‘1 _ *1e6166* TITLE OF THE | NVENTI ON METHOD AND APPARA OSI TI ONI NG A
HEAD IN A DI SK DRIVE WTH SERVO WRI TI NG FUNCTI ON BACKGROUND OF THE

- I NVENTION 5 The present invention generally relates to a mmmm,wmm ng
system and, nore particularly, to a head positioning syst

drive with a servo witing function. ILn general, a disk driveidhat
represents a hard 10 disk drive incorporates a head positioning system
The head positioning systempositions a head in a target position on a

di sk medium (sinply referred t [ her el r) based on servo data
recorded on the disk. 15 As a%%f@%%flf%gf@ﬁgégﬁf recordi ng servo
data on a disk e pi ﬁ%#p % [ t I 5. exe d
using a mchanygt%%?)rﬁ)cg@o%te iﬁ?% 93%:'Pg§&grlir&\]t\;e seAe %%Ar%} ]éfat. &g%ﬁn: _
KOKAI Publ i cat igRveNGT 78 25433 wH OF 1 eX arl® 1040 I the self-servo writing

met hod, a head Is positioned using servo data witten to a disk and the

next servo data is witten thereEROUNRE oFeiMt®: dabaN1Ci ai ns position error
conponents that are synchro- nized with the rotation of the disk, or

repeat ablse 25 run- outhe feydred 1ovast RRO henetpaiterpiatésthe aRRO
i ncreases, the distortion of old servo data in the radial direction of the
di sk affects thatadobositioning system and, more particularly, to a
head positioning system of a disk drive with a servo
writing function.
In general, a disk drive that represents a hard

10 disk drive incorporates a head positioning system.
The head positioning system positions a head in a
target position on a disk medium (simply referred to
as a disk hereinafter) based on servo data recorded
on the disk.

15 As a servo writing method of recording servo
data on a disk, there is a self-servo writing method
that is executed using a mechanism incorporated into
a disk drive (see Jpn. Pat. Appln. KOKAI Publication
No. 8-212733, for example).

20 In the self-servo writing method, a head is
positioned using servo data written to a disk and the
next servo data is written thereto. The servo data
contains position error components that are synchro-
nized with the rotation of the disk, or repeatable

25 run-out (referred toc as RRO hereinafter). If the
RRO increases, the distortion of o0ld servo data in
the radial direction of the disk affects that of

-

LT

*G00002*



11121222 1 0 0 L L EY b b 11111 0 1 1/ 1111 *@00002* 2 -
subsequent servo data. The prior art self-servo witing method described

- above has the technique of suppressing the increase of RRO by a correction
function of inputting a correction 5 value by feed forward (FF) (which may
be referred to as FF correction hereingf;fr); The correction function
enploys a linear filter (FF filter) operdtion that corresponds to the
inverse function of the sensitivity functign Ef a hea? 10 FOS|p|on|ng
system The sensitivity function of a feedback control systemis a
t?ansfer funct iBHPIITUFE SSHE? 835 Freans a open-1oop transfer function of

th f eedback contro tem In_the correction.function, a correction
va?ue eiS 2onputed b@héﬁérkﬁxf?¥¥e?e%ﬁéﬁgFW8nwFété&&eﬂeroghge?ﬁE&PeQalue
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system The correction ue 158 Co a

posi i on error e dhe; Neag:daed 46118t BEOSHHA0.POSI Li an), whigh are
sensed before the correction. 1In the a ove porreg ion Ffunction, however,
the RROzausedafierop £65d eediwiaal ue) i $whPH! ngaNPOl -obe CRRT £t ed. It

is thus difficult to correct the distortion of servo data to be recorded
with high 25 ppeciBi@rrection hereinafter).
The correction function employs a linear filter
(FF filter) operation that corresponds to the inverse
function of the sensitivity function of a head
10 positioning system. The sensitivity function of a
feedback control system is a transfer function 1/ (1+G)
where G means a open-loop transfer function of the
feedback control system.
In the correction function, a correction value
15 computed by the FF filter operation is added to
the input value of a controller (follow-up control
element) of the head positioning system. The
correction value is computed based on RRO included
in position errors of the head (relative to a target
20 position), which are sensed before the correction.
In the above correction function, however, the
- RRO caused after a correction value is input cannot
be corrected. It is thus difficult to correct the
distortion of servo data to be recorded with high
25 precision.
BRIEF SUMMARY OF THE INVENTION

In accordance with one embodiment of the present



BRI EF SUMMARY OF THE | NVENTI ON I n accordance with one enmbodi nent of the
present 3 invention, there is provided a head positioning system capable
- of suppressing the increase of RRO effectively and correcting the

di stortion of servo data with high efficiency. 5 The head positioning
system conprises a positioning unit to pasition a head in a target o
position on a disk nediumthat is rotating, a unit which senses a position
error of the head relative to the target position, a controller which

out puts 10 an ampunt,_ of caontrol o eratiog?gf the positioning unit based on

the position errofSi i a Whirirecty dF Ctnfedwhi ka2 oﬂ%E%EéoﬁlBSSFYPEﬁmeéror
h i i.zed with ti f th i ium, sed on
o Tapat val ae SHaRd A e b 88 Qand P CRRE SE Sp et BTy

elimnate the pgsitd - e Lt ertor,,and adds
the correction valiﬂﬁééﬁgiﬁ%ﬁ?{%g 5]2&8%%%5%%&?%%&1& khl—@gSEVERAL
VI EWS OF THE DRAW NG ke acconpanying draw ngs, which are incorporated 20
in and constitute a part” of the specification, illustrate enbodi nents of

the invesion, and togethesd y@ghtiggig@ngggkege§gﬁ'pgggg gi ven above and_
the detailed description of the enbodi nents given below, serve to explain

the principl es pbsihboniweninon. t@5dsGridni s Bebbiock di agrgarof the main
part of 2 position on a disk medium that is rotating, a unit
which senses a position error of the head relative
to the target position, a controller which outputs
10 an amount of control operation of the positioning
unit based on the position error, and a correction
unit which computes a position error component that
is synchronized with rotation of the disk medium
based on an input value of the controller, computes
15 a correction value to eliminate the position error
component from the position error, and adds the
correction value to the input value.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING
The accompanying drawings, which are incorporated
20 in and constitute a part of the specification,
illustrate embodiments of the invention, and together
with the general description given above and the
detailed description of the embodiments given below,
serve to explain the principles of the invention.

25 FIG. 1 is a block diagram of the main part of a

disk drive according to an embodiment of the present

invention;



‘di sk drive according to an enbodi ment of the present invention; 4 FIG 2
is a block diagramillustrating the main part of a head positioning system
- of the disk drive according to the enbodi nent of the present invention;
FIG 3 is a diagramshowi ng the anount of distor- 5 tion in the head
positioning systemof the disk drive accor ding to the enbodi ment of the
present invention; FIGS. 4 to 7 are diagrans of variations of input values
of a controller of the head positioning system of the disk drive according
to the enbodi nent ofoﬁhe 10 present invention, and FIG 8 is a flowhart
showi ng a procedur e ©TfC- & s¥ 12 etk Wit EPReMopel HEFBATABEOEBENBELB t he

enbodi nent of the present invention. DETAILED DESCRI PTI ON, OF THE | NVENTI ON
15 An enbodi ment" of oﬁea SFELHCT hVEMR 0% W FMndi E@edgéﬁ}‘i BeYVRith -

reference to t}%ﬁs&@gﬁaw‘i NG, déMcﬁ'%ﬁ?x_uﬁgf %hies gﬁggg ﬁ&{q%’%ﬁjéam of the

mai n part of ve having a s Servo W itl 1930 FIG 2

min part of &7is ali ng roR- 120 FI
o the di sk orive. ) {Cont U arront of rok B val SSUETLLEGRIggsee

according to the smoedivrntnofq ;B@@i_@;[@ﬁﬁ@% Lpyeshi g8 i;ggl Hdeg a sk 1
serving as a 25 data recording nedium a head 2 nounted on an actuator
according to the embodiment of the present invention;
FIGS. 4 to 7 are diagrams of variations of input
values of a controller of the.head positioning system
of the disk drive according to the embodiment of the
10 present invention; and
FIG. 8 is a flowchart showing a procedure of
a self-servo writing operation according to the
embodiment of the present invention.
DETAILED DESCRIPTION OF THE INVENTION

15 An embodiment of the present invention will
now be described with reference to the accompanying
drawings.

FIG. 1 is a block diagram of the main part of
a disk drive having a self-servo writing function.

20 FIG. 2 is a block diagram illustrating a head posi-
tioning system incorporated into the disk drive.
(Configuration of Disk Drive)

The disk drive according to the embodiment of
the present invention includes a disk 1 serving as a

25 data recording medium, a head 2 mounted on an actuator

3, and a servo system having a self-servo writing

function, as shown in FIG. 1.



'3, and a servo systemhaving a self-servo witing function, as shown in
FIG 1. 5 The disk 1 is attached to a spindle notor (SPM 10 and rotates
+ at high speed. The disk 1 has a number of tracks (cylinders) 100 that are
formed concentri- cally around the rotation axis of the disk 1. Each 5 of
the tracks 100 is divided into servo sect@rs _130. Each of the servo
sectors 130 includes a | eading servo area 110 and its subsequent data
recording area 120. On the servo area 110, itens of servo data (positional

i nf ti rd I inte I th 10 renti al
i ection by a servand ity oger -rt@hc%%%ifi‘? .S%'e%m% DSt s

| ud d 1. ead 20 forns a
kpftg gge?arTB%% ?ggwfﬁgg%%%r%g %’ta 0 Ggér dﬁ%a on Hé dﬁ%%l %% The

read head 21 pgkfQrupya reaq opeRai and O%Hae@dazréefélﬂu%?t% edfffl data out

of the disk 1. The actuatdr 3 anes t he head over |n its

radi al directieniby theudtd Vg 1068 Hf & Voige ol lq: Mptor (MM 4. 20
The servo systemincludes a signal processing unit 5, a position sensing

unit 6, a8 contbgl kae TracksVAModriisveli ¥ ddtl 2nSEryoOry8 idddb i1z, The
signal processing unit 5is aread/wite channel that perforns a decoding
operation and &@ach2bferther seorveeGddig per i | Dicfede $ eadl Sd@inad SsotbPut
area 110 and its subsequent data recording area 120.
On the servo area 110, items of servo data (positional
information) are recorded at regular intervals in the
10 circumferential direction by a servo writing operation
described later.
The head 2 inciudes a write head 20 and a read
head 21. The write head 20 performs a write operation
to write servo data or user data onto the disk 1.
15 The read head 21 performs a read operation to read
servo data or user data out of the disk 1. The
actuator 3 moves the head 2 over the disk 1 in its
radia; direction by the driving force of a voice coil
motor (VCM) 4.
20 The servo system includes a signal processing
unit 5, a position sensing unit 6, a controller 7,
a VCM driver 8 and a servo writing'unit 9.
The signal processing unit 5 is a read/write
channel that performs a decoding operation and an
25 error—-correcting operation for read signals output

from the read head 21. The position sensing unit 6

separates servo data from the read data processed by



fromthe read head 21. The position sensing unit 6 separates servo data
fromthe read data processed by 6 the signal processing unit 5 to generate
- positional information of the head 2 (which is broadly divided into a
cylinder address and a servo burst signal) The controller 7 includes a

m croprocessor (CPU) 5 70 that serves as main el ement to execute
prograns stored in a ROM 71 and confi gur a head positioning system
which will be described |ater. The CPU 70 conputes the anount of control
operation (control input value) to drive the VCM 4 in accordance with a 10
head position §%ﬁ%éﬁ@5§@rﬁ”ﬁ%&ﬁf%WQnP%%FiBdt%yg?%%rab®sp@ﬁéhlgéﬁéing uni t

6, control para ers stored. .in the 1, program processing tine
measured by a 4ﬂﬁﬁﬁma2ﬁﬁpt ﬂqq«§e§$E2Q%NPHEPng BrogfAeyafe¥idedri ving
current 15 cor.r. andi.ng. he, amount _of control operation tput from
t he CPU 70 andlgﬁ%gf?g§¥%g4%#t%% 4?ndTﬂeS§EV9obﬂf?€iﬁbgﬁﬁgf'g
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system, which will be described later. The CPU 70
computes the amount of control operation (control
input value) to drive the VCM 4 in accordance with a

10 head position sensed every fixed time period by the
position sensing unit 6, control parameters stored
in the ROM 71, program processing time measured by a
fLimer, and the like.
The VCM driver 8 generates a driving current
15 corresponding to the amount of control operation
output from the CPU 70 and supplies it to the VCM 4.
The servo writing unit 9 generates servo data to be
recorded in the servo area 110 in response to an
instruction from the CPU 70 and supplies it to the
20 write head 20. The servo writing unit 9 achieves a
self-servo writing function together with the CPU 70.
(Head Positioning Control System)
Referring to FIG. 2, the head positioning system
includes a feedback control system having a controller
25 (transfer function C) 200 as a main element and a feed
forward control system for generating a correction

value (FF) to eliminate RRO (position error components



forward control systemfor generating a correction value (FF) to elimnate
RRO (position error conponents - 7 that are synchronized with the rotation
< of the disk). This systemis configured by software including prograns
and control paraneters stored in the CPU 70 and ROM 71 shown in FIG 1. 5
The controller 200 receives a result of_ addi- tion of a position error
(PES) of a plant (target for control) 210 and a correction value (FF) (as
an input value 250 to the input terminal) and perforns sanple val ue
control to dete%{rﬂjne t he_ ampunt of control 10 operation for controlling the

plant 210 at regtitar®q i TG HUAES. WHhR Pranto2abire pRethet daskt -

i ncl udi ng the d i,n._a .broad sense d the_ VCM 4 in arrow sense.
Specifically, [Hﬁ%s\/ééfsd%eln\l/elrs %%n%%??gg?}ﬁ% RDLNET Bf lTEEthPFoI oper ati on
output fromth I g Lvin rrent .and. su i it to

t he VCM 4. Thee%c ee% %nggrv\%r%%gog}&% %%ggé%n{[?ﬁglgﬁ%e hﬁoghﬁegghrﬁﬁg uni t
220, an FF filtglq 238 and a0 GE { Pyt generating unit 240. 20 The RRO
measuring unit 220 measures an RRO Tresidual conponent fromthe input val ue

250 of thle controllefe 200ntdbel EF ibbtgécg§9egsaarg%ﬂ§%ro%iBhﬁﬁ— operating

unit that is associated wth the inverse function of the sensitivity
function of thecfeedbaick R cond obrsyst epESANGr CONPULAS GOLEGELI 88y Val ues

(FF) control) 210 and a correction value (FF) (as an inbut
value 250 to the input terminal) and performs sample
value control to determine the amount of control

10 operation for controlling the plant 210 at regular
time intervals.

The'plant 210 is the actuator including the head
2 in a broad sense and the VCM 4 in a narrow sense.
Specifically, the VCM driver 8 converts the amount of

15 control operation output from the controller 200 into
a driving current and supplies it to the VCM 4.

The feed forward control system includes a RRO
measuring unit 220, an FF filter 230 and an FF input
generating unit 240.

20 The RRO measuring unit 220 measures an RRO
residual component from the input value 250 of the
controller 200. The FF filter 230 is a linear filter
operating unit that is associated with the inverse
function of the sensitivity function of the feedback

25 control system, and computes correction values (FF)

from the measurement results (integration values of

respective servo sectors) of the RRO measuring unit



fromthe neasurenent results (integration values of respective servo
sectors) of the RRO neasuring unit 8 220. The FF input generating unit 240
< outputs the correction value (FF) for each of the servo sectors.
(Self-Servo Witing Operation) A self-servo witing operation according to
5 the present enbodi ment will now be described with reference to FIGS. 3
to 8 as well as FIGS. 1 and 2. First, the SPM 10 rotates the disk 1 at a
constant angular velocity in the disk drive. In the self-servo witing
met hod, the CPY_70 instr s the 10 read head 21 to read old servo data
from the disk lig%ﬁ’t- ITE]&UH?;_IE R (SR SAT Y d85hont i AUFPES gthikt ep S1).
The positional ir;forr%atioqf ilndi C{aftbin the currept gosition of the head 2
i s synchroni zed W ERE A 1100 andl €32 the TRSkSIT¥ACSHt A hied from
the | eading 15 I I . Of t servo sectors 130. The CPU 70
9 (%%1@%5%&3&%&@0 Pa(tl{&g

positions the wite i'na 1tron whi ch the next servo data is

witten in accordan i jitd i ti al.ned fromthe
servo area 110 (ste%€852é)lm.f%0élg§? g\gf%%%ﬂﬁ:é%ét?%e% Gé‘g,got?ﬁ?éﬁ% i"('?e head 20

and read head 2k Qrddimtheathdd Biénhtdi vl ACeS P thsskadhal woixection of

the disk 1. Moire specifically, the wite head 20 is |ocated at the inner
radi us nore thaefdi@endeand heeck 213 25 Jhes GPAL Y023 Ft€§. seryggdata to the

Servo area _

First, the SPM 10 rotates the disk 1 at a
constant angular velocity in the disk drive. In the
self-servo writing method, the CPU 70 instructs the

10 read head 21 to read old servo data from the disk 1 at
regular time intervals, as shown in FIG. 8 (step S1).

_ The positional information indicating the current
positidn of the head 2 is synchronized with the rota-
tion angle of the disk 1 and obtained from the leading

15 servo area 110 of each of the servo sectors 130. The
CPU 70 positions the write head 20 in a position to
which the next servo data is written in accordance
with the positional information obtained from the
servo area 110 (step S2).

20 Referring here to FIG. 1, the write head 20 and
read head 21 of the head 2 are displaced in the radial
direction of the disk 1. More specifically, the write
head 20 is located at the inner radius more than the
read head 21.

25 The CPU 70 writes servo data to the servo area
110 of each servo sector of each cylinder (track) from

the outer radius of the disk 1 (step S3). Then, the



110 of each servo sector of each cylinder (track) from the outer radius of
the disk 1 (step S3). Then, the 9 head 2 seeks (is positioned) for each

= cylinder toward the inner radius of the disk 1. The CPU 70 repeats the
servo wite operation to wite servo data to the entire surface of the
disk 1 (step S4). 5 Wen the wite head 2Q is |ocated at the outer radius
of the disk 1 nore than the read head 21, “it ~ wites servo data fromthe

i nner radius thereof. The positioning operation of the wwite head 20 in
step S2 will nom1be described with reference. 10 tqo FIG 2. In self-servo

writing operatPSﬁ £hESEPS 763 @&ﬁ%ﬁ%ﬂﬁ?qPM;Q%lﬁ%FWmﬁﬁﬂ%Rﬁ%@ tPeaFéad
posi tioni ng trol__shown The co | er . 200 utes the
anount of cont F 6Belre§t|€ﬁ£ltu5‘ 8% rﬁ%‘r‘?acgl g ﬁ%eﬁ%[}] ec? r]f) PEPEZ) bet ween
t he position of oId S&! ta t he read head 21 sition to
mhicﬁ the next §eF€5 ?ﬁjﬁge tgh Hﬁjsupb??e%eFYot%F %et%lg?? 210.

The result of %gl@ltflelz%uquf tcl'ée oq_;osdﬁel Q{‘l £r{ of %3524%)and the correction

value (FF) fromthe G nput genera I ng unl is regarded as the

i nput valsue 250 of tHiefAHd Qb &Fe Q00 THe oLdisesvoqdat a hé‘%H

distortion SD1 due to RRO while the next servo data |nc udes glstortlon
SD2 due to RROraMiesf egd drar wargk conddod Sysh epneS- CQNAL LS A1 corfection

val ue (FF) such that the distor-
writes servo data from the inner radius thereof.

The positioning operation of the write head

20 in step S2 will now be described with reference
10 to FIG. 2.

In self-servo writing operation, the CPU 70
positions the write head 20 by the head positioning
control shown in FIG. 2. The controller 200 computes
the amount of control operation to eliminate a posi-

15 tion error (PES) between the position of old servo
| data read by the read head 21 and a position to which
the next servo data is written, and supplies it to
the plant 210. The result of addition of the position
error (PES) and the correction value (FF) from the FF
20 input generating unit 240 is regarded as the input
value 250 of the controller 200.

The o0ld servo data includes distortion SD1 due
to RRO, while the next servo data includes distortion
SD2 due to RRO. The feed forward control system

25 computes a correction value (FF) such that the distor-
tion SD1 has no influence on the writing of the next

servo data. In other words, the correction value



tion SD1 has no influence on the witing of the next servo data. In other
words, the correction value - 10 (FF) is conputed such that the input

- value 250 of the controller 200 includes no RRO conponents. The operation
of the feed forward control system w | be described below. 5 The RRO
measuring unit 220 has nenories that are_equal in nunber to the servo
sectors and neasures an RRO resi dual Eonﬁgneﬁt fromthe input val ue 250 of
the controller 200. Specifically, the nmeasurenent is given by the
foll owi ng equation (Jg : 10 RRO(k) = RCEk) + G X (PES&t) + FF(k) ) ... (1)
where k i s the Hiibelrs ofoRPRERY oSkt BRatRREEKINPYE L avaluguRE Oop fmsasur ement
of RRO correspondigﬁﬁio tggboservo 3ector k, which is stored in a nenory of
the RRO neasurity ten 400 pErgtydes BopBRP: FBAPERRBES(PES) 15 i ncl udi ng
the distortion of sery ta,, FF(k) .is,a _correction value output fromthe
FF i nput generating f%%i$8§ﬁ%t5% %gr%Q?pgﬁgﬁnéofgafﬁeC?@&GGHSé@Fﬁﬁmk, and
Gis a gain C°W§$?ftbgfdégépff&ﬁh?%ﬁgwhiCh is selected to converge the

generation of a correction val ue "20 stably and quickly. In the above

equation 1), RRAK)Tho kR £8blcsher MieppeseRls Acdkyedmgayred when
old servo data is witten. The FF filter 2 conputes a correction val ue
25 (FF) from t heroeagus ENBRt nwsat t t§aRnhknkeghat saRt¥3LUS LY measures

an RRO residual component from the input value 250 of

the controller 200. Specifically, the measurement is

given by the following equation (1):

10 ~ RRO(k) = RRO(k) + G X (PES(t) + FF(k)) ce. (1)
where k is the number of a servo sector, RRO(k) is a
result of measurement of RRO corresponding to the
servo sector k, which is stored in a memory of the RRO
measuring unit 220, PES(t) is a position error (PES)

15 including the distortion of servo data, FF(k) is a
correction value output from the FF input generating
unit 240 and corresponding to the servo sector k, and
G i1s a gain constant of 0 through 1, which is selected
to converge the generation of a correction value (FF)

20 stably and quickly.

In the above equation (1), RRO(k) in the right
term represents a value measured when old servo data
is written.

The FF filter 230 computes a correction value

25 (FF) from the measurement result (an integration value
of each of the servo sectors) stored in the memory of

the RRO measuring unit 220. The FF input generating



‘of each of the servo sectors) stored in the menory of the RRO neasuring
unit 220. The FF input generating - 11 unit 240 outputs the correction

+ value (FF) for each of the servo sectors. As described above, the FF
filter 230 included in the feed forward control system conputes a
correction 5 value (FF) to correct a distortion due to RRO caused when old
servo data is witten. In other words, t RRO nmeasuring unit 220
estimates a residual RRO conponent that corresponds to the am)gnt of
distortion due t RRO. The FF filter 230 adds the_estimted 10 anount
of distortion P&lt%h%qg)oﬁﬁgé’tuittfn U FETHSEI W naTE) tHer dfatbrad on due
to the RRO that ,was _caused_ before the old servo data was witten. Thus,
the distorti ontgﬁlsc%f)’é)e&e\ﬂ%’ﬁsdl d servo data is witten can suppress the

i ncrease of RRO t hatpgqjsesléjta&& rg[%&?g’ce%gg #pefgiéég_rgiignig%%%a sed when

the next servo data 1s witten. IS therefore possi ? (5,‘:ICI;[l a

distortion due @ RRQ4 o384 %&rgpp%a%o%@%gé sk &oi“éé&ﬂ%@h

precision in self- servo witing operati shows si nulat’i on

results ggai n GeNHANtrr)Gdss e EEk@i@‘i@}’ﬂoﬁfd%sﬁgrﬁ{@%%ﬁ?_&rvo dat a

(servo distortion ampunt) neasured for each servo sector in s servo
writing operatiwerigiirg ddierdaeitta POS| W O 19, SYSh eprReeorgdiag, to the

present enbodi- 25 nent.

the RRO measuring unit 220 estimates a residual RRO
component that corresponds to the amount of distortion
due to the RRO. The FF filter 230 adds the estimated

10 amount of distortion to the correction value (FF)
to eliminate the distortion due to the RRO that was
caused before the old servo data was written. Thus,
the distortion SD1 caused when old servo data is
written can suppress the increase of RRO that has

15 an influence on the distortion SD2 caused when the
next servo data is written. It is therefore possible
to correct a distortion due to RRO in servo data
recorded on the disk 1 with high precision in self-
servo writing operation.

20 FIG. 3 shows simulation results (gain constant
G is 0.3) of the amount of distortion of servo data
(servo distortion amount) measured for each servo
sector in self-servo writing operation using the head
positioning system according to the present embodi-

25 ment.

In FIG. 3, reference numeral 300 indicates the

servo distortion amount at the time of writing of the



In FIG 3, reference nuneral 300 indicates the servo distortion anount at
the time of witing of the - 12 preceding (old) servo data. Reference
“ nuneral 310 denotes the servo distortion anbunt corrected by the prior
art feed forward control. Reference nuneral 320 represents the servo
di stortion anount corrected by 5 the ﬂgedl%oryard control of the present
enbodinment. FIGS. 4 to 7 show sinmulation Tesults of time variations in
the input value 250 of the controller 200 according to a change in gain

constant Gin the ead posifioning systemaccording to the present 10
embodi ment . WhBASERELES n Oi@hstsfrﬁv%ecyagca& 133‘?ﬁ%r%rb ¥ YR tpeed becomes
relatively | ow_a hqg FIG 4, e t.he gain const ant is . 0.3 as shown
in FIG 5, thede(%:lgﬁ\%s\rl%ehnecésesrﬁfge Jiss%cirn%lroo%eadf‘o%%nc?ﬂléecgﬁ?i Rontant 15 G

oo, 25 pnongrBer et Gedd S SONMR 4GS SPER) for MIOLL GRARLYST TRIGVED.

However , he "gai n const ant as shown in

i Igor t i S t i st eady
convergence speedrbSentQl JHEPrQMEH Rits MArd £5n M@Z%&ﬁgﬁ%a% |

state. It is thuS desirable that the gain constant G S Wi t hin

a range @ef 0.3 thlr guals Gdwddd tdnsel T -sermoe Widkag: nBihodi dsing the head
posi tioning systemaccording to the present enbodi- nent, when servo data
Is witten to a di skimsed ofo 1 hehdw ecoeli Ngt s6hVeedal 8sr €cordgd on the

di sk, the RRO 25 conponent that is synchronized with the rotation of
variations in the input wvalue 250 of the controller
200 according to a change in gain constant G in the
head positioning system according to the present
10 embodiment.

When the gain constant G is 0.1, the convergence
speed becomes relatively low as shown FIG. 4. When
the gain constant G is 0.3 as shown in FIG. 5, the
convergence speed is improved. When the gain constant

15 G is 0.6 as shown in FIG. 6, the convergence speed is
noticeably improved. However, when the gain constant
G is 0.8 as shown in FIG. 7, the convergence speed is
not improved but varies somewhat widely in a steady
state. It is thus desirable that the gain constant G
20 should fall within a range of 0.3 tthugh 0.6.

In the self-serve writing method using the head
positioning system according to the present embodi-
ment, when servo data is written to a disk based on
the preceding servo data recorded on the disk, the RRO

25 component that is synchronized with the rotation of
the disk can effectively be inhibited from increasing.

Specifically, the RRO component can be deleted from



‘the disk can effectively be inhibited fromincreasing. Specifically, the
RRO conponent can be deleted from- 13 the input value 250 of the

- controller 200. Conse- quently, the distortion of old servo data in the
radial direction of the disk can inhibit RRO, which has an influence on
the distortion of the subsequent 5 servo gg fromincreasing. The head
positioning systemaccording to the present enbodlnent is applied to the

self-servo witing operation in the hard disk drive. However, it can be
applied to, for _exa a proc S 10 manufacturing a master of a
digital versatiié %d?% e t 5OF hEChedH %%%iti%ﬁ?ﬁ%‘system

descri bed above orr .vaI e is corrected b feedlng back the RRO
after the FF céPFggiSBn%i £ 15 S ?nt%g F?5ﬁ¥ e %aﬁ?nb Bf fectively

and thus corr the t f_.ser ata with. hl ff| Le cy.
Addi ti onal advgcn dagagls (glndé(%dd %%ﬁ%%sg%s carrle%tﬁhjr \gccu %ﬁ se

skilled in the e 20 Lhe aﬁggemana{;f'&ﬁe%ggg%ﬁggeects s

not limted tot e speC| I ¢ det s and representaftive e shown
and descrg bed hesgjd.qfeLor gl yncvarkedg. nodifications nay be made

wi t hout departing from the spirit or scope of the general inventive
concept as 25 defineth&dynthe gppendsdisbasyetandatheirnigguiyakeants.
present embodiment is applied to the self-servo
writing operation in the hard disk drive. However,
it can be applied to, for example, a process of
10 manufacturing a master of a digital versatile
disk (DVD) .

According to the head positioning system
described above, a correction value is corrected by
feeding back the RRO after the TF correction to

15 inhibit the RRO from increasing effectively and
thus correct the distortion of servo data with high
efficiency.

Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,

20 the invention in its broader aspects is not. limited
to the specific details and representative embodiments
shown and described herein. Accordingly, various
modifications may be made without departing from the
spirit or scope of the general inventive concept as

25 defined by the appended claims and their equivalents.



- 14 - WHAT IS CLAIMED IS: 1. A head positioning systemconprising: a
positioning unit to position a head in a target position on a disk nedi um
v that is rotating; 5 a unit which senses a position error of the head
relative to the target position; a controller which outputs an anmount of
control operation of the positioning unit based on the posi- tion error;
and 10 a correction unit which conputes ajgosition error conponent that is
synchroni zed with rotation of the disk nmedium based on an input val ue of
the controller, conputes a correction value to elimnate the position

error conponent fromthe position,e{Fofs @ndpasds;dhe 15 correction value
to the input value, wherein the correction unit 1ncludes a linear filter

that is associated Wthyapehavehsetfibpghiyonyakca seRSitiisMiny function of
t he head positioning system and obtains "thé position error conponent from

the input value of 28 pbeicoshinkl ahias tanpoRpit ovakudeal tike al itReajet

filter, the sensitivity function of a feedback control system being a

transfer functiposit{dnrGnwhedeslc medhsmathepehs| eopatiagsfer function of

t he feedback control system 25 2. A disk drive conprising: a head to

read/ wit®e data fronktonatdwskchedeomest hapoiss tiohaeirmgyr of the head
relative to the target position;

a controller which outputs an amount of control
operation of the positioning unit based on the posi-
tion error; and

10 a correction unit which computes a position error
component that is synchronized with rotation of the
disk medium based on an input value of the controller,
computes a correction value to eliminate the position
error component from the position error, and adds the

15 ' correction value to the input value, wherein the
correction unit includes a linear filter that is
associated with an inverse function of a sensitivity
function of the head positioning system, and obtains
the position error component from the input value of

20 the controller as an input value of the linear filter,
the sensitivity function of a feedback control system
being a transfer function 1/(1+G) where G means a
open-loop transfer function of the feedback control
system.

25 2. A disk drive comprising:

a head to read/write data from/to a disk medium

that is rotating;



. 15 a unit which supplies the head with servo data to

di sk nmediunm a positioning unit to position the head in a target posi

= on the disk medium 5 a unit which senses a position error of the head

relative to the target position; a controller which outputs a control

of the positioning unit based on the position error when the

is witten to the disk nediumto perform 1@ head positioning control;
correction unit which conputes a position error conponent that is

synchroni zed with rotation of the

the controller

i ntegrated for

be recorded on the

tion

val ue

servo data

and a

di sk medi um based on an input val ue of

to obtalnea,gorRechbon;val Uget aethi Piinat ecthe Basit ken 15
error conponent fromthe position error, wherein the correction unit
includes a Lineg fdliescdhat t5e asspchagedmwi th an inverse function of a
sensitivity function of a head positioning systemincluding the
controll er, and obtaiknsotheipashyi anier ror peeapapent h20 hkea@minnput val ues

each of servo sectors as an input value of the |linear

filter, the sensarg¢tvpoyifioctdbontbé difeedbdckmecontrol system being
transfer function 1/ (1 +G where G neans a open-loop transfer -'unction of
t he feedback control asystenvh26h3seAsast Bodosf tgeny e rwoirt iodg ther hgadi sk
drive including a head to read/wite data fromto a disk mnediumthat
rotating, the nethadivenppishagtarget position;

10

15

20

25

a controller which outputs a control value of the
positioning unit based on the position error when the
servo data i1s written to the disk medium to perform
head positioning control; and

a correction unit which computes a position error
component that is synchronized with rotation of the
disk medium based on an input value of the controller
to obtain a correction value to eliminate the position
error component from the position error, wherein the
correction unit includes a iinear filter that is
associated with an inverse function of a sensitivity
function of a head positioning system including the
controller, and obtains the position error component
from input values integrated for each of servo sectors
as an input value of the linear filter, the sensi-
tivity function of a feedback control system being a
transfer function 1/(1+G) where G means a open-loop
transfer function of the feedback control system.

3. A method of servo writing for a disk drive
including a head to read/write data from/to a disk

medium that is rotating, the method comprising:

a

is



16 reading servo data fromthe disk mediumby the head; conputing a
position error conponent, which is synchronized with rotation of the disk
* medium when 5 the head is positioned in a target position on the disk
medi um based on the servo data; perform ng a positioning operation
including a correcting operation to elimnate the position error
conponent froma position error of the_head relative 10 to the target
position, wherein the correction operation includes a linear filter
operation that is associated with an inverse function of a sensitivity

function of the h_eadrggé%'goeeggosmggsmfir%l weliengiadk GRALLAI ber ¢ Hiche
sensitivity function of a feedback 15 control system being a transfer

function 1/ (1+Gecxhere G neans a open-loop transfer function of the
feedback control system; and witing the servo data to the target
position on the diskofiedrtiifigby pbeihead. e2@c4. cbhigomehhodwadeor disng to
claim3, wherein the positioning operation is perforned to position the
head for each ofycyhrodérsdfeitbdronathendiosk thredidumk madduthe wbernr ecti ng
operation is perforned to conpute a correction value to elimnate the
posi tion ®rror ©Bechspdnént pPeiteavhdofinser vergest pesitnohudedtive each of

the cylinders.
disk medium based on the servo data;

performing a positioning operation including a
correcting operation to eliminate the position error
component from a position error of the head relative

10 to the target position, wherein the correction
operation includes a linear filter operation that is
associated with an inverse function of a sensitivity
function of the head positioning system including a
controller, the sensitivity function of a feedback

15 control system being a transfer function 1/(1+G) where
G means a open-loop transfer function of the feedback
control system.; and

writing the servo data to the target position on
the disk medium by the head.

20 4. The method according to claim 3, wherein the
positioning operation is performed to position the
head for each of cylinders formed on the disk medium,
and the correcting operation is performed to compute
a correction value to eliminate the position error

25 component for each of servo sectors included in each

of the cylinders.



