26 MAY 2005 -1- Specification 1. Title of the Invention: METHOD AND
APPARATUS FOR DETECTI NG ABNORVAL MAGNETI C HEAD FLY HEI GHT 2. Det ai iﬁ
Description of the Invention: Field of the Invention The present A LBk
relates to a nmethod for detecting an abnornal fly height of a magnetic

head during a wite operation in a hard_disk drive (HDD) apparatus, a

nmet hod for using the nethod for detectlng abnor mal magnet m mm ﬂw Im ht
to prevent damage to witten data, aﬁ iR hard disk drive a m ml au EJ

i npl enenting these nmethods. Backgro Higalon y 5n HDD appar at us,,,

slider having a magnetic head is nounted on an end of suspen5|on arn1and

the suspension armis swivelled in a plane parallel to the recording
surface df a ﬁ&&ﬁiﬂiﬂ&ﬁ@ﬂ@lo nove the magneti c head in a substantially

radi al directi tg Y n
on the magnet | STa; 40D AP ARERRATIS e BETRETRYG. AMQRMAL MBSt
t he spi nni ng ofiRAIe FIAgARIGIET di sk mhlle being elastically held by the
suspension arm agai nst the force for lift. Thus the head slider and the
magnetic disk are close to each other without comng into contact with each
other andja coRBHRADEHLBREEHEAVRRSH:t hem i s maintai ned. The di stance
between the head sTider and the magnetic disk is called "fly height". The
fly hei ghtFiehd of the Imiggtier i ¢ head can become abnormal Iy high e Do

R\ LI BPP Y 2005 t he, oper e
Eﬁlppar at ush%%%?e@exqqgv@ygl %elgtesw{o‘ abme& g%g c?l Ing%]an aPuIé rmafhg&g}gﬂ&al‘ & egpsficy
thermal asper dllr},hgoa’ write operatlon in a hard disk drive (HDD) apparatus, a method for using the

method for detecting abnormal magnet head fly height to prevent damage to written data, and

a hard disk drive apparatus for implementing these methods.

Background art

In an HDD apparatus, a head slider having a magnetic head is mounted on an end of
suspension arm and the suspension arm is swivelled in a plane parallel to the recording surface
of a magnetic disk to move the magnetic head in a substantially radial direction of the

magnetic disk to access data at a given position on the magnetic disk.

The head slider flies on an “air bearing” formed by the spinning of the magnetic disk while
being elastically held by the suspension arm against the force for lift. Thus the head slider and
the magnetic disk are close to each other without coming into contact with each other and a
constant distance between them is maintained. The distance between the head slider and the

magnetic disk is called “fly height”.

The fly height of the magnetic head can become abnormally high

IR
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dust on the negnetic disk, or a shock fromoutside of the HDD apparatus.

| f the magnetic head flies abnormally high, the level of a signal Z& M@Hmﬂ
- reproduced by the magnetic head drops. If a wite operation is perfaorit b
during such a period, data cannot be recorded correctly, though the wite
operation is conpleted wth no error being detected. The data recorded
incorrectly may not be recovered even if error-correcting capability is
used during a read operation. To prevent such damage to data during a
~wite operation, a nethod for detecting an abnormal fly height of a
magneti c head based on an output waveform of a servo signal has been

proposedurify the &ﬁé'rar@dcghtofofthteh%nﬁgg[aﬁgkgt&geade@%%gﬁe b%b%%ﬁlt@i%'d' y hi gh,

t he hi freguenc roper of a sigpal " reproduc magneti c head
and angpyfﬁeglﬁﬁréﬁpa IF%ge?lrngﬁagﬂnﬂéﬁﬁédéﬁ.aFﬁﬁeﬁ%é%nﬂﬁ§ﬁré§¥uﬁﬁng t hat
t he anpFPftidenofthg m3gheblaighalt, jer thesharie, fram cuttpitiewatetoeiaben t he
flying ahpaghtuss nafrath@snsfesttd nhEa@ureid3Aapaykds changeqhnt @2 T
vavef or mubayi 59 ansifcieassd MALh 9deAL SR, 4% SROWL LN ELaUre (138, To
prevent thjs, according to a prior-art nethod, a varra in e“fly
hei ght HFlﬁeo%ﬁ%@t% HediPiior@etleCLEUNDYS UFR s IR HP Y helapeak apab e
(anpl i t BEeyeantded ecofedtie  otthpuyh Wwheelol e ofpear Seono isi gralplandd

cal cul awitlg aor alrirdrbefasegn dettré;ewdvaltwa%[) &R@P%@é&us dlte% Q@}c%qlr\aéggé %Oﬁ fr;gl
i nventi r r-.gr _appa .

fly heiﬁﬁ 5kﬂﬁé%§ ﬁggggeﬁgﬁdB?ERdé?éé?@ﬁnbggeﬁegél?%ec?g??%i%ﬁy tfie peak
val ue (gﬁ%ﬁi%%ﬁﬁ¥’%orﬁﬁgapﬁﬁrﬁﬁ%”butput wavef orm of a servo signal as

descri bed above, an extra circuit for nmeasuring the peak value of the

olt put navekekenes el @y £6 Uik thOlqu TRESW | 8 theoaE £ Qf, the out put
“aveforﬂéﬁﬁbéeﬂggr&%&ecting an abnormal fly height of a magnetic head
based on an output waveform of a servo signal has been
proposed. If' the fly height of the magnetic head becomes
abnormally high, the high frequency property of a signal
reproduced by the magnetic head and amplified by an amplifier
may'be degraded. For example, assuming that the amplitude of a
servo signal is the same, an output waveform when the flying
height is normal as shown in Figure 13A would change into a

. waveform having an increased width and area as shown in Figure
13B. To prevent this, according to a prior-art method, a
variation in the fly height of the magnetic head is detected by
measuring the peak value (amplitude) and area of the output
waveform of a servo signal and calculating a ratio between
these values. '

f

[Problems to be solved by the invention]

However, for the prior-art HDD apparatus in which an abnormal
fly height of a magnetic head is detected based on the ratio of
the peak value (amplitude) to area of the output waveform of a
servo signal as described above, an extra circuit for measuring
the peak value of the output waveform as well as a circuit for
measuring the area of the output waveform is required,
increasing the cost of the apparatus.

The present invention is made to solve these problems and the



increasing the cost of the apparatus. The present invention is made to

sol ve these problenms and the 2 6 MAY 2005 -3 object of the present
invention is to provide a nethod for detecting an abnornal fly heldhﬁh@7z@5
magnetic head in a sinple way, a data witing nethod using this detecting
nmet hod, and a HDD apparatus for inplenegting these nmethods. Summary of
the invention According to one aspect of the present invention there is

rovi ded e r netic. di sk, conmprising:
prout ded_aitet ol bk SA4n0th 494 o L U AN PARELLS 8 ST B or
utilizi ng magnetghetiica biegde while daerwiotig Beathbd Lsied ek digecting ndiRAMME HBDS ay
code, and a burs%~pat ern;, gﬁternLn'ng a gain, which is determned by a
gai n cont ABPATaYF OLIH@})%F’?SWN cser g ‘@fgi n of the preanble being a
pre-anplification gain required to anplify the preanble's signal to a _
level required by a read/wite channel; storing the gain of the preanble in
a regi st eSumaady ebpanventdorsai d gain of the preanble with a reference val ue

to detect 0, | fl ight of. th netic head;, if conparing the
gai n of 1 ASUpBARIETR ety of s Hse wiiTe Jo s gReviial hatethan 1oF resing dat
appl yi ng tiiven pmegmiceligacsmprizidghe signal s read by the magnetic head when
reading the Gray .code and the burst pattern; and if conparing the gain of
the preanbl e i H}é]d gt & Preatafle e @ serveisignel r%orésﬁmnna|magtgg? dwkeutgl}zlgg at he
readi ng o i ' e J [ andoni ng
he 1 ead T P b e rePhPRPY Rl PR AR e e
present i nvent degfaminega gadn, prhaoki idl detemninet bypal gdio contetl} @fthe pgrambleatirqaipdf 1y

1oL O ot A T B P S B
anpl i t udelavkl teheiraierMoresd/gmad channel;
storing the gain of the preamble in a register; and
comparing said gain of the preamble with a reference value to detect an abnormal fly
height of the magnetic head;
if comparing the gain of the preamble indicates that the fly height is normal, then
applying the preamble gain to the signals read by the magnetic head when reading the Gray
code and the burst pattern; and
if comparing the gain of the preamble indicates that the fly height is abnormal, then

retrying the reading of the preamble a pre-determined number of times before abandoning the

reading of the preamble.

According to still another aspect of the present invention there is provided a method for
detecting an abnormal fly height of a magnetic head, the method comprising:

reading a servo signal recorded on a magnetic disk utilizing a magnetic head;

determining an amplitude of the servo signal;

storing the amplitude of the servo signal in a capacitor, the capacitor having a re-set
switch to discharge the capacitor before the storing of the servo signal’s amplitude in the
capacitor; and

comparing the amplitude of the servo signal with a reference value to detect an

abnormal fly height of the magnetic head.
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storing the anplitude of the servo signal in a capacitor, the capacitor
having a re-set switch to discharge the capacitor before the sto?:§%$¢)iﬂ%.
the servo signal's anplitude in the capacitor; and conparing the Jde
of the servo signal with a reference value to detect an abnornal .

hei ght of the magnetic head. [R\L |BPPJP3356.doc: A V( 2 6 MAY 200'; -4
According to still another aspect of the present invention there is

ded at sk, the nethod _
pr vt e SNATSKAE O oML R 0 TPANE S 2K AR g
di sk uti | ivariting data m’aegmegneucldﬁadthb meflRdROMPAsihO an initiation of a wite
operation; deterninin of the preanble of the servo signal;
comparing the d%dﬂ1go?%¥??§"q3§?2 Wofb R eSeRfot ﬁg%'f‘l regosdednen theamaenstis disk atliziag a

abnor mal fnlleﬁgnellihelheﬁhtin Rspd rﬂ@td‘ﬁﬂﬂﬁfah&n BEADritel dpelafifn.92i N of the preanbl e
y h

i ndi cates a nor nal ei ght of the magneti ead then witing a user
data to the na@n@tmmlrtglWlmsﬁthgptehmbtgamflthembrmhgnpr eanble; and if the gain

of the reanbl n |c es _an nor ht of the ghetic¢c head, then
di scontipnui ng t ep%}“l i]ec%]élr%ﬂ%%ﬁre&%@rwéh E?@P%Vﬂ??\&ﬁg‘%ﬁ%@érabBP“WﬂYe
re-tries. héphosftheigapietisthedd; anot her aspect of the present invention there
is provided a hard disk drive apparatus conprising: at |east one rotating
magnet i ¢ di sk; fathe 2alsel Bpereampheindicatss acnarmak fly beightief thatragnetis headl, then

nmagneti c %a}ﬁg%nge gqygﬁg%%gggls}(g gghcés%q &t {:grrera gnet ic disk; servo

si gnal reproduction cont ro ignet 1 éi head to
reproduce a sérthogan @ﬁ die prematrlel erdlmatcs ah ebrtmgaleiil;y helglntsdfttum?l%ﬂu%bécﬁ tlllent ude
operationy nth etic sk is initiated; an anpli

dgt ection I:S?Jr;nct\tgvlru ngttﬁgwlgee(fp@f;%‘)ﬂé era?rpr (eI BROY 9E WS TPdTiES gnal , t he
anplitude detection circuit including: a full-wave rectifier that converts
the servo si into a DC signal ; a sanple hold circuit, coupled to the
ful | -wave® %Hi“gl t@rS“”taﬁatthe”s%ﬁﬁﬁ‘ftég thenpreseshingertian there is pgwadedtaohamtdakrdrtvhe

anpl i t ude agfardtheconrgiémesi gnal ;

at least one rotating magnetic disk;

at least one magnetic head that records data on said magnetic disk and reproduces data
recorded on the magnetic disk;

servo signal reproduction control means for causing the magnetic head to reproduce a
servo signal recorded on the magnetic disk when a write operation for writing data on the
magnetic disk is mitiated;

an amplitude detection circuit that determines an amplitude of the servo signal, the
amplitude detection circuit including;

a full-wave rectifier that converts the servo signal into a DC signal;

a sample hold circuit, coupled to the full-wave rectifier, that samples the converted DC
signal to obtain the amplitude of the servo signal;

a capacitor coupled to the sample hold circuit; and

a reset switch that operates to store a maximum voltage of the servo signal during a
certain period of time in the capacitor; and

abnormal fly height detection means for comparing the amplitude of the servo signal

with a reference value to detect an abnormal fly height of the magnetic head.
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a capacitor coupled to the sanple hold circuit; and a reset swtch that
operates to store a maxi mumvoltage of the servo signal during a CeZBaMA’?Zﬂ[}I;
period of time in the capacitor; and abnornmal fly height detection neans "
for conparing the anplitude of the servo signal wth a reference value to
detect an abnormal fly height of the magpetic head. [R\LIBPP]03356.doc AVC
2 6 MAY 2005 - 4a According to still another aspect of the present

i nvention 'A&‘g'&ﬁhé% AV e, aasgé%%lft L ptr egtg e Hleéer is e&b"]‘ é:%mputer

conput er - r eada | um havi ng st ored €reon co
instructi qnegraﬁmodumlcempnslngug a nmethod for reading data from a magnetic
di sk, said computer execcﬁ%g instructions when executed, performthe

steps of : readih@ &P Pres ‘F?‘Bh’?‘a@a&é‘ﬂ\ﬁépr%@ grERon corptsE ¢xemtablaringhestions
di sk utilifa} l@mel'ifﬁ%”aeht'eﬁlob?@tdvea@lhg dafa"fidin %'rﬂe&ﬁ’etjd aisk qu{cﬂ&)nrlﬁ erPhEAMRIE: 2

Gray code, and a burst pattern; ermning a galn etermned by
a gain coﬂﬂ?tt}lCthl@ﬁfWhﬁtm@Xpﬁrté%dmbléormtlheSigastvf of the preanbl e being a

re-anplificati ain required to a t he preanble's sig ,a. _
Ioevel rTIr)equi r ed giﬂl"%” re%&?lﬁ/rgll t &2 ChaRAer; @%l%rr?cﬁ’ Hhen FafmaeRstcy %gk M‘g‘é‘l’?ﬂl % in
a regist ermagnemobealdnge saiel s@mlﬁnaﬁdlh@ﬂte@t@ﬂfﬂm 8 Gty BodR, 4iRf eﬁ&ﬁmﬁtu‘!ﬁl ue to
detect an abnoryml fly height of the nmagnetic head; it conmparing the gain

of the preanbl reﬁal%%&ae%alt Htéttlclt eletergingd by iatainscontinb pfrie, p;qaméﬁe thepgrity phg
the gain t n nel., t

codegand ttﬁeebrégﬂlr%qse?%ﬁ ep‘? @ngb{géa*ﬂg rcgg e %Hll?\ed] he %@l?ﬁh%ﬁ ?e[a b9e 5‘5%?98 2

i ndi cat es levehtequired b} yldaétvghc chasnelbnor mal then retrying the readl ng of

the preanble a ti.mes before abandoni ng the
readlong of thesgor”e]gt?lrhﬁ%“n c%Pl&F‘fﬁT‘gﬁ“t&a&&‘tttf’ anot her aspect of the present

i nvention ther eomeatmfgosancdgzdn af geredrtle WHhOOFcRFoMRE QEHEtto GRIXBY drﬁélﬂtgnna?} fly
corrputer-reaglt medi um_havi ng stored thereon conputer executable .
?

i nstructi & e aghstisdegtit a from a magnetic disk, said conputer
execut abl e i nstf gshpang MOEAn %’f?ﬁé‘ﬁt%ﬁimblegﬁcﬁtéﬂésr@hgpﬁteSf})ﬁﬁ)aglﬂfis ‘abnormal, then

applying the gain to the signals read by the magnetic head when reading the Gray code and the
burst pattern; and

if comparing the gain of the preamble indicates that the fly height is abnormal, then
retrying the reading of the preamble a pre-determined number of times before abandoning the

reading of the preamble,

According to still another aspect of the present invention there is provided a computer
program product comprising:

a computer-readable medium having stored thereon computer executable instructions
for writing data from a magnetic disk, said computer executable instructions when executed,
perform the steps of

reading a preamble from a servo signal recorded on a magnetic disk utilizing a
magnetic head in response to an initiation of a write operation;

determining a gain of the preamble of the servo signal;

comparing the gain of the preamble with a reference value to detect an abnormal fly
height of the magnetic head,

if the gain of the preamble indicates a normal fly height of the magnetic head, then

writing a user data to the magnetic disk using the gain of the preamble; and
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reading a preanble froma servo signal recorded on a nmagnetic disk
utilizing a nmagnetic head in response to an initiation of a wite 26 MAY2005
operation; determning a gain of the preanble of the servo signal;

conparing the gain of the preanble with a reference value to detect an
abnormal fly height of the magnetic heag,- if the gain of the preanble
indicates a normal fly height of the nagnetic head, then witing a user

data to the magn@tisgind j t: ' r e, and .

[ R\ L[ BPP] 03356. dOCg?ACH\g\Et:llerb%hﬁleﬂgﬁ\lg 1%6%95'_ *”‘4%50‘.‘“%%%*‘%8@? HF%hfea"P?%‘eB? Bsdiihen

i ndi cat es dagontbnarenhe Writgoeeitiphtafier a prealetemyined nombead virhie Fe-trigs scont i nui ng
the wite operation after a pre-determ ned nunber of wite re-tries.
Preferred enbodi nents Preferred enbodi nents of a hard disk drive (HDD)
appar at us Pagfewwedlémipdimerithe present invention will be described below with
reference to the acconpanyi ng drawi ngs. First enbodinent Figure 1 shows a
schemat i c PBIEEsd @mhghatenist ol 2t hard (didnieiue «HRD)ospparatBDacrondinglitaghe préshst
present g FWoTaRTTR ¥ - -sactional view of. the driving
Techani st o A R RS e Pl e linen el gur e 3,

t he HDD apparatus conprises two magnetic disks 11 having top and bottom
si des on \ﬁhitch brfécordi ng surfaces 11 a on which data is to be recorded are
provi ded "And PO fignetic heads 12 corresponding to each of the four
recor di ng Fgukd 8GRGwsld acHehaui BR[K R8I ent di | fij.ers
HeadO to Hesg;ldB .are assigned to tﬁ?é%%nﬂr%f%rggﬁeti c8 egnéggéﬁ)l%éc?og%ﬁgﬁ ghe
them ThePifEgHaRYRIRRad 18Pe dashope a fross-sertéonpl eiewaol theliriving heetdinfsR bi the

| BPP] 03356y X ' , - 2006 5 4 having a recordi ng head, (not shown),
for recorgliljﬁlggpdﬁ%uso%ognq@g#%sgondi ng recording surface 1lla and a
reproduci ng head (not shown) for reproducing the data recorded on the
correspon(}*{iS

n . . .

Wown in Figure 1, the HDD apparatus comprises two magnetic disks 11 having top and
bottom sides on which recording surfaces 11a on which data is to be recorded are provided
and four magnetic heads 12 corresponding to each of the four recording surfaces 11a provided

by the two magnetic disks 11. Identifiers Head0 to Head3 are assigned to the four magnetic
heads 12 to identify them.

The magnetic head 12 may be, for example, a combined head
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recording surface 1lla. The recording head is fornmed by an inductance

. device and the reproducing head is forned by a nmagnetoresistive (Nﬁ% M
device or a giant nagnetoresistive (GW) device. The nunber of magn g AYZWB
~disks 11 may be one or nore and the recording surface 1la nay be provided
on a single side or the both sides of the magnetic disk 11. The two
magnetic disks 11 are fixed on the rotating shaft 15a of a spindle notor

15 as shown in Figure 2 and rotated by the spindle notor 15. The four
magneti c heads 12 are provided on their head sliders 13. The four head
sliders 13 are fixed on the ends of their suspension arns 14. Each of the

four suyspension arns. 14 is attached to a.,voice coil notor (V 16 so
that it DERERG &1 FREPEASY efhoctiPh o IARh  r 408 GPRErEAT aitre 10, <

el asti caPryespeppbims nelserdend spythae 132 and Psrepwedicddy hegét keetwith the
head sl sHewnl3fby therMiM Gy Hd Sdsvd veddngledmavrestHehecdreadpbad{hgad

sl i der %é%oké‘iﬁg SBQ?EQ&%' ahLy ra'ﬂ'lél! regbf%{d oRof the f@'r%'édljbyt 0,4CCeSS
.dat a at.aa €§S|t|on on the recordlng aurfaoe 11@ of t?e magnétic di sk 11.
The dr i JPAKCHEHANC S RNIA0 coNS SESTSRUEHA nigRGL %S df SRESA1BY < ndl e
nmot or 1Bagheberstiddre 1B3R)s@spensi on ar g8any, nagek tvaMsisgives (6MRt ai ned in
a housi agv{dé sk enel asupe) JdO nageitherisMst N1 anyabs ehecbrofibes AAE) 17

shown i [ . Jh | M j i ntyoll a trol
cireuit 35 Fareeding "AEdaq e JRENAY S e ek ae EhaTHr ok ShclBsure 10.
The coftFoPoth rEidds 26 EBRPPIEUTISE Fé58/ Wite (R'W channel 21, a driver
22, a hard disk controller (HDC)/mcro processing unit (MPU) 23, and

dynam cThandes acgassideavsys (DRAMe 2dixetheorARLk/ wlakehg enerof 16he four
.magneti gghaa %i%%léOﬁotﬁ§CF§Séygsﬁa&?1i&”éﬁ Liof 1.6% o%bBQ@'b%GQEQdUCQd by
the select na netlf ead 12 _at a certal é§$ln,l ends It tothe R'W
channel SB14adSEMRsTa r eCBF dERYE sTYFAT H e dBaPEd 1Fr 67Ft RECVEASH cMBnnel 21
to the $brétt bdadnghieders hkd 1Phe four head sliders 13 are fixed on

the ends of their suspension arms 14. Each of the four
suspension arms 14 is attached to a volce coil motor (VCM) 16
so that its head slider 13 is opposed to each recording surface
1la, elastically supports the head slider 13, and is swiveled
together with the head slider 13 by the VCM 16. This swiveling
moves the head 12 (head slider 13) in a substantially radial
direction of the disk 11 to access data at any position on the
recording surface lla of the magnetic disk 11.

The driving mechanism, which consists of the magnetic disks 11,
spindle motor 15, head sliders 13, suspension arms 14, and VCM

T 16, is contained in a housing {(disk enclosure) 10 together with
an arm electronics (AE) 17 shown in Figure 1. The driving
mechanism is controlled by a control circuit 20 formed by a
circuit board (card) outside +the disk enclosure 10. The
control circuit 20 comprises a read/write (R/W) channel 21, a
driver 22, a hard disk controller (HDC)/micro processing unit
(MPU) 23, and dynamic random access memory (DRAM) 24.

The AE 17 selects one of the four magnetic heads 12 for
accessing data, pre-amplifies a signal reproducéd by the
selected magnetic head 12 at a certain gain, sends it to the
R/W channel 21, and sends a recording signal received from the
R/W channel 21 to the selected magnetic head 12.



2 6 MAY-2005 6 The R/'Wchannel 21 converts wite data to be recorded on
the ,magnetic disk 11 into a recording signal for the nagnetic hea?cﬁ ?@yd
converts a signal reproduced fromthe nagnetic disk 11 by the magnetic

head 12 into read data. The driver 22 drives the spindle notor 15 and the
VCM 16. A host device, which is not shgwn, accessing data in the HDD
device is connected to the HDC/ MPU 23. The HDC/ MPU 23 has ROM (not shown)
inits interior, sends/receive data to and fromthe host device according
to a control programand control data stored in the ROM and the nagnetic
di sk 11, and perforns arithnmetic operations for servo and data error
control to control the AE 17, R'Wchannel 21, and driver 22. The DRAM 24
stores the control programand control data read fromthe magnetic disk 11
and t enplor aRiWyckimnels Yht aoneedisyedr it glatishetchdxt devdrgedarmd ttthee

wri tt emaghddie rBgRetinc iditsk allecandimtptaigread foromne hﬁa@ﬁ@lﬂﬁi iKedH sk 11

and Lo be seRtobRdhe Nostodavise, Higuie dornoe R AhLuel wal daoram o

the recording surtace ure

pl ural i®Y ©f€ sBRYS Hied 30 1(23Hé’&€d reafegatn FFBEr@rBYe%n%Z d%%la"easr eas 60
separ at etk Iypilngildemstor ath ardy thet €@ilg from t he center of the magnetic
disk 11 are alternately provided at a predeterm ned angle on the recording

surf ace, 8.0t aLhe.qRaneiLe g skodlopln, Otheto e ge qihe senyg agsas SO

are prOV| ed a ar ea provi ded
bet ween ?Weadljsacfémne%ﬁ%tar the Beg/ “1%’0@9 6Gheo HBE/ MY vo® haeaRBH, for
exanpl e{nal eslpraw| dedikm theerinmclsendSéreoedat alafter tooand of temgthehe
positiopbng Qfvide a8BERELAE BEAQd lbortTost QR rbR eagh SHite1ar@a 0. User
‘data stored in the ROM and the magnetic disk 11, and performs
arithmetic operations for servo and data error control to

control the AE 17, R/W channel 21, and driver 22.

The DRAM 24 stores the control program and control data read
from the magnetic disk 11 and temporarily stores data received
from the host device and to be written on the magnetic disk 11
and data read from the magnetic disk 11 and to be sent to the
‘host device.

Figure 3 shows a structural diagram of the recording surface of
a magnetic disk.

As shown in Figure 3, a plurality of servo areas 50 (shaded

4 areas 1in Figure 3) and data areas 60 separated by borders
radially extending from the center of the maghetic disk 11 are
alternately provided at a predetermined angle on the recording
surface 1la of the magnetic disk 1l1. In other words, the servo
areas 50 are provided at every predetermined angle and the data
area 60 is provided between two adjacent servo areas 50. BAbout
60 to 80 servo areas 50, for example, are provided in the
circle. Servo data for controlling the positioning of the
magnetic head 12 is stored in each servo area 50. User data
(hereinafter also called simply “data”) is stored in each data
area 60.

A plurality of tracks 40, which have a predetermined radial



(hereinafter also called sinply "data") is stored in each data area 60. A
- plurality of tracks 40, which have a predeternmned radial 2 6 MAY Zpgﬁw?
wi dth and are concentrically divided, are provided on the recording A 2005
surface |Ila of the magnetic disk 11. Servo and user data is recorded al ong
the tracks 40. The tracks 40 are grouped into a plurality of cylinder
‘areas 41 divided according to a radia position (the position of a
cylinder) on the magnetic disk 11. A single cylinder area 41 consists of
about 1,000 tracks. 40, for exanple. ldentifiers ZoneO, Zonel, Zone2,.
are assigned to the cylinder areas 41 sequentially from t he out nmost o
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sector 61 basis. For example 512 bytes of data is recorded in
a sector 61. The number of sectors 61 contained in a track 40
is set in each cylinder area 41. Because the circumference of
a track 40 in an inner cylinder area 41 is smaller, the number
of sectors 61 in the inner track is smaller. On the other
hand, because the circumference of a track 40 in an outer
cylinder area 41 is larger, the number of sectors 61 in the

outer track is large.

The number of sectors contained in a data area 60 of a track 40
is not limited to an integer. For example, 2.5 sectors 61 may
be provided in one data area 60 of the track 40 contained in
cylinder area ZoneQ 41, two sectors 61 may be provided in one
data area 60 of the track 40 contained in cylinder area Zonel
41, and 1.5 sectors 61 may be provided in one data area 60 of
the track 40 contained in cylinder area Zone2 41. One sector
61 may be divided into sections 6la and 6lb and data may be
stored in two data areas 60 separated by a servo area 50.

A system area, which is not shown, is provided on the recording
surface 1lla of the magnetic disk 11 for storing the control
program and control data for the HDD apparatus. An alternate
sector (not shown) which replaces a defective sector where data
cannot be recorded in or reproduced from is provided in an
inner region of each cylinder area 41.

Figure 4 shows a block diagram of the Read/Write (R/W) channel



stored in two data areas 60 separated by a servo area 50. A system area,

. Which is not shown, is provided on the recording surface Ila of th MAY
magnetic disk 11 for storing the control program and control data or ta%
HDD apparatus. An alternate sector (not shown) which replaces a defective
sector where data cannot be recorded in or reproduced fromis provided in
an inner region of each cylinder area81l. Figure 4 shows a bl ock diagram
of the Read/ Wite (R'W channel 2 6 MAY 2005 shown in Figure 1. Figure 5
shows a drawi ng for explaining the reproduction signal of servo data. As

descri bed earlier, the RRWchannel 21 converts wite data to be recorded
on t he neti.c dISk 1

int recordi ng si Okt 8! enbead 12
and con AsFURATe ¢ oFle%léﬁ romthe C%ra;%%rel%l codi's the magnet i c
head 12 Iielptr@dneadomjaimna'ithéf REwakRtdel 21 conprises an autorratl c gain
controller (AGC) 31, a shaping filter 32, a serial-parallel converter 33,
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.whl ch succeeds the head part according to the determ ned gain.

AGC 31 amplifies a reproduction signal reproduced by the
magnetic head 12 and pre-amplified at a certain gain by the AE
17 to a signal level processed by the HDC/MPU 23. If the
reproduction signal is user data, the AGC 31 automatically
adjust its gain in response to a change in the signal level of
a reproduction signal under feedback control based on digital
processing so that the amplitude of the amplified reproduction
signal is within a certain range. If the reproduction signal
is servo data, the AGC 31 determines its gain based on the head
part of a servo signal and amplifies the subsequent section of
the servo signal which succeeds the head part according to the
determined gain.

As shown in Figure 5, the servo signal (reproduction signal of
servo data) includes a preamble, gray code, and burst pattern.
The preamble is the head part of the signal. The preamble is
used to read the gray code by synchronizing the servo signal
and determine the gain of the servo signal. The gray code 1is
position information, such as a cylinder identifier and
physical sector number (PHSN), represented by a cyclic binary
code. The burst pattern is used to digitize changes in the
amplitude of a reproduction signal to control the tracking of
the magnetic head 12.

When the preamble is reproduced, an AGC HOLD signal goes low
and the AGC 31 adjusts the gain. Then, the AGC HOLD signal



As shown in Figure 5, the servo signal (reproduction signal of servo data)
includes a preanble, gray code, and burst pattern. The preanble isgé;
“head part of the signal. The preanble is used to read the gray cod @AY 2005
synchroni zing the servo signal and determ ne the gain of the servo signal.
The gray code is position information, such as a cylinder identifier and
physi cal sector nunber (PHSN), represented by a cyclic binary code. The
burst pattern is used to digitize changes in the anplitude of a
reproduction signal to control the tracking of the magnetic head 12. Wen
the preanble is reproduced, an AGC HOLD signal goes |low and the AGC 31

adj usts the gain. Then, the AGC HOLD signal 2 6 MAY 2005 9 goes high at a
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The data codec 34 decodes the read data (user data) converted
by the serial-parallel converter 33 and outputs it to the
HDC/MPU 23. The data codec 34 also encodes the write data from
the HDC/MPU 23 and outputs it to the serial/parallel converter
33. The gray code-decoder 35 decodes the gray code in the
servo signal shaped by the shaping filter 32 and outputs it to
the HDC/MPU 23.

The channel controller 36 controls the above-mentioned
components according to a control signal from the HDC/MPU 23.
The channel controller 36 has a register, which is not shown,
within it for storing a gain set by the AGC 31 in the register.

Figure 6 shows a relation between the fly height of a magnetic
head and the amplitude of a servo signal.

It is well known that the level of a signal reproduced by a
magnetic head drops if the fly height of the magnetic head
becomes abnormally high. In practice, the relation between the
fly heights of magnetic head A, B, and C and the amplitude of
their reproduction signal pre-amplified by an arm electronics
(AE) was investigated and it was found that they are in a
lineal relation as shown in Figure 6 although the levels of the
reproduction signals vary from head to head.

From this, it was found that the fly height of a magnetic head



The channel controller 36 controls the above-nenti oned conponents
~according to a control signal fromthe HDC/ MPU 23. The channel cong 3@#?
36 has a register, which is not shown, wthin it for storing a gaih ﬁ@
the AGC 31 in the register. Figure 6 shows a relation between the fly

hei ght of a magnetic head and the anplitude of a servo signal. It is well
known that the level of a signal reprotliuced by a magnetic head drops if
the fly height of the magnetic head becones abnornmally high. In practice,
the relation between the fly heights of magnetic head A, B, and C and the
anplitude of their reproduction signal pre-anplified by an arm el ectronics
(AE) was investigated and it was found that they are in a lineal relation
as shov®a? nPEi gakeceedl ProlgastHeq efhd salﬂi?ljtth’@y rprddtePretr&iigial s vary
from heatyrizq heﬁml arFramdriiag, fiy wasgiitouanfl thatmédrestficy Hemidqghtanofbea

magnet i g fiead bgrl gngqrp%(}% 1tha%eggu9@& egﬁﬁﬁlwd@wwgréf@r&m@ i tude of
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reproduction signal reproduced by the magnetic head 12. As
described earlier, the AGC 31 automatically adjusts the gain in
response to a change in the signal level of the reproduction
signal under feedback control based on a digital process. Each
time a gain is set by the AGC 31, it is stored in the register,

which is not shown, in the channel controller 36.

When the preamble of a servo signal is reproduced, an AGC HOLD
signal goes low, a gain is adjusted by the AGC 31, then the AGC
HOLD signal goes high and the gain of the servo signal 1is
determined and maintained. The determined gain is compared
with a reference value to detect an abnormal fly height of the
magnetic head 12. M

The reference value for the gain 1is preset based on actual
measurements of a gain of the AGC 31 measured while the fly
height of the magnetic head is normal. The reference value is
set for each c¢ylinder area 41 (cylinder area Zone0O, Zonel,
Zone2, ..) of each magnetic disk 11 associated with each
magnetic head 12.

Thus a reference value best-suited for each head 12 can be set.
In addition, an optimum reference value can be set for each
cylinder area 41 by taking variations in the fly height of the
magnetic head 12 depending on the radial position of the
magnetic disk 11 into consideration. The reference value does



which is not shown, in the channel controller 36. Wen the preanble of a
servo:signal is reproduced, an AGC HOLD signal goes low, a gain izg MAY 20
adj usted by the AGC 31, then the AGC HOLD signal goes high and the gamuﬁ)f
the servo signal is determ ned and maintained. The determined gain is
conpared with a reference value to de#gct an abnormal fly height of the
magneti c head 12. The reference val ue r the gain is preset based on
actual neasurenents of a gain of the AGC 31 neasured while the fly height
-of the magnetic head is normal. The reference value is set for each
cylinder area 41 (cylinder area ZoneO, Zonel, Zone2, ...) of each nmagnetic
di sk 11 associated with each netic ag,.12. u ere | ue
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11 not need to be set for each cylinder 41. For exanple, a single
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listing referéence | yes for the gain of the servo signal for éach
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. cylinder areas 41 (ZoneO Zonel, Zone2,...) for each of the nmagnetic heads
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"is"10rn%gylfﬁ&%rlhgkég%asuﬁenﬁﬁgneO, Zonel, Zone2,..) for each of the
magnetic heads (Head0, Headl, Head2, and Head3) while the fly
height of the magnetic head is normal, and the measurement
value table is created. Each value in the measurement wvalue
table is multiplied by 1.1 to obtain the reference value table
shown in Figure 8.

When the fly height of the magnetic head is high, the amplitude
of the servo signal is small. When the amplitude of the servo
signal is small, the gain maintained by the AGC 31 is large.
Therefore, the reference value for detecting an abnormal fly
height of the magnetic head is larger than the measured value
of the gain of the AGC 31 measured when the fly height of the
magnetic head is normal. - The ratio, 1.1, between a measurement
and a reference value  was obtained empirically from

-y

experiments.

The reference wvalue table shown in Figure 8 1is stored in a
system area on the magnetic disk 11. When the HDD apparatus is
activated, the reference value table 1i1s read from the magnetic
disk 11 and stored in the DRAM 24 in the control circuit 20
(shown in Figure 1). The reference value table may be stored
in built-in ROM in the HDC/MPU 23. Alternatively, the
measurement table may be stored instead of the reference table,
and a required reference value may be calculated.

An abnormal fly height detecting program 1is stored in the



value table is created. Each value in the neasurenent value table
.multiplied. by 1.1 to obtain the reference value table shown in Fi%EA@Y§W5
\When the fly height of the magnetic head is high, the anplitude of the
~servo signal is small. \Wen the anplitude of the servo signal is snall
the gain maintained by the AGC 31 is large. Therefore, the reference val ue
for detecting an abnormal fly height 62 the nagnetic head is |arger than
~the neasured value of the gain of the AGC 31 neasured when the fly hei ght
of the magnetic head is normal. The ratio, 1.1, between a neasurenent and
a reference val ue was obtained enpirically fron1 experinments. The reference
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‘the nagrgﬁdﬂ%ldb§%cégsi§gcg%f%ﬁ%%grbgettlngs for the AE 17, R/W channel
21 and other components, and retrying the write operation, and
a write area change program for changing a write area to an
alternate sector to perform the write operation.
Alternatively, these programs may be stored in a system area on
the magnetic disk 11 and read into the DRAM 24 when the HDD
apparatus is activated.

Figure 9 shows a flowchart of a process for deteéting an
abnormal fly height of a magnetic head.

In an HDD apparatus, a data write operation is initiated and

the abnormal fly height detecting program stored in ROM in a

HDC/MPU 23 1is activated. Then servo data recorded on a
) magnetic disk 11 is reproduced by the magnetic head 12.

When the head part (preamble) of the servo signal reproduced by
the magnetic head 12 is input into an AGC 31 through an AE 17,
an AGC HOLD signal goes low (step S1) and gain adjustment of
the reproduction signal is performed by the AGC 31 (step S52).
Then the AGC HOLD signal goes high at a predetermined timing
(step S3) and the gain of the servo signal is determined and
maintained by the AGC 31 (step S4).

Then the gain (held in a register in a channel controller 36)
maintained by the AGC 31 is compared with a reference value for
a cylinder area 41 for the relevant magnetic head 12 by the



executing the abnornmal fly height detecting program changing signal
.processi ng paraneter settings for the AE 17, R/'Wchannel 21 and othéﬁhmy7m5
conponents, and retrying the wite operation, and a wite area change
program for changing a wite area to an alternate sector to performthe
wite operation. Alternatively, these Erograns may be stored in a system
area on the magnetic disk 11 and readlBnto the DRAM 24 when the HDD
apparatus is activated. Figure 9 shows a flowhart of a process for
detecting an abnormal fly height of a magnetic head. In an HDD appar at us,
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Figure 10 shows a flowchart of a data write operation process.
In an HDD apparatus, a data write operation is initiated and an
abnormal fly -height detecting program stored. in ROM in an
HDC/MPU 23 1is activated. Then, servo data recorded on a

magnetic disk 11 is reproduced by a magnetic head 12.

If an abnormal fly height of the magnetic head 12 is detected

(step S11), first a retry control program 1is executed to
discontinue the write operation (step S12). Then the retry
count is incremented by one (step S13), and whether the retry

count exceeds the maximum value (MAX) is determined (step S14).

If the retry count is not more than the maximum value MAX (if
the answer at step Sl14 is NO), signal processing parameter
settings of an AE 17, R/W channel 21 and other components are
changed, then a retry operation is started to perform the write
operation (step S15). Then the process returns to step S11.

On the other hand, if the retry count exceeds the maximum value
MAX (if the answer at step 13 is YES), a sector 61 on the
magnetic disk 11 into which the write data is to be recorded is
judged as defective (step S16) and a write area change program
is executed. An alternate sector substituting the defective



programis executed. On the other hand, if the gain is equal to or Igss
than the reference value (if the answer at step S5 is NO, it is 206 MAY 2005
determ ned that the fly height of the nagnetic head 12 is normal, then the
process returns to step S1. Then the process descri bed above is repeated
for the next servo signal. Figure 10 ghows a flowchart of a data wite
operation process. In an HDD apparatus, a data wite operation is initiated
and an abnormal fly -height detecting programstored in ROMin an HDC MPU
23 is activated. Then, servo data recorded on a magnetic disk 11 is
reproduced by a magnetic head 12. |If an abnormal fly height of the nagnetic
head 12 is detected (step S11), first retry control Q%[an1is execut ed

a pr
to di sTUHAINdE CRESTTHEE! dPit dthicof2Eat ep ErHterTREA L Rl rBtYsFRatsunt i s
i ncr enesg@bby(sdep SISt ep 3h8Y, thandpwdretsiierrohecdet vy stopuritl8exeedds t he
maxi munyel ﬁ@ta( M) t & Spﬂ@&@d’smélﬁi(js_ ]géﬁt%l F) -cdnipieheoh ebry étl:ﬁ_@U@tat-bS not |
nmore than .the i v if. . the at., st ep. | , signa
b ocesoiior aok EHE' KAREE Mol ! 1o nd® RRERG) Srid BRaE bS Mk,
conponefr B eHie haighged, 1% nett a9 @GP dogér attishn S1d - stthet @ teo “Wétfor m t he

wite operestsi endéstbpeSlidle cdhphetien prfotbssdatt wmiset ¢ss¢eE18)L. On the
other hand, if the retry count exceeds the nmaxi mumvalue MAX (if the

answer tep.13 s, YES),_ a se r.el he netic di 11 i.nto which
t he vvrizf%e cgea cgr1|£§ % SbB\e’e’re%%f:roffedtci}%%stgj Bﬁgefdﬂasst %Eelmgggf?%%t’( 3{%& 9818) and a
wite dfa h&RgECprotFEh LS efebtibidiedanbasedr iPat e thectimtadksupsitt uti ng

t he def getdamdl2)6ofAYh2086rdAd seobdr résratcednmogetdhantca e datdathe written
%Qts o thﬁlhﬁ%{etq@lregl%t %ar%_e%tforth(ests%@v§12;)_gn%it1eﬂs:&@pmﬂ%%slﬁhahogf%{iﬁtgg tstep :
o1 e300 L PLECC S ENdR TR e gLt o, 0L U, data
register 1in the channel controller 36 15 compared with a
reference wvalue to detect an abnormal fly height of the
magnetic head 12. Thus, unlike prior-~art HDD apparatuses, the
embodiment requires no measurement circuit for measuring the
output waveform of the servo signal, therefore a lower-cost HDD

apparatus can be constructed.

If an abnormal fly height of a magnetic head 12 is detected, a
retry control program can be exXecuted to discontinue a write
bperationﬂ .Therefore, unlike prior-art HDD apparatuses, the
present embodiment can prevent damage to data on a magnetic
disk which may lead to a result in which correct data cannot be
recorded on a magnetic disk even though the write operation is
completed. In addition, after a write operation is
discontinued, the write operation can be retried, 'thereby
providing higher reliability of data on a magnetic disk.

Furthermore, if a retry operation is repeated predetermined
times, a write area change program is exXecuted to allow data
to be written in an alternate sector instead of an area
originally intended, therefore the reliability of data on a
magnetic disk can be further increased.

Second embodiment

The configuration of an HDD apparatus according to a second




magneti c head 12 is not detected in step S11, the data wite procesztfngf
~after.the conpletion of the data wite (step S18). As described abové,"- 2005
~according to the first enbodinment, the gain of a servo signal is

determ ned based on the head part (preanble) of the servo signa

reproduced by the AGC 31 and the subsequent part of the servo signal is
amplified when a wite operation is iMtiated. Then the gain of the AGC 31
held in a register in the channel controller 36 is conpared with a
reference value to detect an abnormal fly height of the mnmagnetic head 12.
Thus, unlike prior-art HDD apparatuses, the enbodinent requires no
measurenent circuit fqr measurin e, oqutput f f. . t.h e si gnal ,
thereforeé‘badf”BWé?-&SS%qﬁDﬁamaepp%S?aEtg%tcgﬁ Ece%ec\é@gr%%ége%.w%f eoaffl g%%ornal

fly hei ghrsof exbesgrentc KE&EPE2 foF det BEFRRE A°rr SEEFIRINEFEFEHROYr am can
be execwhedeb0 ditSEOMDIN UL natiulse o fopareatd eandTleabefioment unséketipei or - art
HDD appar.at.u , e L ESENt d'{r@rg’g Cad B Vvient na@e Acr data on a
nagneti?a§§i§§§w%ﬁ% pﬁgv I adstpaﬁ %esuﬁi intm@'ch géﬁ?egtiQagg ﬁggnot be
recor ded§headng8gndteict §%ee§§%efﬁ8ﬁ%H“Pﬁ§ WFIE% beration i s Jconpl et ed.

I n addi t8i.on, after a wite operation is discontinued, the wite operation
can be retried, thereby providing higher reliability of data on a nagnetic
di sk, - Purtlgemane. d fo aal&fiah OREr Al ininfcRCRLeAoR ede! sEained atimes, a
wite ared change giqgr mis ﬁé cuted to algomugg%ad tgbgg.%ﬁh;ten in an
al t er nat € ISEEPEF YHstedd of Nafi-ar B2 561 Gi Ral § y" St ended; therefore the
reliability of data on a magnetic disk can be further increased. Second
enbodi met {Ehe, Lamfddgwhat, obagkdannHPRe appatiat usttacaorldhngahd a+getoond 15

enbOd!n%%%r%%uEQS %?qgoa%%égﬁi Q% HQBWHDQnaQH%ﬁ§EU§19ft%@efdﬁh6§§ng
enbodi ment,” except for a net og or gettlng reference
. gains of an AGC 31 are obtained:

G(n-1) = 176,

G{(n) = 187,
G(n+l) = 181, and
G(n+2) = 169.

Reference values for these gains can be calculated by
multiplying the gains of the previous servo signals by an
appropriate factor, for example 1.1. The factor, 1.1, was
empirically obtained from experiments. For example, the
reference value for the nth gain is 194, which equals the gain
of the n-1lth servo signal, G(n-1)=176, multiplied by 1.1. The
reference value for the n+lth gain is 206, which equals the
gain of the nth servo signal, 187, multiplied by 1.1.

Preferably, the reference values are maintained separately for
each magnetic head 12 and the gain of the previous servo signal
for a magnetic head 12 is used for the same magnetic head 12.
Thereby the effects of variations in reproduction property of
the magnetic heads 12 can be eliminated.

The reference values may be maintained for each of the cylinder
areas 41 (Zone0O, Zonel, Zone2, .. ) on each disk 11 of the
magnetic disk 12 and the gain of a servo signal for the same
cylinder area 41 may be used.



val ues. The HDD apparatus of the second enbodi nent uses the gain of the
.previ ous servo signal determned by the AGC 31, instead of storing mfﬂm
reference value table provided in Figure 8. Figure 11 is a diagram
explaining a nethod for setting a reference value for an HDD apparat us of
a second enbodinent. It is assuned that, based on the n-Ith, nth, n+lth,

and n+2th reproduced servo signal as éﬁown in Figure 11, the foI | ow ng
gains of an AGC 31 are obtained: G(n-1) =176, (n) = 187, (n+l) = 181,
and Q(n+2) = 169. Reference val ues for these gains can be cal cul at ed by
mul tiplying the gains of the previous servo signals by an appropriate
factor, for exanple 1.1. The factor, 1.1, was ]errpl rlhcaI![K obt ai nedlngom
experi ments.. For exa l e, the reference val ue for the n gainis

whlpch equal &5t hEO*[ga.r}r‘TcheeFatfﬁéY n-"RAAISEf v tgnal  readeRenyel1 78 lusul LEpl i ed by
1. 1. Therrowfdededoe vathiecybimdelre amedt il gaifrrd £x306] e whireh refeakacthe gain
of the nidlLisemes Sdeggﬁésoc:k%ztedlrruﬂzhpb' §@uﬁé/lllty1 %ﬂ:)rce){j]ﬁ'h@@]:y‘arég@ ﬁgf S;leﬂcgf
val ues inta e ac netic

the pr e\a/(f%uéspasge]% vé())lpegl ag&?%ﬁ? ¥hmal fet1 ¢ head 12 Spacﬁséﬁqflbfe‘? Eez °Kame
magnet i ¢ HFFI15De TRESEBES Héléﬁe‘"c‘% Peofedufedti ons in reproduction
property of the magnetic heads 12 can be elimnated. The reference val ues

may be nmed nHakeLtdOr agaed, ofctbhe I pglekneareasndl e(n%gaﬁgentzonﬁle Zone|2
) on eac{hlq{ sc;<f Of Itevemu %e%cs%%ngjs %etergugeﬁ,,& 86% & sg{vo si gna

for the |n e area
used to up date a reference value This can eliminate the need
for creating the reference value table shown in Figure 8 for

every product (HDD apparatuses).

While a gain set by the AGC 31 is tompared with a reference
value in the first and second embodiments, an HDD apparatus may
" be configured in a way that a circuit is provided for measuring
the amplitude (peak value) of a reproduction signal output form
an AE 17 and the amplitude measured by the circuit is compared
with the reference wvalue. This configuration eliminates the
need for a circuit for measuring the area of a servo signal,
which 1is provided in a prior-art HDD apparatus, thereby

allowing an HDD apparatus to be constructed at a relatively
lower cost.

Figure 12 shows a block diagram of major components of a
circuit for measuring the amplitude of a servo signal.

As shown in Figure 12, the measuring circuit comprises a
full-wave rectifier 71, a sample hold circuit 72, a capacitor
73, and a reset switch 74. The two input terminals of the
full-wave rectifier 71 are coupled to the positive and negative
output terminals of the AE17 through input lines 8la and 8lb,
respectively. The output terminal of the sample hold circuit
72 is coupled to an analogue-digital converter, which is not
shown, through an output line 82. Connected to the cutput line
82 are the capacitor 73, one end of which is grounded and the
reset switch 74.



16 It is not necessarily required that a reference value is provid gh&&r
each cylinder area 41. For exanple, one reference value may be assg i MY 805
with a plurality of cylinder areas 41 <close to one another. This all ows
menory space required for storing the reference values to be reduced. As
descri bed above, according to the secgnd enbodinent, the gain of the

previ ous servo signal determned by the AGC 31 is wused to update a
reference value. This can elimnate the need for creating the reference
val ue table shown in Figure 8 for every product (HDD apparatuses). Wile a
gain set by the AGC 31 is conpared with a reference value in the first and

second @H@O‘éhﬂ?n&éve afle&{q[h%&paﬁatébﬁqd@%xs ke feg%ugeﬁf&n Bidn@Y,( dhat a
circuit 1I's rOVI measuriong the anplit (pe F val ue %f

r epr odut % 2ﬁﬁHuQnﬁ%nﬁh%(ﬁ9% Al tRE 31 aﬁdgpﬁé ng Ft oaeP Ld by the
circui tCLschpaYIQedsampldfs t kber et enendedvafice. siphias conf |oga§|aam okhe

el i m napgs1 ih@ie A kO eprodii€tidn faAnaBASURKEY tite raised elifciseT40

SLONRs deBhCheks BRPVLOEI | il BELAGAY v dT0DGBPRAT ALUS  HIBKERY o) | OW 10

an HDD apparatus t onstructed &t a relatryel ower . cost ure 12

shows asbgﬁ%%‘%H%@KhﬁlGﬁrﬁﬁﬁﬁrp%ﬁﬁﬁbﬂ€nﬁ§°6F a?nC%F%&PPan °ﬁe§§d? ng the
anpl i t utke ofsampder v lsi gratcuids Showndi rtifisgutlee 1peak heagBas @l ngheircuit
conpr i S@ép@odlﬁéﬂﬂml\/\/a‘éﬁgh@!;t i&airer pel, optsamgl.e holrHe Cigeili t vd2uea tapacitor

73, and %g%?@éd SV\ilIi {'ed to t Eé’\P '\Me teng n@{es Oa(natl@ uef Hhil’y@fe

rectifier are cou sitive and neg ative od rm nal s of
t he AE17°PHEBUGH |HB Iﬂﬁbsngia’gﬁﬁm81b?n ré%peﬁ?|€8W9ar%£e“6

term nakebéremee sarplee hold circuit 72 is coupled to an analogue di gi tal
converter, which is not shown, through an output |line 82. Connected to the

out put gkggusgztﬁé ﬁg&%ﬂﬁ%@a%kt%rsé%voog§g§§9 5gcéMysCQm5§lgﬁﬂgﬂd@QEand the
| fly height of the magnetic head becomes high, a reference value

for the peak value (amplitude) of the reproduction signal is

smaller than the amplitude measured by the ARE 17 during the

flying height of the magnetic head 1is normal. It is desirable.

that the ratio of a reference value to a measured value 1is

about 0.9.

[Advantages of the invention]

According to the present invention, the gain of a servo signal
reproduced by a magnetic head is determined based on the head
part of the servo signal and the subsequent part of thé& servo
signal which succeeds the head part is amplified according to
the determined gain. The gain or amplitude of the amplified
servo signal is compared with a reference value to detect an
abnormal fly height of the magnetic head.

If the gain of a servo signal is compared with the reference
value, a register in the amplifier of the R/W channel for
storing the gain can be accessed to compare the gain with the
reference value. .Therefore, the HDD apparatus can Dbe
constructed at low cost because any new circuitry is required.
If the amplitude of a servo signal is compared with a reference
value, only a circuit for measuring servo signal amplitude is
needed to be newly provided, eliminating the need for providing



reset switch 74. 2 6 MAY 2005 17 The full-wave rectifier 71 converts a
-reproduction signal (ac signal) output by the AE17 into a dc signdl8 MEh#s
sanmple hold circuit 72 sanples the converted dc signal to obtain the
anplitude of the reproduction signal. Wien the reset swwtch 74 is on-off
controll ed, the maxi num vol tage. of thegreproduction signal during a
‘certain period is stored in the capacitor 73 by the sanple hold circuit 72
and thus the peak value of the reproduction signal can be obtai ned. The
peak value is converted into a digital value by the anal ogue-digital
converter, which is not shown, and it is conpared with a reference val ue.
Because & heiamilti tfede mebsar s8g vehsi greal dfeeonesvsnBl fnathen thege e hei ght
of the nggnety i f.er.e r peak val ue
(anpl i tude)% i Egé‘?eﬁ%ﬁﬁﬂgﬁﬁ"%ﬁg?ilaﬁ“f ey 35 ?/?‘Lelﬂtqfhéﬁ%tﬁep‘gnpl i tude
measured by the AE 17 during the flying height of the magnetic head is

nor mal . Burtheradeser abtecordigt tthe thei opoésentr efievencionjal ve twaizeneasur ed
val ue i soperla@ibn0:cAn [PRAAV@NEAGRSnGEAt he Iaﬂvea%hbeﬂhA@Eerw@hé Oofhg present

LOvent ! Qlridd 9INPT 5 8, SELLBLS ONA 1 d BRCOLUCHLL DY 3 RANELLE BERD 1

determ ne servo signa equent
part of ﬁﬂﬂ??@ PéSs'sFBﬁaPrﬁﬁFE SPERRERD 1978 HRIRYepar fapaganfsPi Hiréd
accor di mg too madnetdet dipknedigaimy Theedgdion aoreanpt i tmdehiath tdeeraapl i fi ed

servo sigyal ésnwanpeEedevbihed baf ef ensgnaaldieqt s detact tﬁ@u iabpgemal fly
hei ght qfythe 8@&{‘?&1&1 head. cénf ﬂeIEnga' ”IRf di%&XR Sla%r%eﬁ/ Iv?zscﬁ’g ar ed with

the referenc | st I| of t for

stori ng ¥i¥é? aPR &ﬁndﬁécﬁﬁgé@§%H & cdﬁﬁ&?eopﬁéatkﬁq1QHW|?q|ﬁ§trled

providing higher reliability of data on a magnetic disk.
Furthermore, if a retry operation is repeated a predetermined
times, data can be written in an alternate sector instead of an
area originally intended, therefore the reliability of data on
a magnetic disk can be further increased.

3. Brief Description of the Drawings:

Figure 1 shows a simplified block diagram of an ‘HDD apparatus
of the first embodiment of the present invention;

Figure 2 shows a cross-sectional view of the driving mechanism
of the HDD apparatus shown in Flgure 1;

Figure 3 shows a structural diagram of the recerding surface
of a magnetic disk;

Figure 4 shows a block diagram of a read/write channel;

Figure 5 shows a diagram for explaining the reproduction signal
of servo data;

Figure 6 is a diagram showing a relation between the fly height
of a magnetic head and the amplitude of its servo signal;

Figure 7 is a table containing the actual measurement value of



reference value. Therefore, the HDD apparatus can be constructed at |ow
- cQsti because any new circuitry is required. |If the anplitude of aZSeMA);qg%
signal is conpared with a reference value, only a circuit for measuring
servo signal anplitude is needed to be newy provided, elimnating the
need for providing 2 6 MAY 2005 18 a @ rcuit for neasuring the area of a
servo signal. Therefore the apparatus can be constructed at a relatively
| ow cost. Furthernore, according to the present invention, a wite
. operation 'can be discontinued if an abnormal fly height of a magnetic
head is detected. Therefore, unlike prior-art HDD apparatuses, the present
i nventi @ReCaALRI &Y aNlsJABIeghO U2 caRR By IBNS! G gl sk which may lead to
a result in which correct data cannot be recorded on a nagnetic di sk even
t hough the wite operation is conpleted. In addition, after a wite
oper ati §AIPEedPsednti hitlele EPRLAMIINY gpdraehen waveheorettheedainppbvi di ng
hi gher rekeabo | signadf fdat aaoh aylragrat aeedi Sk. Furthernore, if a retry
operation is repeated a predetermined tines, data can be witten in an
alter na%g sectqr i.nst ead QL%a area originally intended, therefore the
reliabi [ FEY*of “dat¥"6n ¢ a ‘gﬂﬁritc i sk EARHE 1ot t ABr OPRERBBERRAIOB . Bri ef
Descri pEESACHENG e Barirngs: TH quright showsmaorsitipl heaed bl ock di agram of
an HDD apparatus of the first enbodi nent of the present invention; Figure
2 showsy SBg SBRdisonals; ¥ Lying. Lsm_of the HDD
appar at ugggﬁgv\nﬁoi n Fisgt%rlglh{?%gjr%@% gh%%@%%fg’gg?a‘?h?“ di"8grant of the
recording surface of a magnetic disk; Figure 4 shows a bl ock diagramof a
read/ w FE8UERahhef DO gt A BRBREWS 0E @xadgranidora explhadnifng theting
reproduet irefiesbgn@l vabhie S€6¥0a dADA; apparatus according to the second
embodiment;

Figure 12 shows a block diagram of major components of a
circuit for measuring the amplitude of a servo signal; and

Figure 13A shows the output waveform of a servo signal when the
fly height of a magnetic head is normal and Figure 13B shows
the output waveform of the servo signal when the fly height of
the magnetic head is abnormally high.

[Description of symbols]

10 ... Enclosure

11 ... Magnetic disk

12 ... Magnetic head

13 ... Head slider

14 ... Suspension arm

15 ... Spindle motor

16 ... Voice coil motor

17 ... Arm electronics

20 ... Control circuit

21 ... Driver

22 ... Read/Write channel

23 ... Hard disk controller/micro processing unit
24 ... Dynamic random access memory

31 ... Automatic gain controller



Figure 6 is a diagramshowing a relation between the fly height of
rmagneti ¢ head and the anplitude of its servo signal; Figure 7 is a tZ@MMYZWS
containing the actual neasurenent value of 2 6 MAY 2005 19 the gain of a
servo signal for each cylinder area; Figure 8 is a table containing
reference value for the gain of a sergo signal for each cylinder area;
Figure 9 shows a flowhart of a process of an operation for detecting an
abnormal fly height of a nmagnetic head; Figure 10 shows a flowchart of a
data wite operation process; Figure 11 shows an diagramfor explaining a
met hod for setting a reference value for a HDD apparatus according to the
second 3enbodismidingFifgueerl2 shows a bl ock di agram of major conponents of

a circggt_fprS@@@ﬁsékgglEQ? amld,tude of a servo signal; and Figure 13A

shows tgﬁ outpu%zwa ormof a servo signal when the fly height of a
magneti ¢*head 1&NS&PEF and Figure 13B shows the output waveform of the
servo signal - iy -tdoglef dpchdéght of the magnetic head is abnornally high.

[ Descri peki on, adfhasyHd0ksht2011ex Enclosure 11 ... Magnetic disk 12 ...
Nhgnetigohead T Head slider 14 ... Suspension arm 15 ... Spindle
notor 1 .ff'Q%lqe'coil nmotor 17 ... Armelectronics 20 ... Control
circuit4121-: Cyidndedr as9a | Read/ Wite channel

50 ... Servo area

60 ... Data area

61 ... Sector



23 ... Hard disk controller/mcro processing unit 24 ... Dynam c random

access nenory 31 ... Automatic gain controller 20 32 ... Shaping fZﬂMﬂYZOﬁ‘?’
... Serial-parallel converter 34 ... Data codec 35 ... Gay-code decoder
36 ... Channel controller 40 ... Track 41 ... Cylinder area 50 ... Servo
area 60 ... Data area 61 ... Sector 2.-@IMAY 2005 -21 4. Clains: 1. A

met hod for reading data froma magnetic disk, conprising: reading a
preanbl e f4r om @HREVO Signal recorded on a magnetic disk utilizing a
magneti ¢ head, the servo signal including the preamble, a Gray code, and a
burst pattern; determning a gain, which is determned by a gain control,

of the prgqanbl reanbl e, bei.ng a pre-anplification gain
requi reg to anmp m%tﬂg(g ﬁ)érep"lrdle rf%Pa f‘@“&“&%&?‘%‘ﬁ ]%%OIF‘B{;%‘Pgreqw red by a

read/ wite Chal’ﬁ’aéing & tpedainitde tiden gasdﬂvcpfmghﬁlerel@éﬂ@(ﬂ@nea'rﬂag%eﬁ@ghﬁct &filiziAd
conparing said gain of the preanble with a reference value to detect —an

abnor mal ~ flagets e@%tth%ﬁfer‘t%g%wb{dmg thepgamble, £Gryodagnd hdugapatteod; t he
preanbl e i ndi catesyihitgh gfahle“ihkcxl 198%%1ﬂé§?£9%ﬂ?|00nt eg%h mﬁgl%agléfédfhtﬁgﬁwé

preanbl e gain to the Signals read
G ay codéleamdamlbie bbmgset ppaam;dﬁ‘watuangamfreqmmpao iangplif ehegpienbIt st fighaPlicanbl e

the preanst 8 SR taasr i Ak iaGor of ti mes bef ore Abandoni ng the
readi ng of t hestpﬁﬁg’:\ﬂﬁb lg@in of the preamble in a register; and
comparing said gain of the preamble with a reference value to detect an abnormal fly
height of the magnetic head;
if comparing the gain of the preamble indicates that the fly height is normal, then
applying the preamble gain to the signals read by the magnetic head when reading the Gray
code and the burst pattern; and | '
if comparing the gain of the preamble indicates that the fly height is abnormal, then
retrying the reading of the preamble a pre-determined number of times before abandoning the

reading of the preamble.

2. The method as recited in claim 1, wherein the magnetic head is from a plurality of
magnetic heads, each magnetic head has a specific reference value indicating a normal fly

height for that magnetic head.

3. The method as recited in claim 1, wherein the preamble is a current preamble of a
currently read servo signal, the reference value for the currently read servo signal being based
on a measured gain of a previous servo signal’s preamble, and a subsequent reference value,
for a subsequent servo signal, being.based on the gain of the currently read servo signal’s

preamble.

4, The method as recited in claim 3, wherein the reference value for the currently read
servo signal is determined by multiplying the gain of said previous servo signal’s preamble

with a number greater than one.
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2. The nethod as recited in claim1l, wherein the nmagnetic head is froma
plurality of magnetic heads, each magnetic head has a specific refe?@dwwzm5
value indicating a normal fly height for that magnetic head. 3. The net hod
as recited in claiml, wherein the preanble is a current preanble of a
currently read servo signal, the referenge value for the currently read
servo signal being based on a neasured gain of a previous servo signal's

preanbl e, @and . e C |.u for _a subsequent servo signal,
bei ng based onafth%g%glgﬂ%%g%m%@en @%&r‘gn f/e"?tehgdmglé’r%lﬁgli'gnal 's preanble. 4.
The nethod as recited in claim3, wherein the reference value for the

currently readT servo signal is determned by nultiplying the gain of said
previ ous” ervo 18F Gretiodasfeciiediin glaingl ¢ wheein adsasratgrigterdnee vlhe isowse for each of

[R ", LI BPRAOS3&%erHRfc A inder Grd¥\in gp&grd’n?%s facérmhgﬁﬁggﬁic%?s recited in claim

4, wherein the nunber i's 1.1. 6. The nethod as recit I'n clTaim1, wherein
a separate reference value is set for each of the predeterm ned cylinder

areas on recqr di surface..of the magneti g disk.. 7. A method for

det ect i ng%an a n%#e@%d ﬁry@ eeclnﬁ%tano%\bngnﬁragﬁ%ﬁelghﬁé’:gda, nﬁgget}pepwgd the method
conpri si ngompegidg:ng a servo signal recorded on a magnetic disk utilizing a
magneti ¢ head; g,etern‘i ning an anplitude of the servo signal; storing the
anpl i tude of tFRIUNGASVE;siEval reporded empmagnasic diskiwiliging acnagoetitheadng a re- set

switeh to di sChakfniianGaPAGILAruRSLIbSihle storing of the servo signal’s
anplitude in the capacitor; and conpariimng the anplitude of the servo

signal with a plefiag drecamplitidecot the deve stgnahin @bapacita] thel apdvitog hiving a réeet
magneti c he 8., The nmethod as recited in.clapm?7, whereip the reference
value is gﬁﬁgﬂrrf) Hisaies eacapgcéﬁ%{}(?egolregﬁlfl Starérfgef’hf ¥ {theianal s; aplitudeg iy they
t he magnetapach@aand s normal . 9. The nmethod as recited in claim7, wherein

the servo signal is a current servo signal, and wherein the reference
val ue of the cEYPRASIESEF vonRlitylearl the ssacxqigapl withaapefetenee valie do dstestianus

servo si gg@,{omamiy ﬁe@ﬂ%%‘%ﬁd‘g&,e&@ﬁéﬁ& signal's reference value is based on
the anplitude of” thé current” servo signal.

8. The method as recited in claim 7, wherein the reference value is an amplitude of a

servo signal determined when a fly height of the magnetic head is normal.

9. The method as recited in claim 7, wherein the servo signal is a current servo signal,
and wherein the reference value of the current servo signal is based on an amplitude of a

previous servo signal, and a subsequent servo signal’s reference value is based on the

amplitude of the current servo signal.

10.  The method as recited in claim 2, wherein separate reference value is set for each of

the predetermined cylinder areas on a recording surface of said magnetic disk.

1. A method for writing data on a magnetic disk, the method comprising:

reading a preamble from a servo signal recorded on the magnetic disk utilizing a
magnetic head in response to an initiation of a write operation;

determining a gain of the preamble of the servo signal;

comparing the gain of the preamble with a reference value to detect an abnormal fly

height of the magnetic head;
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10. The method as recited in claim2, wherein separate reference value is
set for each of the predeterm ned cylinder areas on a recording SUZﬁdW%ZQB
said magnetic disk. 11. A nethod for witing data on a magnetic di sk, the
met hod conprising: reading a preanble froma servo signal recorded on the
magnetic disk utilizing a nmagnetic headysin response to an initiation of a
wite operation; determning a gain of the preanble of the servo signal

conparing the i r le wmith a reference.value to detect. an
abnormal fly ﬂgulhgr@“ow@ﬁﬁ’ r%a%{g‘ﬁeemdécaheéa?d?o‘?ﬁfwq’leﬁbg’})g SHagHS 2\7@’2 @ MaY
2005 - 23 ivritiper @ai dutdfo thimagietiodisk@sing hec@iness the pRaMBle; ky hei ght of the
magneti ¢ head, ré‘hen ~witing a user data to the magnetic di sk using the

gai n of the préapeain of e nrearpble indigaies on abrarmsl Sxhbight ofithe magestic dwadtireor mal

fl'y hei ghtg; QbndlienBOREL (:}fpgpﬁi%q %aft\%dﬁ}e-dg{e%%& hﬂ%h%%f%ﬁge \r’\ér-{ L.e operation

l‘lﬁS. .
after a pre-determ ned nurber o e re-tries. met nod as recited
in claiml1l, wherein the nmagnetic head is froma plurality of mnagnetic

heads, eacgh magnetic head havi.ng.,a specific reference value indicating a
normal 11y nergrendi Erap it aitinreh B ShERE bRG T aorvelin of
claim 12, ridgntiteleatis)@hiidingicti6 RaOhRthgP §REIPICFRENEE SAus HaRay & Rodal &yl S
to be witten to an alternate area after retrying a wite operation the
pre-deter#%@ﬂfoﬁﬂﬁb@@g@fﬂc\hﬁﬂe re-tries; and performng the wite operation
on the alternate area. 14. A hard disk drive apparatus conprising: at

| east one rotating magnetic disk; at |east one nmagnetic head that records

data on sdBd ndbreteitmdds skeitedoh alapriddficthsr eludingr ecor ded on t he nagnetic
di sk; servo si rodrtﬁlicti on contrl (rj;rztetans for causing the nmagnetic head

al..re
to reproduce agﬁ@gmgoao Kegiiaie fee S tighdaih s b aritien do &p aligmatearey plies
oper at i on réBfingd ivtitd P ehdibA R Hré-DeernTRENRImKer AF SKitd 2-thld; th@t ed; an anplitude
detection circuit that determ nes an anplitude of the servo signal, the
anpl i tude det ePEHYHIES e Hirtte PRecationionghe dltemate argtve rectifier that converts
the servo signal into a DC signal;

14. A hard disk drive apparatus comprising:

at least one rotating magnetic disk;

at least one magnetic head that records data on said magnetic disk and reproduces data
recorded on the magnetic disk;

servo signal reproduction control means for causing the magnetic head to reproduce a
servo signal recorded on the magnetic disk when a write operation for writing data on the
magnetic disk is initiated,;

an amplitude detection circuit that determines an amplitude of the servo signal, the
amplitude detection circuit including:

a full-wave rectifier that converts the servo signal into a DC signal;

a sample hold circuit, coupled to the full-wave rectifier, that samples the converted DC
signal to obtain the amplitude of the servo signal;

a capacitor coupled to the sample hold circuit; and

a reset switch that operates to store a maximum voltage of the servo signal during a
certain period of time in the capacitor; and

abnormal fly height detection means for comparing the amplitude of the servo signal

with a reference value to detect an abnormal fly height of the magnetic head.
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a sanple hold circuit, coupled to the full-wave rectifier, that sarrpl es the
converted DC signal to obtain the anplitude of the servo signal; @MAYZUUS
capacitor coupled to the sanple hold circuit; and a reset switch th
operates to store a maxi mumvoltage of the servo signal during a certain
period of time in the capacitor; and abmgyrmal fly height detection neans
for conparing the anplitude of the servo signal vm'th a reference value to

detect an @abnor y t.he magnet.ic [
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recited i ropetaabmdiséontfnutrigh@eans fopdiscnfiguing Wid Weite QReAtRNI 1ﬂrtegioﬁ§eoﬂ6tdewéhﬂ@
means for discontinuing the wite operat|on in response to detecting an

abnor mal fAM2 H‘é"“{j’ﬁﬂydﬂe‘gf‘h‘e“h%@ﬁ%‘ﬁ“é hgadad. 16. A conputer program product,
conprising: a conputer-readabl e nedi um havi ng stored thereon conputer
executabl e instructions for inplenenting a nethod for reading data froma
magnet i ¢ diésk, &acindptﬁarmqgrempe«cmcutcaﬂnpﬁsing nstructi ons when execut ed,

erformthe steps of arrbl e fr a servo signal corded on a
Pragnetl c disk dt5EA t%deﬁdtlﬁ&@%}é@p aﬁ‘é‘&dtor?cﬁ@‘egﬁ‘é’fl\FB“@P@ﬁéf‘equﬁé UBSPtioRT
preanbl e, far (FiEymen.a ABtod feading dhth St a ntRh&dHiIBL, NGiPc@iuler MBS lé S
determ ned by a gain control, of the preanble, the gain of the preanb

being a pr‘é“%k‘ﬁﬂ‘l"?sf”r]éf‘étei"@)‘ﬁ‘t%iap?ffqr@cfb? pteps afo anpl i fy the preanble's si gnalnb]t 0
I | re e i rea e
?n ae\r/ggi st glr“ ng%r ?pr%éﬁ@%é r{iﬁ‘ng&?g%%ml %C%F I%/\/lgt Hggnerugfélsler’ilig VTR
t o detect raagthmdaﬂhdséryo s@mlgxmludmﬁg mhereﬁmbﬁehﬂﬁajﬂe@é e;)ndf a lﬁlﬁfmﬁﬁﬂﬂg t he
in of the prea Ielndlcatsth t he f ejght is normal , then
appl'yi gt he’ odEHTDG ek SR gitif S deietmgs bia BHHREEP OhBR B e, (BakRmef | he
Gray code tigrebfBle BiiiSh pli)@hhﬁl'iﬂ'bau@ﬁ‘%ainf reﬁﬁ’imafo' AMpliH&hE pandle’d b Brtgaa”bl e

indicates that the fly height is abnornmal, then retiying the rea
the preantf¥! Eapred bt edivadeichsandder of tines before abandoni ng the

readi ng of the ngrlﬁ?rﬁi;y Sin dfthe %@ﬁﬂggqpy;&qstg}r ogram product as recited in
ea

claim 16, wherein the magneti
comparing sa1d gain of the preamble with a reference value to detect an abnormal fly

height of the magnetic head;

if comparing the gain of the preamble indicates that the fly height is abnormal, then
applying the gain to the signals read by the magnetic head when reading the Gray code and the
burst pattern; and

if comparing the gain of the preamble indicates that the fly height is abnormal, then
retrying the reading of the preamble a pre-determined number of times before abandoning the

reading of the preamble.

17. The computer program product as recited in claim 16, wherein the magnetic head is
from a plurality of magnetic heads, each magnetic head having a specific reference value

indicating a normal fly height for that magnetic head.

18. The computer product as recited in claim 16, wherein the preamble is a current
preamble of a currently read servo signal, the reference value for the currently read servo
signal being based on a measured gain of a previous servo signal’s preamble, and a subsequent
reference value, for a subsequent servo signal, being based on the gain of the currently read

servo signal’s preamble.
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froma plurality of magnetic heads, each magnetic head having a specific
reference value indicating a nornmal fly height for that nagnetic h?QﬂMM@ﬁ%
The conputer product as recited in claim16, wherein the preanble is a
current preanble of a currently read servo signal, the reference val ue for
the currently read servo signal being based on a neasured gain of a

previ ous servo signal's preanble, and a subsequent reference value, for a
subsequent servo signal, being based on the gain of the currently read
servo signal's preanble. [R '\.LIBPP]03356.doc: AVC 2 6 MAY 2005 - 25 19. A
conmput er piYogr akrc@nedergirogramprodicngmpriingonput er - r eadabl e nmedi um havi ng
stored thereon conputer executaple instructjons for witing data froma
magnetic di sk, SSSATPUBHERTRRIE 8 aK¥Ng stored thgreon sATPISE X eoxtablst matructions

_perform t her skigiRg ld@tfa;ﬁ-cfneadﬁdgget% Bse 3R c%n{pru%?“eﬁe&ﬂbwitng!rw&hs RGP ELEH QD 2

magnetic disk utrli zi n% a nmagnetic head I'n response an 1 nitration of
write operhgtfoonthegéapefii ning a gain of the preamble of the servo signal;
conparing the qg‘;drill 01;1 tl_Qe rﬁgnbl e with.a {efer(ﬁace val ue to detect an
abnormal fly Rel'git * I “tRE” iRt FEVH MRl T9eo[qE Yhitnmagnetifedisk dkiliping a

i ndi cat es raagneticidadfih yespais@ Bt arahitiatién SBORALI dpefafiaft, then witing a user
data to the magnetic disk using the gain of the preanble; and if the gain

of the preanbl &elcHaINE & IKef hpprsrmble of fhe ssBiogignabf t he magnetic head then
di sconti nui ng t.hepMiid Gec Q0B G r r ' r.of weite
re-tries. 20. Thepcorgtpute%fH prc}gggfne%%:o%d‘a@}tl ngfe?egéig?%gﬁgd%g?a%?é‘?%étyei n
t he magnethieighhefitie megndticdwady plurality of magnetic heads, each magnetic

head having a spgcific feren value indicating a normal fly height for
that nagnetic ﬁ@%ﬁ .ga?l‘.){ %ﬁ@f?gﬁ%{"@}w}?ﬁ 3&%@&83‘8@& Sgthree‘??i’&"é’ Cihﬁa‘g Ithgnm
19, furt hevritbgmprsksdangoahdmuietic dRk s 8 il s5hé prhiBRSad©r © changing a
recording area jnto which data is to be witten to an alternate area after
retrying a wri tiethgganfithspreaiadlp indieaias anpbperanah firheight pf theimagnetic haad dlen and
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20. The computer program product as recited in claim 19, wherein the magnetic head is
from a plurality of magnetic heads, each magnetic head having a specific reference value

indicating a normal fly height for that magnetic head.

21 The computer program product as recited in claim 19, further comprising computer

executable instructions for:
changing a recording area into which data is to be written to an alternate area after
retrying a write operation the pre-determined number of write re-tries; and

performing the write operation on the alternate area.
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