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REPLACENENT “SHEET 1 SERVO METHOD AND DEVI CE FOR HARD DI SK :
thegl nvention The present invention relates to a servo netjhBEPRAGEMENT SHEET
for.a hard disk drive head, and, in particular, to a servg| neth dga

devfce for a hard disk drive head for posrtronr ng the heag Ortetihe -har-o- O k-

~ dri¥Ve which stores and reproduces i nf or mat j.on. Background of—the Mvention

- Hard disk drive units (referred to as HDDs bel ow) have been put to
practical use as infornmation- storrng nedra for recording the massive

anount s of i nformati oSERYEIMI DANE BGR HARDDISKDE

plurality of magnetic recordrng di sks (referred to as di sks bel ow), a

reproduction and recording head (referred to as a nmagnetic head below) is

positioned on the desired track established on this disk to store

i nformation &ieldebthelawention to reproduce information fromthe disk. The

capacity of HDDs has recently been increasing as the diversification of

conput er processing has proceeded. A snaller ~reproduction and recording

head i h ded f I th f . ' I '
capaci ty.  ThitegprnCv @il adonll Mihid 8% SubCRE « hasd e Heatter
head for st Oﬁh&'ﬁn%ﬁmﬁlﬂ?f RANGLNG e :ﬁﬁtdegﬂ:e P28 disk drive head for

positioning the head of the hard disk drive which stores and reproduces information.

Background of the Invention

Hard disk drive units (referred to as HDDs below) have been put to practical use as
information-storing media for recording the massive amounts of information used in
computers. In these HDDs, which include a plurality of magnetic recording disks

| (veferred to as disks below), a reproduction and recording head (referred to as a
magnetic head below) is positioned on the desired track established on this disk to storej -

information on the disk and to reproduce information from the disk.

The capacity of HDDs has recently been i mcreasmg as the diversification of computer
processing has proceeded A smaller reproduction and recordmg head is thus needed to
facilitate the provision of HDDs with a larger capacity. The applicant contemplates

using an



A rotary actuator using a voice coil nmotor (VCM is usu
posi tion the magnetic head in a specified position on t nﬁPskCEMENﬁé*ﬁEB
du® to the actuator's |ight weight, high speed, and | owltost. Eﬁg‘ﬂgiﬁgﬁ
actuator has a rotation axis outside the disk, and rotates-thetragheliC__
head | ocated at its tip to position it in the specified positi®i—Servo
nmet hods i nclude a sector servo nethod used particularly in snall HDDs to
store surface patterns in each sector of each disk, and cylinder and sector
nunbers required for positional control2 HDDs are required to determ ne the
position of the head noving on the di sk because they nust carry out

magneti c repr dudidash thdf srrageaymetiy posdt fon stoxiglaumad ty of di sks.
The sector servo nethod reproduces servo information witten on the disk to
det er ni ne t he HSRFAURIMASEr LRI M el @kact position of the head relative to

the center of the track. 3 [0005] General -purpose servo.nmethods for HDDs
use position error signals (referred to as PESs below) in servo

[0004]

A rotary actuator using a voice coil motor (VCM) is
usually used to position the magnetic head in a
specified position on the disk in the HDD due to the
actuator’s light weight, high speed, and low cost. The
rotary actuator has a rotation axis outside the disk,
and rotates the magnetic head located at its tip to
posifion it in the specified position. Servo methods
include a seétor servo method used particularly in
small HDDs to store surface patterns in each sector of
each disk, and cylinder and sector numbers required for
positional control. HDDs are required to determine the
position qf the heaq moving on the disk because they
must carry out magnetic reproduction and storage in any
position of a_plurality of disks. The sector servo
method reproduces servo information written on the disk
to detérmine the track number and the exact position of

the head relative to the center of the track.



|nformat|on to detect an offset fromthe center of the\ ﬁE&éﬁGFWJrSHE T
as. the anount of offtrack below). [0006] Figure 11 (A showi hﬂgﬂ SBWO.
patterns conprise servo patterns PA arranged conti nuou DG - i
fromthe center of the track CL and servo patterns PB & 4Gcent to the servo
patterns PA which are arranged continuously in the other direction. The
servo patterns PA, PB are stored on the track TR wwth signals of a constant
anplitude. The HDD detects the..offset »f the center of the head fromthe
center of the track based on the magnitude of the anplitude of the
reproduction signal of each of these servo patterns PA, PB which is

r epr oduced by[@%@5ﬂeproduct|on head RD. . 4 [0007] For exanple, if the
reproducti on head RD passes the center of the track (see Figure 11 (A)),
the anplitude Va of the reproduction signal Sa of the servo pattern PA

ggtcrﬁstLP§ 2§Eéltu -ﬁﬂ%ﬁgséfgééé* qﬂ?&i §£9ﬂBbs s%fp%gﬁi%ﬁﬂyo pattern

error signals (referred to as PESs below) in servo

information to detect an offset from the center of the

track (referred to as the amount of offtrack below).
[0006]

Figure 11 (A) shows that servo patterns comprise servo
patterns PA arranged continuously in one direction from
the center of the track CL and servo patterns PB
adjacent to the servo patterns PA which ire arranged
continuousiy in the other direction. The servo
patterns PA, PB are stored on the track TR with signals
of a constant amplitude. The HDD detects the offset of
the center of the head from the center of the track
based on the magnitude of the amplitude of the
reproduction- signal of each of these servo patterns PA,

PB which is reproduced by the reproduction head RD.



anplitude ratio Va/(Va+Vb) = 1/2, and it is assunmed that the re
head RD is located at the center of the track TR The val el
isTsinply referred to as a PES val ue bel ow. [0008] In addi i'on, t he
reproduction head RDis offset fromthe track in one dlrec;lonZaa _______ Mn
Figure 11 (B), that is, the reproduction head RD is offset to the [lghtﬁ;“~
(the direction of the + arrow in Figure 11) fromthe forward direction of

t he-head RD, the anplitude Va of the reproduction signal Sa of the servo
pattern PA decreases while the anplitude Vb of the reproduction signal Sb
of the servo pattern PB increases. Thus, Va/(Va+Vb) < 1/2. 5 The PES
val'ue becones{8f€7Half or less, indicating that the position of the
reproduction head RD is offset to the right fromthe center of the track in
the forward direction. [0009] Thus, if the sensitivity of the reproduction
head RD is

egsm\maem

For example, if the reproduction head RD passes the
center of the track (see Figure 11 (A)), the amplitude
Va of the reproduction signal Sa of the servo pattern
PA matches the amplitude Vb of the reproduction signal
Sb of the servo pattern PB. 1In this case, the
amplitude ratio Va/(Va+Vb) = 1/2, and it is assumed
that the reproduction head RD is located at the center
of the track TR. The value of Va/(Va+Vb) is simply

referred to as a PES value below.
[0008]

In addition, if the reproduétion head RD is offset from
the track in one direction as shown in Figure 11 (B),
that is, the reproduction head RD is offset to. the
right (the direction of the + arrow in Figure 11) from
the forward direction of the head RD, the amplitude Va
of the reproduction signal Sa of the servo pattern PA
decreases while the amplitude Vb of the reproduction
signal Sb of the servo pattern PB increases. Thus,

va/(va+vb) < 1/2.



the amount of offtrack and the PES value is ideally |inear
Frgure 11 (C). The servo gain should thus be set to |linear
the PES value to control the actuator so that the center o
reproduction head RD is located at the center of:the track}Cate[-6010]
Figure 13 shows an exanple of the functional blocks of a s ntroller
i ncorporated in a conventional HDD. Thigs servo controller 12 has a driver
46 for supplying a current to a voice coil 54 that turns an actuator 50

with a recording and reproduction head 52 attached to the end of it. The
out put si gnal R RS rECHRi PRFAMRE °ne Rapf 0BHCLPEH hdBFLFRGING nhiktio a

PES val | qul ation. n 6., The PES | cul ati 56

calcul at os. di RPN Glhi & $1° deerratiGe boa farte Apadds Tt 9 thal og

out put si gnal t%f tlhe }{tecfordi n néli rggrogl cﬁlgnthggg 33 th%d‘?o%QXdAD
% ervd VITE 1A gl ng

conversi on. Thé seér contr ol control Systéem conpri si
direction.
[0009]

Thus, if ﬁhe sensitivity of the reproduction head RD is
approximately uniform on a track of a width Tw, the
relationship between the amount of offtrack and the PES
value is ideally linear as shown in Figure 11 (C). The
servo gain should thus be set ﬁo linearly correspond to
the PES value.to control the actﬁator so that the

)

center of the reproduction.head RD is located at the

center of:the track CL.
[0010]

Figure 13 shows an example of the functional blocks of
a servo controller ingorporated in a conventional HDD.
This servo éontroller 12 has a driver 46 for supplying
a current to a voice coil 54 that.turns an actuator 50
with a recording and.reproduction head 52 attached to

the end of it. The output signal of the recording and



an integral system 20, a differential system 30, and a conpa

40. [0011] The conparison system 40 determ nes the devi k&ﬁLRéEﬁENHSHﬁE
target value and the current displacenent in proportion j{o the acceler
0412402

to determne the value of a current supplied to the voicg

conprises a synthesis neans 62 and a coefficient applica\Lg —TE8

The PES value used..as a target for positioning the recording an

reproduction head is input to one inputeof the synthesis nmeans 62 froma

target PES value output nmeans 60, while digital data output fromthe PES
val ue cal cul ation means 56, that is, the value corresponding to the current

di spl acenent abpﬂmguugxmnnhﬁpdﬂﬁﬂrkﬁwxnnuﬂitﬂl%e&ESSYaﬂ§einput to the

other input the deviation between the 7 two values_is then output.

Pge?etern1nedqa%ﬂqi&ﬁ#9ﬂ1®QQQﬁrQQ-IQ?#?]Pﬁﬁey%&ﬁ@i631F819m¥9ﬁi a5 on

mul tiplication), and the resultin I ' [

( ) P 56) calculates digitalg é’aata“ewﬂfcr?uié’uﬁs% %sdraI \iﬁrs %pal\ieOOlZ]
based on the analog output signal of the recoxding and
reproduction head 52 produced by AD conversion. The
servo controller 12 is a PID control system comprising
an integral system 20, a differential system 30, and a

comparison system 40.
[0011]

The comparison systém 40 determines the deviation
between the target value and the current displacement
in proportion to the acc;leration to determine the !
value of a current supplied to the voice coil 54, and °
comprises_a synthesis means 62 and a coefficient
_apblication means 42, 44. The PES value used. as a
target for positioning the recording and reproduction
head is input to one input of the synthesis means 62
from a target PES value output means 60, while digital
data outpﬁt from the PES value calculation means 56,
that is, the value correspondiﬁg to the current

displacement of the recording and reproduction head 52

is input to the other input the deviation between the



The differential system 30 attenpts to quickly reduce and
devi ati on between the target value and the current dis
conpri ses a delay neans 32, a synthesis neans 70, and
application neans 34. The synthesis neans 70 outputs th
digital data fromthe PES val ue cal cul ati on neans 56 an
del ayed for a specified tine, that is, the last digital data. A
predet erm ned coefficient K2 is-applied7to this output val ue
(multiplication), and the resulting value is synthesized (addition) by a

synt hesi s neans 66 between the coefficient_application ans_42 and 44 in
t he conparisoh“@?éY%ﬁ?ﬁ%.ls thenpgysPutne Pﬁ?@&ﬁﬁrmﬁﬂﬁig%eﬁﬁg%ﬁb@ﬂgﬁtes

f d ickly.red d hi |.i. pati d
coupr | ses’a. debety Stoans obpi1e8 HBneBRE Aeile e e bE R Et g EsEr i en
application means gﬁe E’ng;gg%he§hzug§?§sagﬁg§1¥n er% ;cﬁsi\;é‘f’ ggyl ation data

fromthe synthesis nmeans yed 1o

[0012]

The differential system 30 attempts to quickly reduce
and stabilize the deviation between the targét value
and the current displacement, and comprises a delay
means 32, a synthesis means 70, and a coefficient
application means 34. The synthesis means 70 outputs
the difference between digital data from the PES value
calculation means 56 and digital data delayed for a
specified time, that is, the last digiéal data. A
_predetexrmined coefficient K,-is applied to this output
value (multiplication), and the resulting value is
synthesized (addition) by a synthesis.means 66 between
the coefficient épplication means 42 and 44 in the

comparison system 40.



specified tine by the delay neans 22, that .is, the. last digital data \

(addition). The coefficient application neans 34 applieg “?Jﬁiﬁ&ﬁwmﬂﬁﬁﬁij

co€fficient Klerr] to the output values output via the dg nfﬁgslﬁé
(add;i rén. M he

(nultiplication), and the resulting value is synthesized(addi&iton

synt hesi s means 66 between the coefficient application myans: 42 and=—244

t he conparison system 40. Consequently, since the repetition of the above
steps allows integration even w-th a sli §ht deviation, the deviation can be
automatically controlled to be zero. The synthesis nmeans 68 nmay be | ocated
before the coefficient application neans 44. 9 [0014] However, if the
sensitivity of[pﬂg3ﬂeproduction head RD is not uniform for exanple, the +
sensitivity is larger than the - sensitivity as shown in Figure 12 (B) (see
Figure 12 (A)), the relationship between the ambunt of offtrack and PES

;’ﬁg“e I's nonlipgar s nclRYan WHSEEH B9 RoRptAlsit @SS SOALR Y LELAL! Y6 O

quickly reduce and stabilize any deviations, and
comprises a delay means 22, a synthesis means 64 and
68, and a coefficient application means 24. The
synthesis meéns 64 synthesizes the deviation data from
the synthesis means 62 and the data delayed for a
specified timé by the delay means 22, that is, the last
digital data (addition). The coefficient'application
means 34 applies the predetermined coefficient K, to
the output values output via the delay means 22
(multiplication), and the resulting value is
synthesized (addition) by the synthesis means 66
between the coefficient application means 42 and 44 in’
the comparison system 40. Consequently, since the
repetition of the above steps allows integratipp even
with a éiight deviation, the deviation can be |
automatically controlled to be zero. The synthesis
means 68 may be located before the coefficient

application means 44.



anount of offtrack (region Er where the gradient of the I|i T ES Nt
| o REPLEGEVERT S3fkeT

the relationship between the PES val ue and di spl acenent i
val'le changes substantially even when the poesition of the %%gqgudULdggieag_
RD changes slightly, resulting in a large servo gain in thg-Control  of "{he

trolof
actuator conpared to other positions. That is, as seen fromthe
rel ati onship between the anmount of offtrack and servo gain in Figure 12
(G,-in aregion Eg corresponding to a gegion Er, the servo gain involves a
sudden change and the control of the actuator is unstable. Consequently, if
the sensitivity f the reproduction head RDis not uniform the servo gain
I ncr eases and[égﬁf%hses I n several positions on a single track. This 10
frequently accurs if an MR head is used as a recording and reproduction
head. [0015] Therefore, the servo gain set to linearly correspond to the
PES val ue does not allow the center of the head to be |ocated at the center
of the track CL.

However, if the sensitivity of the reproduction head RD
is not uniform, for example, the + sensitivity is
larger than the - sensitivity as shown in Figure 12 (B)
(see Figure 12 (A)), the relationship between the
amount of offtrack and PES value is nonlinear. Thus,
where the PES value varies sharply relative to the
amount of offtrack (region Br where the gradient of the
line representing the relationship between the PES
value and displacement is large), the PES value changes
substantially éven when the position of the
reproducfion head RD changes slightly, resulting in a
large sexrvo gain in the control of the actuator
compared to other positions. That is, as seen from theﬁ,
rélétionéhip between the amount of offtrack and servo
gain in Figure 12 (C), in a region Eg corresponding to
a region Er, the servo gain involves a sudden change
and the control of the actuator is unstable.
Consequently, if the sensitivity of the reproduction
head RD is not uniform, the servo gain increases and

decreases in several positions on a single track. This



[ 0016] Since conventional recording and reproduction heads 2P
MG and thin filmheads) are used for both reproduction a ;
siTigl e opti mum gain constant for followi ng the center of
as the servo gain to enable the recording and reproductio
the center.of the track as a target. [0017] As is well knqg eeT,
head such as an MR head that requires separate reproduction and recording
heads, the positions of the reproducti¥h and recording 11 heads are

of fset slightly fromeach other. As a result, when the reproduction head
attenpts to follow the center of the track, the recording head is_offset
slightly fromiyRaveitief ACUFR tF Rk MrN9adrbeueecd: 8Fc@ FAPTIINT this
data is recorded, under these canditions, the reproduction head nmust be

off set from t R RRICBICTHY ¢ “by the offset distance between the
recordi ng and reproduction heads. The MR head

[0015]

Therefore, the servo gain set to linearly correspond to
the PES value does not allow the center of the head to

be located at the center of the track CL.
[0016]

Since conventional recording and reproduction heads
(for example, MIG and thin film heads) are used for
both reproduction and recordiﬁg, a single obtimum gain
constant for following the ceanter of the track is set
as the servo gain to enable the recording and

reproduction head to follow the center of the track as

a target.
[0017]

As is well known, however,'in a head such as an MR head
that requires separate reproduction and recoxrding

heads, the positions of the reproduction and recording



shoul d thus follow not only the center of the track but al
position that is offset fromthe center. [0018] However, si
gai'h of conventional recording and reproduction heads is |i M BT
respect to the PES value, there is a large difference in thg Setvo _gai -
between recordi ng and reproduction with an MR head. Thus, en the servo
gain is provided with the calibration optinumfor recording, it becones too

| acge for reproduction, resulting in unstable reproduction. In the
conventional HDD devices, this in turn causes a high error rate during
reproduction, or a 12 servo gain that is too small for reproduction
causes unst abl kepdgopdengffisetyisdwadit iyvhd naowaqloi ptkerit R8s an obj ect of
this invention to provide a servo nethod for allow ng a head conpri sing

separ at e reproﬁﬁ%FEBM HRh8Tr £B6r arRFodagdd oo haath | gt Eempesy hAy fpddiom on
within a track when this head is used to_record or, reprodyce data. Sunmmary

d
of the Inventi BR®AEEBEEENGEt Shen&maffentiEn *%gh?%%gdéﬁ gifspo

met hod for a hard disk drive for using a d that .at | east repr,oduces
i nf or mati on anﬁiﬁgnggngF?WvF GRS igfg e tr¥ack. $8°reprbatce

stored data after this data is recorded under these
conditions, the reproduction head must be offset from
the center of the track by the offset distance between
the recording and reprodﬁctibn heads. The MR head
should thus follow not only the center of the track but
also a specified position that is offset from the

center.
[0018]

However, since, the sexrvo gain of conventional
recording and reproduction heads is linear with respect
to the PES value, there is a large difference in the
servo gain between recording and reproduction witﬁ an
MR head. Thus, when the servo gain is provided with
the calibration optimum for recording, it becomes too
large for reproduction, resﬁlting in unstable
reproduction. In the conventional HDD devices, this in

turn causes a high error rate during reproduction, or a



uniformto reproduce servo information for identifying at SHEET
frogman information recording disk conprising at |east one tREEk“FW#'SEl ng
at | east one servo region in which said servo information i stoZgﬁl

using the reproduced servo information and predeterm ned gg Daieritor

~to provide feedback for the control of said head to be posi
predeterm ned reference position on said track, wherein the correspondence
bet ween the distance information corresponding to the offset of said head

from said rekavgnath #hasistth® Smal forSRprbdteich LEE WHRtdbM rebsrdiidr €d i n

advance, 13 sai d reproduced servo information is used to derive the

di stance information corresponding to the offset of said head fromsaid

ref erence position, said correspondence.is referenced to derive the gain

i nf or mati on &mviessgithe iabgvet pointspitds an ebjeet ofrthisrinwdntion to pravidecsl serso @hethod

feedback control is carried out using the gain information derived and the
reproduced sé&nallowingpkerd eomprsipg ssparate repaodiction dnd reconding healistte stablye d
position on said track which nmay be said reference positign. The invention
al so provi defollov,any pesition withipat wagk;When this head e used: tadecard or seprodvesiattiuces
informati on and has sensitivity, part of which is not uniform an

I nformati on recordi ng disk conprising at | east one track including at |east

one servo reg 19’11@342&%1&1&%3 servo information for identifying a track
.position is StO . '

According to the invention there is provided a servo method for a hard disk drive for

using a head that at least reproduces information and has sensitivity which is not

uniform to reproduce servo information for identifying a track position from an

information recording disk comprising at least one track including at least one servo

region in which said servo information is stored and using the reproduced servo

information and predetermined gain information to provide feedback for the control of
i

said head to be positioned in a predetermined reference position on said track,

wherein the correspondence between the distance information corresponding to the
offset of said head from said reference position and said gain information is stored in.

advance,



a reproduction neans for reproducing said servo information -£T
information recording disk; a storage neans for storing the ORE%M%%%ESHE
bet Wween t he di stance information corresponding to the offset \of sagsg Uﬁﬁq% ______
fromsaid reference position and said gain informtion; 1 @aW
i nformation derivation neans for using sai(ii reproduced servo fon to
derive the distance information correspondi ?lg to the offset of said head
from-said reference position; and a feedback control means for referencing
sai d corr espopeRpfoduceRsirdg iffbanstiin s uSdiodekive the istapsP Rifstinfigioh© t he

di stance information derived, and using the read gain information and the
reproduced sejor@sporidighmdtthe dffset qfGaid liead fiom shild eéfdrende pbsitigii,edet er m ned
position on said track which nay be said reference position. Preferably,

t he head conprises a reproduction el enent for reproducing information and a
storage el enent disposed at a specified interval fromthe reproduction

el enent for saisk¢artespordenes isrmeferensad terdeniver the [ggin infrymationl correspondiog a0 theR
head havi ng a magnet oresistance (MR) effect. In the invention in accordance
with clai m ( distapegrinfoymation phigingd: M4 for a hard di sk drive head, the
correspondence between the distance information corresponding to the offset
of the head fromthe reference position and gain information is stored in

advance to u %g%@?ﬂg ?&1\%{? ?%] czli”}%ieh Sarhsihd ﬁ{eogqﬁf ot Hakivel af e r]'gﬁroduced

sensitivity,
servo information to position said head in the predetermined position on said track

which may be said reference position.
The invention also provides a hard disk drive comprising:

a head that at least reproduces information and has sensitivity, part of which is not

uniform;

an information recording disk comprising at least one track including at least one servo

region in which said servo information for identifying a track position is stored;

a reproduction means for reproducing said servo information from said information

recording disk;

a storage means for storing the correspondence between the distance information
corresponding to the offset of said head from said reference position and said gain

information;



not uniform to reproduce servo information for identifyin
position froman information recording disk conprising at |
i ncluding at | east one 15 servo region in which the ser
stored and to use the reproduced servo information and the
gain information to provide feedback for t@g control of the
position it in a predeterm ned reference poSition on the track. The
reproeduced servo information is used to derive the distance information
correspondi NG diStahdtCin€driraBbn @brivARnlBAMs F6r0MRiIAd Said BépRbAREE sBRD ihfoPhatiGR th

t he correspondence is referenced to derive the gain'information

cor r espondi ngletive theedidiandecinéormartibn comresponding i@ irostseto£sHid bkad fr6in fald | S
carried out using the gain information derived and the reproduced servo

i nf or mati on trefepense tposition;handnead i n the predeterni ned position on the track
whi ch may be a reference position. This prevents the offset of the head
fromthe reference position from hanpering the feedback control. [0025]

a feedback control means for referencing said correspondence, reading the gain
information corresponding to the distance information derived, and using the read gain
information and the reproduced servo information to position said head in the

predetermined position on said track which may be said reference position.

Preferably, the head comprises a reproduction element for reproducing information and
a storage element disposed at a specified interval from the reproduction element for

storing the information.
Preferably, the head includes an MR head having a magnetoresistance (MR) effect.

In the invention in accdrdanée with clafm (1) that is a servo method for a hard disk
drive head, the correspondenice between the distance information corresponding to the
 offset of the head from the r_e_ference position and gain information is storpd in advance
to use a head that at lea'st repro&uces information and has sensitivity, part of which is

not uniform, to reproduce servo information for identifying a track position from an

information recording disk comprising at least one track including at least one



According to claim(2), the above servo nethod for a hard. k drive head——0r
can be achieved using a hard disk drive conprising a head | Rals; AbeMENTISHEET
repfoduces information and has sensitivity, part of which [is not 16
uniform an information recording disk conprising at Ieast.qﬂgagmagﬂuLﬂﬁﬂs
i nel uding at | east one servo region in which the servo i nfproati-en—ftor
identifying a track position is.stored;_a reproduction neans for
reproduci ng the servo information fromthe information recording disk; a
storage neans for storing the correspondence between the di stance

i nformati on ceerespardiion tin tWhe ol fidet sdrtdeihfagmbtdont e sebewence
position and the gain information;; a distance information derivation neans
for using theandptodused tder vienmddirgad i sgerte tefoveathendastdatbe

i nf ormation corresponding to the offset of the head fromthe reference
posi tion; andPaeflesgradreco@aid imfaangiokon ckerenrevihdet heedbpeksoadence,
reading the gain information corresponding to the distance information

derived, and GBPn§oPR&Cle®F Jdienh NeAdbtRuPIHL GHent ke 1in 2

predetermined reference position on the track. The

reproduced servo information is used to derive the
distance information corresponding to the offset of the
head from the reference position, and the
correspondence is referenced to derive the gain
information corresponding to the distance information
obtained. Feedback contrél is carried out using the
gain information derived and the reproduced servo
information to position the head in the predetermined
position on the track which may be a reference
position. This prevents the offset of the head from
the reference position from hampering the feedback

control.
[0025]

According to claim (2), the above servo method for a
hard disk drive head can be achieved using a hard disk
drive comprising a head that at least reproduces

information and has sensitivity, part of which is not



-

reproduced servo information to position the head in the mmsi-\EET |
position on the track which may be the reference position T 2 ﬁﬁngjp
set- forth in claim(3), if the head conprises a reproductilon elielert: 3 YR

reproducing informati on and a 7 storage el ement dispos LA 5
interval fromthe reproduction elenment for storing the information, the
center of the head does not match the genter of the track. That is, the
center of the head does not match the center of the track when the servo
information is reproduced while that stored information is witten to an

i nfor mati on MEdFEFTHg a sknfeEma klgnseererddagy & PR RReAT bot h t he
servo information and the infprgﬁtion st or n the information recording

d
di sk ar ef reﬁ de PG HeFaeht S Ord{Rg ﬁEaSGB%tt FEG K U HhR Mt ch the
center of the,t.r t h ' . ' '
i nf or mati on agu.lcgﬁ&}begos{'%v u?#%ﬁ‘f‘%??‘rﬁ?P%%gggralre&%ﬁmﬁ%?otg%é;kspeci fied
di stance betyeen 46 &/ LB Se®! 4 NeePEadubtibACHSE for

reproducing the servo information from the information

recording disk; a storage means for storing the
correspondence between the distance information
corresponding to the offset of the head from the
reference position aﬁd the gain information; a distance
information derivation means for using the reproduced
servo information to derive the distance information
corresponding to the offseﬁ of the head from the
reference position; and a feedback control means for
r?ferencing the correspondence,!reading the gain
information .corresponding to the distance information
dérived, and using the read gain information and the
reproduced servo information to position the head in
the predetermined position 6n the track which may be

the reference position.
[0026]

As also set forth in claim (3), if the head comprises a

reproduction element for reproducing information and a



i n the correspondence, the feedback control of the head cq :
reproduction and the recording elenent is not affected by ﬂEgLAgngNTﬁﬁmEET Y
spétified distance. The head may include an MR head havi ng}’ \
magnet or esi stance (MR) effect. 18 A preferred enbodi ne Dq 'theJUL]S%

I n¢ention is described bel ow, by way of exanple only, wt

drawi ngs. Brief Description of the Drawipgs Figure 1 is a functlonal bl ock

di agram of a servo controller to which the present invention is applicable;
Figure 2 is a block diagramillustrating a HDD to which this invention is
appl i cabl e; Fiterage eiemantndgepeised ot a dipscifdredDRteryglrérgmis a

chart illustrating the relationship betwen the anmount of offtrack and the

PES val ue forthe copRERERGRAPNS L eaeddniEOs] |Séq0rlmgglﬁfee enéoen%haee,
i Flustrating the rel atlong between t he positi netlc head and

the PES val uethiGRRESE ¢ Ehired Argst R Hlfttoﬁe 1'r}'éef a‘f‘? EpEhReen
t he 't t P | dth A b th d f tt
. coert Lol enttTARE pr oURE nhSa” EBRs CERESZoPto 08 MAAR (THLE dEbAMRERD:

the center of the track when the sexrvo information is

reproduced while that stored information is written to
an information recording disk, as in a sector servo
method, and when both the servo information and the
information stored on the information recording disk
are reproduced, the center of the head on the track
does not match the center of the track, consequen;ly,
each processing requires gain information as long as
the gain information corresponding to the specified
distance between the elements of the head is 'included
in the correspondence, the feedback control of the head
comprising the reproduction and the recording element
is not affected by an error in the specified distance.
The head may include an MR head haﬁing a

magnetoresistance (MR) effect.



Fi gure 8. is a flowhart describing the flow of processing

controller of this enbodinent; 19 Figure 9 is a chart i
relationship between the target PES val ue and the gain margin;
a chart illustrating the relationship between the target P;S?ﬁ}

standard devi ation; Figure 11 describes a nethod for obtaining the anount
of offtrack as a signal; Figure 12 descri bt the relationship between the
posi+i on of a head with a nonuniform characteristic and vari ous ot her

characteristigcs; i : i i . [

conventi onal § g?ﬁ%@oﬁ?%@&#&%@? pr{gﬁ@gﬁ iﬁadr%géré@g Q%Eo @,4@9 gvgg‘og %x%“a‘?/l & o{%

fol l owi ng si GAtH tef&BARSto RO drav@hye® controller 47  variable coefficient
application neans 48 table Preferred Enbodi nent of the Invention In this
enbodi ment, the present invention is applied to an HDD 110 enpl oying as a
recordi ng and reproduction head a magnetic head that is an MR head. Figure
2 shows t hat Brief DdSEriftich efitha®rawibgsce with this.invention includes a drive
114 that rotates a shaft 112 at a high speed. That shaft 112 has a
cylindrical support 116 attached thereto, and the support 116 has a

plurality of disks 118A, 118 ) .
Figure 1 is a functional block diagram of a servo controller to which the present

invention is applicable_;
Figure 2 is a block diagram illustrating a HDD to which this invention is applicable;
Figure 3 is an image view of a disk for HDDs;

~ Figure 4 is a chart illustrating the relationship between the amount of offtrack and the

PES value for a conventional servo controller;

Figure 5 is a chart illustrating the relationship between the position of a magnetic head
and the PES value;

Figure 6 is a chart illustrating the relationship between the target PES value and the

gain;

Figure 7 describes a method for setting a coefficient for providing a constant servo gain

in this embodiment;

| Figure 8 is a flowchart describing the flow of processing by the servo controller of this

embodiment;



(two in Figure 2) installed on the outer circunferential surf
a specified interval. The disks 118A, 118B have a di sk shape

%PEACEMENT SHEET

speCified thickness. The disks 118A, 118B are nmade of a hard |jmteri al
have a magnetic material coated on both 20 sides for use m@ﬁofgddublgﬁ .......
surfaces. An opening of substantially the sanme di aneter as thle—outer

di aneter of the support 116 is 21 directon of rotation of the disks
118A- 118B using a magnetic head as described bel ow. [0030] The HDD 110

s 30" S SRR o e A 10

118B. Each 'r\r/%q IIpead 58A to 58D conprises a reproductlon el enent that
acts as an head to read information and a recording el ement for witing

i nformati on. Fpagd 106gachar ileadting e rR1ZBBRHIS bedweas RRttaiget PES van® il thee
correspondl ng access arm 50A to 50D,
standard deviation;

Figure 11 describes a method for obtaining the amount of offtrack as a signal;

Figure 12 describes the relationship between the position of a head with a nonuniform

characteristic and various other characteristics; and
- Figure 13 is a functional block diagram of a conventional servo controller.

Reference numerals 10, 47 and 48 have the following significances:
10  servo controller
47 variable coefficient application means

48 table
Preferred Embodi f the .

In this embodiment, the present invention is applied to an HDD 110 employing as a
recording and reproduction head a magnetic head that is an MR head. '

Figure 2 shows that the HDD 110 in at_:cordance with this invention includes a

drive 114 that rotates a shaft 112 at a high speed. That shaft 112 has a cylindrical
support 116 attached thereto, and the support 116 has a plurality of disks 118A, 118B
(two ifx Figure 2).installed on the outer circumferential surface thereof at a specified
interval. The disks 118A, 118B have a disk shape and a specified thickness. The disks

118A, 118B are made of a hard material, and have a magnetic material coated on both



and held at a small distance (for exanple, about 0.1 to
t he- correspondi ng recordi ng surface of the disks 118A an
trarling ends of the access arns 50A to 50D are attached
section 124. The support section 124 is fitted to a drivel k28e vi-a d_
126+ and the access arns 50A to 50D are tu%(ﬂed when the dieewe= rotates

t hrough a specified angle. The turning of e access arns 50A to 50H noves
each—nmagnetic head 58A to 58D radially (see Figure 3) on each recording
surface of tRejedlifdrusse’ad Béoording $érfddedB bening of idl] : f’anﬁa? j¢f i ed
section on the recording surfgce.ﬂ(fegoﬁk]%%%ﬁ%ﬁslé)@%ﬂégl}}gmggmggte ?gdsa
hard di sk corhe edtbediahdfer Of eHessupperttie6as an HDC bel ow) including a

m croconputer. The HDC 130 is in turn connected to each of the magnetic
heads 58A to 58D for recording and reproducing informati on. The HDC 130

al so includes a controller 61 (see Figure 1) and a servo controller 10. The
drive 128 conprises a driver 46 including a




di gi tal -anal og converter (D/A) and an anplification circuys
voi-ce coil 54 such as a voice coil mtor (VCM. Conseque tREPLM@QﬁEﬁ
voi'te coil 54 rotates through a specified angle in respofise to a 'Iéﬁt
output fromthe HDC 130, the access arns 50A to 50D r ot afj edtdr.Qtg ]
predeterm ned angle. [0032] Next, the servo controller 167

the HDD 110 of this enbodinent is descrbged in detail. For the conveni ence
of t-he follow ng description, the nagnet 23 head 58A i s described by way
of exanple. In addition, since the servo controller 10 of this enbodi nent

has a confi gujfbeopi BRPEEXLBRAE YnSoH ik W sihat1 1fa [ hey g8 Y91 RQNLT O | er
12 described in the section on the prior art, the correspondi ng Tonponents

carry the sangageéei€NEEadAUABr abgcasbed blabwsection and a detail ed
description of themis omtted. [0033] Figure 1 is a functional bl ock
diagramillustrating the servo controller 10 of this enbodinent. Digital
dat a '

EET

[0030]

The HDD 110 includes magnetic’heads_58A to 58D of a
specified gap width and length provided sé as to
éorrespond to each recording surface Qf'the disks 118A,
118B. Each magnetic head 58A to 58D comprises a
reproduction element that acts as an MR head to read
information and a recording elemént_for writing
information. Each magnetic head 58A to 58D is attached
to the end of the corresponding access arm 50A to 50D,
and held at a small distance (for example, about 0.1 to
0.2 micron) from the corresponding recording surféce of
the disks 118A and 118B. The trailing ends of the
access arms 50A to 50D are attached to a support
sectibn 124.- The éupport 5e¢tion 124 iS-fifted-fo a
drive 128 via a shaft 126, and the access arms 50A to
50D are turned when ﬁhe drive 128 rotates through a
specified angle. The furning of the access arms 50A to
50H moves each magnetic head 58A to 58D radially (see.

Figure 3) on each recording surface of the disks 1183,



output froma PES val ue cal cul ati on neans 56 is al so |nng_Lg_g_Qan =ker
61.- The PES val ue cal cul ati on neans 56 and controller 2\ ggEHtad.
[ 0034] A conparison system 40 conprises a synthesis neé
application nmeans 42, a variable coefficient applicati

table 48. The PES value used as a target for positionin & HEGRet e
58A that is an MR head is input fromthe ontroIIer 61 TO one |nput of t he
synt-hesi s neans 62, 24 whil € the digl%al data output fromthe PES val ue

cal cul ation neans 56, that is, the value corresponding to the current

di spl acenment jafge e diagna! iiGs haash fdhed Sih NPUSpéeiEhedokletidnherdevi ation
between the two values is then output. A predetermned K[err] is applied to

this devi ati enhe( Beéddddadiimptduaceand the resulting value is input to the
variabl e coefficient application means 47. The variable coefficient
~application neans 47 varies and sets a coefficient Klerr] in accordance
with a val ue B%%%t fromthe table 48. The correspondence

[ ]

The drive 128 is connected to a hard disk controller
130 (referred to as an HDC below) including a
microcomputer. The HDC 130 is in turn connected to
each of the magnetic heads 58A to 58D for recording and
reproducing information. The HDC 130 also includes a
controller 61 (see Figure 1) and a servo controller 10.
The drive 128 comprises a driver 46 inclﬁding a
digital-analog converter (D/A) and an amplification
circuit (AMP), and a voice coil 54 'such as a voice coil
motox (VCM). Consequently, when the voice coil 54
rotates through a specified angle in response to a
signal output from the HDC 130, the access arms 50A to

50D rotate through a predetermined angle
[0032)]
Next, the servo controller 10 incorporated in the HDD

110 of this embodiment is.déscribed in detail. For the

convenience of the following description, the magnet



bet ween the PES val ue used as a target and the coeffi
gain constant. for the PES value is stored in the tablle REPLAGENENT
‘that- the coefficient Klerr] is small when the PES valu vari @s"shgk at
that the coefficient Klerr] is large when the PES val ug Dete Stal - Fhe
vari abl e coefficient application neans 47 applies the i
set in accordance wth the val ue inpuEBfron1the table 48 to the val ue i nput
from a synthesis neans 66 (mul tiplication); the resulting value is then

output to a driver 46. 25 [.0035] The description of the differenti al

system 30 ang. LRechAt £4r dhoSyshel 29 WayOUl keduhfcauSerd eya S fos) M | ar Lo

those in th ction on e prior a synt hesi's neans 68 nmay be’ | ocated

befor e the coglélchgtsappbi £aheeB1TRENI oor kAIoleriRidindiie Mk hgad used

in this enbodinent 1s descri I'n conparison with the conventional head.
In._the configuration approximately similar to that of the

servo controller 12 described in the section on the
prior art, the corresponding components carry the same
reference numerals as in that section and a detailed

description of them is omitted.

[0033]

Figure 1 is a functional block diagram illustrating the
servo controller 10 of this embodiment. Digital data
" output from a PES value calculation means 56 is also

input to a controller 61. The PES value calculation

means 56 and controller 61 may be integrated.
[0034]

A comparison system 40 comprises a synthesis means 62,
coefficient application means'42, a variable
coefficient application means 47, and a table 48. The
PES value used as a target for positioning the magnetic
head 58A that is an MR head is input from the

controller 61 to one input of the synthesis means 62,



foll owi ng description, it is assunmed that the head is positione
center of the track when the width of the track is 25 BEpoygkue|ii s
128.- [0037] Figure 4 shows that the conventional head dBEB a® skek
a position other than the center of the track and that|| a sery @ gﬁ@#ﬁ |
used to provi de feedback for the control of the center| 8 'he héad

follow the center of each track becaus 4the rel ati onsh et ween the anount
of offtrack of the head fromthe center of 26 the track and the PES
value = A/(A+B) is linear and a conmon head gap is used for both recording
and reproductjine Q838 i Jhea Muheadotiegutr egomeparatrEshead waps for
recording and reproduction. Thus, if data is recorded while the center of
the track is heidad{oldowreansi g, t thatepsoduhei valgap corhmrspdreliag a i's
witten in a position offset by the distance equal to the difference
between t he reprieicdhnrermnddisplacenedtngfgipe Megnetic head 58a,

is input to the other; the deviation between the two
values is then output. A predetermined K, is applied
to this deviation (multiplication), and the resulting
value is input to the variable coefficient application
means 47. The variable coefficient application means
47 varies and sets a coefficient K, in accordance with
a-value input from the table 48. The correspondence
between the PES value used as a target and the
ccefficient K, used as a gain constant for the Pﬁs
value is stored in the table 48 in advance so that the
i coefficient K, is small when the PES value varies
sharply and that the coefficient K, is large when the
PES value is small. The variable coefficient
application means 47 applies the coefficient K, set_in
accordance with”the valﬁe input.from the.table 48 to
the value input from a synthesis means 66
(multiplication); the resulting value is then output to

a driver 46.



read the data, the reproduction gap nust be of fset fromth: S—CEFEET
track by the sane di stance. [0039] Figure 5 shows that RgPLRGEMENE
i meti cating the relationship between the amount of of flif rack W}Qﬁﬁ_ hegd

and the ‘PES value is not linear as in Figure 4; it is| maw:ihearanrd-t+ikd a
quadratic curve. The difference delta between the PES=«= 5F—t e
characteristic 80 and the PES val ue of t | i near characteristic at each of

these sanple points is shown "27 as a characteristic 82. In the
characteristic 82, a large value neans that the PES value varies sharply
due to a slighoosbange in head position. In the characteristic 82 in Figure
5 the difference delta is |argest when the PES value is about 170 to 180.

[ 0040] The HDD enpl oying an MR head thus is required to seek positions
other than the center of the track and has a non-linear relationship
between t he aBbendestréptipackiafde WdfEeSepsiigd system 30 and the

integral system 20 is omitted because they are similar
to those in the section on the prior art. A synthesis
means 68 may be located before the coefficient

application means 44.

[0036]

Next, the MR head used in this embodiment is described
in comparison with the conventional head. 1In the
following description, it is assumed that the head is
positioned in the center of fhe track when the width of

the track is 256 and the PES value is 128.

[0037]

Figure 4 shows that the conventional head does not have
to seek a position other than the center of the track
and that a servo system is used to provide feedback for
the control of the center of the head to follow the
center of each track because the relationship between

the amount of offtrack of the head from the center of



[0041] In Figure 6, a characteristic 84 indicates the re
the gain and PES value at a phase of O[err]. This absol
gain indicates a gain margin. In addition, a characterid
the relationship between the standard deviation a and the
when 500 PES values are sanpled continuously. The stand v
i ndi cates the degree of instability in tge track- follow ng operation.

28 [0042] As can be seen fron1F|gure 6, the gain margin is related closely
to the standard deviation a. That is, the standard deviation a is |arge

when the gai ntfBr gi-lckS afitlitheahd %1@#@1»@@1 W4 hifnaarange af 158 to
168, whereas it is small where the gain margin arge. The inventors

experi nment ed Wbinhoft RedHERY Wist hsed @Y HUWIEScddoERing N@higi n over all of
the tracks to confirmthat the standard deviation a of the head is

appr oxi mat el yrépeodaseiand stable over all of the

[0038]

The MR head requires separate head gaps for recording
and reproduction. Thus, if data is recorded while the
center of the track is being followed using the
reproduction gap, then the data is written in a
position offset by the distance equal to the difference
between the reproducﬁion and the recording gap. To
read the data, the reproduction gap must be offset from

the center of the track by the same distance.

[0039]

'Fiéﬁre 5 showsithat a charadteri;tié éo indicating the
relationship between the amount of offtrack of the MR
head and the PES value is not linear as in Figure 4; it
is nonlinear and like a qﬁédratic curve. The
difference delta between the PES value of the
characteristic 80 and the PES value of the linear

characteristic at each of these sample points is shown



tracks. [0043] Thus, when the difference delta is | arger, the servo _system
for- positioning the MR head is nore sensitive than for J ﬁ&éﬁf§§5g¢th
II

D)

smafl er difference delta. Consequently, the gain for thq
controlling an actuator is large and the gain margin isjisgyall wher & tneve
di ~ference delta.is large. The track- follow ng operati @n BEBITEE HBES
I nstabl e as the gain margin decreases. 29 [0044] As can be seen fromthe
above, the nonlinearity of the head i s ¥el at ed closely to the instability
of the servo system [0045] Next, the operation of the periphery of the
servo controlder, 10hhpsecapsated ih .t hgpHPR1 1) fa ddd S sriaodg seng 1S

described in detail. [0046] If the characteristic of the nagnetlc head is
large value means that the PES value varies sharply due

to a slight change in head position. In the
characteristic 82 in Figure 5, the difference delta is

largest when the PES value is about 170 to 180.
[0040]

The HDD employing an MR head thus is required to seek -
positions other than the center of the track and has a
non-linear relationship between the amount of offtrack

and the PES value.
[0041]

In Figure 6, a characferistic 84 indicates the
relationship between the gain and PES value at a phase
of 0°. This absolute value of thelgain indicates a
gain margin. In addition, a characteristic 86
indicates the relationship between the standard
deviation o and the head position when 500 PES values
are sampled continuously. The standard deviation o
indicates the degree of instability in the track-

following operation.



nonlinearity between the anount of offtrack and the PES %éLHﬁ::ﬁﬁ:&h@WﬁzFﬂﬂ
Figure 7 (A), the servo gain is |large when the change ra engﬁLAdEM HaELe):
is™argest and it is snmall when the change rate is small gs a ge? *
above in Figure 7 (B), because the conventional gain constgﬂb ?n V.@S.-a-eer
constant coefficient. Wth this enbodi nent, the table can
vary the coefficient Klerr] to correspond to 30 the target PES val ue.
Thus, when the variation of the PES valpg is |large, the coefficient Klerr]
is given a small value. This allows the servo gain to have a constant

val ue. Wen tP@ ¥€iiation of the PES value is small, the coefficient Ka is
given a | arge ) This allows the servo gain to have a constant val ue.
As a.result, as shown in Figure 7 (D), the servo gain is approximtely
constant for any anount of offtrack, resulting in an optinumfollow ng

per.formance fQL ﬁgﬂ EQDHQ%nOErBEf%EGBEe %OO%EEId&fHﬂﬁ%fayng t he opti nmum

gal n const ant,
related closely to the standard deviation o. That is,

the standard deviation o is large when the gain margin
is small and the PES value is within a range of 158 to
168, whereas it is small where the gain margin is
'large. The inﬁentors experimented with othexr HDDs with
a few changes in gain margin over all of the tracks to
confirm that the standard deviation o of the head is
approximately the samé and stable over all of the

tracks.
[0043]

Thus, when the difference delta is larger, the servo
system for positioning the MR head is more sensitive
thén'for other posifions with smaller difference delta.
Consequently, the gain for the PES value for |
controlling an actuator is large and the gain margin is
small where the difference delta is large. The track-
following operation becomes more instable as thg-gain

margin decreases.



opti mum coefficient Klerr] for a target PES value is neasured and stored in

advance in mcrocode as a table. If a target PES value is

mamo i e

| var p .
magneti ¢ head actually starts seeking, the optinmumgain crRERIACEMENT SHEET
determ ned fromthe table in accordance with the val ue ang

servo systemas the coefficient Ka. 31 [0048] The abovg

appl 3 JUL 1996

%@F.a{..i.oﬂ..i.g .........

|

descri bed using the processing routine shown in Figure 8.

Ten- t ne_nagneti c

Head starts seeking, a target PES valu@% s obtained in step.200 of the
servo coefficient setting routine in Figure 8. In the subsequent step 202,
the table 48[0944uged to create a table based on a one-to-one correspondence
between the target PES value and the coefficient. In subsequent step 204,
the table which has been created is referenced to set a variable
coefficient Klerr] for the variable coefficient application nmeans 47.

[0049] An exA&pranobeasesperfaonmothiea alnve cdde irorhReabeFBWeLFithet | t he

gain constant is set to the default. Each

head is related closely to the instability of the sexrvo

system.

[0045]

Next, the operation of the periphery of the servo

controller 10 incorporated in the HDD 110 of this

embodiment is described in detail.

. [0046]

If the characteristic of the magnetic head is

nonlinearity between the amount of offtrack and the PES

value, as shown in Figure 7 (A), the servo gain is

large when the change rate of the PES value is largest

and it is small when the change rate is smallest, as

described above in Figure 7 (B), because the

conventional gain constant involves a constant

coefficient. With this embodiment, the table can be

referenced to vary the coefficient K, to correspond to



target PES value is then set, a current of 475 Hz is appl|ed to the-vorce -
cail, and the response is calculated to determne the opt | ramsATEMENNSHEET |
constant. These values are stored in the table as gain co stént;_sg‘Q]ULt]g%
respective target PES values. For the magnetic head shown|ii Bi.gur.e..6,...1.he
gain constant is small when - 32 the PES val ue i =tk
of 158 to 168 and the gain is very larg whereas it is large where the
gainis small. [0050] Thus, since, in tﬁhs enbodi ment, the use of a
variable coefficient allows the gain constant for feedback control to vary
in apcordancetH%tQaLBSEtg@geyaﬁgg.va&% s Vg ther iPeeh i 6£hepd has a
nonl i near PES val ue, “the servo system does not become instable despite
changes in g%lgs%éfha 2sShaghe,t kReK corltd il DK, M gi’edsr faoldmaing
operation can be perforned at "each position. [0051] A servo controller 10

to which the $£1Y9.syehes ai1bW8 the servo gain to have a constant

value. When the variation of the PES value is small,
the coefficient K, is given a large value. This allows
the servo gain to have a constant value. As a result,
as shown in Figure 7 (D), the servo gain is
approximately constant for any amount of offtrack,
resulting in an optimum following performance for any

amount of offtrack.

[0047]

In this manner, the optimum gain constﬁnt, that is, the
optimum coefficient K, for a target PES value is

measured and stored in advance in microcode aé a table.
If a target PES value is input.when the magnetic_head )
'actﬁaiiy.sfarts seeking, the optimum gain constant is‘
determined from the table in accordance with the value

and applied to the servo system as the coefficient K,.



above enbodinent is applied was experinentally produced andF&%qR@%g%ngﬁh@y
conventi-onal servo controller 12 with the results in Figurigs and éo :
Fi-gure 9 denonstrates the relationship between the gain an dd geuy B ﬂ ________________
val ue at a phase of O[err]. Figure 10 denonstrates the rel ptionshi
the target PES 33 value and the standard deviation a of 1,000 responsive
PES val ues sanpled after a track-foll ow ng operation for each target PES
value. The solid line in Figures 9 and £ indicates the results of the
experiment with the servo controller 12;- the alternate dot-dash line
indicates theggo®sijts of the experinent with the servo controller 10 to

whi ch the servo system of the enbodinent is applied. [0052] This experinent
was only conducted for the cylinder = 2,700 of head = 3 of Unit S/ N: V18506,
and two gain constants were used. That is, for the target PES value =< 129,
t he gai n consthmiakewe wpeeatieont ke dapgeibpdlpgingothd RREAGRSAINE) was

used; for the target PES ) )
routine shown in Figure 8. When the magnetic head

starts seeking, a target PES value is obtained in step
200 of the servo coefficient setting routine in Figure
8. In the subsequent step 202, the table 48 is used to
create a table based on a one-to-one correspondence '
between the target PES value and the coefficient. 1In
subsequent step 204, the tabie which has been created
is referenced to set a variable coefficient K, for the
.variable coefficient application means 47.

[0049] ~ | i

An example of an operation in this case is shown below.
First, the gain constant is set.to the default. Each
target PES value is then set, a current of 475_H£ris
applied to the voice coil, and-the response 1is
.calculated to determine the optimum the gain constant.
These values are stored in the table as gain constants
for the respective target PES values. For the magnetic

head shown in Figure 6, the gain constant is small when



val ue >129, 75% of the gain constant at the value of 128
gali n value) was used. However, the sensitive area gain Va|UﬁE§
substantially equal to the gain constant calibrated usinglfthrs
cylinder, and reproduction position (about 150). 34 [00b3L;
seen fromthe figures, for the conventional servo control
margin is smaller when the target PES vaue is within a range of about 148
to 188. On the contrary, the standard deviation a is larger within this
range. In the servo controller of this enbodi ment, although the gain
constant for ¢hiae pEd GR ES &/aliken s 20 F+8nd&% of 16Batoofl 8hancorent i onal
servo system Figure 9 clearly indicates that the gain margin of this
‘enbodi nent | gallinghiey wdgn e pfwhidwea£®niient s obakgeewhereonheoigadm when
the target PES value is 138 or nore. The standard deviation a that is |arge
when the tardet sRB3lvalue is within a range of about 158 to 188 decreases
with the change in gain margin. There is no effect fromthe change in gain
mar gi n when

eroEvNT R
Camrbe .......... .

[0050]

Thus, since, in this embodiment, the use of a variable

coefficient allows the gain constant for feedback

control to vary in accordance with the target PES

value, even when the magnetic head has a nonlinear PES

value, the servo system does not become instable

despite changes in gain within a single track, and the’
- optimum track-following operation can be performed at

each position.
[0051]

'A servo controller 10 to which the.servd“system of the
above embodiment is applied was experimentally produced
and compared with a conventional servo controller 12
with the results in Figures 9 and 10. Figure 9
demonstrates the relationship between the gain and
target PES value at a phase of 0°. Figure 10

demonstrates the relationship between the target PES



‘the standard deviation a is small. [0054] For exanple, if th ( {ﬁs " Mr
vaJue is set to 168 for seeking during reproduction, the off gé%§NE H iy
reproducti on/ recordi ng gap causes the conventional servo conf{rolleg @odukﬁggs"_
very instable during 35 reproduction, resulting in a high i Bl T e A

rate (recoverable error rate). However, a decrease in the gain allows the
servo controller of this embodinment to provide a stable track-follow ng
operation during reproduction, result|n§3ln a low soft error rate. [0055]
As descri bed above, since the correspondence between the distance

i nformati on cernespaditige t otaheaolf aetriat ibhe chedd 1f, 000 thespaieiwace
position and the gain information is stored in advance, the gain -
i nformati on ®ERY esdorel ngampledeadbtérged ekathe fhdddwimgndgerateian erice

position and the servo information can be used to provide feedback for the
control of tHehemth cdegeosPESovediuat aThe solid line in Figures 9
| and 10 indicates the results of the experiment with the
servo controller 12; the alternate dot-dash line
indicates the results of the experiment with the servo

controller 10 to which the servo system of the

embodiment is applied.
[0052]

This experiment was only conducted for the cylinder =
2,700 of head = 3 of Unit S/N:V18506, and two gain
constantsi were used. That is, for the target PES value
=< 129, the gain constant calibrated at the value of
128 (normal gain value) was used} for the target PES
value >129, 75% of the gain constant at the value of
128 (sensitive area gain value) was used. ‘However, the
sensitive area gain value is substantially equal to the
gain constant calibrated using this HDD, cylinder, and

reproduction position (about 150).



predeterm ned position on the track which nmay be the reference positiop——
This prevents the feedback control from being affected by tﬁ@pgﬁdémngéﬁebe';
head fromthe reference position, and allows the head to §tablyafQlh I
track. 1. A servo method for a hard disk drive for |jusiipg“a”head. T.hat. ‘
at. | east reproduces information and has sensitivities whi o
within a single track width to reproduce servo information for identifying

a track position froman information reggrding disk conprising at |east one
track including at | east one servo region in which said servo information

is stored and using the reproduced servo information and predeterm ned gain

i nformation to[ié%side feedback for the control of said head to be
positioned in a predeterm ned reference position on said track, wherein the
correspondence between the distance information corresponding to the offset
within a singlg,t ke, \M o] i g head fromsaid reference positipn and
said gain inf (Szgsna alﬂgnb%\nsgé %réﬁgﬁnggﬁvgﬁggfesai olreﬁ: (Sadtfcoéﬁlesrgi?lv%naf

| nformation | SdisRsl dontadiyer ! hend! shanchal-glhar Tl IS 100 Gapandigg to the
of fset of said head fron1sa|drre erence position, sald correspondence is
referenced to aidese SIS @l dle | 16 O IBHE AN CORMGBPBRdiaM0 14¥ ll Siggce.

i nformati on obtai ned, and feedback control within a single track wdth is
carried out uImgHdecgitiraiyf othat seandetivadvand iohe of 8y Q&R servo
information to position said head in the

within this range. 1In the servo controller of this

embodiment, alﬁhough the gain cbnstant fof the target
PES value >129 is 75% of that of the conventional servo
system, Figure 9 clearly indicates that the gain margin
of this embodiment is higher than that of the
conventional servo controller when the target PES value
is 138 or more. The standard deviation o that is_large
when the target.PES value is within a range of abo;t
158 to 188 deciéases-with the change in gain margiﬁ.

There is no effect from the change in gain margin when

the standard deviation ¢ is small.
[0054]

For example, if the target PES value is set to 168 for
seeking during reproduction, the offset of the
reproduction/recording gap causes the conventional

servo controller to be very instable during



predeterm ned position on said track which may be said rgferes BaSd
2., A hard disk drive conprising: a head that at | easf] B

i nfrormati on and has sensitivities, part of which are not
single track width; an information recording di sk conprifg
track including at |east one servo region in which said ser ,
for identifying a track position is stor%g; a reproduction device for
reproduci ng said servo information from “said information recordi ng disk; a

storage device for storing the correspondence between the di stance

i nformation corresponding to t pffset of sajld _head from sai.d reference
posi tion and %eﬁlb"‘ﬁ%ﬁ%%‘?’ﬁ‘r o’f‘?f%‘fhjre’bh?g a1 %t%ﬁgé Fﬁ%g'r &t ;%gnﬁ%et% vation
device for usj i r 0 i io Hen the el st ance
of or mat  on CORCRbRH R AR 2B L, ' RoPRPRE, 8, HectRR Sl S BNCS

head from saigl neler ERGE PASI1dd AR EOEtRol $EHDPBEK tRQR! lbdiBicaf: 1S

referencing said correspondence, reading the gain information corresponding
to the di stang@vidoraradd0m &lef ekl fllowshidopbeatedm @iringf or mation
and the reproduced servo information to position said head in the

pr edet er m nedBdudi o, Steshltied hi &hlorysbEtsardorefrartence position
37 3. A hard disk drive in accordance with claim2 wherein said head
conprises a

[0055]

As described above, since

the correspondencé between the distance information
correspbnding to the offset of the head from the
reference position and the gain informa%ion is stored
in advance, the gain information corrgsponding to.the
offset of the head from the reference position and the
servo information can beluSed to provide feedback for
éhe contiol offthe head to be pésitioﬁed at é
predetermined position on the track which may be the
reference position. This.prevents the feedback control
from being affected by the offset of the head from the
reference position, and allows the head to stably

follow the track.



I':éproductiorj el ement for reproducing information and a storage_el enent
di sposed at a specified interval fromthe reproduction ele t for—storing
the information. 4. A hard disk drive in ﬁécordance vvith.g;;

ein
sai d head includes an MR head havi ng a magret oresi stive eff ’I//mm”//”///
LIl Ju~ ~" -38 - a feedback control device for referencing thet 'y K II/
correspondenc&laitms: gai n i nformation corresponding to the derived distance
i nformation, and for using the derived gain informati on and the servo

information to position the head in a predetermnmined position on a track. 7.

A hard disk drive ad.clai Aeservo methodnfos anbesd alisk drive ferausing @l hradsthat at least
e opofA0BRs R 6tk AT Shicacd e S AR S o
A hard di sk dWidl8 3o Tepuiuee] SPTYoc KRfPrmasionn &ore iidentifing o MTaGKe POsiHaD offomRan
head having a jxeaRfidh Rebdidg BisR icbfprising at least Ond abk Fhcidifg ia¥ FesSO BRE isSvY:
a head |. ncluding a.,rep ,o}cliuct on el %&nt for, reproducing infornmation and a
st or age ' el emefegioR é&o@g'ﬂ seryac thlﬂﬂéﬁaﬁ‘&ﬁgfmnﬁ 10§ QHFBMHF‘F@#WO
el ement for stgfaihstionhd predsterdihed gaif tnforthatiofBtdi pRovitle $ed8adkofor it control of
Ui ng 8 et pciied S  SrhaDrmibd rlE e pesin B e b
wherein the correspondence between the distance information corresponding to
the offset within a single track width of said head from said reference position and said
gain information is stored in advance,
said reproduced servo information is used to derive the distance information
corresponding to the offset of said head from said reference position, -
said correspondence is referenced to derive the gain information corresponding
to the distance information obtained, and '
feedback control within a single track width is carried out using the gain
information derived and the reproduced servo information to position said head in the

predetermined position on said track which may be said reference position.

—

2. A hard disk drive comprising: .

a head that at least reproduces information and has sensitivities, part of which
are pot uniform within a single track width; .

an information recording disk comprising at least one track including at least
one servo region in which said servo information for identifying a track position is
stored;

a reproduction device for reproducing said servo information from said
information recording disk:; :

a storage device for storing the correspondence between the distance
information corresponding to the offset of said head from said reference position and
said gain information;

a distance information derivation device for using said reproduced servo
information to derive the distance information corresponding to the offset within a
single track width of said head from said reference position; and

" afeedback control device for referencing said correspondence, reading the gain
information corresponding to the distance information derived, and using the read gain
information and the reproduced servo information to position said head in the
predetermined position on said track which may be said reference position.
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a deV| ce for .obtaining gain informati on corresponding to the specified

di st ance. between the reproduction el enent for reproducing information of
the head and a storage el enent of the head; and a feedbackmmllﬂﬂ"l "III"IIII
controlling the | ocation of the head within a single track

f eedback device being responsive to the g%ﬁ n information and thereby
account for the specified distance between the reproduction el enent and the

a;}orage elhemﬁnt 3in nhmrge:nsk dﬁlﬁbmacc&dhﬁcdvﬂwmwwm saidahad(t sésaak m 9
erein the hea respns nl.i ne n_an. amunt o ac
{rom the contapdgt R regrSiicne EEbnRGon aa "LREn Aerihn dispaiteh i
position errspécxﬁdd@inwrvalrfrmmmpmmdnmmmm s&mnmmormmmme of f set;

and a device for varying the gainin relation to a target position error
signal value thereby to maintain an effective gain for the feedback neans
substantial | y cdnst Anhardrdisk duiepimnateardande witk claim Zhwhereinosaid headcincludés an A
hard di sk dgj ncl uding a device for obtaining a
pr edet er m nwgﬁl ’%W ?hméﬁrget position error signal and for

- storing the value in a table. 2 1 APR 1997 12. A hard disk drive as
claimed in claim1l wherein the head is a magneti c head, and including a

devi-ce for inputting a target position error signal value into the magnetic
head, neans. for determning a sel ected-gain constant fromthe tabl-e in

This is the replacement shest
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accordance Wt h th'eﬂﬂva—lﬁi‘keand a device for applying th RML&Q@B&%W‘
' e

f eedback “\mr\ thod of controlling the |ocatfign o
hard di sk ﬂ“‘\m

head i ncludes a reproductio
r epr oduci ng i nf dr metion and a storage el enent di sposed
di stance fromthe reproduction elenent forggitoring the
wherein there is an information recording di sk includi

; o h
ot hod| compri o1 ng: 2 apBate SEHASL &b Ry sbAFAEInE) bf Soflelchiitn
di st ance bet @B nfommatiemr @um@pmdmg ke thenderived distance doformgtiomf andnfor nmmgothe

the head andggiveyio; s 1@?0?1?%{0?(& Ofng! fife "R iffdFmaribH 1! bbdlfiod e ! BERL N 20"

t he head Wlthlsg Ie h in response to t galn infornmation
‘and t her eby RISIGIERBING PP%‘FIOPF?éas fi ed di stance between the reproduction
el ement and the storage elenent in the head. 14. A rret hod as clained in

| ai 13 wh ' h he I t, .Of
of -t ack Tromthelcent oh BraiE fid ¥ claBBl g ol 5 S, MEHERG, Beludes ag
a position erepondustiomalement tfore reproducing) informsation rantcan ﬂﬁomtlongstd)ﬂage @ldnsentt ;
and i ncl udi Iﬁﬁwgpgg%&@ﬁ%&r{,ﬂ ﬁ.&hfq?é réductlod &k ?:Eht position error

si gnal val ue ere ntaln an e Ive gain t he feedback neans
substantial ly constant and i ndependent of the anpunt of off-track. 15. A

met hod as clai med gn cl aArpatd diskCdrivd wclﬂhieﬁ'lﬂ'dlﬂm%mﬁﬁﬁ érh%dmﬂﬁklﬂsan S
Fone 16, MRkl e A SRR SIS 5 Whor ol bt h hoat (s e |
magnetic head, and including i nputting a target’ pOSl ti
560 e manet) iR R34 Hyg e odphpe 9% 1 ©
a head mcludmg a reproductlon element for reproducmg -mformatlon and a.
storage  element dlsposed at a specified distance from: the reproductlon ‘element for
storing the information; - : -
an information recording disk including a track havmg a servo reglon with
servo information for identifying a track position; i
a device for obtaining gain information correspondmg to the specified distance
between the reproduction element for reproducing information of the head and a storage
element of the head; and
a feedback device for controlling the location of the head within a single track
width, the feedback device being responsive to the gain information and thereby
account for the specified distance between the reproduction element and the storage
element in the head.

10. A hard disk drive as claimed in claim 9 wherein the head responds
nonlinearly between an amount of an off-track from the center of the track relative to
the head and including having a position error signal in the servo information for
detecting the offset; and

~a device for varying the gain in relation to a target position error signal value
thereby to maintain an effective gain for the feedback means substantially constant and
independent of the amount of off-track.

11. A hard disk drive as clatimed in claim 10 including a device for
obtaining a predetermined gain constant for the target position error signal and for
storing the value in a table.

This Sheet Has Been Reli

T signal val ue-'-‘--'
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and i nelu
magneti ¢
accordance*w fh the' vdl ué, and applying the val ue for

appl yi ng the value for head control. 17. A net hod asprdarmes—trn—et-a
ﬂlnm ‘Ilﬁm Wl“ﬂe target position error sign MM’B\ daf |

control.

1

d BOBARR 9997

a selected gain constant fr ma{ﬂﬁe tableTn

12, A hard disk drive as claimed in claim 11| wherein the .head is a
magnetic head, and including a device for inputting a target position error signal value
into the magnetic head, means for determining a selected-gain constant from the table in
accordance with the value, and a device for applying the value to the feedback means.

- 13, A method of controlling the location of a head for a hard disk drive
wherein the head includes a reproduction element for reproducing information and a
storage element disposed at a- specified distance from the reproduction element for
storing the mformatxon and wherein there is an information recording disk including a

track havmg a servo reglon W1th Servo mformatlon for 1dent1fymg a track position; the
. method compnsmg ' -

obtammg gam mformatlon correspondmg to the specified distance between the

reproductlon element for reproducmg mformatlon of the head and a storage element of

the head and - : .
' controllmg the locatlon of the head within a smgle track width in response to

. the gam mformatlon and thereby to account for the specified distance between the

reproductlon element and the storage element in the head.

14. A method as claimed in claim 13 wherein the head responds
nonlinearly between an amount of off-track from the center of the track relative to the
head, and including a position error signal in the servo information for detecting the
offset; and including varying the gain in relation to a target position error signal value
thereby to maintain an effective gain for the feedback means substantially constant and
independent of the amount of off-track.

15. A method as claimed in claim 14 including obtaining a predetermined
gain constant for the target position error signal and storing the value in a table.

16. A method as claimed in claim 15 wherein the head is a magnetic head,
anid including inputting ‘a target position error signal value into the magnetic head,
determining a selected gain constant from the table in accordance with the value, and
applying the value for head control.

17. A method as claimed in claim 16 and including inputting the target
position error signal value into a magnetlc head, determining a selected gain constant
from the table in accordance with the value, and applying the value for head position
control.
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