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 | NVENTION Field of the Invention 10001] This

i nvention relates generally to a nagnetic recording disk with
pre-patterned servo patterns fornmed with a master tenplate, and a
magneti c recording disk drive having a servo control system operable

wth the servo patterns. Description of the Related Art [0002]
Convent i on&“&@\?&i&'ﬂ RECORNING RIS M TH BRENTICAE SERY @ PARTERNS FORMED

hori zont al (B¢ BAGIHhDISHK SURFAGEBY 86 MASTERITEMPLIAER ANEf DISK DREVE
magnetical ly recorded data bits areSiNG THEDISK) the plane of the
recordi ng | ayer on the hard disks, or perpendicul ar recording wherein
the magnetized regions are oriented perpendicular to the plane of the
recording layer. Each recording surface on the disks is a continuous

| ayer of magnetic materi al bﬁ@%@g@mﬁwgﬁvkﬂ&ﬂgﬁoncentri c data
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tracks containing the nmagnetica recorded data bits when the
recording head wites on the magnetic material. Each disk surface

al so i ncl udfisid of the lnmehtiopr e- r ecor ded pattern of servo sectors that can
not be witten over by the recordi ng heads and that are used to

position the heads to the desired data tracks and maintain the heads
on the dat #0001 hEkis invention relates generally to a magnetic recording disk with pre-patterned servo

patterns formed with a master template, and a magnetic recording disk drive having a servo

control system operable with the servo pattems.

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



[ 0003] The conventional nethod of generating the pattern of servo
sectors is by "servo-witing" the pattern on a track-by-track basis,
either wwth a special wite head and servo-witer or with the
production recording head in the disk drive. Because this is a

ti me-consum ng and therefore expensive process, other nethods for
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[0007] In hard disk drives, the servo pattern on the back surface of
the disks is not identical to, but is rather the mrror inmage of, the
servo pattern on the front surface of the disks. Thus, to form servo
patterns by either CMI or nanoinprinting, it is necessary to
fabricate two master tenplates, one for the front surfaces of the

di sks and one for the back surfaces of the disks. This doubles the
time and cqst to fabricate the master tenplates. In the case of
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sides of the disk. SUMVARY THE | NVENTI'ON [ 0009] The invention is a
magneti c recording disk with identical pre-patterned servo patterns
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position of the head. However, the arcuate-shaped |ines on the other
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the servo sectors on the two di sk surfaces can formidenti cal
patterns of angularly spaced straight lines that extend radially
across the data tracks. The straight radial lines do not replicate
the path of the recording hegshifm ey Drerus T @¢RoN0 the servo
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servo sectors with substantially symetric servo fields are used, so
the order in which the servo fields is read is the sanme 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 follow ng detail ed description taken together with the _
acconpanying figures. BRI EF DESCRI PTI ON OF THE DRAW NGS (00131 Fig.
1is a schematic of a disk drive with a rotary actuator and a rigid
magneti c r SEBYAN FFRINE K2 thekihnesris sectpron diefewt sufagoregadiesrof radil pedtiorof
a first or gdH.amt ﬁo@Wef,%cu%Q%é‘p]edlﬁh% onthé &hé@u?ﬁ(&eﬁQQ?lgedb\chg\{%rﬁate adg not
portion of a typical servo sector and portions of thrée data track

of the di skepdinsorheipathiE the rdcording(@ddbp the sgrvo3arhslirg rhbﬁ@ahtmbn%agﬂamﬂﬁegvirt]h
di sk drive_sgrvo.control s em showi ng the nodification for use wt
this i nvenfToi POy GRETIAEE THEA Bt S P ROTD e b PR UBR o e sectors
servo patt en e bedk sutfecef 1 8drvd fonflol fiddessBchdABeds abifligh adftRIm M ESAGH Sst@iate

a prior art disk, .. . . ) ) _
of the radial position of the head. This timing adjustment is then used to adjust the time to open

a time window to allow detection of the servo sectors on the back surface.

{0010] In a second embodiment, the servo sectors on the two disk surfaces can form identical
patterns of angularly spaced straight lines that extend radially across the data tracks. The
straight radial lines do not replicate the path of the recording head on either surface, so the servo
sampling rate is not constant but varies with radial 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.



f0017] Figs:. 5A and 5B show the identical servo patterns of the front
surface (Fig. 5A) and back surface (Fig. 5B) of one enbodi nent of a
di sk according to this invention. 10018] Fig. 6 is an illustration of
typi cal disk drive geonetry. 10019] Fig. 7 is a graph of timng
adjustnent as a function of radius, relative to zero timng
adjustnment at the inner radius (rip), for a disk surface with
straight-line servo sectors. 10020] Fig. 8 is a view of a portion of
a servo sector accordi ng BBIEHPESCRIPGHONGF TWE PRAVERNGHt i al | vy
symmetric servo fields. 10021] Fig. 9 is a view of a portion of a
servo sector according to this invention with substantially symetric
servo fiel d¥13oFigukieawpihematic qf makisk-doias with s entarp agysdrand 4 dgid magadticeeboading

ti m ng-based, ser.vo system, DETAI LED DESCRLPTI QF THE | NVENTI ON
00257 P gk B PR B oy ST opR o it ot ARy SUBEtrat of 2 and a
rigid magnetic recording disk 10 having pre-patterned servo sectors
18 formed ﬁl%l?] lii:g.rls its a1(1) rexpa};ée(a%ew 0S argo?i?o% o :!a"typ]_cg?servo sector and portions of three

data tracks of the disk shown in Fig. 1.

[0015] Fig. 3 is a block diagram of a disk drive servo control system showing the modification

for use with this invention.

[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. 5A and 5B show the identical servo patterns of the front surface (Fig. 5A) 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).



disk 10 rotates in the direction 102 about a central axis 100. The
front surface 11 has an annul ar data band 12 which is defined by an
inside dianeter (1D 14 and an outside dianeter (OD) 16. The portions
of the data band between the servo sectors 18 are used for the
storage of user data and contain circular data tracks, with each data
track being typically divided into physical data sectors. The rotary
actuator 2 rotate' s about pivot 4 and supports a read/wite head 6
at its end. As the actuadETAREDDESGRIPTIGN OFaHE BIVENTIONS a general |y
arcuate path between ID 14 and OD 16. [0023] The servo sectors 18 are
not fornmed by conventional servowiting but by a patterning process
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the patter ldata Wrel @ewlud] s defired by 4B inkide mamepra(meﬂmarmfanamQMeaiﬂdn;etamGD}?m

arcuate |i st te eraII radially from 4t0031
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6. During epkdodiairddircafar iietratks kvﬂﬂrehMﬁdati fRekbeRs nRichBPASided intd pHySiRal data
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Accordingly, each time one of the servo sectors 18 passes beneath the
head 6, th Of‘:ﬂaﬂle@elqgtsgc%ﬁlﬁjér@ﬁ& ﬁ’n '?:‘3“6598151?&%%%%8@ arbaEtQ%ng
position error signal (PES) fiel e servo sector <4

gener at ed BIAEESTIBBRE Hypast¢rdenoplatk. I;Iquomebtsnmad: tmsfmt(mﬁf)ngsccmibd mlagnetlc

systemto d 6 towar sthet ack c Thus, . duri
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i n,_successi ve, an?g); IarI spaced servo sectors 18. [0024]
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magnetic recording. It is also possible that every other shaded
region in Fig. 2 mght have opposite polarity, with the unshaded
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subsequent servo bl ocks. 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 nmultiple stacked

di sks froma "cylinder" of tracks. The TID field 50 contains the
track nunber, typically G ay-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 ockbe @&kp2l, 22,0H ateventivalohs thackywhd'se ath] bridtists defed gpaidl by thedied 6
are used to determnpe the fractlonal part of the radial position.
[0027] Fi g.¥hsnitdecarqsiop he cantpypusfecord %@yau Litheglish 10 1 e Dipe withdisstete tracks,
syst em and thdyl
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240. Servomlgﬁaizmahﬁ&nazo uses the servo |nformat| on to produce a
signal at 221 which drives actuator 2 to position the head 6.
Interface el ectronics 230 comuni cates with a host system (not shown)
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C
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el ect roni cs1/2402BeRAIiMRY 28U S60Pfo8H ﬁml%ﬁ& £dighad 8 t&%%gss%lgﬁé@é?thls
interface electronics 230 and converts theminto cylinder

track), he#uplicatinn Hahesesoseders h8 atsdemnediby &M T they theingn-iskixdnd pdryorlshnéFlg 2

hysi I d
gn)(;SIC)C/IaI N deﬁl%génﬁ%gfr&s]s gllrgféarg%%éx; ggetdogsh%r Sggsgtgr 12?0 8% ?rglgli]iezlaagr\xﬁ%agﬂn otd the

p05| tions @ead:l@kabmuschlaeyaﬁanm}ﬁs o}ﬁioatd:kaﬁ@eﬁﬁﬁb@froxﬁra Dmﬂla@&ﬂmi@ﬁipﬂic@ss
cylinder. g e %H&nde nIh”H% grow de servo electronics 220 is
not the salfﬁ‘sor e Versder ! FECHRIR Wﬁ A ByprngimRIngpe denhey
posi t i onedhonSsAidéea poitidss 61 I, 0 Sepfeintinbhmigre¥CRpbRS|. @eltﬁé??éélongg%o?lmagﬂktic
to nove the head 6 fromits present cylinder to the desited cylin
[0030] TheM¥gra) or Beient plgpaeaeticapaiers) gesierably dioapeblsad being myesticediyy the write
conmput ati gpgqto locate and identify the desired data sector. As servo
sectors pass under head 6, each servo sector is detected. In brief;
the SIDis used to | ocate servo sectors, and a count of SIDs froma
servo sectigizef IRt Srit NBCIEMhat REARX v
sector. Sl D cﬁcoder 400C recei vesuﬂa@?gnsltégg @rﬁ%ﬁﬁﬂggﬁﬁe%ﬁ%@bﬁﬁh 6,
cont r ol | eras ghoamtin Bigi %ssezm)ﬁttlﬁéﬂIS@pelnsmatldganE:ommidAW@ Gield déblecitsi30+3 Salfat
2s input Prone et AERERl s BRalr Bt SHRLETD D bR g e B e ShRlenty
det ect ed, readSkRofbinckd Singnidld 40219 sd:csorgtﬁdihﬁﬁaitleﬂ (STH geld] Aol ANAT Seh@Ndhing
420 is used tm%ﬁ“ m n ci.rcuit 401, which controls the

oper at i ng ¥, ¥ tOtFH%‘” himrdaeriplo eshblishatapistopdimiag windpe for

det ect i on s@fsedues] SBrvolth&ekb.r Gr¥o ﬁéj@@@i al tf:ek iRk cidn @%8%@6 ceﬁfgzg the cylinder
receives timng information 422 fromtl mng circuit 401, reads tHe

si gnal s genéiYatfedt waliﬁl)hemadtsdlcﬁﬂal(ﬁ the di2} surfand it haisk dagsesh 4 haltiple

decoded T%)ta%ked%gsﬁa}rtl)rgg “f:ly mder ) t(l?ar(]: sr QllhleefrID?lel%CStOrcgrﬂlalgss th%étlrgck n%t;ep (;ically
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[ 0031] Once servo el ectronics 220 has positioned head 6 over the
appropriate cylinder, the servo fields are read by the head 6 and
read/ wite electronics 210 inputs signals 211 to the servo

el ectroni cs 220. Subsequently, PBS decoder 403 captures the signals
fromPES field 60 (Fig. 2), then passes the PBS 426 to controller

el ectronics 240. Controller electronics 240 uses the PBS as input to
a control algorithmto calculate the signal 428 to actuator position
cont rol | er Gt@cdded,mad ddterinines the imesrelpft afthetrdial pesitien. | Sepe feld dohiethe position
desired track. .[0 ferring again to Fig. 1, it can be seen_that
the servo SBEY @P@éﬁégéd mﬂb‘g ty e’ﬁ‘ﬁ’plf‘rcé’“\ﬂ/ﬁ’d%’e&@eh%‘gﬁﬂgs %ﬁ%‘é’@b}“ks as
center of bataf thoWell-kndvAt PhdBlrsth PEE pAEdrl Ah@hredised B dSteALiELAL Fra ARG art
for the servo sectors assures that the time interval between

successi veo5@erasial gesitiasr s passing the head remmins fixed, regardless
of which track the head is on. This sinplifies the design and
operation of the he_ad-POSi tioning servo system because a constant
servo sanpll08gl Fiatbisiadlogh Hiagmapitheghskdinas servd cantrablsystoti and iHusirD&3B4
However, thi ' t shape, of . the servo.s or S
that the sedmrREMlEERad Sd d8o30RE R intrele QEESRIGE ot B oP e

i mage of t Hectfdnics 24@rRdadovnite dedtioniee?] OBteves bighals framIWidR phdiatseivde
order of tr;lg ser.vo, fi [ 2) detect e_d%%/%t he head is the sanme

| ds (Fig. >
for each dMKmaHsm i the SryharetOra® st FrapioiCotnmIEs S8 aenelsrie sepfroller
system i s g6@hiced40. FeBd eldbhoRBh BB &N i f
surface 11 (Fi gc 4A) gnd ebacK _surfats:% %Cyﬁﬁﬁgﬁa%%)tég‘?dgeéﬁﬁ?’ a?irg‘?lt
di sk 10 aswhislddyesRetpgerd epopition the heidrte duterdare EBRtronics3 fipammsuinatesf withe
di rection r tVvo, sectors 18 i q...4A) W,th
the dir ect%ﬁ%kﬁghé{\fg?ﬁ)gggﬁ m[%{]f%c‘ég? g’@é%‘éngsdgtrs“vagﬁ§%%W8?dsﬁ“%§§at{q5i%’9mﬂ’§f
shows t hatregdvets fom thehasdsyseeirt fer resdiag Rom oF whdeniol thadata Sutorsardiskn 0.
i mges of 81ope anit Ber.. T@us t he. mast g terrgl aﬁﬁe used to pattern servo
sectors 185 CHACHIROWES 1 CmMURicRlss with eonfipilerglacirapics 39 guerdpterfpsg 233.
master tenplate used to pattern servo sectors 18 on front surface 11.
However, this.r itres, that .different nmaster_tenpl ates pust be
Fabr 1 oat ed P02 GO Bier Biics pHinklupcsd BSIPEERSOR 2 A3 a5shgitted HPRRY 242
100341 | n vift Sorediv@yuite? Proglents BObRcUTAS b &riouk GIFBHALR, ihsudiaefhe toirdpot h
di sk surfaces, resulting in the front and back surfaces having

i dent i cal 2RFYEN-pEre copQl algorifum ussia s of ERMTerastored b mempiyP4R andbaged on
patterns Qfe §fif b Qandtidaplfridt ' -

(Fig. 4B) o?‘ _oneae oadi rrerzlit OP %8?@&9‘%&%&)&?&gépﬁ%&ta%g{l%?eéé&suya
i nvent i on.mafix mujsiphication algbrithing andi theparimeters hrecoeffiatents @sedfin thh ematipdidation.
servo sectors 518 (Fig. 5A) with the direction of curvature of the
arcuate servo sectors 518a (Fig. 5B) shows that the two servo

patt erns dP®9] Gerfrollen¢lectidpive ¢4 recdives adistyfpequesied datmgectotsdrameintenface

the arc of Marpie 30y PHinarhat b CRedg € R Er T BR R Rt o
be achi evedidnngpelyadatiblthaphydlcsldocabecaibeddshel &&f 3otoRainld®kN®. The head
sur faces 51d1 9 511% are identical, the order of the servo fields
det ect od BY PHEOHIARORA 2 PaEL o COPHICEOH A0 iFh BT ioRehed fev o
the order apfrofiie @ s6tof bitihdap iRt SHndY. g HBAGL: Bulber bied ﬁf{e%‘?e
511. Thus, in this invention, the opération of "the servo contro

syst em an@legfForidi@ 28 isrmah e sine asche eyhiaddrinembler oner wbieh thivel Gie preserdlect or s
det ecti onPori e o iskBorhit 0 SR By Bkl ol BilotR R e PR i
back surf peeenbifindditto thewdebitedloglidepl ai ned with the use of Fig. 6,

whi ch shows a typical disk drive geonmetry. The actuator is |ocated at
di stance p between pivot 4 and disk central axis 100, and has an
actuator length a, which is the distance frompivot 4 to the actuator



curvature with radius a. It is straightforward to conclude fromFig.
6 that the "skew' angle as a function of radius is given by: 222
cc(r) = arccosp 2 +r 2 - a arccos Pa 2 2pr2prip [0036] Because the

head is fixed at the tip of the actuator, the nmagnetic transitions
witten by head are not collinear with the radius (or not orthogonal
to the track direction). This is called head "skew'. Fromthe
triangle (4-100-RW the head skeWis given by: skew = 90- arccosa + r
2 - p 2 2an0030] The servo electronics 220 first begins executing sector computations to Jocate and

1dentify the desired data sector. As servo sectors pass under head 6, each servo sector is
detected. In brief, the SID is used to locate servo sectors, and a count of SIDs from a servo
sector containing an index mark uniquely identifies each servo sector. SID decoder 400
receives a control input 430 from the controller electronics 240 that opens a time window for
detection of the next SID. SID decoder 400 then receives a clocked data stream 211 as input
from the read/write electronics 210. Once a SID has been detected, a SID found signal 420 is
generated. The SID found signal 420 is used to adjust timing circuit 401, which controls the
operating sequence for the remainder of the servol sector. After detection of a SID, the track
identification (TID) decoder 402 receives timing information 422 from timing circuit 401, reads
the signals generated by TID field 50 (Fig. 2), and then passes the decoded TID information 424
to controller electronics 240. During a seek operation the controller electronics 240 uses the
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



The fine del ay of the arcuate sector, when conpared to a |inear

sector (the one that would result fromdrawi ng a straight Iine from
bl to b2) is given by: ,60 a (r) rpm 360 where the angle alpha is
expressed in degrees. This timng adjustnent is plotted in Fig. 7 as
a function of radius, and relative to the timng adjustnment at rm
which is assuned to be 0. Fig. 7 is generated based on the dinensions
listed in Fig. 6 at a disk rpmof 15,000. 100371 Thus in the first
ermbodi ment agsuresithas therouden of haserva fidds (Rt 2)sdewated by theihgad is B-sble fot@ach disk
timng adjustnent .is regui.red n the servo control, systemis
operating 6n 1T Scr’\fhag Or?lg‘%éc%ﬂ%ﬁ‘aw&?ofm%l YR AT eauyeds £ s ritA oy Brihew
that shown tigtohipgiisor of theiffdhi REWGED (MRENATAE b3 M &INh mg. 4D £ PhidrSirt
operating on back surface 51la. The nodification of the Servo control
system t o gtk dhpbadisk tofaiesimibe direstion {§2nidragmpatizos of thy dtrmcpaifc}uemlmrmf the
back surfa ' .4 H 9: s tim adj us nt cal cul at or
250, aini cnoetyyivd SrRRMEneE) i e Bl Rl Al AL O pfecip ek
menory 242 1843Fig. AB) shosediat thpewatdrarpatthgs bre mibﬁﬁerﬁidhlgmt :‘mﬂbr inRpwes B:fw
consecutive serv ect ors changes because the radial position o

the head i gn@wa-nﬁm.e ﬁ"?ﬁéﬂréﬁi‘i{]?tsgf%rm RANEEY SPORiSEYorp A Bp ersleask pyfface 11a must
estimat ed HeRe oS inb Qo faRtmY@d 05ihdiMe £-01 SHEMTBL Bk 24D 14 g&ﬁt%ﬂfa@c&?l.
the timng _adjustnent. The t|n1n? adj ustnent, i s calculate rom

ei ther a | dbwigHen isirequires tat g ditarenhmgsterderapletds mng e fabecalet Emdlﬁ(sjcgl.to farm
usi ng the | I, .0 1h .4 nder) where the head is | ocated,

I.e. g t he g]gg%rg’i?%adgmgggﬁat%@g%%ﬂ't he head from estimtor 245. The
controller electronics 240 then uses this calculated timng

adj ust me nt [0594] Uh it}gglﬂ(fengloﬁ a%ﬂ'fg?edrﬁgstépe%pﬁa(?c BRE f&r%ecntﬁ &R ag\és,nrg&l\i\{irfgql[: the

detection of the SID.
front and back surfaces having identical servo patterns. Figs. 5A and 5B show the identical
servo patterns of the front surface 511 (Fig. SA) 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. SA) 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

Top. In this case conventional servo sectors 518 like those on front surface 511 will have
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[0038] In a second enbodi nent, servo sectors nmay be generally’

radi ally-directed straight |lines (between bl and b2 in Fig. 6). Like
inthe first enbodinent, the servo patterns are identical on front
and back surfaces. However, in this enbodinment, a tim ng adjustnent

i ke that shown in Fig. 7 is introduced when the servo control system
is operating on each surface. For exanple, referring to Fig. 7, if a
seek is required fromradius 20 nm (timng adjustnent relative to rm
is 15 As) toarvadslé wih 2Riddm (it & ' el ES) Lay of 15
kts (30 pts - 15 As) is int rl%ﬁﬁi&%&@ﬁaﬁ%%&%?@dﬁ%&g&% %trlll tggt%éw ang}e as
requi r enent? fegtion f 1adiug éscgivean byi ni ng adj ustnent in this invention,
because the front and back surfaces 511, 51la have identical servo
patterns, the order of the servo fields detected by the head on
surface 511a will .be thepevérsd of the®epfers’on surface 511. There
are several nmodiDcAPENs of The B9 system to acconmodat e
this. In one enbodi nent, the?e is no changépto the servo fields, but
the servo sectors on back surface 511la are read in the opposite

order, i.e. CY I ...and stored in nenory. After the ACC
is read an(!impﬁ_ e?cﬁ}]see_tLt Ié%lhsefagés @’55%\93%% g@ Hgﬁe actintery thg anaghetis trapiyiqng written by
anal yzed ahehdtaravdrgoliisicse S/itlokd radigsior Eé/t_%ﬁh&%‘b%lgg tHeRRIOURABNHK ThR is called
tlne-reverﬁégdgg ared to expected, still he sanme correl at’i on

procedur e - Frommfhe drigngledd- 18- R Wothe brad ghpancis givien by:t he except i on
that there is an acconmpdation for the inverted bit sequence. After
timng is established, the CYL values are decoded (again taking into
account the inverted sequence of bits), and the PBS is decoded. In

t hi s enbodi rrentsktepge_r is a &¢i#e’ dpfay on back surface 51la
correspondi ng gener al'ly't8°Theength of one servo sector because the
servo sector is read and stored in nenory before any cal cul ations are
performed by controller electronics 240. 10040] In another

enbodi nent ' ially symetric servo fields
are used, Tal?q{snyhéc))dv{cnﬁa? ?’E%?E%@?“ﬁ’ﬁ’%@%m %’%‘%/tﬁﬁxlf’ea&echr&?‘e gne thaf avoyldgesuit
in which thendeming £ steigislinesfronebtto 1) ishevendgme 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,

whil e for back Zérf@oe atda as shown in Fig. 5B, the servo fields
woul d nove in tY 'T‘UW’(: ! i ndi cated by arrow 102a. The servo fields
are substantially symeiric about the center of the servo sector. The
PES field is located in the center of the servo sector, with the CYL
code distributed as CYL1 and CYL2 on opposite ends of the PES field.
The conpl ethereche angletiphads prpsesssd ip dpgrassn Thin tiving adjshent damplaited inSigl ks a
track infgg i : : i e, (F hits ere .
typi cal 1y oo o0 aid RIE0E o 0L BRGNSkt 1S p8Rae doie 7
Fig. 8, tMhegenyeteflibased onthegiimensianmlised inFig 6hi i éiskifon( &Lk qood CYL2) .
CYL1 and CYL2 may each provide partial information about the cylinder
nunber, whereas both are needed to obtain accurate track number

i nvol vi ng well .. For .exanpl e, .CYL1 and CYL2 can each have
ml-n/2 bi“fog.% 154" QF@&%“&’H%B’@% ‘i?ﬁh‘%WﬁB{OPdweﬁw shoyign §eeskiA-5B, o

| dent i cal tiAGKg ddjwetnttst AGEGiRD thAGRE erdd & i

servo sector, and i dentGiIi%l;I SIDfi eei ds (nkslﬁ%sﬁgtgrﬂéggg%%i&g?gfg?tggg%éélgl1'
bet ween r % & Bmipgadmstinentpf tjcs|thps shawn in Fig. 2 évivigodsieedt whenftbe seato
shown i n Eifrol it i f "“qver head" is for the
second SID fioesl?yft;ltmtértlgél\(;\%??lg ing'gﬁtﬂ e Sgﬂ{%lrégﬂrﬁ' t}?‘ 'EQ' g?]ogg%fthoé’ °3gbeosﬁ’a°éwr°ﬁ Pgieg

In a typi baccaemedateshisneorect timing xanpd ey thelfhtis@ovi®adanitdes 1208 ehetd i Fig,

spaced argund each. di sk surfac this would result in approximtely
16 bits of “HVBPRE HQFBP‘ %&x‘)("’%g?%” 18 FypispIiEcompYten pIOAE DSt ECH)Ns Storkd

about 12- hémdmdr$ 24D DA asﬁgpéﬂéraﬁblpthfeitﬂigg adﬁls{%&it ﬁﬁ'lvegneé’o\r/lgec%?v%tsgrrvo ey
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[ 0041] Anot her enbodi nent of servo sectors with substantially
symmetric servo fields uses a phase-based servo system (also called a
ti m ng-based servo system, whose pattern is shown in Fig. 9. The PES
field 700 includes two symmetric sets 702, 704 of generally sl anted
position marks extending generally radially across nultiple tracks.

I dentical start-of-field (SOF) marks 701, 703 are |ocated on
respective ends of PES field 700 and extend radially across the

tracks. Thesettorsehingenddaise tHeirRfial @bsiBorFmhd b istch . f i
sl ant ed posji t| on mark i ndicates (?Jt he radi al pgSI ?@g{ﬁe%wﬁm&“e&émmms

Thi s type of*OBess the eshmated hendmositemandsvelsaity fiem ceimetort2H6 nadal aulimeihb il

PES field nt type .of PE decodi n
systemis %edéﬁneﬁhgrheﬁ?s] %de\ tlﬁénstzsrvo fé%g tﬁ% ° PE1Y8 %Pg

wel | - known gepsateddfon Itl’ﬁcehltafFﬁg 7,a)e&ig}1)}le&adhﬂs de, ﬂH@E)ﬂﬂH&) \5hn§§a1e?h§éjd is located, i.e.
5, 923, 272 he enbodj ment of Fig fields™”

can be enc ea?'?"ﬁteg tfqn(?ﬁ g] Fa froam F%m}a&i atedl Hﬁéﬁ@r@lémlecarfones 24(hthen uses

sets 702, MécaldNdt&s Atk Y&Gh oded wi
the sets 702, 204 of o) %n‘?e%fmﬁ’ggfﬁ% edkgo%ﬁrc sh| el"ﬁ% ihafeL "E')CP’W for

posi tion n’&FtR%‘loé&ﬁWS@P late relative to ot her posi tion marks in the
pattern, in a manner which does not affect the overall phase

rel ationship between the position marks., An exanple of such encoding
with tim ngf) kg seennd smhedimentgeescr settert may bt enepallg vadulBH direcicl etchid#Plines

patents 5, nce this nethqgd of encoding a CYL
field enbegéﬁ'(’)%ﬁél gﬂﬂfzﬁn?%ogf '?’ §%erm th?tg\% epropdiment, e jerya ppitespsajpidentical on

sector, a frornph@b@krseﬂa:hemg{mwevar eyl caibedit¥ht, AFAIRSI SN HIRSHAS @5
successi ve e;vc].\mrs% gr“a}g &]}Eog%]ﬂ Wil e the present i nventl on has been
particul ar f % WY g CORUEY Systsfis epseingeniereh syrfatee Fopekample,
enbodi rrent&fenhﬁ tWFi 7hig a bRl &y eh0Rd i

vari ous chiasg%gsg in dfo{lma and dre'%1 ai l M”ram%ﬁ) 131%' @m{nﬂ% aldih eg]é% attwe p01‘r|“’d?n

the spirit logadipe2orm (l‘lél"i'&ﬁﬂ@ﬁm@h‘mﬂl&@rdﬂamgf V5 pd (36 pdi- 36 pgsed

i nvention jhodi@ede considered nerely as illustrative and limted in
scope only as specified in the appended clains. d ains: 1.A
magnetic recording disk having a first generally planar surface, a

second geneszv) Wadﬂhtﬁ)ﬂ‘% th%%c{uﬁgﬁerﬁ RRQSLG g?cttor%ml %usgp%li lrf; %S\%g an d

a central axis perp en I cul to Sal surtaces
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
areread in the opposite order, i.e., PES, CYL, SH), 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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a‘plurality of servo sectors on the first surface and formng a
pattern of lines angularly spaced about said axis and extending in a
general |y radial direction, each servo sector conprising a plurality
of discrete blocks of magnetic material arranged in a plurality of
fields including a sector identification (SID) field and a servo
position en-or signal (PES) field angularly spaced fromsaid SID
field; and a plurality of servo sectors on the second surface formng

a pattern idesqilsadothepebRliRéi: E@G@se@ﬁrs&ﬁk%uﬁétd’rﬁlﬁ féj'Hn‘?&ﬁc servo%ield-glalee used,
disk of claiml1l wherein each of the |ines of said Servo pattern

each of sai® SkTiadiss S aldhesarhedmanyoldiis §aheondprie whisk therservn @eldetsw&dms the
I C tered a
of o ai 1 1 A e R4k Bl bk R B0 BRI BBbGuiieon o g e $A
sai d sur f adksseavodidisvanid ﬂmyvenﬁd‘.eahﬂeyncﬁ]txﬁ?agdatbylatrgﬁs 02&%]‘51&@2%%@2&&?&22
I d | es centered at said axis
et s Bt et o
cont i nuous TXBER®S fifldd e ﬁibbtesknaﬁi} drabitc Q&&F@QE&@ 9&#‘%@&9% e PES field

magneti zed bl ocks of said magnetic nateria claim
1 wherein ésleppteskinghs centgmffﬂwsm snebxudreis thee qm'Iuccalle disyritotedae mfentand CYL2

lar d t ter d rd bands, of
nons magnet 3 SpACEe &t Bt e RIS Rele” 3 SohBeE R, 7 & orah fonciaigr B gt
adj acent da¢mait patck srack RfoE@PEINANE 6 cByr ﬁ)rﬁbtﬁihdzohbaﬂE@C) bits @vheH\?p eI, A
~claim1l mhe ein.each of said surfaces_ includes pl ur al

concent ri c?OPYSCHPLRT ValES, Fordhggymmetns foppapEFiges, éhei GYh gl lbwht into two
magnet i zabkfieRk eCl Bdnd CYL2Y. CThe aﬁ!d @‘IYLQE-;}@S; le?carprelv di@;;%%‘l E&élﬁﬁt;&ﬁ SHollthe

i nclude an automatic gain control
i denti fi ca€ilipderfuaber, pingrgys both are needed to obtam 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 radjally across the

tracks. The time from detection of a SOF mark to detection of a slanted position mark indicates

13



8. The disk of claim1l wherein the fields are angularly spaced
generally symetric about the center of the servo sector, the SID
fieldis afirst SIDfield, the first of said angularly spaced fields
is afirst automatic gain control (AGC) field, the second of said
fields is said first sector SID field, the next-to-last of said
fields is a second SID field identical to said first SID field, the

| ast of said fields is a second AGC field identical to said first AGC
fiel d, and thdrediBESsitior biithé GeddetihRe o PHS fitldsd digB@nSREO NG cShnfidial ds.
9. The disk of, claim 1l wherein the discrete blocks in each Servo
sector are qH‘H{jWEEti FedicljiNan kg 3 apdithus 2 dfferers typgof RES flecoding aystomi i hsedh Ehe
are fornmed . } f | i e, di . bl ocks.in
each servo pgaesg tb(%%deslgrgg ?ggeﬁ&é’t“?zdégddg’gﬁé‘%‘%wg{”g% ?%%\{]hd F%ﬂﬁ%glbe@ gorteﬁaemr’lﬁe m
sur f ace on USrRatdmtst heBP, 845,923,278 dnd 5,930,065, An tegmbbdimentat ®igdbnbe divbkields
having a first general l.y..pl anar surface, a second generally planar
surface opplsitee %ﬁémfald%ggmgpwn? ?claggg?fo%?aaéﬂg\?ﬁ?tﬁ ap2, 5%-@1&“13“"313” the

per pendi CulCHTL fieddssoah Be &idbdcaGAEIn tHaGetsl 7EK 76PSMRIah&H Psitich MM &Y ﬁh’iﬁﬁné)f)airs
generally concentric circular data tracks of nmagnetic material on

each of saPtP§iliop HEEs camhes lefatedative toaer Pesitip reask isthapatthryin ageinger which
axis; a pl H(féélnbttéffeglfthf&fe a(ﬁ;ﬁlggetr aﬁoargﬁgibgl%egﬂ ﬁ1§§%os§t%lornf lg"c(l:r s.aelﬁﬁ{aﬁléml oggléc%

pattern of [i1nes angul arly 'space sal d axi's and ext
general | y emddiag with tiedtd-asedpatioss is&bdibedinahd pradssly dra USSR 59261200

b1 ocks bei MG SAPL ARGt <a Teap! SR oY FreRBUORIHly et adatcs fow bit

tracks, saiithihie@dhdsrvbetdid, Hemglat teddiny BBloniplet@OUld5RR EQREELvaE t he
servo sector and including a first fi%l d, apgeecond fi eIoIr |denteivca to

sai d firstSUFFEHY¥E SeERFCHOSer vo position error signal (PES) field
between said first and second identical fields; and a plurality of

servo sect[ﬁﬁ@q}glg; hﬁ srecotnid Sur f ace eI, orm ng a pattern identical to

the patter &fhe presept 1aygnfigp 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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12. The disk of claim1l wherein each of the lines of said servo
pattern on each of said surfaces are generally arcuate lines _
extendi ng between radially inner and outer circles centered at said
axi s. 13. The disk of claim1l wherein each of the |ines of said
servo pattern on each of said surfaces are generally radially
straight Lines extending between radially inner and outer circles
centered &8s d axi s. 14. The di sk of claim 11l wherein each of
sai d discrete blokkmgnetpresedimgdiskhaeihg Qﬂm@kgelﬁraﬁipﬁuﬁ?gnetlc

mat erki al . Hrfade Qc@hdcgen%hﬁ] l]a% WogES: g) > rra?grergl dat a
agaCT?}ea{j?sieggk%Fﬁgc ’fil%\%ﬁé eﬂ%ﬁ g Ip&?l‘}??l}(@?lﬁaﬁ Séaééﬁwa‘ a¢%ent i cal

fields are fi HGOBWEGNSE | dentical sector identifi- cation (SD)
fields, whereir? Ph@h@g&fﬁﬂ@b%gﬁw thedirsissurfackwed fanhingt aut omati c

gain control (AGE pdtierhdfaliteseargadany speked alehe dasieakiscald to said
first AGC field, eapshaieriai & g%?a'e%li 'i“§d1aﬁﬂ?¥e§ﬁ6 @{P efJ$! ds and
said PPS field arg. tg‘ﬂ: ﬁ;hs?l% 1 ﬁb{ glsgge(i g ¢k Ly ds. 17.A
nmagnetic recor d| }%ﬁ C? O% ﬁ%net IC
recor ding di sk h epp ylap al1ty oi ds including
a bec or Jdelmﬁcmon (SID)} field and a servo position
. error signal (PES) field angularly spaced from said SIPD
. ficld; and

a plurality o[ servo sectors on the second surface forming a

pattern identical to the pattern on said first surface.

2. The disk of claim 1 wherein each of the lines of said
servo pattern on each of said surfuces are generally arcuate
lines extending between radially inner and outer circles cen-
tered 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
matertial.

5. The disk of claim 1 wherein each of said surfaces
includes a plurality of concentric circular data tracks of mag-
netizable material and guard bands of non-magnetizable
material centered at said axis, wherein radially adjacent data

! tracks are separated by a guard band.

6. The disk of claim 1 wherein each of said surfaces
includes a plurality of concentric circular data tracks of dis-
crete data islands of magnetizable material.

7. The disk of claim 1 wherein the fields inctude an auto-
matic gain control (AGC) field and a track identification field

(TID).
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ally planar surface, a back generally planar surface opposite the
front disk surface, and a central axis of rotation perpendicular to
said surfaces, the disk com prising a plurality of generally
concentric circular data tracks of magnetic material on each of said
surfaces, the data tracks being centered about said axis; a plurality
of servo sectors on the front surface and formng a pattern of

generally arcuate lines angularly spaced about said
8. The disk of claim 1 wherein the fields are angularly

spaced generally symumetric about the center of the servo
sector, the SID field is a first SID field, the first of said
angularly spaced fields is a first automatic gain control {AGC)
field, the second of said fields is said first sector SID field, the
next-to-last of'said fields is a second SID field identical to said
first SID field, the last of said fields is a second AGC field
identical to said first AGC field, and the PES field is between
said first and second SID fields.

9. The disk of claim 1 wherein the discrete blocks in each
‘ scrvo sector are magnetized generally parailel to the surface
on which they are formed.

10. The disk of claim 1 wherein the discrete blocks in each
servo sector are magnetized generally perpendicular to the
surface on which they are formed.

11. A magnetic recording disk having a first generally
planar surface, a sccond generally planar surface opposite the
first disk surface, and a cenfral axis perpendicular to said
surfaces, the disk comprising:

a plurality of generally concentric circular data tracks of
magnetic material on each of said surfaces, the data
tracks being centered about said axis;

a plurality of servo sectors on the first surface and forming
a patlern 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 dis-
crete 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 including a first field, a second field .
identical to said first field, and a servo position error
signal (PES) field between said first and second identical
fields; and

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

12. The disk of claim 11 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 cen-
tered at said axis.

16



axis and extending in a generally radial direction across said data
tracks between radially inner and outer circles centered at said
each servo sector conprising a plurality of discrete bl ocks of
magnetic naterial, the blocks being arranged in angularly spaced
fields along the data tracks, one of said fields being a position
error signal (PBS) field; and a plurality of servo sectors on the
back surface formng a pattern of lines identical to the pattern of
lines on sai ﬁ flp(?ﬁw%ﬁ'ékf ?P@I’ajmaﬂf bhteill&atn bithe AGLEGTSlne servo
sectors on the Jf 8&[& erh On 8actt of said surfaces are generally radially

straight lines extending between radially inner and outer

circles centered at said axis.

14. The disk of claim 11 wherein each of said discrele
blocks comprise magnetized blocks of said magnetic mate-
rial.

15. The disk of claim 11 wherein radially adjacent data
tracks are separated by guard bands of non-magnetizable

axi s,

material. |
F 16. The disk of claim 11 wherein said first and second

identical fields are first and second identical sector identifi- -
cation (SID) fields, wherein the angularly spaced fields
inchude a first automatic gain control (AGC) field and a sec-
ond AGC field identical (0 said first AGC field, and wherein
said first and second SID fields and said PI7S field are between
said first and second AGC fields.

17. A magnetic recording disk drive comprising:

a rotatable magnetic recording disk having a front gener-
ally planar surface, a back generally planar surface
opposite the front disk surface, and a central axis of
rotation perpendicular to said surfaces, the disk com-
prising a plurality of generally concentric circular data
tracks of magnetic material on each of said surfaces, the
data tracks being centered about said axis; a pluralit-y of
servo sectors on the front surface and forming a pattern
of generally arcuate lines angularly spaced about said
axis and extending in a generally radial direction across
said data tracks between radially inner and outer circles
centered at said axis, 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 a plurality of servo sectors on the
back surface forming a pattern of lines identical to the
patter of lines on said front surface;
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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 nmaintain* the heads on the data tracks; a
servo control system coupled to the heads and the actuator, the servo
control systemincluding a processor for allow ng detection of the
PES fields during a specified tinme w ndow and for generating an

by e heads; and renpRsed dERens toSe P EE S Pothe BN ng &

program of instruct ife#f5" r eadabl e by the processor, the program of

i nstructions undert sscond hdvel et Wetecis tlse senvpriesiony casthenb@lhg t he
radi al position of tfigfabgads, calculating a tinme adjustnment fromthe
est| m;t ﬁd 305' thoﬁg.‘)ﬁ'&i’lai@}eﬁﬁ{&t&ﬁ%fﬂl | R for ﬁﬁbﬁﬂlgbmesald dt_
secon ead, and adj ust! the i _ e i me
adj ust ment. 18. A ﬁﬂ‘ai \nogd 'Eﬁlﬁtﬁ%wﬂg \‘l'vla‘?] ?‘iﬁgg%*olﬂ%%ﬁ@{’ ?\lg‘{igga

rot at abl e magnetic Pédh?&jﬁﬁ'btfﬁ?]é% having a front generally planar
surface, a back garsera bgnipbhbsysternwotiptssl wgbedieads amd thg ¥ipadi sk
surface, and a cent f@ tlxervof camtaltsystemeénglediig alpmoctssos b
surfaces, the disk gﬁagﬁfr;g'de&cﬁoﬁ'csfﬁak:!msq?cme@@ﬁﬁ&rlaysﬁ@tﬁ@htrl c

[ I data t k t : ' f :
e data Urac b Rt PR g e bt 20,
e ly

clibel oty
sectors on the fronPhdki} FEROISAJOs g‘ﬂﬁ?ﬂ@“@%@?t%ﬁﬁp %“Idg
radial |y straight |hpaeds;angul arly spaced about said axis and
extending in a genanabiy coaplcd todilreeprodeksor @t osntaseing aiprer tr acks
bet ween radi al |y i nggimamdn@wi@iom realgledsnthergdcassofahe paxd s, each
servo sector conpri §l—zﬁﬁ.oﬁbiﬁ§ﬁlﬁ@ﬁ6ﬁ%ﬂéeﬂk§ﬁ$ fienfekinsk acRicomgnet i
material, the bl ockS .bei ng_ ﬁrr%n%e in ﬁ_ngl; r{e{ spasgd 1fd-gkds al ong
the data tracks, onBU3FEsSFEH RIS D hY gp%éé i On "er r.or &1 gnal
(PES) field: and a pighlatinga sineagdinstiyent Bpal B eiEngEdi Pt f ace
formng a pattern ofiohiamdy wlhtenthecREStfwldharedateeted byrsaid §6¢- on sai d
front surface; ond head, and adjusting the time window using the cal-
culated time adjustment.
18. A magnetic recording disk drive comprising:
a rotatable magnetic recording disk having a front gener-
ally planar surface, a back generally planar surface
opposite the front disk surface, and a central axis of
rotation perpendicular to said surfaces, the disk com-
prising a plurality of generally concentric circular data
tracks of magnetic material on each of said surfaces, the
data tracks being centered about said axis; a plurality of
servo sectors on the front surface and forming a pattern
of generally radially straight lines angularly spaced
about said axis and extending in a generally radial direc-
tion across said data tracks between radially inner and
outer circles centered at said axis, 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 a plurality of servo
sectors on the back surface forming a pattern of lines
identical to the pattern of lines on said front surface;
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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 systemcoupled to the heads and the actuator, the servo
control systemincluding a processor for allow ng detection of the
PES fields during a specified tinme w ndow and for generating an

[ | 1.0 ' PES field
actuatorr contrpk si;ang fh%ﬂ%égﬁéﬁqﬁég?‘ﬁ@ &%Ecﬁ%tdnoﬂ'le%%ﬁthﬁlr- el as

by the heads; and. nmenory processor and containing a
program of instruétfons readabl e by the processor, the program of
i nstructions uriieeeaund hepd Heat materds the serveotsies iy thasbadat i ng the
radi al position ofirfdee; heads, calculating a tine adjustnment fromthe
estimated posi tipacHAedsr tbenddes] ftbethdshead® flat pesditiening sigd d first
head and when {NgRESd aftkdanfiAa HERE AT inBahdeSRE gbdghead, and
adj usting the t'%ﬁ1&k?ﬂ3¥%ﬂéﬁ£g the cal cul ated ti adj ust ment .
a servo control system coupled to the heads and the actua-
tor, the servo control system including a processor for
allowing detection of the PES fields during a specified
' time window and for generating an attuator control sig-
nal in response to detection of the PES fields by the
heads; and -
memory coupled to the processor and containing a pro-
gram of mstructions readable by the processor, the pro-
gram of instructions undertaking the method acts com-
prising estimating the radial position of the heads,
calculating a {ime adjustment from the estimated posi-
tion when the PES fields are detected by said first head
and when the PES fields are detected by said second
head, and adjusting the time window using the calcu-
lated time adjustment.
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