is a
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servo patterns, so that a single nmaster tenplate can be used to formthe
servo patterns on both sides of the disk. SUMVARY OF THE | NVENTI ON [ 0009]
The invention is a nagnetic recording disk with identical pre-patterned
servo patterns on its front and back surfaces and a disk drive with a servo
control systemthat can operate with the identical servo patterns. The
servo patterns on each disk surface are pre-patterned with a single master
tenplate, resulting in the identical pattern on each disk surface. In a
first enbadiamesimplingeatsef the ser@c satt@'s on thelfeorit wirfate sdgasiliesk af exliat aosifion of
identical patterns of apgularly spaced arcuate-shaped |lines that extend
gener al | ythedgedy) nga\@rﬁdé%arfﬁaée-a%ﬁpag bipesqudthe gther sugfage, é-Peﬂ?H)éE)]é&Prgic ®h one
surf ace, r - ' : -

Fecor di ng Race el e BUEAAE feaddEUE Bhioke B AR b EpRBIB el B oy

so that thdiadpositiéh daBeheddoThadwheanthé servo caiipl syREEnt Bloperafing fiemserveteqest or s
on the front surface regardless of radial position of _the head. However,

t he ar cuatethebagketiriars ke ssFyorcratreliprraessonealailates 9 timing adiystmyat omy anfegiamate d o
not replj h r di . ] eis
ot conet st Bl fafifitofthe 428, TRREHhERRRRRSP LRS- AEL AR SIRIED RS

Servo conk tiftle veidave 1o alfowddeédtion @ tHelseo SedtvB ondkd uck sudatel he back surface,
the servo control processor calculates a timng adjustnent froman estimte
of the radial position of the head. This timng adjustnent is then used to

adj ust  t hpOYONE 4 RcOREEMbARithentEthbsdriovectdds ah tHRWwE iskGlifades 0in foi@ i1t
sectors on the back surface. [00101 In a second enbodi nent, the servo

sect ors opatters afwogwladkspaoed siataht begs thasewiend sashallyacrosptherdatarieacks. Biegul ar | y

spaced str agggt 4.i nes that ext enﬂ| radi al |l y acros t({1e data tracks.. The
srraight TRueRredatiEEs ot PR aE et B R B PSS he3ien
ei ther sugdnfiRig rite i MR oMt buSARBY Wit rddd1 Dokifion 6f the AB&T G dachlirface! Tags Wi t h
radi al position of the head on each surface. Thus
when the servo control system is operating from servo sectors on either surface, the servo
control processor calculates a timing adjustment from an estimate of the radial position of the
head. This timing adjustment, which is one-half the timing adjustment required for the first
embodiment, is then used to adjust the time to open a time window to allow detection of the

servo sectors on each surface.

[0011] Because the front and back surfaces have identical servo patterns, the order of the servo
fields in the servo sectors on the back surface will be the reverse of the order on the first surface.
In one embodiment, there is no change to the servo fields, so the servo fields on the back surface
are read in the opposite order, stored in memory and then decoded. In another embodiment

servo sectors with substantially symmetric servo fields are used, so the order in which the servo

fields is read is the same for the front and back surfaces.

[0012] For a fuller understanding of the nature and advantages of the present invention,
reference should be made to the following detailed description taken together with the

accompanying figures.
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when the servo control systemis operating fromservo sectors on either
surface, the servo control processor calculates a timng adjustnent from an
estimate of the radial position of the head. This timng adjustnment, which
is one-half the timng adjustnent required for the first enbodinment, is
then used to adjust the tine to open a tine windowto allow detection of the
servo sectors on each surface. [00111 Because the front and back surfaces
have identical servo patterns, the order of the servo fields in the servo
sectors on the back surf BEENMDESCEPTIGNGNEHEDRAWINGSor der on the first
surface. In one enbodinent, there is no change to the servo fields, so the
servo fields on the back surface are read in the opposite order, stored in
menory  anfho SeRigdecadestmatit of A RALvE W‘i’tﬁ@r&ﬁﬁiactuﬁ% ¥ SEEH Magn¥id @cordinﬁ
substantially symetric servo fields are used, so the order in which the
servo fi diskibavisg peguttemed bave savtor§ formeden f fiosttor &fnehtbaofaceur f aces. [ 00121
For a fuller understanding of the nature and advantages of the present
invention, reference should be made to the follow ng detail ed description

t aken t ogpHIONSY Figl 2 s dnheparitied @fepactis pogtidr G t9picalRag® séctoif andboliRinshof three

DESCRI PTI ON OF THE DRAW NGS [0013] Fig. 1 is a schematic of a disk drive
with a rofaip jragkstof theghskosh@wa 18 Figi & nagnetic recording di sk having
pre-patterned servo sectors forned on a first or "front" surface. [0014]
Fig. 2 is an expanded view of a portion of a typical servo sector and
portions HO15hFige3 isceleck diagrim obh diskalrie s&rve howrol isystgr showling fleonadificitign 3 i s
a bl ock d'fa%r am Bft .a.disk drive servo control system show ng the

modi i cat [BA% V8 m%@vﬁ?q(ﬁ"thi s invention. [0016] Figs. 4A and 4B show t he
conpari son of the servo patterns on the front (Fig. 4A) and

[0016] Figs. 4A and 4B show the comparison of the servo patterns on the front (Fig. 4A) and
back (Fig. 4B) surfaces of a prior art disk.

[0017] Figs. SA and 5B show the identical servo patterns of the front surface (Fig. SA) and back

surface (Fig. 5B) of one embodiment of a disk according to this invention.
[0018] Fig. 6 is an illustration of typical disk drive geometry.

[0019] Fig. 7 is a graph of timing adjustment as a function of radius, relative to zero timing

adjustment at the inner radius (rp), for a disk surface with straight-line servo sectors.

[0020] Fig. 8 is a view of a portion of a servo sector according to this invention with

substantially symmetric servo fields.

[0021] Fig. 9 is a view of a portion of a servo sector according to this invention with
substantially symmetric servo fields for use with a phase-based servo system (also called a

timing-based servo system).
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back (Fig. 4B) surfaces of a prior art disk. [0017] Figs. 5A and 5B show t he
identical servo patterns of the front surface (Fig. 5A) and back surface
(Fig. 5B) of one enbodiment of a disk according to this invention. [0018]
Fig. 6 is an illustration of typical disk drive geonetry. [0019] Fig. 7 is a
graph of timng adjustnment as a function of radius, relative to zero timng
adjustnent at the inner radius (rm, for a disk surface with straight-Iline
servo sectors. [0020] Fig. 8 is a view of a portion of a servo sector

according to this i nvenbETAIVED IDESORIPTHEIN ICH THE INWEBITION servo fi el ds.
[0021] Fig. 9 is a view of a portion of a servo sector according to this
invention with substantially symretric servo fields for use with a

phase- bas EEF&IW&E@M S@isﬁ‘&n@@lwlltﬁq r@tar} ARG DA @ itk Tt&Ming Page 5
of 22 DETAIL SCRI PTI ON OF THE | NVENTI'ON [ 00221 Fig. 1 |IIustrates a disk

drive wit disk 10 bbeng peepattatned s@vasettas i 8 gorchedmgndirstor (Gout” dinfzpe 1di She 10

havi ng pre: terned servo .sectors 18 for d o fi.rst o ront" surface
1 The” BB R0 TR b eaHon K0 Honbe vonal st Mo Jht Sanurerel | A e The
front surlisg@ad 1 0aicAt dimbh 8y an Rl dl%mer gaml 1 ghSuflRld il @O fgns de
dianeter (ID) 14 and an outside di aneter he portions of t'he data
band bet wdba pd)ﬂtlenseﬁthe)dae barmirlzetvst&nahesanmdacfom 18& dre usrtdcfoa@e stokagesdusatdam  and

contain cirgul ar. data tyacks h each data track pi ca i,vi ded
i nto phys?’&‘g?onéeé? e durchrsthoatysatag figia Sagk ey Spichy 99&@38@5%?538%%4 and
SUPROTLS Sd@RUHE iy B Q&a@loxﬁz hatkd sholliflvor £nd diFp AU PRrite KAl BLLHis cld1®
head 6 foll ows a gene arcuate path between'1D 14 and OD 16. [00231 The
servo sectAsthe iGuaoe mntest the headl dfpllown v gereral lyadrcumerpathietw eang Dot and YOI 16.
patterning process using a naster tenplate. In contact nmagnetic transfer
(C™Mr), also called magnetic

[0023] The servo sectors 18 are not formed by conventional servowriting but by a patterning

process using a master template. In contact magnetic transfer (CMT), also called magnetic
lithography (ML), a magnetic mask serves as the master template. In nanoimprinting a master
template replicates a topographic pattern onto a polymeric resist coating on the disk substrate,
followed by sputter deposition of magnetic material over the pattern. The servo sectors 18 form
a pattern of angularly spaced arcuate lines that extend generally radially from ID 14 to OD 16.
The arcuate shape of the servo sectors matches the arcuate path of head 6. During operation of
the disk drive, the head 6 reads or writes data on a selected one of a number of concentric
circular data tracks located between the ID 14 and OD 16 of the annular data band 12. To
accurately read or write data from a selected track, the head 6 is required to be maintained over
the centerline of the track. Accordingly, each time one of the servo sectors 18 passes beneath
the head 6, the head 6 detects discrete magnetized servo blocks in the position error signal
(PES) field in the servo sector. A PES is generated and used by the disk drive’s head
positioning control system to move the head 6 towards the track centerline. Thus, during a
complete rotation of the disk 10, the head 6 is continually maintained over the track centerline

by servo information from the servo blocks in successive angularly spaced servo sectors 18.

[0024] An expanded top view of a typical servo sector 18 and portions of three data tracks is
shown in Fig. 2. The three data tracks 20, 22, 24 are shown in outline. If the disk 10 is the type

with a continuous layer of magnetic recording material in the data portions of surface 11, then
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lithography (M), a nmagnetic mask serves as the master tenplate. In

nanoi nprinting a master tenplate replicates a topographic pattern onto a
polymeric resist coating on the disk substrate, followed by sputter
deposition of nmagnetic material over the pattern. The servo sectors 18 form
a pattern of angularly spaced arcuate lines that extend generally radially
fromID 14 to OD 16. The arcuate shape of the servo sectors matches the
arcuate path of head 6. During operation of the disk drive, the head 6

reads or \idttRRs 2003, Dinrécstineeisathc@herk ralidl wibdnis ddfined gerndllyity thehdad 6l ar
data tracks | ocated between the ID 14 and OD 16 of the annul ar_data band 12.
To accur athen it reeoads asrthgpantisuensrecordinglayers &f the disky 10 isgh type methiliserptotracks,

required to i, nt,ai Qve the centerline of the track. .Accordi ngly,
cach 11 e (Gndfe FRUA 2L 08 S68la cohl¥ Tk A pufbs iiert Boa 0 TR el 6
det ect s dito6Kseh6uldBE Bphatatdrsif eXD Jth? Bl hiohMagredic g@a%u bhRiy. 9f thediski19hedhe ( PES)
field in the servo sector. A PES is generated and used by the disk drive's

head positypeorithipattemed mesidias then ¢ha trasksidQ,22t Pewhelddach comivan discreted slandseif

centerline, g‘ﬁ'&us during a conplete rotation of the disk 10, the head 6 is
cont i nual MAEREAPS™AT ®ver the track centerline by servo information from
the servo bl ocks in successive angularly spaced servo sectors 18. 100241 An

expanded iew 0 i cal servo_sector 18 and portions of three data
Cracks i s 100ahaT ?fﬁﬁﬁ%@hgcgp rions GBS TOIEST Panee sofo bioz?s DREBFECL HOWA i n
outline. hsk i - i : -H@gﬂg'c
recor di ngg%%{: gﬁ??cg:()ﬁ'i Eﬂ%r%;?yda?{% I%%g?ﬁlzg\rq‘slﬁ g?%ﬁ??%%:%%%?“%‘ﬁ%ﬁrypg%g 6 of Hze 2 the
t racks 20 paidHel t3hegrlanecdrihe paperin Rig.2c Kahewhiok drivead idasigndddbhlongitwbdal ned

general |y h? head.

by t 6 en it records on the continuous recording |l ayer.

't the di BRPAlEmasReliq %@%&m RATREBHIGEEF Y1 £c B0 OF DM, R IoHG GIREPATT. 15D, 24
woul d - contd fisiC@iNel 19 HberpeRGiIH: MdetBL Sécbtling! IPRGIDLHOsSibREKR DUy ofRE T Tracks
woul d be separat ed lgr 0 g{ﬂch o?%er by nonm; net {gc guard ballrflaZs. &?f t he di sk
10 i s t he shadgpecgiort in i@t mighthhvewgpasitetpokanity, mathtthaaishad®d, regidns BAngwul d each
contain discrete .isl ar’hds of . . o o

nonmagnetic, which improves the signal quality of the servo pattern, as described in application

11/149,028, published as US20060279871 A1 and assigned to the same assignee as this

application. If the servo sectors 18 are formed by CMT then the non-shaded portions of Fig. 2

represent regions that are magnetized in the opposite direction from the magnetization of the

servo blocks because they retain this opposite magnetization from a DC magnetization process

prior to the CMT process. If the servo sectors 18 are formed by nanoimprinting then the

non-shaded portions of Fig. 2 represent nonmagnetic regions, i.e. either regions of nonmagnetic

material or regions of magnetic material generally incapable of being magnetized by the write

head.

[0026] The servo blocks that make up servo sector 18 are arranged in fields 30, 40, 50 and 60,
as shown in Fig. 2. Servo field 30 is an automatic gain control (AGC) field of blocks 31-35 that
are used to measure the amplitude of the signal and adjust the provide gain for the subsequently
read servo blocks. Servo field 40 is sector identification (SID) field, also called a servo timing
mark or STM field, to provide a timing mark to establish start/stop timing windows for
subsequent servo blocks. Servo field 50 is a track identification (TID), also called the cylinder
or CYL field because the tracks from all of the disk surfaces in a disk drive with a multiple
stacked disks from a “cylinder” of tracks. The TID field 50 contains the track number, typically
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magneti zabl e material. 100251 All of the shaded portions of Fig. 2 represent
di screte servo bl ocks nagnetized in the sane direction. They may all be

magneti zed in the sane direction horizontally, i.e., in the plane parallel
to the plane of the paper in Fig. 2, if the disk drive is designed for
| ongi tudi nal or horizontal magnetic recording, or perpendicularly, i.e.,

into or out of the plane of the paper, if the disk drive is for
per pendi cul ar magnetic recording. It is also possible that every other

shaded r eGirgyncdded,king detémilih € the fhteper Sarsr3hd :diaDpaRItiony Seotiield 6is tiugositied
regi ons being nonnmagnetic, which inproves the signal qualltty of the servo
pattern, ewmochgnet (H5sd field, wbmhmﬁm gremplagontin 428, thﬂlbﬁfﬁéﬁO Ssvoddoee9 79871

Sectors 1EPEoeSRNRAIOw) R Titun PR iah R andfues B lng e o foy P

r epr esent of @girsid bgag,nare magneti zed in the opposite direction fromthe
magneti zati on of the servo bl ocks because they retain this opposite
magneti zati on froma DC nagnetization process prior to the CMI process. |If

the servoy (ﬁ)@l"}j PfgSB 18 Bb& élggrgﬂ%f@{e &l?i?&&&me%tdoﬂﬂoltéﬁgmta'ﬁﬁ inf¥ades firded

portions of 2 represent nonmagnetic regions, i.e. elther regions of
nonmagnet read/wrae electadniasr2 10eginand eafoniva 2@ tinter famt dafqtmhlcg 3@ raad tontratleapabl e of

bei ng mag etlzed b he WWIt head., [ 00261 The Sg cks that nmake up
corve SocHErraRe AR RERUNGRAIroon e U oS e DB ehO o JoBb0. Poses it 1 o
2. Servo i ﬁjn'g)tl%g filoth tﬁ@seﬂrg %%}é 16 s&?b @leet?(%}ﬁéscﬁZOSI g?afsfek gl s1g£alp{o%h§ol:13& 35

that are us to neasure the anplitude o ust the provide
gain for ellaetrmMQu Satvb\electremids 22 wses thegeks infGanatnfto pfadlud@a signad @c2r

ol AR Sl o BRI e A e
subsequenho sYé?n n)%%r 1HteH'a§'é §1315 gaattaraﬂ '601';191%9{1( 'irff?ﬁ?atn'o ninélyhﬁ-?g

al so caIIe e cy or CYL use t e trac on1a
di sk surf Be(qassts from thh hﬁst Qrsteu"efmdaﬂlr@ fmmil bl wtiting to the data sectors of disk 10.

Interface electronics 230 communicates with controller electronics 240 over interface 233.

[0028] Controller electronics 240 includes a microprocessor 241 and associated memory 242
with stored computer programs for executing various algorithms, including the control
algorithm. The control algorithm uses a set of parameters stored in memory 242 and based on
the static and dynamic characteristics of the actuator 2. The control algorithm is essentially a

matrix multiplication algorithm, and the parameters are coefficients used in the multiplication.

[0029] Controller electronics 240 receives a list of requested data sectors from interface
electronics 230 and converts them into cylinder (i.e., track), head, and data sector numbers
which uniquely identify the physical location of the desired data sectors on disk 10. The head
and cylinder numbers are passed to servo electronics 220, which positions head 6 over the
appropriate data sector on the appropriate cylinder. If the cylinder number provided to servo
electronics 220 is not the same as the cylinder number over which head 6 is presently
positioned, servo electronics 220 first executes a “seek” operation to move the head 6 from its

present cylinder to the desired cylinder.
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stacked disks froma "cylinder" of tracks. The TID field 50 contains the
track nunber, typically Page 7 of 22 Gray-coded, and determ nes the integer
part of the radial position. Servo field 60 is the position error signal
(PES) field, which in this exanple contain A, B, C, D subfields of servo

bl ocks as part of the well-known "quad-burst" PES pattern, and are used to
determ ne the fractional part of the radial position. 100271 Fig. 3 is a

bl ock di agram of the disk drive servo control systemand illustrates the
read/ wr it fI08DEThe ivEdeciidics 220 Vigst Be@fd &:@Butdry sed0r canmpudations o Bk&iebfidni cs

230, and controller electronics 240. Read/wite electronics 210 receives

si gnal s f isniifydbgideired daia sectage Asservoseepns@assomden hpad Oheach serye secdftivr s t o
servo el egt.rani 220, passes . data _signal s cont ectronics
390, sor viRE PR ESD SERRAB IR S MO & BB AT Gt
221 whi Chectiricuaingip a4dh@x Mark @nR@elylidaHmifefieach8ato Bectdr [SID dRERILUEE L r ONi CS
230 comunicates wth a host system (not shown) over interface 231, passing
data and teseivesaicantiobinput 438rrom thel agdirelder elestjoriet 240ftharapehea tiws windost Bm f or

readi ng frgm.or itin e. dat a tors of disk 1 l.nt erf.ace.

el ect roni 8%6‘%’6 oﬁqﬁﬂfﬁ?%@ge@v&eﬁﬁé% gﬁ?ﬁiﬂ’ eFVer %8{%?]6#)%3? %Tfﬁmoz\f}gras s f ace
233. [ 00&8h thOrdal AriteElebtrSfidsr200! Ohce4 QI Rad bes Ae@cted, G I OERBSiOhal 444 isand
associ ated menory 242 w th stored conputer programnms for executing various

al gor i t hneenerated. uldiergDtfhendcvignal 620 isaisgrbioiadingt imming caroit A01, vdligusantlnthses a

set of paraneters stored.. n nmemr 2 and based.on, .t he stati n nam c
ohar act e PRRTIE SatR B5 el o e s R ser BF "8 ortetiin DL R SLE 4 Fac v 20
mat ri x nmuldehffidagioh tm[)akaﬂeli 4dl%ce&f&:§|ti¥rﬂ% RARERSEAR fRonR tin@e difcait @0l Seatged in
the multiplication. 0029] Controller electronics 240 receives a |list of

r equest edthgaignals genasated by BIR field 60 (Rige2), anddlanmasges theaigooded d 10 arfomnationtd@é m

i i pd i d d . whi ch j I
denti Ty RenpRle o BEAq onFRie 4 R ab@hud e bt DR E nit 2P e e T
head TID information to estimate the position and velocity of the head from a stored program of

instructions represented as position and velocity estimator 245.

[0031] Once servo electronics 220 has positioned head 6 over the appropriate cylinder, the
servo fields are read by the head 6 and read/write electronics 210 inputs signals 211 to the servo
electronics 220. Subsequently, PES decoder 403 captures the signals from PES field 60 (Fig. 2),
then passes the PES 426 to controller electronics 240. Controller electronics 240 uses the PES
as input to a control algorithm to calculate the signal 428 to actuator position controller 404 to

maintain the head 6 on the centerline of the desired track.

[0032] Referring again to Fig. 1, it can be seen that the servo sectors 18 are shaped as an arc
whose center of whose center of rotation is the pivot 4 of actuator 2. This arcuate shape for the
servo sectors assures that the time interval between successive sector sectors passing the head
remains fixed, regardless of which track the head is on. This simplifies the design and operation
of the head-positioning servo system because a constant servo sampling rate is achieved

regardless of head motion.

[0033] However, this requirement for the shape of the servo sectors means that the second or

“back” surface of each disk must be the mirror image of the first or front surface. This also
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and cylinder nunbers are passed to servo el ectronics 220, which positions
head 6 over the appropriate data sector on the appropriate cylinder. If the
cylinder nunber provided to servo electronics 220 is not the sanme as the
cyl i nder nunber over which head 6 is presently positioned, servo

el ectronics 220 first executes a "seek" operation to nove the head 6 from
its present cylinder to the desired cylinder. Page 8 of 22 [0030) The servo
el ectronics 220 first begins executing sector conputations to | ocate and
identify adigredénat thedrdbaibtheaeivorfielddgFige? Mieteadibyrthe Paadss thedame figadclbdisieach
servo sector is _detected. In brief, the SIDis used to locate servo
sectors, #Hfrces¢tahro mpdigeationqfdhs sereopgol syslemds reayiedi Righdasnd 4Righovar k

uni quely jdentifi C r I . 4 . V. trol
put 430 CaPeE o R sl 3T Pl Sl SRR 1 0TE R ¥ES pfoEBE [ O
det ect i ondigk 10 Aethe ek rotatel inShdAifRESURN2. 206bntfaeitort GGk diftian 6f e wdtse doiha
stream 211 as input fromthe read/wite electronics 210. Once a SID has

been det edceate seivesidre it tFigi nayiththe directioged evmratee of thearspate sesumsectirgnal

420 is us pust tim circuit 401, whic¢ ontrols the operating
sequence. 157,35 Bty b RO el tar S ety o SR b resi SRS S,
the trackandtk@nThid ®8iader {ehipidte 0RAA6Bittedd) derl &SR tore $84l drBaRR shrfcel M hive 422
fromtimng circuit 401, reads the signals generated by TID field 50 (Fig.

2), and tbethepriyorisnagh of theaeasted temyiiate nsedrtornatiesn serpd sectass £ an front sface 11.

el ectroni 240, .Durin ek eration the.controll el .ectroni 40 uses
The. 1D HRPE Mt apges e SR AR s s il bt BlrFy SEMERES B orm
a stored peQavdPa@dms foralsigfddisds represented as position and velocity

esti mat or 245. F80311 Once servo el ectronics 220 has positioned head 6 over

the appropriate cylinder, the servo fields are read by the head 6 and

read/ writ F)O@h}el?ntthﬁ Mvetion Q sidpRithSst tERRLER i€dskd f6 YoREdiSies i BiceS }&ﬁitﬂhg'ﬂi e 220.
Subsequent |y, PES decoder 403 captures the signals fromPES field 60 (Fig.

2), front and back surfaces having identical servo patterns. Figs. SA and 5B show the identical
servo patterns of the front surface 511 (Fig. 5A) and back surface 511a (Fig. 4B) of one
embodiment of a disk 510 according to this invention. A comparison of the direction of
curvature of the arcuate servo sectors 518 (Fig. 5A) with the direction of curvature of the
arcuate servo sectors 518a (Fig. 5B) shows that the two servo patterns are identical. However,
it is apparent that the servo sectors 518a on back surface 511a do not have a shape that follows
the arc of actuator 2, so that a constant servo sample rate will not be achieved on surface 511a.
Also, because the servo patterns on surfaces 511 and 511a are identical, the order of the servo
fields detected by the head 6a on back surface 511a will be the reverse of the order of the servo
fields detected by the head 6 on front surface 511. Thus, in this invention, the operation of the

servo control system and/or the arrangement of the fields within the servo sectors are modified.

[0035] In this invention a timing adjustment for detection of the servo sectors is made to
accommodate the pattern on back surface 511. This will be explained with the use of Fig. 6,
which shows a typical disk drive geometry. The actuator is located at distance p between pivot
4 and disk central axis 100, and has an actuator length a, which is the distance from pivot 4 to
the actuator tip RW where the head is located. The head on the tip of the actuator makes an arc
or path Z1 across the disk from a point b1 at disk inner radius rjp to point b2 at disk outer radius

rop. In this case conventional servo sectors 518 like those on front surface 511 will have
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t hen passes the PES 426 to controller electronics 240. Controller

el ectronics 240 uses the PES as input to a control algorithmto cal cul ate
the signal 428 to actuator position controller 404 to maintain the head 6
on the centerline of the desired track. [00321 Referring again to Fig. 1, it
can be seen that the servo sectors 18 are shaped as an arc whose center of
whose center of rotation is the pivot 4 of actuator 2. This arcuate shape
for the servo sectors assures that the tinme interval between successive
sect or seeiritirepaiftbiadhstan @ ibe@alghtfodwaldns cbholedd frane Gy, @ltles sheofskawit atyld 4sack
the head is on. This sinplifies the design and operation of the

head- posi & funstipgoEedips isgiveneii: because a constant servo sanpling rate is

achi eved regardless of head notion. [0033) However, this requirenent for

t he shape of the servo sectors neans that the second or "back" surface of
each di sk nust be the mpg’rof’ igage of pherfixst or front surface. This also
Page 9 of 22 a§£@r9§fgﬁar*5h€'ﬁTdéﬁm@¥ o fields (Fig. 2) detected by
the head is the same for edf€h disk surfaf82so that no nodification of the
servo control systemis required. Figs. 4A and 4B show the conparison of

the front surface 11 (Fig. 4A) and back surface | la (Fig. 4B) of a prior
art di skl0D36kBeqanze e bkadrlétﬁa@da%t the;tip pEthgiagtaater, dhe magnetipy ré@frwlvgﬁﬁn@w t he

G oo Sl ST BEUHPLS BROUREIESIORS AL, W1 (1

that the hyd SedwO fpaﬁlttﬁmﬁngle%mom—RW)embmﬁ skeWUs givbBy: | mages of one
another. Thus the master tenplate used to pattern servo sectors 18a on back
surface 11 a nust be the mrror inage of the master tenplate used to
pattern servo sectors 18 on front surface 11. However, this requires that
two different master tenpl ates jrust be fabricated and used to form the
servo patterns gk =80Shngbe? dLSkTP[00341 In this invention, a single master
tenplate is used for both diskagurfaces, resulting in the

The time delay of the arcuate sector, when compared to a linear sector (the one that would result

from drawing a straight line from b1 to b2) is given by:

L )
rpm 360

Wr) =
where the angle alpha is expressed in degrees. This timing adjustment is plotted in Fig. 7 as a
function of radius, and relative to the timing adjustment at rjp, which is assumed to be 0. Fig. 7

is generated based on the dimensions listed in Fig. 6 at a disk rpm of 15,000.

[0037] Thus in the first embodiment of this invention, like that shown in Figs. SA-5B, no
timing adjustment is required when the servo control system is operating on front surface 511.
However, a timing adjustment of twice that shown in Fig. 7 is introduced when the servo
control system is operating on back surface 511a. The modification of the servo control system
to accommodate the incorrect timing caused by the pattern on back surface 511a is shown in Fig.
3 as timing adjustment calculator 250, which is typically computer program instructions stored

in memory 242. During a seek operation the timing adjustment between consecutive servo
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front and back surfaces having identical servo patterns. Figs. 5A and 5B
show the identical servo patterns of the front surface 511 (Fig. 5A) and
back surface 511 a (Fig. 4B) of one enbodinment of a disk 510 according to
this invention. A conparison of the direction of curvature of the arcuate
servo sectors 518 (Fig. 5A) with the direction of curvature of the arcuate
servo sectors 518a (Fig. 5B) shows that the two servo patterns are
identical. However, it is apparent that the servo sectors 518a on back

surface 5ietds citanped bddanse thk radiaPgositivatof i Headss chhiEng r Thedfonfrolletadl&@trorics SO
that a constant servo sanple rate will not be achieved on surface 511 a.
Al so, bec3afi$uses the esimgigd haad pasiionend yeleeitiBemsstimatar24yitocaleylate the Eming al |

t he order @f the rvo . fields detected “t he,.hea a back surface 511 a
w11 et AQuEy Seyfriph afbtiepth P TR ed Yol SuprE okt BPIet &l BfiRehead 6
on front geHetAELHr & the dbSg. 7, Gsihihe radivnk ] MR cylifiRr)RRkSihE ABadif 1dchRd, iggr VO

control system and/or the arrangenent of the fields within the servo sectors

are nodi f theestimpted gositigmofithe kead Avenestioratar 265 nThgcaattplietelestronice 24@berusason of
t he servo_sectors is made.t COoNnmo e th ern on back surface 511.
This i | | theeasied freiaadirtent KRR b dgboder B0 o dakn BboiBing WORMERF o sic
drive geogebéten ofpe ot uator is located at distance p between pivot 4 and

di sk central axis 100, and has an actuator |length a, which is the distance
frompivot 4 to the actuator tip RWwhere the head is | ocated. The head on

the tip 0;0%3&%&&3&@&%3‘&%&@&@ S‘E“t"gm%%eﬁ%mﬂ?Eﬁaﬁlyt'm"f@gﬁ. aighflifles

poi nt bl at Inner radius rID to poin out er u roo. In
t hi s case(zomeearttliandal iisBigy6). d6lkd iantke HikBémb@limtsthe servd petdmsare fidemecBdh wi | |
have Page 10 of ng cugvat e with radi IS, strai

s a It htforward to .
concl ude. FOBHANAILGEK BiraRek Hoteeves L spkndient » tmingadfsERens fike Haf shovmndn gi ven
by: p2 +Ygig 825 Peodliced wheén He'sbrvo cBhE5IRstem3E GfePating on each surface. For example,

referring to Fig. 7, if a seek is required from radius 20 mm (timing adjustment relative to rpp is
15 us) to radius 26 mm (timing adjustment =30 us), a delay of 15 us (30 us - 15 us) is

introduced.

[0039] In addition to the requirement for servo sector timing adjustment in this invention,
because the front and back surfaces 511, 511a have identical servo patterns, the order of the
servo fields detected by the head on surface 511a will be the reverse of the order on surface 511.
There are several modifications of the servo control system to accommodate this. In one
embodiment, there is no change to the servo fields, but the servo sectors on back surface 511a
are read in the opposite order, i.e., PES, CYL, SID, AGC, and stored in memory. After the AGC
is read and interpreted for servo signal amplitude, the SID is analyzed and timing is established.
Even though the SID mark is time-reversed compared to expected, still the same correlation
procedure used for front surface 511 may be used, with the exception that there is an
accommodation for the inverted bit sequence. After timing is established, the CYL values are
decoded (again taking into account the inverted sequence of bits), and the PES is decoded. In
this embodiment there is a time delay on back surface 511a corresponding generally to the
length of one servo sector because the servo sector is read and stored in memory before any

calculations are performed by controller electronics 240.
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2pr 2prwo [ 00361 Because the head is fixed at the tip of the actuator, the
magnetic transitions witten by head are not collinear wwth the radius (or
not orthogonal to the track direction). This is called head "skew'. From
the triangle (4-100-RW the head skew is given by: a2 +r2 p2 skew = 90
-arccos 2ar The tinme delay of the arcuate sector, when conpared to a linear
sector (the one that would result fromdrawing a straight line fromb 1 to
b2) is given by: 60 a(r) T(r) rpmx 360" where the angle alpha is

expr essed [0040] @piReRr chbbEmEATERG saetbiSiifHRb sthrftially Ofrh@6tricRefvo Gieldé arsusad,
function of radius, and relative to the timng adjustment at rlD, which is

assumed t 8 hewm.in Figg8. In the @nw@p@twé&lga&stb@ordnr injydhiehi the pasvefiglds IS§€3@dS ths Fig.

6atad|skrmof1 0037 hus nt

i nvention, IPI ttfehfé? §§ﬂ‘ggﬁ1°k[sﬁgs%j O%e&agjﬁle 05 froln ?Hr%énggf ﬁeﬁtm Flsg ?é‘t]w red
when the &%rs\éﬁloqwlﬁsrv%uléﬁﬁyb@m the dﬂ@cﬂfoﬂtlhdiéht&fb}f ArfoW 1@%&1@1@%5&& surfepever, a
timng adjustnent of twce that shown in Fig. 7 is i ntroduced when the servo

control systaanshewnjndrigtiBthesarviodickdssrauidmevein thedireTtien indivated bairow 182a.t he

o o o on R s B s SRR AT S Gk Aoyt B Eorshe Bt st LSl P et

cal cul at ofs 13efled MthEEente? of HRisEbs¥ct60 MRS CPLRBAEMsITbRid WS CYINSandicY e i n
menory 242. During a seek operation fhe tim n% adj ust mrent bet ween
S

consecut i VB oppasite emdsgd t11e1PEﬁ figld. Jbecompleteia¥lg disldywomelecantans mditathaposi ti on

of the he%gntgf% ag&gﬂgaicﬂ%fo 10(1:1%% rn%lrrlo? E:or?elc 8rt1 code (E&C) bits, where typically m and
n have similar values. For the symmetric format of Fig. 8, the CYL field is split into two
subfields (CL1 and CYL2). CYL1 and CYL2 may each provide partial information about the
cylinder number, whereas both are needed to obtain accurate track number involving ECC as
well. For example, CYL1 and CYL2 can each have m+n/2 bits. This allows enough
information for long seeks. Identical AGC fields AGC1 and AGC2) are located at each end of
the servo sector, and identical SID fields (SID1 and SID2) are located between respective AGC
and CYL fields. In the servo sector format shown in Fig. 8, the additional disk surface
“overhead” is for the second SID field as well as the extra m bits of the second CYL field. Ina
typical servo system, for example 140 servo sectors angularly spaced around each disk surface,
this would result in approximately 16 bits of overhead for having two CYL fields (assuming no
ECC) and about 12-16 bits for the second SID field. A typical servo sector may have
approximately 40 bits of AGC, 12 bits of SID, 32 bits of track code, 12 bits of sector code and
48 bits of PES code, for total of approximately 144 bits. The additional 28-32 bits is thus

approximately a 20% increase in servo overhead over the conventional servo pattern (Fig. 2).

[0041] Another embodiment of servo sectors with substantially symmetric servo fields uses a
phase-based servo system (also called a timing-based servo system), whose pattern is shown in
Fig. 9. The PES field 700 includes two symmetric sets 702, 704 of generally slanted position
marks extending generally radially across multiple tracks. Identical start-of-field (SOF)

marks 701, 703 are located on respective ends of PES field 700 and extend radially across the

tracks. The time from detection of a SOF mark to detection of a slanted position mark indicates
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240 uses the estimated head position and velocity fromestimator 245 to
calculate the timng adjustnent. The timng adjustnent is calculated from
either a | ookup table or an equation generated fromthe data Fig. 7, using
the radius (i.e., the cylinder) where the head is |located, i.e., the
estimated position of the head fromestimator 245. The controller

el ectronics 240 then uses this calculated timng adjustnent to trigger SID
decoder 400 to open the timng window for detection of the SID. [0038] In a
second entedidiBElPositide by thehesd. OTlss tpy oDPEY ieriabifferantthonl thy céliviepdratl st rai ght
lines (between b | and b2 in Fig. 6). Like in the first enbodi nent, the
servo pat geadnenrgtPES;fieddQ indiig. @nandithesn diffprgntysrac iSRS deseding sxsteavis psed dhehij s
enbodi nent, a.tin ng adjust t Like that. sh in _Fig..7;.s introduced
when t ne 2hasE 5l PIa R b MeuisbndRts SA Mok, alerbbe R o
referri nguSPakdngs 5,689,384; §9388%2 hisd 5,9M106% dn icumMBoATh et o2 BighD) thé OV Eelds
adjustnent relative torOis 15 s) to radius 26 nm (tim ng adjustnment =30

s), a del eanbsfen¢gledin {dditionsl patiems dgcated befora aydliertie sets TP3904. | Adtesrrtivelyothet o

t he requi for.serv ector . tinmn justnent in.this,invention,.
bocausat FYTra b8 Sheeed ST g sl 762, 984 BPYRAL nodhinit s BY Elhipg Bairs
patterns, of ﬁlﬁ,it%dﬂrkﬁéaﬂ%’ e latSRIAe td &thétDosiabe flafie iR YhelPAReERAG RdhnstwhiREe 511
a wll be the reverse of the order on surface 511. There are several

nodi f i cat deassobiffechthe sweral pbanstrelotionshipthetween thecpasitiondaarks. t An sxanple ghsuch

enbodi nent, there,is no.chan to.the servo,.fields,,bu erv rs on
back. sur f §iea B SRR el i G wesaipndea Vil G L)

AGC, and gids,9%0,065. SRR Hs mfho8 bf EMBdNER CYISTidl€ aslbalibnlyH Sidé Bit 8ich feRbiger vo
signal anplitude, the SIDis analyzed and timng is established. Even

t hough t hwitBinaplmserva sectorrrecomeplese seadingoip spwpletedC ¥k pddressrequitdsiseverdle same
correl ation ggrocedure used for front surface 511 may be used, with the
exceptionmpﬁ IVEREYR SFLOTn  accommmodation for the inverted bit sequence.
After timng is established, the CYL values are

[0042] While the present invention has been particularly shown and described with reference to
the preferred embodiments, it will be understood by those skilled in the art that various changes
in form and detail may be made without departing from the spirit and scope of the invention.
Accordingly, the disclosed invention is to be considered merely as illustrative and limited in

scope only as specified in the appended claims.
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decoded (again taking into account the inverted sequence of bits), and the
PES is decoded. In this enbodinent there is a tinme delay on back surface
511 a corresponding generally to the I|ength of one servo sector because the
servo sector is read and stored in nenory before any calculations are
performed by controller electronics 240. Page 12 of 22 10040] In another
enbodi nent servo sectors with substantially symmetric servo fields are used,
as shown in Fig. 8. 1n the enbodinment of Fig. 8, the order in which the
servo fields i wHagaklaimedie sanme for the front and back surfaces. For
exanple, for front surface 511 as shown in Fig. 5A, the servo fields would
nove in the direction indicated by arrow 102, while for back surface 511 a
as shown in Fig. 5B, the servo fields would nove in the direction indicated
by arrow 102a.. The,servo.fields are substantially symetric about the
conter of the bervoASHEGic FeHEnBReKRRPg » 1T SeBEAIGHANT PHECENEEP of ¢ he
servo sector, with the CYL code distributed as CYLI and CYL2 on opposite
ends of t aenepHs pldanar surfathepnosiipihetfisst@isk spifedegantor ernitralaxioprrpgndicular bt said t hat
contain actual track information and n error correction code (ECC) bits,
wher e typsaficks thendiskctontprisimge sim | ar val ues. For the symetric format of
Fig. 8 the CYyL fieldis split into tw subfields (CLI and CYL2). CYLI and

CYL2 may each preyAlifioR@Rol ebtotsUnAhdREst QRO MM forifhg LpdeRISETinBY RS arly
whereas both are needed to obtain accurate track nuéber I nvol vi ng ECC"as

wel | . For _exapnl e YL]. an YL2 can each. haye mtn/.2 bits. This. allows
enough i Fﬁ%?@i‘%??‘cdf s ?‘bdg‘a‘%é’b i aﬁ&‘é‘ﬁ%]?ycr&%ﬁa BEEFOH FEN KB S50 AG2) are

| ocated at each end of, the servo sector, and identical SID fields (SID and
SI D2) ar ecoBReingp putalipef disssie blorksof amgnetigimatenal; prd| ds. I n the servo
sector format shown in Fig. 8, the additional disk surface "overhead" is
for the secondagufality ef sarvassevtors ongthe sdgendsurfage forimingsa pettetrhidesteabtodhCYL

field. In a typical servo system for exanple 140 servo sectors angularly
spaced ar patieeh &6 fisslurtidef ace,

2. The disk of claim 1 wherein each of the lines of said servo pattern on each of said
surfaces are generally arcuate lines extending between radially inner and outer circles centered

at said axis.

3. The disk of claim 1 wherein each of the lines of said servo pattern on each of said
surfaces are generally radially straight lines extending between radially inner and outer circles

centered at said axis.

4. The disk of claim 1 wherein each of said surfaces includes a layer of continuous
magnetic material and said discrete blocks comprise magnetized blocks of said magnetic

material.
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this would result in approximately 16 bits of overhead for having two CYL
fields (assumng no ECC) and about 12-16 bits for the second SID field. A
typi cal servo sector nay have approximately 40 bits of AGC, 12 bits of SID,
32 bits of track code, 12 bits of sector code and 48 bits of PES code, for
total of approximately 144 bits. The additional 28-32 bits is thus
approximately a 20% i ncrease in servo overhead over the conventional servo
pattern (Fig. 2). 10041] Another enbodi nent of servo sectors with
substantially symetric servo fields uses a phase-based servo system (al so
called a timng-based servo systen), whose pattern is showmn in Fig. 9. The

PES field 700 yncl upRssiler SUTPHhbinRBliPo i suffldesthl ARSIy Hrant ed

posi tion narks ext endi ng generally radia y across nultiple t

of PES 11 EOHGD SAHRGRIAHECT QLBIS) aRia BEETR RN BPRas ohRgn I Rerply

detection of a SOF mark to detection of a slanted position mark indicates
Page 13 omazpiakdeateresldit sid puisi vhapinagdialheadinsant. dahiracks gngsepsrateily 8 pedrd i s
different fromthe conventional quad-burst PES field 60 in Fig. 2, and thus
a differebdndt ype of PES decoding systemis used. The phase-based servo
system and decodi ng nethod is well-known, as described for exanple in US
Pat ents 5,689, 384; 5,923,272 and 5, 930, 065. In the enbodi nent of Fig. 9, the
CyL fields can be encoded in additional patterns | ocat ed before or after

sets 702, 70a b s DRI HR LrnireReahor el inG s SRS | on mar ks

early or late relative to other position marks in the pattern, in a manner
whi ch  dogaceptic alrtuéaftdataﬁéactss/@t%wqretsﬁagé'sl%iﬁsf magagizpblpgiaigEdh t he position

mar ks. An exanple of such encoding with tim ng-based patterns is described
in the previously cited US patents 5,923,272 and 5,930,065. Since this
met hod of encoding a CYL field enbeds only a single bit or a few bits

wi thin each seyvo SHedd$k of2lGANDY €N HRATH ke Blocks 16 @AdH Ri seofbr A6 dirased
requires several
in angularly spaced fields including an automatic gain control (AGC) field, a sector

identification (SID) field, a track identification field (TID), and a servo position error signal

(PES) field.

8. The disk of claim 1 wherein the discrete blocks in each servo sector are arranged
in angularly spaced fields, said fields being generally symmetric about the center of the servo

sector.

9. The disk of claim 8 wherein the first of said angularly spaced fields is an
automatic gain control (AGC) field, the second of said fields is a sector identification (SID)
field, the next-to-last of said fields is a like SID field, and the last of said fields is a like AGC

field.
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successive servo sectors. 100421 Wiile the present invention has been
particularly shown and described with reference to the preferred

enbodi ments, it will be understood by those skilled in the art that various
changes in formand detail may be nmade wi thout departing fromthe spirit
and scope of the invention. Accordingly, the disclosed invention is to be
considered nerely as illustrative and limted in scope only as specified in
t he appended clains. Page 14 of 22 What is clainmed is: 1. A magnetic
recording disk having a first generally planar surface, a second generally
pl anar surface opposite the first disk surface, and a central axis

per pendicular §@ Saifl qiskbf 8651 whbiBinfth? lisGRBUIAES Weach sBvisahbrlafe Of servo
sectors on the first surtface and formng a pattern of I nes angul arly
spaced about sai axiﬁ andlfrtegdin in a g@ erall¥ radi al direction, each
servo secl@enetegtpsieralyparelis] toihy surlpeeen which theyareloggd of magneti c
material; and a plurality of servo sectors on the second surface formng a
pattern identical to the pattern on said first surface. 2. The di sk of
claiml1l wherein each of the lines of said servo pattern on each of said
surfaces are géher alhydisk ofidiien 1 whersinetké aidchiertdlduks iveeieh sado aédtot areiner and
outer circles centered at said axis. 3. The disk of claiml| wherein each of
the |inesy @by 8B oSRIMG pRAhBENCR BAGREOE o Fhith (R hafRmear € general |y
radially straight 1 nes extendi ng between radially’ inner and outer circles
centered at said axis. 4. The disk of claim1l wherein each of said surfaces
i ncludes a | ayer of conti nuous
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magnetic material and said discrete blocks conprise magnetized bl ocks of
said magnetic material. Page 15 of 22 5. The disk of claim1 wherein each
of said surfaces includes a plurality of concentric circular data tracks of
magneti zabl e materi al and guard bands of non-magneti zable material centered
at said axis, wherein radially adjacent data tracks are separated by a guard
band. 6. The disk of claim1l wherein each of said surfaces includes a
plurality of concentric circular data tracks of discrete data islands of
magneti zable material. 7. The disk of claim| wherein the discrete blocks in
each servo sector are arranged in angularly spaced fields including an

automatic gai njgont A%a@@@ecéﬂdﬁgq}ésr@azﬁl L Ofrst %ﬂgﬂaﬁﬂz lafatsuficd Psbndiel d, a

track identification field (TID), ervo position error signal (PES)

field. 8. The disk of claim 1. in.the di te blocks i
ector ar 8RR Sy fieRnicus 15 EpRideiori 6T Eot Py perberbaiony oG al 1y

symmetric about the center of the servo sector. 9. The disk of claim38
wher ei n t Barfaces, she disk epmiptisinggul arly spaced fields is an automatic gain
control (AGC) field, the second of said fields is a sector identification
(SID) field, &bphiraiexdfgenetallycombensizicitcilaedalstracks af mageetiSniatériatba eachnd t he
| ast of said fields is a |like AGC field. Page 16 of 22 10. The di sk of

claim 1 wagh Ghrfackd) ML fkE bBhPERerbM RS Raid 8ki¥O Sector are magnetized
generally parallel to the surface on which they are formned.

a plurality of servo sectors on the first surface and forming a pattern of lines angularly
spaced about said axis and extending in a generally radial direction across said data tracks, each
servo sector comprising a plurality of discrete blocks of magnetic material, the blocks being
arranged in angularly spaced fields along the data tracks, said fields being generally symmetric
about the center of the servo sector; and

a plurality of servo sectors on the second surface forming a pattern identical to the

pattern on said first surface.

13.  The disk of claim 12 wherein each of the lines of said servo pattern on each of
said surfaces are generally arcuate lines extending between radially inner and outer circles

centered at said axis.
14.  The disk of claim 12 wherein each of the lines of said servo pattern on each of

said surfaces are generally radially straight lines extending between radially inner and outer

circles centered at said axis.
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11. The disk of claim1l wherein the discrete blocks in each servo sector are
magneti zed generally perpendicular to the surface on which they are forned.
Page 17 of 22 12. A magnetic recording disk having a first generally planar
surface, a second generally planar surface opposite the first disk surface,
and a central axis perpendicular to said surfaces, the disk conprising: a
plurality of generally concentric circular data tracks of nagnetic nateri al
on each of said surfaces, the data tracks being centered about said axis; a
plurality of sesvo Fredisk of daint IPewhdrtinteadisfsaidalistidle bloeks dvanprisp aiaghdtized |

| i nes angularly spaced about said axis and extending in a generally radial
direction i .acks, each servo sector conprising a plurality
of discre?gﬁﬁﬁﬁgfgﬁgggﬁg%ﬁg%?gﬁnateriaI, t he bl ocks being arranged in

angul arly spaced fields along the data tracks, said fields being generally
symmetric about the center of the servo sector; and a plurality of servo
sectors on the second surface formng a pattern identical to the pattern on
said first surf@ce. ThediskpfelaiingR vdferan tadrally 2djaprnt data trecksiaresseparated by geard of
said servo pattern on each of said surfaces are generally arcuate |ines

ext endi ngbdrls We aon-maghaizhble mategial.and outer circles centered at said axis.
14. The disk of claim 12 wherein each of the lines of said servo pattern on
each of said surfaces are generally radially straight |ines extending
between radially inner and outer circles centered at said axis. Page 18 of
22 b5, he disigof £k APl RerdAHe AlorS@bfbol SOAE Gerkd QRIS afOTP 1 O

arranged in angularly spaced fields including an automatic gain control (AGC) field, a sector

identification (SID) field, a track identification field (TID), and a servo position error signal

(PES) field.
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bl ocks of said nmagnetic material. 16. The disk of claim 12 wherein radially
adj acent data tracks are separated by guard bands of non-nagneti zabl e
material. 17. The disk of claim 12 wherein the discrete blocks in each servo
sector are arranged in angularly spaced fields including an automatic gain
control (AGC) field, a sector identification (SID) field, a track
identification field (TID), and a servo position error signal (PES) field.
Page 19 of 22 18. A magnetic recording disk drive conprising: a rotatable
magneti c recor d§.ng Airsdgnbriv/icogrdingfdiskndrivgeoripaking: pl anar surface, a back
general ly planar surface opposite the front disk surface, and a central axis
of rotation pgrasg b%&ﬂgﬁétictx‘acéraéng d%!{fhfa%ﬁgﬁ’ﬁ(fﬂahge&ka% %@?éﬂrﬁ'c@,gl ol 2
plurality of generally Concentric™ circular dat tracgg of magnetic nmateri al
on each of sai urfaces, the.data tracks heing centered. about said axis;
(by 2’ oi ksl Rfhas 355 obrtpist Degront RGK Bwiie Buarcanie anis FOPAO o par tof
of lines angularly spaced about said axis and extending in a generally

radi al di perpendienlaide said seriacgs,dba disk eqmaprising (ehe plusadity of geaenally censeplicsi ng a
plurality of discrete blocks of magnetic material, the blocks being
arranged kcircidarglataaracks cffneapmetid medetlsl oal eacigofisarl susthees] thadits trackséeindg cantextd
fields being a position error signal (PES) field; and (c) a plurality of
Servo sechpdut sad aii&?bﬁ?ﬁﬁraﬁw Jra&so _sé&dr%ﬁ&e%o%&&rﬁ(:@aﬂcﬁ%ﬁﬁing%'pa&é?n bPBnes
pattern on said front” surface; a first head that detects the Servo sectors
on the fronbusl$aseandySERond N3l LhaL et eat s i SarY R SRl Qg Rt he
back surf &8 npgéiﬁg?%r SOt & P@ngﬁé REXTS YT or p65| ?%nl%é ?He heads

to different data tracks and nmintaining_ the heads on the data tracks;
tracks, each servo sector comprising a plurality of discrete blocks of magnetic material, the

blocks being arranged in angularly spaced fields along the data tracks, one of said fields being
a position error signal (PES) field; and (c) a plurality of servo sectors on the back surface
forming a pattern identical to the pattern on said front surface;

a first head that detects the servo sectors on the front surface;

a second head that detects the servo sectors on the back surface;

an actuator connected to the heads for positioning the heads to different data tracks and
maintaining the heads on the data tracks;

a servo control system coupled to the heads and the actuator, the servo control system
including a processor for allowing detection of the PES fields during a specified time window
and for generating an actuator control signal in response to detection of the PES fields by the
heads; and

memory coupled to the processor and containing a program of instructions readable by

the processor, the program of instructions undertaking the method acts comprising estimating
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a servo control systemcoupled to the heads and the actuator, the servo
control system including a processor for allow ng detection of the PES
fields during a specified tinme window and for generating an actuator

control signal in response to detection of the PES fields by the heads; and
menory coupled to the processor and containing a program of instructions
readabl e by the processor, the program of instructions undertaking the

nmet hod acts conprising estimting Page 20 of 22 the radial position of the
heads, cakieuhdibl pigitRntdf R REdd) silemMing 4 e hijasteehi fidh & d9fmaicd Positiamdind

adj usting the tinme w ndow using the calculated tinme adjustment. 19. The disk
Ortve, of  Shilmelfe wheLA b CAGH: B chifalciER Ruhald, Servo patlern on each

of said sUrfaces are genera arcuat e |nes xtendi ng between radially
inner and outer circles centered at said axis, and wherein the act of
calculating a tinme adjustnent conprises the act of calculating a tine

adj ustnent only when the PES fields are detected by said second head. 20.
The di sk drivel®f cThe disk&riveadiclaim 18 ahiarent each ef the hiaes adfsaid a¢ryo patteypongacher n
on each of said surfaces are generally radially straight |ines extending
bet ween r afisaid surfacevie gairtalBlir@iate et extesdif g bét@earradiallg &indr ad cuterandlesher ei n
the act of calculating a tinme adjustnment conprises the act of calculating a

time adj ugtIgRg ammxtli' ‘31&(? BRereir ahﬂ%t%f &Jgggﬁ%tmﬁggcgﬁﬁin@mf do s@selﬂg 2an

when the PES fields aré detected by sai Page 2

calculating a time adjustment only when the PES fields are detected by said second head.

20.  Thedisk drive of claim 18 wherein each of the lines of said servo pattern on each
of said surfaces are generally radially straight lines extending between radially inner and outer
circles centered at said axis, and wherein the act of calculating a time adjustment comprises the
act of calculating a time adjustment when the PES fields are detected by said first head and

when the PES fields are detected by said second head.
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