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| NVENTI ON METHOD AND APPARATUS FOR HEAD POSI TI ONI NG CONTROL | VE
BACKGROUND OF THE I NVENTI ON 5 The present invention relates mWﬂgmﬂm@ﬂwmm a
disk drive and, in particular, to a head positioning control

including a position correction relating to an offset between a "&% head
and a wite head. 10 Cenerally, in a disk drive represented | sk
drive, a conposite type head unit is used in which a read he@mmBMEﬂ%mmmw
head are separately nounted on the sane slider. The read hea ed
of , usually, an MR 15 (nmagnetoresistive) elenment or GVR (giant na®emet oresis
tive) element and perforns a readropepatirgr (detaTread operation). The
wite head is usually conprised of an inductive thin-film head el enent and
performs a wi IMETHED ANDMAEPRRATUS | FEROREABt PORITIBNINDESENNRAAS IR €
usually nmounted on a rotary (rotation) type actuator. The actuator is
rotationally drAvigisK DRIVERdi al direction over a di sk nmediumby a driving
force of a voice coil motor (VCM to allow the head to be positioned to a
target 25 position (target trEeIKGROUND g8t WA i HE&ENTIGMere the head is
positioned over the disk nediumby the rotary type actuator, since the read
head and® - 2 witB fcRBcarRtsépupRtéan rRépEePsIangaplégatirng Edsk) in

t he peripheral direction apd, further, an offset qccurs between the read
head and the witE heddut? tR2Theflars i bPeft PPadi BPSp3PELBAS over the

disk nmedium 5 Stated inh npre detail, when, at a,data read operation tine,
tLe readlﬁead i%?ikﬁﬁ%:Eﬁﬁ%P?%V%tf%%l?%l%gdﬁt80565??P0ﬁoff?ﬁgkoﬁo;itioh) to

whi ch recording,_J he ite head, It _is necessary to effect a
posi tion correg?%%%@%% rgép%%d?ﬁgs?g ?%gw%??sﬁtFeig ﬁﬁaahénﬁrﬁowréﬁF
techni que, a pgsifihoning systemis proposed in which, by applying a
cal cul ated offset anmobunt, the read head is set to a data position for

trackingover a di skgagdiam (seenENGPAE APPLN KOKAL BHBLLCATI ONKNQ 4
2001-134905). 15 In the disk drive, on the other hand, it is known that,

where any exterdidkidpoeé, i & appbbedtdutiypg RBaQPEAALI @B QEednyndi sk nedi um

is incorporated in which servo data is recorded by an external servo track

witer, a disk whhoutaoreadshéadsyndhwohtsnmeatihatbes2paratatiyon of a

spindle motor (SPM for spinning the disk medium If such di sk runout

occurs, the posicunped aocuhacyains bbideed when the head position control

is perforned and in order to deal with this probleman 25 inproved

techni que is disclos€de feprdekaapl és FaANPPNsSPATOAPPLNUKOXAX, PRUBMRCATI ON NO.

11-126444.
15 (magnetoresistive) element or GMR (giant magnetoresis-

tive) element and performs a read operation (data read

operation). The write head is usually comprised of an
inductive thin-film head element and performs a write
operation (data write operation).

20 These heads are usually mounted on a rotary
(rotation) type actuator. The actuator is
rotationally driven in a radial direction over a disk
medium by a driving force of a voice coil motor (VCM)
to allow the head to be positioned to a target

25 position (target track or target cylinder).

Where the head is positioned over the disk medium

by the rotary type actuator, since the read head and



‘I'n the disk drive head positioning control set - 3 out above as the
prior art technique, consideration is given to the offset between the read
head and the wite head and an i nproved systemis proposed for inproving
the positional accuracy relating to the disk 5 runout. Wth respect to the
head positioning control system capable of coping with any variation in

of fset resulting fromthe di sk runout, however, no proposal has been
disclosed in the prior art technique. 10 Therefore, if any disk runout
occurs, it is not possible to, in the head positioning control by the
conventional offset correction, set the head to a target position for
proper tracki ngyoité hee gl skraegdeparadbls fR¥rpr s€at gapl anared gpqsidyd)onal
15 accuracy problem BRI EF SUMMARY OF THE | NVENTI ON I'n accordance with one
enbodi nent of tie pheseatiphweali dbrébeteni sngyovudedea, dask odFisee
including facilities to achieve a head positioning capable of 20 properly
copi ng with anysauratherween offisetea@sbéadngnfir bheawdisk headutiuel moan
aspect of the present enbodinment, a disk drive conprises an actuator
configured to Hdweln dkffererbdridiaivposhgidasacvaratieskiswdnemiand a
read head 25 for reading out the data fromthe di sk medium a cal cul ating
unit configured to C%F%E?QténamPF?s?ebééﬂtiBﬁeéif§§taaﬁ§@ﬁtr@@ﬁresponding
to a di spl acenent the wite head and the read head on the

-. 4 betwee .
di sk nmedi um and®RC53LEMY *pHg‘Ftig%eof?%‘éth% unt BBPLELPTRE rRéctivst
Confi gur ed o 5 Her1O1 i poc tOREnG-EBREr 811 Rer Ul iy 4-p60i EFGH-CoPPect

configured to 5 perform pos oni ng con Pect i on

operation accorgding,40 %gg%ﬁgcgpgtgo§é£&onigfEge&egggﬁgggﬁgg gggg%koning

the read head or wite fo a fargef position on rum BRI EF

DESCRI PTI ON CF:é*ﬁ%éi%@%%“cé@ﬁ@%%EEhTEEEEE@%%B@H%g EBetEBCBEE?%§R”9

drawi ngs, which are incorporated in and constituté a part o

speci ficagion, irh!tﬁérﬁiﬁgﬁﬂiﬂﬁﬁﬁﬂgéﬁﬁi%ﬁeth§ bpyept balngangstagether with
t he general description given above an the detailed deScription of the

embodi ments gi yeropeseay, 1A5wBeENE b9 &¥PLaiAgt Becprtnckplas ek sthe
invention. FIG 1 is a block diagramshowng a major section of a disk

drive rel ati ng d4mowamt enbloei neadd béadhkspsesend andedhi pBsiklion Zoirs a vi ew
for explaining a structure of 20 a head relating to the present enbodi nent;
FIG 3 is a viewidokiegpbaeni agdaskkeedanygl éséa dPRe8ATpASPLNOKOHGI
operation relati@$¥to the present enbodinent; FIG 4 is a view for

expl ai ning a r T@EFEPABEOHQeeh0fhel 34800 angl e and an offset in the head
positioq{ g operation reﬁating to the present enbodinent; ., - 6 The
actuat or'30 i s conpriB8ebl8fdaSkadrngear it P8 ehPPraganfechiniismagapted to
be driven by a rivinghforce of a voin coil potor (VCM 9 in_ a radial
that, ere any external impact 1s applied during an
operation or any disk medium is incorporated in which
servo data is recorded by an external servo track
writer, a disk runout occurs in synchronism with the
20 rotation of a spindle motor (SPM) for spinning the
disk medium.
If such disk runout occurs, the positional
accuracy is lowered when the head position control is
performed and in order to deal with this problem an
25 improved technique is disclosed, for example, in JPN

PAT APPLN KOKAI PUBLICATION NO. 11-126444.

In the disk drive head positioning control set



-direction of the disk nedium1 to allow the head 3 5 which is nounted
thereon to be positioned to a target position (target track or target
cylinder) on the disk nmedium 1. The disk drive has a built-in head
positioning control system (servo system) with a m croprocessor 10 (CPU) 6
as a main elenent. The systemincludes a head anplifier 4 adapted to
anplify a read signal which is output fromthe read head in the head unit

3, a servo data detection circuit 5, a menmpry-7 for allow ng access to be
gai ned by the CPU 6 thereto, and a VCM 15 driver 8. The servo data
detection circuit 5 detects servo data fromthe read signal output fromthe
head anplifier duangoouépabstht ppibbeatPUtBenhlguser vendata detiest i on
circuit 5is usually included in 20 a read/wite channel for processing the
read signal andiswgieesi gpatheHefesethpesaewa datariesdheaddpasid icoR
detection data recorded on the disk nedium1 and includes address data
(track or cyli mdeiteodeddaaddsenvompuostd25ydata. ishercBdsedde€oirdes a
position of the head 3 over the disk nedium1 with the use of the servo
data. The CPU 6ipheybohg the nosidipuvel 8cbasedyomeflaéing td theoslitsikon
error between the position of the head 3 and the target position (track or
cylinder %as an &ée@45- target) and perforns the head positioning control.
The VCM driver 8 includes a D/A converter for 5 supplying a drive current
to the VCM 9. The rofathoR€8PEGE 5P the AeeGaPesitdorsnomorditodd by t he

VCM dr i 8. T 7 i i sed of fl ash y f t

paramet or & {or S EONar ARG GF 1 Seb L Biotn "107 oPAFLFEIPD She SHRPEE
iti t Lpd d ffset t

Corr espondi ng Lo S o Sy Eraic e areant: TAEoRPU B8BrPlr netBiRereran

ti t g i i.t.h t.h ; ffset t
correction (targes pashtyon:goLEECthoBheWbERGENE IS Rl M f Set amDun

read fromthe nenory 7. 15 (Structure o Uni t) ‘unit 3 is of

such a SHIUCtUr@héh@foﬁePOﬂP0§h%edb@ﬁdrﬁhgﬂgnEcéérE§ mpunted on a slider 30
as shown in FIG 2. The conposite head el ement 31 includes a (gi ant

nagnetoresistiV@@sgibn@nto321BOtﬁ@npéhaego@Rt&Bﬁihga@ohgéglaa an inductive
thin-filmhead el enent conprised of a wite head 35. Hereinaffer, the GWR

el ement is descthéedomasentieadl hefflsd8®. cThecteadnheadt32hies hegpatat ed from
the wite head 35 by a | ower shield 33 and upper shield 34. 25 The wite
head 35 has a wtitargap B8sfviogefieraproger tracking on the disk

medium. This may present a lowered positional

15 accuracy problem.
BRIEF SUMMARY OF THE INVENTION

In accordance with one embodiment of the present
invention there is provided a disk drive including
facilities to achieve a head positioning capable of

20 properly coping with any variation in offset resulting
from a disk runout.

In an aspect of the present embodiment, a disk
drive comprises an actuator configured to have a write
head for writing data on a disk medium and a read head

25 for reading out the data from the disk medium; a
calculating unit configured to calculate a first

position offset amount corresponding to a displacement



.a magnetic field between a | ower magnetic pole 36 and an upper nagnetic
pole 37. The read head 32 is g _ conprised of a head for performng a
read operation (data read operation) and the wite head 35 is conprised of
a head for performng a wite operation (data wite operation). 5 Here,
when the head unit 3 is positioned over the disk nedium11, a gap spacing
Gwis present, between the read head 32 and the wite head 35, in a

peri pheral direction of the disk medium1l.4(Efset at Head Positioning
Qperation) 10 Wth reference to FIGS. 3 and 4, an explanation wll be nade
bel ow about the offset when the head unit 3 of the present enbodinent is
positioned to aéaigeh PRSI ik 0BcORehBeadiSknBRdLHM heaBObnt B diggkdri ve of
t he present enbodinent, 15 as shown in FIG 1, a rotary type actuator 10 is
used as a head mesitmoandganmeebandsposeont bE fheadaposinti evirkec@paiati on
i s executed by the actuator 10, as shown in FIG 9, a slant called as a
skew angl e (angtlee 8fivstupssiThenskéfisahghro(i8r beperdsent s AQs&n angl e
between a line connecting the rotation center (pivot) of the actuator 10
and the head cehgReutoamonethapdd andoatrahgentt| cpefobuaed toul ar track
arc, on the other hand. The skew angle is determ ned by the position of 25
the head unit FeFbeati BASERAPRENBoSPREBRLOENERBISPI 2 BARG1d0AL i on center
position of the actuator 10. That is, the skew angle varies dependi ng upon
the - 9 track°pbeFtion PRGFARUBE PESPEFSRY HKRetBSaSRELBPOS L te
operation is pe r ned h LS, dependent up the radi al, position on the
di sk medi um 1. ééggﬁgm%méﬁgﬁlagd4?o gﬁOPHEgsgB% 5ﬁ89eg88gup§,w§l § of f set
(OF) is produc he . of f r nding._t itional displacenent

bet ween t he ceﬁ?%?alﬁﬁegoﬁgéggg §§§§E9§bog§hgp§ gg%k bgg%3@0rded by the

wite head 35 andiifie mestefpPos deimgl Seimek whaie dalauksprepigduced

by a read head 32. \Wen, therefore, the 10 skew angle is zero as shown in

FIG 3, 20 coinci denceneceuesmpahyens tRawseaker wBQSh! @R WheIS Jhe ted
recording is made by the wite head 35 and the center position where the

reproduction isimagedbyohbheitead hepdr820fWehb 8pkrdif¢abi-agnt he skew angl e
and Gw 15 indicating the gap spaci ng between the read head 32 and the

wite head 35, thtustfsbe ambodiméftssofetkeninednhyohheahadl lovwiengeequati on
(1) OF=GwXsin( B) ... (1) According to the present invention, in the

20 nanufacturin@lbhotégsgéﬂerhé deskripkyen pavanesbeye and the
detailed description of the embodiments given below,
15 serve to explain the principles of the invention.
FIG. 1 is a block diagram showing a major section
of a disk drive relating to an embodiment of the
present invention;
FIG. 2 is a view for explaining a structure of
20 a head relating to the present embodiment;
FIG. 3 is a view for explaining a skew angle in
a head positioning operation relating to the present
embodiment;
FIG. 4 is a view for explaining a relation
25 between the skew angle and an offset in the head
positioning operation relating to the present

embodiment;



for calculating the offset anobunt OF are stored in the nenory 7. Here, the
of fset anbunt OF has no relation to any influence given by a

| at er - descri bed di sk runout and is cal culated for each track position 25
(cylinder nunber) on the disk nmedium 1. Here, for sinplicity, the offset
anount OF is indicated by an of fset amount OFa (first position offset
anount) . - 10 Where there is no influence fromthe disk runout, the CPU
6 in the system positions corresponding-te 5 operation (wite OFa as zero.
At operation) time, position operati head position determ ning control the
wite head 35 to a track a target position, at a data wite operation),
with the offset anmbupica Sata &sealowpraati @ar(égpda&h@n?w Boperfionms a
read head on. At this time, the CPU 6 calcul ates the offset 10 amount OFa
correspondi ng taotegetoposidcons and peréadnspetathenr edneheadadZngappl i es
a read head 32 can be set to where data is recorded. 15 (Head Positioning
Qper ati on) cyl itrierhewwpbesens embd@ipestti on correction an offset). By
doing so, an "on track” position Wth reference to FIGS. 5 to 7, an

expl anation will be §f@enbbesow Gbevchahe Readeppspinéndng opedatioon of the
present enbodi nent whi|e considering an influence froma di sk runout

i nvol ved.> 20 THEPTEMDYIPT PFOEPRS dRska dY Fvee sPBrE3LAOPaF anet R 1AGANT
calculating an offset anount OFa (first position offset anmount) for each
track position (9iStT iUTIHed FPIN TR EyI #Rder nunber) on the di sk medi um
1. As this paraneter he, i nf or Lon_representing the 25 skew.angle 8 and
gap spacing Gw of t %éfegd}aw?Pgiﬁgagof3§¥p§§fn%ggsFoP589%+ﬁglparaneter

al so i nel udes IotangRl | o0 Tokp €21 (UhQ! ARGoEREEREY-A0OL SR aibbed - 11

in nore detail, it 1ncludes a distan romthe rotation center position

of the SPM 2 tordher1®f atd obh&eptscROSELDOAI LRhYOt) of the actuator 10, a
distance g fromthe wite gap position of the wite head 35, 5 and so on.

Wth refierence to a fl owHILEY OHGRIEONEX anat | onvewttope made bel ow
about the head positioning operation at a tinme of the read operation. Upon
recei pt of a read commandmbodimanhost sist pres@ntnahvehawoh, wihe GRU 6 sets
the read head 32 to a target position TP as a target track where a read
target data i s ¢xebrieddshepo®lyitiheeOPebceontr bhs tihewdnigvi ng of the
actuator 10 and, after performng a seek operation to nove the 15 head to
t he nei ghborhood of FRe-tar§ét apbsPEKoAiFPraghsheyinge anedEnts ecs iom
"on-track" positioning operation relative to a track position as a target
position TP. AtCYh#sdhdki Erbhengeoperadi bA ENRePrEABNEPEMBORERER NS a
positioggforrec%iggrén.accordanc 20 with,the offset. The CPU 6 galculates
the of f anou Whi ThV+EY neREsERPY2 LB Ph8 PbEPEFERScBEr 8B by a

| at er descri bed tion (3) with .the use of thg parameter stored in the
menory 7(step §§?£€|¥h}%ﬁt%sb%5%%té% PR sk §rP§te

(Structure of Disk Drive)

The disk drive has, as shown in FIG. 1, a disk

medium 1, a spindle motor (SPM) 2 for spinning the
20 disk medium 1, and a rotary type actuator 10 with
‘a head unit 3 mounted thereon.

The disk medium 1 is comprised of a magnetic
recording medium for allowing data to be magnetically
recorded thereon by a write head in the head unit 3.

25 The head unit 3 is a composite type having a read head
and write head separately mounted on the same slider

as will be set out below with reference to FIG. 2.



25 that, if the offset amobunt OFa is initially stored in the nenory 72, the
CPU 6 may read out and obtain the offset anmount OFa corresponding to the

t ar get - 12 position. Here, where any disk runout occurs in the disk
drive due to, for exanple, an external shock, the CPU 6 perforns correction
processing on the offset amount 5 based on an influence resulting fromthe
runout (steps S3, S4). Hereinbel ow, an explanation will be made in nore
detail about the processing above. First, @ hee CPU 6 neasures a di sk runout
amount, for exanple, at a time of starting the disk drive (For 10 exanpl e,

t he nethod di scl osed in the above-nentioned patent document 2 is used).

Here, where there isThe® gtskatonold,isa eonpeispanding skewngngke 6ypean be
found by the cosine theoremfromthe follow ng equation (2). That Is, 15 8
z = ACCS ( (b2 camg2iag)mdcl{inde adapted ©0 be-~df2yeMhieyeaAddénmodhgs an
angle and b denotes a radial position on the disk nmedium1l. \Were, on the
ot her hand, anytquuss tebrmal Vel epl eeehenetor f (OEt h® iragkredhaér is present
due to 20 a disk runout, a correspondi ng skew angl e 8e can be found by the
above equatlon‘%€Be%ﬁ%?P[Qﬁ-t%ﬁ+dbﬁkgﬁ hunFE oRP t Akl aBobee eBadi én (1) an
of fset anmount O a relative to e skew angle 8z given ahove can 25

expressed by trﬂp¥Qﬂl%ﬁmmﬁf%a tFQﬁF E& gﬁtlgPﬂ (t8 Q)targeE3) From
this equation ( set ati,ve to t ew angl e
6. gi ven above Rt DT oLTE B t%a%wsmf%@g%auaﬂaﬂd%a S EegiR o

8e .,. (4 Bas fhe equations (3) and (4), the CPU 6 5 calculates t he
fol |l ow ng equatlonI%E) and obtains an offset correction anmount OFc

corresponding to thepglsk; sUnQptvEMYQLVEd, OFE-TnOhBag HF58itioning

control system (servo system) with a microprocessor

10 (CPU) 6 as a main element. The system includes a head
amplifier 4 adapted to amplify a read signal which is
output from the read head in the head unit 3, a servo
data detection circuit 5, a memory 7 for allowing
access to be gained by the CPU 6 thereto, and a VCM

15 driver 8. |

The servo data detection circuit 5 detects servo
data from the read signal output from the head
amplifier 4 and outputs it to the CPU 6. The servo
data detection circuit 5 is usually included in

20 a read/write channel for processing the read signal
and write signal.

Here, the servo data is head position detection
data recorded on the disk medium 1 and includes
address data (track or cylinder code) and ser%o burst

25 data. The CPU 6 decides a position of the head 3 over
the disk medium 1 with the use of the servo data.

The CPU 6 controls the VCM driver 8 based on the



... ((5) The CPU 6 allows the cal cul ated offset correction 10 anmount OFc
to be stored in the nenory 7, for exanple, in a formcorresponding to each
segnent zone and each servo sector on the disk nediuml. FIG 7 shows
detail ed exanples of the offset correction anmount OFc cal cul ated at
respective sectors 15 corresponding to inner, internediate and outer

peri pheral zones 700, 710 and 720. In FIG 7, the disk runout tine is set
to be 20 um It is found that, even if-the disk runout is the sane, the

of fset correction anount varies according to the respective 20 zones at the
radi al positions of the disk nedium11l. It is to be noted that the CPU 6
cal cul ates the @fdisetort o F et | 9 wedWNEhORSo s Dt I €3l bF Mehat n@ahesddand
positioning tine without calculating it at a drive starting tine and
allowing it todiee stfgsk igbdhei A5 @y dr dheikdbl6a8bkai A8caBsoOf f set
correction anount OFc fromthe nmenory 7-step S3. That is, when a target

14 position i s£argst)lt hendCRue B @bntai tise fieadn phei veoniyg 7coanrolf set
correction anount OFc corresponding to a servo sector follow ng a servo
sector for readitgy G dheveer¥olmaludes oz dDéheconngrtae fosition of the
head. 5 The CPU 6 adds the offset correction anmount OFc corresponding to
the di sk % unoutSYRPI NN Hf3 <BE i v r o B Bhei YU %osiTh@nr@Eﬁ§éPnanDunt
and cal cul ates secon osition offs amount OFd-step S4, Thus, the CPU 6
adds the secon&%&ﬁﬁt? rﬁhﬁf%ﬁﬁuﬁkpﬁnﬁénisC?%nFBOfﬁ%thYgEberQMtion TP and
sets a result E§Ef%é¥w%tafget position TP and, by doing so, perforns a
position correctiionof the read head 32-step S5. By the above-nentioned
positioning operati Bt 1 ssi bl e Ll h d 3 o the
target 15 position g?h%h%éﬁ%g ng%a?éﬁﬁp??%%.8Fn5t§}éggaggﬁgg e%Pgrget

posi tion is notsingd onendidryaFd £ScAependt NGqURANC RS Hi SKofHROUL

anount. Wth the use of the offset correction anbunt OFc, the CPU 6 finds
the secand positéd it Dfd sed La}ﬁ@utﬂércggﬁl_%@Kif‘goﬁh@tQEéKtZQréHROBE into
consideration. It is, therefore, possible to set the read head 32 to the
target positioncdeget ragkimgeon dhe gh sk redt usholihtf eblkewspbhati ngheoCPU 6
sets the disk to the target position each tine the servo data is detected
fromthe servo sed¢iok.rdhabt 2&mosnti n The PPUOE petformsr aspopseiba the
read conmand, the setting of the target position is made only once while,
inthe present ewboeithent, (thegetirgesiposit conrectisgh) wstbothectied each
time the servo data is detected fromthe respective servo sector. Next, a
practical exanpP® Wi¢|obEsekpimpwet bepdwiramcbhpe®emeayw/ th an i nfluence
given by the offset 5 anmpunt resulting)fron1the di sk runout. Between the

i nner diahet er 6FL¥ReCUrSKOhedeadh Yni

The head unit 3 is of such a structure that

a composite head element 31 is mounted on a slider 30
as shown in FIG. 2. The composite head element 31
includes a GMR (giant magnetoresistive) element 32

20 comprised of the read head and an inductive thin-film
head element comprised of a write head 35. Herein-
after, the GMR element is described as a read head 32.

The read head 32 is separated from the write

head 35 by a lower shield 33 and upper shield 34.

25 The write head 35 has a write gap 38 for generating
a magnetic field between a lower magnetic pole 36 and

an upper magnetic pole 37. The read head 32 is



+and the outer dianeter of a hub of the SPM2 a difference of about 25 umis
provi ded as a design center value, taking into consideration the easiness
10 with which the disk nediuml1 is fitted over the hub. Even if a "servo
wite" operation is made with the disk center set in alignment with the
rotation center of the SPM a disk runout of 12.5 umoccurs, taking into
consideration.the case where the disk nmedium1l is 15 contacted with the hub
due to an inpact, etc. There may occur -a @ sk-runout of 40 um under the
wor st condition, taking into consideration the tol erance of the inner

di anmeter of the disk medium 1l and outer dianeter of the SPM 2 and
center-to-cent omdrMB&dld gruremndad Hes £, p@sf AR BFaaPLeadcopsderahi on Wi | |
be given to the case where there occurs a disk runout of 17.5 um In a disk
medi um 1 of, fordepcangdad Gpdratnches,ad the drstanseabeBdeen the head 3
and the pivot of the actuator 10 is about 33 mMm G ven that a positiona

di spl acenent ofc@fpuisatcf sa asead diek penbdotping a-wibtecopeespdndi ng
angl e becones [A TAN (35 uni 33 nnl 0. 060768228 degree] in the vicinity of a
skew angl e of O(daty tfrbtgaprepRiei®y) gi ven as a 7 um the of fset anount
becones [7 um ~ sin é0.060768228% - 7.42 nm. 5 Here, it is considered that
with theXrack densi®§ren YhendrklR Aeadudnitgivés BYSabéanedoQVRYPI, the

track pitch isfég7ﬁ$n1and he reproduction track width of the read head 32
becones about Gt Th 1975 Rake 7t97RI FOAS I PAaF Vst AcBTEABTE! f set anpunt

10 caused by the di sk runoug | 7.42 it, becones pver % greater than
t he reproducti&?%%%ﬁﬁ:é@%tﬂ?aih%%a$t3?21%§t%Hﬁtgﬁgfﬁa ?apf%gheQBffset
amount caused . ol u j of cC egt ed, erformance of the
read operationq%yééﬁﬁéﬁégﬁgrégkg%$§?£ %gg?g eé?SQSm%gﬁFgeﬁCperatiop) FIG 6
is a flowchart {®ofrsxplp Niogqaphepd; POSHYI OpLPGLORRFation at a wite

operation. Even at a wite operation tine, as in the case of the read

operatiam an of fsetyappuperOrents teundcB0 vhihe gonahd@&ﬁnan&mibafluence
caused by the disk runout and the position correction of the wite head 35

is perfornmed. Thallilse mpdd HETewpibohitathei befseamridnf eam hbhadhast tsyst em
not shown, the CPU 6 sets the wite 25 head 35 to a target position TP of a
target track as3aofwthe-pnesangeefisdepm&it) isl posheivnetietopear atirget t he
target position TP becones a target track
position on the disk medium 1.
For the disk drive of the present embodiment,
15 as shown in FIG. 1, a rotary type actuatorllo is used
as a head positioning mechanism. When the head
positioning operation is executed by the actuator 10,
as shown in FIG. 4, a slant called as a skew angle
(angle 0) occurs. The skew angle (0) represents
20 an angle between a line connecting the rotation center
(pivot) of the actuator 10 and the head center, on one
hand, and a tangent line of a circular traék arc, on
the other hand.
The skew angle is determined by the position of
25 the head unit 3,.rotation center position of the SBPM 2

and rotation center position of the actuator 10.

That is, the skew angle varies depending upon the



.- 17 (cylinder) position calculated froma target |ogical block address
(LBA). In the sane way as set out above, the CPU 6 controls the driving of
the actuator 10 and, after 5 perform ng a seek operation to nove the head
to the nei ghborhood of the target position TP, shifts the novenent to a
"on-track" positioning novenent (tracking novenment) to a track position as
the target position TP. At this positioning novenent tinme, 10 as set out
above, the CPU 6 perforns a position coerrecti-on corresponding to the
offset. That is, the CPU 6 cal cul ates the of fset ambunt OFa necessary to
the position correction(step S12). And the CPU 6 obtains an of fset

correction am%a&%é@iéf&m&é‘;@li@d@fch?£§’£§c9nﬁlv3])1ergh§nré36 &PU 6 adds

the offset correction anount c corresponding to the disk offset to the

of fset amount GFayefta dpdsdt POSiis ofe OfdBREd ANBNAL 880 gabenHahes a second
position offset anmount OFd(step S14). 20 The CPU 6 oerforns the position

correction of thowilie twdithBSdstepoiBlo) tblye aditls kgmédeusetond position
of fset anbunt OFd to the target position TP and setting a result as a new
target position TP. As shown, iacEbEdi g vbhenhehdi skeneabgyecapparasus 25 of
t he present enbodinent, it is possible to achieve a head positioning

oper ati o capatde VFfdpy(P w e PEOGaEeAL | BRe 0P L ARCBf FSEFCERABEHNBY t he
di sk runout. - 18 Additional advantages and nodifications will readily
occur to those &ki? IR ehel aftSPihetBERE Pt RSN nVRAL FBALPR LL8%br oader

aspects is not limted to the ecific details and representative,

engodinents 5 §ﬁ%&%3%%dtﬁ%%%r}@@dw%%¥%i%@técﬁﬁrﬁ?ﬂaFgngQYigﬁ? write
dificati d it hout d ting,f th irit f th

Coner o i nvont | TR Lo antd sEh Tt meSP RE b 1 o ok caq= EPakntinBRa FReR O

equi val ents. isJfég%gﬁ%éééggkf%?%gaggﬁe%d @2@!Sﬁhgﬁivgh89gE5E§in hedl

actuator configured ve or witing data on a di sk medi um

and a reafd headsfol smEeading . opb sbesdala {roprghesdi skopRdibyAtnade
calculating unit configured to calculate a first position offset anount

correspondi ng tecauds Spéagesenthbetegeart pesiktibe hradeavdet Recbeadnhead on
the di sk nmedium and a second position offset anmount 10 correcting the first
position of fsetianmadé basedeownrhatdi skaduBbuandf thbecdhskrnmpdistinion
where ﬁhe reproduction is made by the read head 32.
With 6 indicating the skew angle and Grw
15 indicating the gap spacing between the read head 32
and the write head 35, the offset amount OF is
determined by the following equation (1)
OF = Grw X sin (8) e (1)
According to the present invention, in the
20 manufacturing process of the disk drive, parameters
for calculating the offset amount OF are stored in the
memory 7. Here, the offset amount OF has no relation
to any influence given by a later-described disk
runout and is calculated for each track position
25 (cylinder number) on the disk medium 1. Here, for

simplicity, the offset amount OF is indicated by an

offset amount OFa (first position offset amount).



.-and a control unit configured to perform positioning control including a
position correction operation 15 according to the second position offset
anount and positioning the read head or wite head to a target position on
the disk medium 2. A disk drive according to claim1l, further conprising a
menory for storing a paraneter for 20 calculating the first position offset
anount and wherein the calculating unit calculates the first position

of fset anpbunt by use of the paraneter reatoout fromthe nenmory. 3. A disk
drive according to claim1, further 25 conprising a unit configured to
measure the di sk runout anmount of the di sk medium and cal cul ate the offset

correction amount bagesron:idee NBasks edndi Sknce- £20m tHBOWE sanM@uRbuand to
store the offset correction anmobunt in a nmenory. 4. A disk drive according

to claiml, whetted ICRhes ciat ctitathegd und s ichbsulatesmihéngi cshtpodition 5

of fset anmpbunt and obtains an offset correction anmount based on the disk
runout anount aysten diekinechsntaadvcateuhatds3bheosacondcposition of fset
anount by use of the first position offset amount and the offset correction
amount read outCIrRRRRORAWRGOFY attaheetioppodstitoni A eodaksl wrike. 5. A

di sk drive according to claim11, wherein the actuator has a head unit
nmounted oh a sIFRRFIWH t'Wel rRaPHEA ARty with RB8JORDEREEEMPHNE separate

fashi on and, under control of thedgo trol gnité 1E.rotgtioaally drives the
head to al | ow tHe® HEAFTE° be Noved h® af Padi QPCHRFEREI 6h®BH the disk drive.

6. A nethod for_head positionin n | -in i.sk drive _having an actuator
with a wite hedd %?fﬁﬁit?ﬂ%eﬁg¥§8i%%g g 8?§Egﬁ§ i%nfggg gePgad head for

20 readi ng out §@$-995@.5%g95{bgHQisk medi um wherein the driving control of
the actuator is effected o

At this time, the CPU 6 calculates the offset

10 amount OFa corresponding to a cylinder number as a
target position and performs the position correction
of the read head 32 (applies an offset). By doing so,
a read head 32 can be set to an “on track” position
where data is recorded.

15 (Head Positioning Operation)

With reference to FIGS. 5 to 7, an explanation
will be given below about the head positioning
operation of the present embodiment while considering
an influence from a disk runout involved.-

20 | The memory 7 in the disk drive stores a parameter
for calculating an offset amount OFa (first position
offset amount) for each track position (distinguished
from the cylinder number) on the disk medium 1.

As this parameter, the information representing the

25 skew angle 6 and gap spacing Grw of the read/write
head (32, 35) is stored. The parameter also includes

information for calculating the skew angle . Stated



-position the read head or wite head to a target position on the disk

medi um the nethod conprising: a step of setting the target position; 25 a
step of calculating a first position offset anpbunt corresponding to a

di spl acenent between the wite head and the read head; - 21 a step of
cal cul ating a second position offset anbunt by correcting the first
position of fset anmount based on a di sk runout on the disk nedium and a
step of performng a position correctian 5joperation for correcting the
target position by use of the second position offset anount. 7. A nethod
according to claim6, wherein the second position offset anount is

cal cul ated by ushngoRefheshipositi oRcehifiast aaARYRbnardvarghf $gk correction
10 anount obtained by neasuring a disk runout anmount on the disk nmedium 8.

A met hod accor didigat Dol @knt&r wbeieiont be dhsksdui vetBagsha wemBrY ohor
storing the offset correction amount which is calculated in accordance 15
with a result ofemeasupestbioof (pheotd) skfruheutcenatbhe doskanedistiemat a
starting time and, at a tinme of the positioning control tine, the second
posi tion of f setg afpemtthe e¢aitel agedrbyinspngofhehti wstitpobiebidodSef f set
amount and the offset correction anount from 20 the nmenory. 9. A nethod
accordin@ to cl@% B> Qherein, when, at a read operation of reading out

data fromthe di sk nmedi um ?ositioning control is perfornmed for positioning
the read head to t he"taRgEEIBBENEFORC0R 25OFRE2EEsRINEdCum® BRe t ar get

POt 101 15 COULEELE PYciog of Lhe,s8sond, pEeLiLen oLLogL gmount. 10 A
positioning operation at a time of the read operation.

Upon receipt of a read command from a host system

10 (not shown), the CPU 6 sets the read head 32 to
a target position TP as a target track where a read
target data is recorded(step S1).

The CPU 6 controls the driving of the actuator 10
and, after performing a seek operation to move the

15 head to the neighborhood of the target position TP,
shifts the movement to an “on-track” positioning
operation relative to a track position as a target
position TP. At this positioning éperation time, the
CPU 6 performs a position correction in accordance

20 with the offset.

The CPU 6 calculates the offset amount OFa which
is necessary for the position correction by a later-
described equation (3) with the use of the parameter
stored in the memory 7 (step S2). It is to be noted

25 that, 1f the offset amount OFa is initially stored
in the memory 72, the CPU 6 may read out and obtain

the offset amount OFa corresponding to the target



.- 22 when, at a wite operation of witing data on the di sk nmedi um
positioning control is perfornmed for positioning the wite head to the
target position on the disk nedium the target position is corrected by 5
use of the second pasition offset anpunt.
ACALY. ALY. A&F. AF. AF. AF. AY. Al F. A& . A3. AF. A3. A3. AY. A&3. AF) . A&39. A3. A&3. AF?/ 3
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10%&(1) 6z = ACOS ((b2 + g2 -v2) / (2 X b X g))- 90 -+ (2)
Where A denotes an angle and b denotes a radial
position on the disk medium 1.
Where, on the other hand, any positional
displacement p from the track center is present due to
20 a disk runout, a corresponding skew angle fe can be
found by the above equation (2) with [b = b + p]
given.
From the above equation (1), an offset amount
.Ofa relative to the skew angle 6z given above can
25 be expressed by the following equation (3)

" QOFa = Grw % sin (8 2z) o (3)

From this equation (3), an offset amount OFb
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relative to the skew angle fe given above can be

found by the following equation (4)

OFb = Grw X sin (fe) e (4)

Based on the equations (3) and (4), the CPU 6
5 . calculates the following equation (5) and obtains

an offset correction amount OFc corresponding to the

disk runout involved.

OFc = OFb - OFa (D)

The CPU 6 allows the calculated offset correction

10 amount OFc to be stored in the memory 7, for example,
in a form corresponding to each segment zone and each
servo sector on the disk medium 1.

FIG. 7 shows detailed examples of the offset

correction amount OFc calculated at respective sectors
15 corresponding to inner, intermediate and outer

peripheral zones 700, 710 and 720. In FIG. 7, the

disk runout time is set to be £ 20 um. It is found

that, even if the disk runout is the same, the offset

correction amount varies according to the respective
20 zones at the radial positions of the disk medium 1,

It is to be noted that the CPU 6 calculates the
offset correction amount OFc in realtime at a head
positioning time without calculating it at a drive
starting time and allowing it to be stored in the

25 memory 7.

The CPU 6 obtains an offset correction amount OFc

from the memory 7-step S3. That is, when a target
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position is set, the CPU 6 obtains, from the memory 7,
an offset correction amount OFc corresponding to a
servo sector following a servo sector for reading out
the servo data for detecting the position of the head.
5 The CPU 6 adds the offset correction amount OFc
corresponding to the disk runout to the offset amount
OFa of a first position offset amount and calculates
a second position offset amount OFd-step S4.
Thus, the CPU 6 adds the second position offset
10 amount OFd to the target position TP and sets a résult
as a new target position TP and, by doing so, performs
a position correction of the read head 32-step S5.
By the above-mentioned positioning operation it
is possible to position the read head 32 to the target
15 position at the read operation time. In this case,
the target position is not a fixed one and varies
dependiﬁg upon the disk runout amount. With the use
of the offset correction amount OFc, the CPU 6 finds
the second position offset amount OFd taking the disk
20 runout into consideration. It is, therefore, possible
to set the read head 32 to the target position for
tracking on the disk medium. It follows that the CPU
6 sets the disk to the target position each time the
servo data 1s detected from the servo sector. That
25 is, in the prior art, in response to the read command,

the setting of the target position is made only once

while, in the present embodiment, the target position
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is corrected each time the servo data is detected from
the respective servo sector.
Next, a practical example will be explained below
in connection with an influence given by the offset
5 amount resulting from the disk runout.
Between the inner diameter of the disk medium 1
and the outer diameter of a hub of the SPM 2 a
difference of about 25 um is provided as a design
center value, taking into consideration the easiness
10 with which the disk medium 1 is fitted over the hub.
Even i1f a “servo write” operation is made with the
disk center set in alignment with the rotation center
of the SPM, a disk runout of == 12.5 um occurs, taking
into consideration. the case where the disk medium 1 is
15 contacted with the hub due to an impact, etc. There
may occur a disk runout of £ 40 um under the worst
condition, taking into consideration the tolerance of
the inner diameter of the disk medium 1 and outer
diameter of the SPM 2 and center-to-center
20 misalignment.
Here, as one example, consideration will be
given to the case where there occurs a disk runout of
* 17.5 um.
In a disk medium 1 of, for example, 2.5 inches,
25 the distance between the head 3 and the pivot of the

actuator 10 is about 33 mm. Given that a positional

displacement of 35 um occurs as a disk runout, a
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0° . With a gap spacing given as a 7 um, the offset
amount becomes [7 um ¥ sin (0.060768228) = 7.42 nm].
5 Here, it is considered that with the track

density on the disk medium 1 given by about 200 KTPI,
the track pitch is 127 nm and the reproduction track
width of the read head 32 becomes about 70 nm.
In this case it follows that, since the offset amount
10 caused by the disk runout is [7.42 nm], it becomes
over 10% greater than the reproduction track width.
Thus it is estimated that, if the offset amount caused
by the disk runout is not corrected, the performance
of the read operation by the read head 32 is degraded.
15 (Write Operation)
FIG. 6 is a flowchart for explaining a head
positioning operation at a write operation;
Even at a write operation time, as in the case
of the read operation, an offset amount OFd is found
20 while considering an influence caused by the disk
runout and the position correction of the write head
35 is performed.
That is, upon receipt of a write command from
fhe host system not shown, the CPU 6 sets the write
25 head 35 to a target position TP of a target track as
a write-in target (step S11). In the write operation,

the target position TP becomes a target track
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block address (LBA).
In the same way as set out above, the CPU 6

controls the driving of the actuator 10 and, after

5 performing a seek operation to move the head to the
neighborhood of the target position TP, shifts the
movement to a “on-track” positioning movement
(tracking movement) to a track position as the target
position TP. At this positioning movement time,

10 as set out above, the CPU 6 performs a position
correction corresponding to the offset.

That is, the CPU 6 calculates the offset amount
OFa necessary to the position correction(step S12).
And the CPU 6 obtains an offset correction amount OFc

15 from the memory 7 (step S13). Then the CPU 6 adds the
offset correction amount OFc corresponding to the disk
offset to the offset amount OFa of a first position
offset amount and calculates a second position offset
amount OFd(step S14).

20 The CPU 6 performs the position correction of the
write head 35 (step S15) by adding the second position
offset amount OFd to the target position TP and
setting a result as a new target position TP.

In short, according to the disk memory apparatus

25 of the present embodiment, it is possible to achieve
a head positioning operation capable of copying with

a variation of an offset caused by the disk runout.
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readily occur to those skilled in the art. Therefore,
the invention in its broader aspects is not limited to
the specific details and representative embodiments

5 shown and described herein. Accordingly, various
modifications may be made without departing from the
spirit or scope of the general inventive concept as

defined by the appended claims and their equivalents.
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WHAT IS CLAIMED IS:
1. A disk drive comprising:
an actuator configured to have a write head for
writing data on a disk medium and a read head for
5 = reading out the data from the disk medium;
a calculating unit configured to calculate
a first position offset amount corresponding to a
displacement between the write head and the read head
on the disk medium and a second position offset amount
10 correcting the first position offset amount based on
a disk runout of the disk medium;
and
a control unit configured to perform positioning
control including a position correction operation
15 according to the second position offset amount and
positioning the read head or write head to a target
position on the disk medium.
2. A disk drive according to claim 1, further
comprising a memory for storing a parameter for
20 calculating the first position offset amount and
wherein the calcuiating unit calculates the first
position offset amount by use of the parameter read
out from the memory.
3. A disk drive according to claim 1, further
25 comprising a unit configured to measure the disk

runout amount of the disk medium and calculate the

offset correction amount based on the measured disk
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runout amount and to store the offset correction
amount in a memory.

4, A disk drive according to claim 1, wherein
the calculating unit calculates the first position
offset amount and obtains an offset correction amount
based on the disk runout amount on the disk medium and
calculates the second position offset amount by use
of the first position offset amount and the offset
correction amount read out from the memory at the
positioning control time.

5. A disk drive according to claim 1, wherein
the actuator has a head unit mounted on a slider with
the read head and write head mounted in a separate
fashion and, under control of the control unit,
rotationally drives the head to allow the head to be
moved in a radial direction on the disk drive.

6. A method for head positioning control in
a disk drive having an actuator with a write head for
writing data into a disk medium and a read head for
reading out the data from the disk medium wherein
the driving control of the actuator is effected to
position the read head or write head to a target
position on the disk medium, the method comprising:

a step of setting the target position;

a step of calculating a first position offset
amount corresponding to a displacement between the

write head and the read head;
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a step of calculating a second position offset
amount by correcting the first position cffset amount
based on a disk runout on the disk medium; and

a step of performing a position correction
operation for correcting the target position by use of
the second position offset amount.

7. A method according to claim 6, wherein the
second position offset amount is calculated by using a

first position offset amount and an offset correction

‘amount obtained by measuring a disk runout amount on

the disk medium.

8. A method according to claim 6, wherein the
disk drive has a memory for storing the offset
correction amount which is calculated in accordance
with a result of measurement of the disk runout on the
disk medium at a starting time and, at a time of the
positioning control time, the second position offset
amount 1is calculated by using the first position
offset amount and the offset correction amount from
the memory.

9. A method according to claim 6, wherein,
when, at a read operation of reading out data from the
disk medium, positioning control is performed for
positioning the read head to the target position on
the disk medium, the target position is corrected by
use of the second position offset amount.

10. A method according to claim 6, wherein,
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positioning the write head to the target position on
the disk medium, the target position is corrected by

5 use of the second position offset amount.



