WO 00/ 48173 PCT/ JPOQ 00770 description METHOD FOR CONTROLLI NG Bl AS CURRENT
FOR MAGNETORESI STI VE HEAD, FI XED MAGNETI C RECORDI NG DEVI CE, AND MAGNETI C
DI SC THEREFOR Field of the Invention The present invention relates to a
nmet hod fBP®ERPolling 5 a bias current for a magnet or esPSTHYW/WEA] by
using a magnetoresistive effect, a fixed magnetic recording device and a
magnetic disc therefor. Background of the Invention Mst recent fixed

magneti ¢ recordi ng devices (kmgs: 10, Hard Disc Drives) use an MR
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ed Wt
magnetoresistive effect in which the electric

resistanceof the MR head is varied by external magnetic fields.

15 Some HDDs use an MR/inductive combined head comprising an MR
head and a thin-film head integrally combined together. The
MR/inductive combined head writes data by using the thin-
film head, while reading out data by using the MR head located
adjacent to the thin-film head. Thus, the MR head is

20 characterized, for example, in that it provides a higher
reproduction output than the thin-film head despite its
exclusive use for read-outs and in that its reproduction
output is independent of the peripheral speed of a magnetic
disc, so that by setting a read-out track width smaller than

25 a track width for the thin-film head for writes, the effects
of adjacent tracks can be minimized during read-outs.
Consequently, the MR head is commonly used as a HDD head.
Furthermore, GMRs (Giant MagnetoResistive) heads including
MR elements with improved sensitivity are being put to

30 practical use.

Disadvantageously, however, the MR head requires bias

current due to its operational principle, and the waveform
of a signal reproduced by the MR head may be distorted without

optimum control of the bias current. This distortion is



optimum control of the bias current. This distortion is WO 00/48173

PCT/ JPOO' 00770 2 caused by the offset of a bias point for the bias
current, which in turn causes either a positive or negative side of the
wavef or WRPYEHS r epr oduced signal to be saturated. In t HG/EYE07T) he
positive and negative sides of the rep %oduced 5 signal waveform are
asynmetrical. Thus, to optimally contr the bias current for the MR head,
the followi ng three problens nust be solved. A first problemis that the
variation of a head resistance value resulting fromthe di nensional
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variations, the total variation in the 20 resistance o ement is
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resultlng on1th e. dipensional, variability is that a |arge
di fferenceéén po r %ygpslr%aaim r{: device, the tolerances on the MR
stripe height represent a +33% change, or with respect to the

15 ratio of the highest to the lowest, represent a 2:1 ratio.
Further, the tolerance of the width of the MR stripe (length
in the direction of current flow) is +20%. The tolerance of
the thickness of the MR stripe is =10%. If these are
considered independent variations, the total variation in the

20 resistance of the element is about *40%, or a high to low ratio
of 2.33:1.

Measurements of head resistance values for a plurality
of (for example, 80) MR heads showed that the value varied
among the MR heads, as shown in FIG. 17. 1In this figure, the

25 horizontal axis indicates the head resistance value, while
the vertical value indicates the number of MR heads. Although
the variation distribution of the head resistance value
corresponds to a normal distribution around a designed value,
the individual MR heads showed different resistance values

30 in their sensor section.

A problem resulting from the large dimensional
variability is that a large difference in power dissipation

occurs with different heads in a single device.



occurs with different heads in a single device. WO 00/48173 PCT/ JPOQ' 00770
- 3 Further, current density varies significantly as the cross section
for the current (NR stripe height by thickness) also varies ge
amount . PPIJURY31ife is inversely related to the cube ofPFﬁ@P%ﬂWT@nt
density. Since the normal 5 biasing nethod uses a DC current that is fixed
for all heads, |ow stripe heights and thin |ayer thicknesses result in

hi gher resistance and higher current density. The resulting power
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15 the best signal to noise ratio occurs with the highest-
resistance heads. Thus, low stripe heights, thin layers, and
wider stripes cause good signal to noise ratios, while high,
thick, and narrow stripes produce poorer signal to noise
ratios. A fixed bias current must then be a compromise

20 between good signal and short life.

When the bias current values for a plurality of (for
example, four) MR heads were varied, the variation of outputs
showed a waveform such as one shown in FIG. 18. Sine the bias
current yielding the largest output value is optimum for reads,

25 this figure indicates that the optimum read bias current
characteristic varied with the individual heads.

A second problem is that a good electronic signal to noise
ratio depends on preamplifier design. Preamplifier design
has significant limits due to the reduction of voltage

30 available to the preamplifier circuit and reduced power
dissipation goals. Present designs typically have a single
+5 volt supply (+5%). The variation in the resistance of the
head also provides limits on the amount of bias current that

can be used for operation due to the voltage drop across the



head al so provides limts on the anmount of bias current that can be used
for operation due to the voltage drop across the WO 00/48173 PCT/ JPOQ 00770
4 head and | eads. |f too rmuch current is run through a head of high
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conventional HDD is described in JPA7- 201005

15 This HDD is comprised of a plurality of (for example,
four) MR heads 3la to 31d, a preamplifier 32, a GEM
(Generalized Error Measurement) 33, a head/disc assembly
controller 34, and a microprocessor 35, as shown in FIG. 19.
An optimum current value for each head is stored on a disc

20 surface of the HDD during manufacture. When the HDD is
powered on, these values are transferred to a random access
memory. Upon execution of each head switching command, the
random access memory is used to apply a corresponding bias
current to a corresponding active MR head, which is then

25 subjected to measurements. Then, the GEM 33 reoptimizes and
updates the bias current, whereby the updated bias current
is applied to the MR head.

MeasurementsoftheMRheadareimplementédbythecircuit

shown in FIG. 20. To measure, for example, the MR head 31la,

30 only switches 36a, 37a are conductively connected to this MR
head so that a feedback control circuit 40 can supply bias
current thereto. Then, a measured value Vcap is obtained by
measuring the voltage of a capacitor 39 and this value Vcap

and a known bias current value Ib are used to calculate a head



current thereto. Then, a neasured value Vcap is obtained by neasuring the
vol tage of a capacitor 39 and this value Vcap and a known bias current
value Ib are used to cal culate a head WD 00/ 48173 PCT/JPOQ 00770 5

resi stan¥@ %4f1j& Rt of the MR head. The MR head resi st anBeTIYW LR is
cal cul ated based on Equation 1, which ig shown below. Rmr = (Vcap -
Vbe)/Ib ... (Equation 1) 5 An optinmumcurrent is determ ned based on the
cal cul ated head resistance value R of the MR head. In this manner, for
t he conventional HDD, the bias current value is optimzed on each power-on
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conventional fixed magnetic recording device cannot deal with

15 temporal changes in MR head characteristics. Accordingly,
if the MR head resistance value changes, a bias current value
determined to be optimum before delivery f may be used over
a product life or a bias current value determined to be optimum
during the preceding measurements may be used until the

20 following periodical reoptimization for updating. This bias
current value is not always optimum for the current heads,
whereby the head output characteristics may be degraded to
increase the error rate. Since the 1life expectancy of heads
is inversely related to the cube of the current density, the

25 flow of an unnecessarily high bias current may reduce the
average life expectancy.

In addition, determination of the effect of changes in
resistance on the life expectancy is based only on comparison
with the guaranteed number of invocations. As a result, an

30 actual change in resistance cannot be detected, thereby
preventing the life expectancy from being determined
accurately.

On the other hand, fixed magnetic recording discs are

becoming popular which use an amplitude-detecting



preventing the life expectancy from being determ ned accurately. On the

ot her hand, fixed magnetic recording discs are becom ng popul ar which use
an anplitude-detecting WO 00/ 48173 PCT/JPOO 00770 6 reproduction nethod
such as YMOPR#A8173] response which processes a signal readP@UEPRMOBHY a
magnetic disc, directly wusing the a_r_rpki tude value for the read-out signal.
If such a fixed magnetic recording device includes an MR head, and 5 if a
signal reproduced by the MR head is distorted to have a waveformw th
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device using a conventional peak-detecting reproduction
15 method and a similar distortion occurs, then the differential
value at a peak of the waveform of a reproduced signal is
smaller on a saturated side of the waveform. As a result,
the device is substantially affected by noise, thereby
similarly increasing the error rate of the reproduced signal.
20 As described above, a disadvantage of the fixed magnetic
recording device using the MR head for data read-outs and using
the amplitude-detecting reproduction method such as a partial
response is that no method has been established for optimally
requlating the bias current for the MR head though the error
25 rate of the reproduced signal may be degraded without
optimization of the bias current for the MR head. The fixed
magnetic recording device using the MR head and peak-
detecting reproduction method is similarly disadvantageous
in that without optimizing the bias current for the MR head,
30 the device is substantially affected by noise to increase the
error rate.
It is an object of the present invention to provide a
method for controlling a bias current for a magnetoresistive

head as well as a fixed magnetic recording device and a



30 the device is substantially affected by noise to increase the error
rate. It is an object of the present invention to provide a nethod for
controlling a bias current for a magnetoresistive head as well as a fixed
magnet i cWUSHI3ng devi ce and a WD 00/ 48173 PCT/ JPOQ 0077FCTAPOGGHet i ¢
disc therefor which enable a bias current for an MR head to be optim zed
as appropriate during an operation of a fixed magnetic recording device in
order to restrain a possible asymmetrical distortion originating in a
saturation 5 in the reproduced signal fromthe MR head, thereby reducing
the error rRAENYft? r?bl%tt&erréidlromcmﬁé@bé?uﬁebmstWIm*érﬁqlb@nlMRA
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accor di ng to% resent invention.is operative in con a’ bi as
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head accesssdse tdwerdmgnetécddsfg dpdat read-dweddi as current value for the

above descri bed magnetoresistive head _to the above descri bed neasured
opti mum bias current vaIU§L¥%i—§gﬁﬁa8§—1%ﬁ%J§H$%¥§¥ﬁb t he above described
stored optilnum A aethod eur taphitwo BbDve descakbedrzenfagoet or esi stive head
to read out_the anve described.data. . Accordin g to thi ect .of the
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described magnetoresistive head each time the above described
15 magnetoresistive head accesses the magnetic disc; updating
the bias current value for the above described
magnetoresistive head to the above described measured optimum
bias current value for storage; and supplying the above
described stored optimum bias current to the above described
20 magnetoresistive head to read out the above described data.
According to this aspect of the present invention, the
bias current for the magnetoresistive head can be optimized
as appropriate depending on an operation of the
magnetoresistive head during an operation of a fixed magnetic
25 recording device to maintain an optimum bias current despite
temporal changes in characteristics of the magnetoresistive
head in operation. 1In addition, a possible asymmetrical
distortion induced by a saturation in the waveform of a
reproduced signal from the magnetoresistive head can be
30 restrained to reduce the error rate during data read-outs.
In addition, the supply of the optimum bias current to the
magnetoresistive head can prevent the flow of an

unnecessarily high bias current and also prevent the average



reproduced signal fromthe magnetoresistive head can be 30 restrained to
reduce the error rate during data read-outs. |In addition, the supply of
the optinumbias current to the magnetoresistive head can prevent the flow
of an HPA&¥&<Hrily high bias current and al so prevent tHEI/ERABOKITE WO

00/ 48173 PCT/JPOO 00770 8 life expegtémgy of the magnetoresistive head
frombeing reduced by an excess current. Specifically, the bias current
for the nmagnetoresistive head can be optim zed as appropri ate dependi ng on
an operatign 5 of the magnetoresistive head during an operation of a fixed
magnetic redbPIPKECGEFNCY, afhdidhynagrseor enyst hweyhepdpifirony bsfinde
conponent srefutba BRYAR! exREsH i heed, the variability of a preanplifier
circuit, and a degradation in performance arising fromthe gradual
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reduced margins at normal temperature can be provided to
15 improve the yield of products.
2. A method for controlling a bias current for a
magnetoresistive head according to the present invention is
operative in controlling a bias current supplied to a
magnetoresistive head for reading out data recorded on a
20 magnetic disc, and comprises the steps of: conducting
measurements for optimizing a bias current value for the above
described magnetoresistive head when the above described
magnetoresistive head enters a standby state; updating the
above described bias current value for the above described
25 magnetoresistive head to the above described measured optimum
bias current value for storage; and supplying the stored
optimum bias current to the above described magnetoresistive
head to read out the above described data.
This aspect of the present invention has effects similar
30 to those of the method for controlling a bias current for a
magnetoresistive head which is set forth in above described
Claim 1.
3. The present invention provides a fixed magnetic

recording device for recording data on a magnetic disc and



This aspect of the present invention has effects simlar 30 to those of
the nmethod for controlling a bias current for a mnagnetoresistive head
which is set forth in above described Claim1. 3. The present invention
provi desW8 0PH&IEY magnetic recording device for recordi ngPAEIBI0WATY
magneti c di sc and WD 00/48173 PCHYJFK;JQQ]?O 9 reading the data using a
magnet oresi stive head, conprising optimzing neasurenent neans for
conducting nmeasurenents for optimzing a bias current value for the above
descri bed magnetoresistive head each tine it accesses the magnetic disc, 5
and proceskPAfiRgahber dataons byl amaghetopesistiing headsucempatisirans and

out put ti NgopRimAst hhe £50 f She P Hd 0 £o2f e R&u@%gégﬁ%’%ﬁﬁﬂ{%ﬂgﬁyg dogr the

above descri bed, magnetoresistive head to above € neasured
opti mum bPREIRLELBAL AV RHAE FCHXIEmdr afelwmdien thet 2beveodesoribled 10

supply of ﬁlﬁ@néb@fési@%ﬁbbﬁ%’ad‘Egéhetgixﬁ’é‘gtsééﬁééjsé’é)ttihmc?ﬂé’ﬁicEl‘irsrcent to
ead. _Th t

t he ab%ye descri bed nagnetoresistive head. _This aspect of fhe presént
i nvent i"on 237 PRPFEREANIt REaRst HOF ANtk 19 i hldeaobraBigdngent for a

magnet or esmessiueemBAathedn § B ot epult®ing AR AlOVE des6h i RAd Fhal é} 15 4.
)

The present iggenELon rovides a _fixed magnetic recording devi ce
recor di ng Qht E6nPiaReGHEFRE Vel Wehdor mPIre dasariBedg a
magnet or eshagh&eobeadstioeniésd 1O avPé Hetidd HEREE HE SEY Hu FERBS thifum

i mzing a bias current value for the above

conductin neasurenen%s f?r %ﬁt |
descri bed 20 FaghEt GPEsV 8t 1Fe thEad WHEPS 2 htaR s1BSEFuRbbynsfarethend
pr oceddi ngsupphy dHOEhecab ot lderg 1 ivedRigdNtZ D gnHESSHF SARH inRRBS a@nd

above desc?1bEh" FrbHet BPoaParFy BRERd Db THHD Thithes SRELTFobBarmasUrod

opti mum bi as cvientaspedate oZ5 ther pgeskeage iavénaidmsanuehpoemkar the supply

o oo 0" S0 nESEEL BN, 3, oL SRL MRS USRS,
head which is set forth in above described Claim 1.

15 4. The present invention provides a fixed magnetic
recording device for recording data on a magnetic disc and
reading the data using a magnetoresistive head, comprising
optimizing measurement means for conducting measurements for
optimizing a bias current value for the above described

20 magnetoresistive head when it enters a standby state, and
processing means for controlling the optimizing measurement
means and outputting an instruction for updating of the bias
current value for the above described magnetoresistive head
to the above described measured optimum bias current value

25 for storage and an instruction for the supply of the above
described updated and stored optimum bias current to the above
described magnetoresistive head.

This aspect of the present invention can implement the
method for controlling a bias current for a magnetoresistive

30 head which is set forth in above described Claim 2.

5. The present invention provides a magnetic disc having
a control routine recorded thereon for operating a central
processing section for controlling a fixed magnetic recording

device, the above described control routine comprising a



Thi s aspect of the present invention can inplenent the nethod for
controlling a bias current for a magnetoresistive 30 head which is set
forth in above described Claim2. 5. The present invention provides a
magnet i WRi0Y481RAvi ng a control routine recorded thereon PEFIPIPELI ng a
central processing section for contlolbigg a fixed magnetic recording

devi ce, the above described control routine conprising a WO 00/48173

PCT/ JPOO/ 00770 - 10 first step of optimzing a bias current value for the
magnet oresi stive head each time it accesses the magnetic disc, a second
step of upEkEshgStRR Bf agPEimisAngval bdafsorcunrenthovel ueeter i bod

magnet or eshA§hd€o PESSs t Ot e RDOYEL 8T i@%&%ﬁfxéﬁx%ém*g%é

current value for storage, and a third step of supplying the above

descri bed 25§5COE 8REPIHHPdatdpg whfh bias caumeant veduehkonidveabie¥er i bed

magnet or e?déé&ﬁfbe@%ﬂgnéﬁé@égﬁgﬁi% thidia% agpagie Abdhe @é@é?i‘ﬁe&“vem ' on,
the 10 bias current value for the magnetoresistive head can be optim zed

by execut iMPIHeed SRYPIUR Kigsheurgenta¥alys RE stREFER: AN §cthird

Accor di ng dtep hef negpplyendi heaaboi@d G sl itdwl I d Anyestbpaq the

first step coq@éhﬁgs o&ﬁ|n12|n a bias current 15 value for the |

magnet or eARt+ 24F GHERSPE BAtdiS aRoveAasgr 1opdiRAIRRTQr 8EHRELVES t he

present ireadion has effects simlar to those of the magnetic disc set

forth in above _descrjbed, Caim5. 20 .7. The present invention provides a
M%&Odﬁi e O&r Hﬁﬁg

fixed magneti c ASFEX 18 aFBEC PHEEENEN1RVARGABPY ctBfsc and

readi dg theiamteuoseny walagnebor ehies inavh divaths npreé shewd siwrbge nmeans

Lo 2 BELAAT Sy SRR 4 LA8 R op LR RSO BR FE L,

t he head mesjr¢taincedisal ue for the magnetoresistive head when it enters a

st andby 6. According to the magnetic disc according to the present
invention, the first step comprises optimizing a bias current

15 value for the magnetoresistive head when it enters a standby
state.

This aspect of the present invention has effects similar
to those of the magnetic disc set forth in above described
Claim 5.

20 7. The present invention provides a fixed magnetic
recording device for recording data on a magnetic disc and
reading the data using a magnetoresistive head, comprising
storage means storing a temperature characteristic of a head
resistance value for the above described magnetoresistive

25 head, measurement means for measuring the head resistance
value for the magnetoresistive head when it enters a standby
state, and arithmetic means for calculating the temperature
based on the above described measured head resistance value.

According to this aspect of the present invention, the

30 magnetoresistive head can be used as a temperature sensor to
monitor the temperature without providing a separate
temperature sensor. '

8. The present invention provides a magnetic disc having

a control routine recorded thereon for operating a central



state, and arithnmetic nmeans for calculating the tenperature based on the
above descri bed neasured head resistance value. According to this aspect of
the present invention, the 30 magnetoresistive head can be used as a

t enper at WOPEHSor to nmonitor the tenperature without pr8G¢TAPHPIZOsepar at e
tenperature sensor. 8. The present igv%t i on provides a magnetic disc
having a control routine recorded thereon for operating a central WO

00/ 48173 PCT/JPOQ 00770 - 11 processing section for controlling a fixed
magnetic recording device, the control routine conprising a first step of
storing aP¥efpefangreeehradrsrcertEobl ingrefiixpdiaqneietc FRCOEHIMT t he

magnet or esgstive, Rafd coat$830F6h 8188 coimprEiasiid A% 1he Bead or sedistmnce
val ue for the magnetoresistive head when it enters a standby state,” and a

third step?ofSRRFEFFAFFGNAFRCLeERPELEL Of @ iRRd Iaf iR diRlste Hoxd

resi st ancetNaliyn AR SH 191 ¥€ hleldids ABRREnPE bR Phea.R indVené hdad t he
nagnetﬁ{e3|stLve head can be used as a tenperature sensor 10 executing

Y.

the comt rof SF bBFARES BRI /L@ TohNE MR IRFFRE TS 8 ¥ hand yhenpiesaters

i nvention prevafabyastiaxe] magnet ithiner Wby devaiteuhayving anel urality of
nagnetores{stive eads, for rea&jng dat a ngorde on a nagnetic di sc,
conpri si ng"SBPGF A58 freRASCS §1 S MRATHIGH Perdr BEFEFFaRFEs VB URead 15
resi stance val vecdodindiecabthies degadthedt phe plhdsend inkR@rdioar,esihst i ve
heads, neaﬁgrengnteneagi foh n§asuriQ? t he head resistance val ue for each
of the above?deslfFpéad gRBEBrEdt KT V&8s AN B EE Y BYdby

st at e,10andexecetingi tine neansrd broualitid @kcog dickico hetipe matgireasi ot iske 20
plurality gf et | sti based.an t he ahov descri bed nmeasured
head resis én%al%%%égr% ¥§Yr%§?g§ﬂr ErogﬁgFgctaerfia e|d{é‘§“"’};f-f1rb‘:"thrcedi cting the
degr adat i oneteyélingfdehiece bhariagta pilsiriadsi tof o € acly mesgnet of stsive headsead

based on thgy 2ROUENECAGHLDEL ALY YiPh WRIBRLAIY 81567 C6RBETILIAG O TN S

aspect of the presen |nvent|.on,
storage means storing temperature characteristics of head

15 resistance values for the above described plurality of
magnetoresistive heads, measurement means for measuring the
head resistance value for each of the above described
magnetoresistive heads when it enters a standby state, and
prediction means for calculating the temperatures of the

20 plurality of magnetoresistive heads based on the above
described measured head resistance values and temperature
characteristics and predicting the degradation level of the
characteristics of each magnetoresistive head based on the
above described calculated temperature.

25 According to this aspect of the present invention,
temporal changes in magnetoresistive heads can be monitored
to predict the life expectancy of the present fixed magnetic
recording device.

10. According to the fixed magnetic recording device of the

30 present invention, the fixed magnetic recording device in 9
further comprises alarm means for alarming a user for the
degradation level of the characteristics of each
magnetoresistive head predicted by the prediction means,

thereby enabling the user to be alarmed.



tenporal changes in magnetoresistive heads can be nonitored to predict the
|ife expectancy of the present fixed magnetic recording device. 10.
According to the fixed nmagnetic recording device of the 30 present

i nventi oWO 00H&78i xed nagnetic recording device in 9 furt REFIRWMPBIOses
alarmnmeans for alarmng a user for the degradation |evel of the
characteristics of each magnetoresistivk?head predicted by the prediction
nmeans, thereby enabling the user to be alarned. WO 00/48173 PCT/ JPQ0/ 00770
- 12 11. The present invention provides a fixed magnetic recording device
for recordilig da'mﬁa @r;ea;ermgnawemmlicac @f@videﬁdhngikbg télat;aeuabng a
magnet or esi st | V. ead, conprisin a projectjon provided on the magnetic
disc at a pr;er ?rg% o ?‘f)lo(gigt on ’tg‘ﬁ%?%(g?’néén%a#‘rﬁn?go? %%%%t?“%rgﬁ?li%%&i ng

t he above mEstindeatherapiet oreigicgta wadrestt fay it irde i ledadn dompt Dadig i on
based on a .variaiiqn. | u ro he above described nmagnetoresistive
head observaegj'Il eén&ir&[&g g%%gl%%%rm?héeh%b%a%ne%]e%c f%%aa%r%j torilah
Accordi hg topsiti omdenteaf amnkempndsent meanentbonpohheorimgneherasiws i ve
head can begdmuy [ ri gt.i j I tion £o prevent ossi bl e
crash. 12. leAccor%hl%rlcgﬁlta gteﬁgr}é%%g’gln‘%grﬁéggcgorrg%é% |ln"‘8Cl er%/?(r:lef/loqartéﬁteforbr esent
i nventi on, hafed joded reafheat tonetnr dihgutiefirom ithel hbov® fdgsdmwibexbnpri ses

al arm Wan%éﬁe@@éﬂé‘@i}g@e Y38fq WRR AR wAKKPUL vaﬂé io%re{%ﬁgefgo@? or a

threshol d. This aspect of the present invention can alarmthe user
possi bl e cARRET Hed e HR@EEPR - i nventi on provides a magnetic di sc having

20 a coptrol rogtichediaeotdednt Bessp8E05 £ OPRE git:fé@eﬁt CENER 1ol AGRSSI NG
section for controlling a fixed naghetic recording device, the control
routine coMFINGHRIes ¥tLYe shepd ofFannasliprA§oard Jodr ianyad hadvicat idgh in
out put fromiidie Abne télesesvded FBgH8LE9Lesl st .head observed when it
passes OveHZ. According to the fixed magnetic recording device of the
present invention, the fixed magnetic recording device in 11
15 further comprises alarm means for alarming a user when the
output variation exceeds a threshold.
This aspect of the present invention can alarm the user
for a possible crash.
13. The present invention provides a magnetic disc having
20 a control routine recorded thereon for operating a central
processing section for controlling a fixed magnetic recording
device, the control routine comprising a first step of
measuring and storing a variation in output from the above
described magnetoresistive head observed when it passes over
25 the projection, a second step of determining whether the above
described stored output variation exceeds a threshold, and
a third step of alarming a user if the above described
threshold is exceeded.
| According to the present invention, themagnetoresistive
30 head can be monitored for a variation in floatation by
executing the control routine recorded on the magnetic disc.
14. According to the present inventioh, the first step in
the magnetic disc set forth in 13 comprises measuring and

storing a possible variation in output from the



25 the projection, a second step of determ ning whether the above

descri bed stored output variation exceeds a threshold, and a third step of
alarmng a user if the above described threshold is exceeded. According to
t he pred¥dP0#8¥&nti on, the magnetoresistive 30 head can ME/HIPOIGEPed for a
variation in floatation by executing the control routine recorded on the
magnetic disc. 14. According to the présent invention, the first step in
the magnetic disc set forth in 13 conprises neasuring and storing a

possi ble variation in output fromthe WO 00/48173 PCT/JP0O0/ 00770 - 13
magnet or esP&FNGEOKEEI SSHYE \hapdurhiF eeed ovkedl theuepnérogagead imeer t he

proj ecti onpadkkerotBe FRENESIESESEh YL NedE t IR ghet taNibyi o dlyg The

present invention has effects simlar to those of ° 5 the magnetic disc set
forth in 180tBFFef B&ANGHN iSHRtR- the Drawings FIG 1 is a bl ock di agram

show ng a C_Onflmkléagfbr@éleﬁf: 2nvéh¥€6n"REBELIFE cbRE0AIMA AW S & IRILOJH Ng to
First Sybog ment of .the present inventjon; 10 FIG 2 is an explanatory
drawi ng shbAfnBagrFsifacisc £t d3rth P sidface of a magnetic disc
according to First enpdigfemesdrtiptfon Sofntp¥pbapatiagy drawi ng show ng
measurenent p rn, areas qQf the .magnetic disc according to First 15
enbodi nent; Fl %Lfclel |n]s L %ﬁo%mﬁ%?d"%ﬁ L HBHARRRE Pattern
of the neaSixedertgmpet ierecaredhgpdevidentdordingtto EIbodicmbdidinene 5 1S
a maveforn%gi@ﬁranlzhomjnq_a rqproduced wavef orm 20 obtai ned when the

nt - pat tePh Sareks WVESt

neasur ement - p dify to First enbodi nent are reproduced;
FIG 80 s an expl@nal airs/ adr aapicrsitew ynglrehvaige s hidw shgral fodntath@fse rati o

VS. Change?ejzgrmi.ﬂa %Wrrf%%te IFY qtilan&ettoiclzicﬁlséc according to First
embodiment;

FIG. 3 is an explanatory drawing showing measurement
pattern areas of the magnetic disc according to First

15 embodiment;

FIG. 4 is an explanatory drawing showing a measurement
pattern of the measurement pattern areas according to First
embodiment;

FIG. 5 is awaveformdiagram showing a reproduced waveform

20 obtained when the measurement pattern areas according to
First embodiment are reproduced;

FIG. 6 is an explanatory drawing showing changes in signal
to noise ratio vs. changes in bias current according to First
embodiment;

25 FIG. 7 is a block diagram showing a configuration of a
fixed magnetic recording device according to Second
embodiment of the present invention;

FIG. 8 is a table showing correspondence between head
resistance values and optimum bias current values according

30 to Second embodiment;

FIG. 9 is a block diagram showing a configuration of a
fixed magnetic recording device according to Third embodiment

of the present invention;



enbodi nent; 25 FIG 7 is a bl ock diagram showi ng a configuration of a

fi xed magnetic recording device according to Second enbodinent of the
present invention; FIG 8 is a table show ng correspondence between head
resi st at¥@0¥/4§10ds and opti num bias current val ues accor di HgIIR9/080 Second
enbodinent; FIG 9 is a block diagram §?Lov_vi ng a configuration of a fixed
magneti c recordi ng device according to Third enbodi nent of the present

i nvention; WD 00/48173 PCT/JPOQO 00770 - 14 FIG 10 is a characteristic

di agram showi ng the = dependence of the head resistance value on tenperature
according to T%i]i%l' ehbotf nenehappeterisidcy diggrans fwwwigh@ okhespondence

bet ween t hgepSntiender 6% $hanhea@lie th dEIMes BE &' 6n Eéﬁp }%tiugea. bl ock
di agram show n confkggration of . a fixed nmagnetic reco glng evi ce

a .a .
accor di ng ?%C‘Ifg?ﬂr?ﬂ tenBgdrdefmbod imentyy esent i nvention; FIG 13 is a

bl ock di agram shmni ngl aisenfigsratdowdhg dOrPebpsfdeMReNBlitwdSLHHE NY
devi ce .ac orgén to g%fth eﬁbodlnent of the present invention; FIG 14 is
a sket Ch A% ngeiﬁﬁ RGSavenife a9 S9MRRFaE%ERi ding to Fifth embodi nent;

FIG 15 is a wavef.orlp disagr dlsdiovd 1ggvah i showdfigi B eBhBYurh® icausad by
the TA pheémfreno in or.ma e according to %I fth enbodinent; FIG 16

a | ca
is a maveforn%ﬁ?ag?%ﬁ?§ﬁ6ﬁﬁﬁ&cﬁ§a¥¥ﬁ(ﬂﬁ¥¥9?(ﬁﬁiﬁﬁdlESUEEdFBVrFﬁe TA
phenonmenorembodimabtoo fatheapeeaenar dinv@edtdiory fth enbodi ment; 20 FIG 17
jations in . head resistance value for a

LG\alleglt ;5E)Liﬁt?u}vs%h%égg?jog%govf\%ﬂ?%s}ygéﬁ%%?’&r%%véﬁg afh SABELAYLefd offefdndence
of al@onwernfixerd|nagadtdn beaesrdimngemrtevice according to Fifth
embodiment of the present invention;
FIG. 14 is a sketch drawing showing a shape of a bump
according to Fifth embodiment;
FIG. 15 is awaveformdiagramshowing variations in output
15 caused by the TA phenomenon in a normal case according to Fifth
embodiment;
FIG. 16 is awaveformdiagram showing variations in output
caused by the TA phenomenon in an abnormal case according to
Fifth embodiment;
20 FIG. 17 is a distribution graph showing variations in
head resistance value for a conventional MR head;
FIG. 18 is a waveform diagram showing the dependence of
a conventional head on bias current;
FIG. 19 is a block diagram showing a configuration of
25 a conventional fixed magnetic recording device; and
FIG. 20 is a block diagram showing a configuration of
an essential part for measuring a head resistance value for
a conventional MR head.

Best Mode for Carrving Out the Invention

30 A method for controlling a bias current for a
magnetoresistive head as well as a fixed magnetic recording
device and a magnetic disc therefor will be described based

on specific embodiments.



FIG 19 is a block diagram show ng a configuration of 25 a conventi onal

fi xed magnetic recording device; and FIG 20 is a block diagram show ng a
configuration of an essential part for measuring a head resistance val ue
for a MhWAT3onal MR head. Best Mvde for Carrying Cut tReI/JPAYENRTY on 30 A
met hod for controlling a bias current for a nagnetoresistive head as well
as a fixed magnetic recording device a]hd a magnetic disc therefor will be
descri bed based on specific enbodi ments. WO 00/ 48173 PCT/JP00/ 00770 - 15
(First Enbodi ment) As shown in FIG 1, a fixed magnetic recordi ng device
according to a(FLrs§t Embediiment)of the present invention has optim zing

nmeasur enent MeagsSshBwhORnC@RGUCHI NG FHER r%ié rfeﬂéeoPcﬁ)lﬁ 1 4LP9.a bias

current value for an MR _l\/agnetoIers.l stive n a head structure section
1 each tAFEORENRtReAd BETe aodingphafi £hgi BEegengndnyengiionokasput er 8

oper at i Ng opt iRTIGGARS mea siMertOmea@Rt 10! £6 A% oddiec PPLY &l S\ dRasHE enent
means 10 and Olg%%ut_t Ing an 10 instruction for updati ngq of the bras current
val ue ?or 1Ofe OBRHEHT F thbrsneVEr8BEcVABEE #0&s@edBopt i num bi as curr ent

val ue for (Magnad Rl i vapiKewd | D § Aedd & SMRPlYr 8 s bB€ioAPPVEagRSCT i bed
updat ed and stqred opt.i rgcj(g1b| as current to the MR head. 15 The optim zing
neasur ene e ATFeRTeDr 2 MagREhAri d16iCs2 2,and freanplifier 3,
a data charegocbmpm s € ophset LONLEQdt SEeds i A§theariEbercont JHEL fRgnet i ¢
di sc 2 tyl%i cal :I%.has a gpl urality of  circunferential tracks extending from

i nner ci r CONTF QPEITE 319 REITHETMERT HRRBF ehfedNgds OMARMFEINEIZR 2. Each
t r ackl®as iasplruocaliidry fafr sgrdat igast Alend idat awur east Brabid £értHige MR

read. e gRERe RSl I U589 B RoheRte ol biSuld, LLEMEY 1o the

I'sC, It always reads

value for storage and an instruction for the supply of the

above described updated and stored optimum bias current to

the MR head.

15 The optimizing measurement means 10 is comprised of a
magnetic disc 2, a preamplifier 3, a data channel 4, a hard
disc controller 6, and a buffer 7.

The magnetic disc 2 typically has a plurality of
circumferential tracks extending from inner circumference to

20 outer circumference, as shown in FIG. 2. Each track has a
plurality of servo areas A and data areas B, and if the MR
head accesses one of the data areas B to read or write data
from or to the magnetic disc, it always reads out positional
information written to the servo area A, before accessing a

25 desired place. Thus, the magnetic disc 2 of First embodiment
has a measurement pattern area C (the area between the servo
area A and first data of the data area B) provided immediately
after each of the servo areas A, and the measurement pattern
area C has a measurement pattern formed therein for measuring

30 thesignal tonoise ratio inorder to optimize the bias current

value. Whichever data area B is accessed, the MR head

accesses the measurement pattern C to pass through the
measurement pattern before a read-out or write of data from
or to the data area B. As shown in FIG. 3, each track has



information witten to the servo area A, before accessing a 25 desired

pl ace. Thus, the magnetic disc 2 of First enbodi nent has a nmeasurenent
pattern area C (the area between the servo area A and first data of the
dat a ar &¥0 MY/48¥vi ded i mediately after each of the ser\RETARHEVTA and t he
measurenent pattern area C has a neasurenment pattern forned therein for
nmeasuring 30 the signal to noise ratrolPn-order to optim ze the bias
current value. Wichever data area B is accessed, the MR head accesses

t he neasurenent pattern C to pass through the mneasurenent pattern before a
read-out od piurelatydetfaitiemrnicarl tedsherahwdet gt &nds stioan in FIG 3,

each trac 4 PCT/ JPQ0/0Q770 _16. a plurality_of identical
neasurenemg‘ggﬁl%%g{c $é§%e§eg;§\&r%§necﬁglapsata} esr]r'ngr}ﬁlgawtf}ﬁag £1%f8nal with a
fixed perpediedigithi vhimhswasi wréhtehetbeoebef beéodel Hearyefyofiromhe

factory. Ty | SN, Wt Is petiadi ci.ty jndicates .5 datg.precoded in
a pattern ?fﬁgtﬂuses Yot oﬂfgS %éf)é’?’%% ‘g’%ﬁ e!‘aﬁnl@ltd‘r‘?t pgfggfﬁrfé” at ’é‘r‘ﬁ%gé ®By the
per f or Panc@2 B2 RIRCAMRhdada Hatrtewx &giteusBsis koak2 Ghe (Fei$ Goh afftbenhead

structure §ecti i quieq | | eading to
t he preanpl ?f?gﬁQSaeg%%g%?S{éﬁb 1%%%3%%%& preanp f??%? %R}Aféégﬁbpfgléd to

the data cPadPRled. SOREe ascessedenilpd MR head !s connect ed to a b! as
current  sour cadtlead Weusbere! BecEebhesPRadi Bg T behiep e in  FI G

20 are set. The GEM 5 has_ a general - purpose error_neasurenment 15 function
to measur eCPPRESTEAATC PoWhbEPskeading taahliei rerBp hhbdertd. aAroauthetfi xed

magnetiioc reeonding geyhs lEQibﬁpbeﬂEnéu? 1588t t8yehenuqeRoahdnpBiCh i S
conventi onal Ié reali zed )E/ connecting ﬁe device wth a nmeasurenent test
syst em dat@PCSt¥rGHEsqevi EB

A} heash ey comashadicte &8 hidnserredhal 20

digital ossolhtescopet abwOgiviain ahd ¥a@iresHdddawy 8kritchiedr 8tolieigi N an
opti mum blzfaﬁscu%ent val %e for the MR head and an ideal signal waveform
st andar di Zed’ by~ 2r€ set.

The GEM 5 has a general-purpose error measurement

15 function to measure the signal to noise ratio, and is designed
to allow the fixed magnetic recording device to implement a
test system onboard which is conventionally realized by
connecting the device with a measurement test system data
storage device and recovery system such as a conventional

20 digital oscilloscope and logical analyzer.

The buffer 7 stores therein an optimum bias current value
for the MR head and an ideal signal waveform standardized by
sampling the data shown in FIG. 4 and precoded using 1 to 127
Ts as one period, wherein the optimum bias current value and

25 the ideal signal waveform were first stored before delivery
from the factory.

Then, an operation of the fixed magnetic recording device
will be described which updates the bias current value for
the MR head to an optimum one.

30 On receiving an instruction for an access to the magnetic
disc 2 from the micro computer 8, a hard disc controller 6
controls the head structure section 1 with the MR head so as
to access a desired position of the magnetic disc 2, which

is rotating at a high speed.



sanpling the data shown in FIG 4 and precoded using 1 to 127 Ts as one
period, wherein the optinmum bias current value and 25 the ideal signal
waveformwere first stored before delivery fromthe factory. Then, an

oper at i oMO&8P/ 4814 fi xed magnetic recording device will beP@ESRAOOBEE whi ch
updates the bias current value for the MR head to an optinmumone. 30 On
receiving an instruction for an access to the magnetic disc 2 fromthe

m cro conmputer 8, a hard disc controller 6 <controls the head structure
section 1 with the MR head so as to access a desired position of the
magneti ¢ di sc ¥hephitBs MRshead Acegsses 2 HeflegERrviD O R1 pS the

PCT/ IPOY (tigiier Id a18een 4@ diR1eRd ReagaseReRt Rt 8fn el WodEEan OF the

magnetic disc 2 and then the neasurenent pattern a current source (not

shown) forS¥ST ¢PRF SRBVES 1% sepplyd nhe MR$HI63FTant serthe MR beadpl e, at

7 M, and idhisetcuriantesamploplded i 0 4 IR deadrrdhe FMepsiches out
anal ysis Q_;én%%]rrparlgg an actual reproduced waveform such as ohe shown in
FI G~ 5°whi CsMBpRGAfed BYS &M §asdtasheueaRalEfdHt PPEPBPATi0At h t he

cor r espondimgctdeal r &y eodiec éd Zed el SaFhdHLbad dKbwhan PE&f e wiichor one
period (1 .to Next, the current

11:? 'TSeZ%i)n terg\s of level 10 difference. )
source i s EePPaf EGMPY ot SRAL R8I A Hhik MsagHTeERN theasd erati Wik BBScri bed
above. |ncditespmniig ideadi goahdhedigiede wadldfd rinh sxU¥ddUDAISE Ne

cal cul ate il he. current source reach 11 mA.. Changes in, signal to
noi se rat %&%ﬁrat?it’vefcf% %%%n%%gl?ﬁ Sﬁagocgﬁﬂeﬁz{s)l@‘r’r ML pk
wavef bP ns ddsf fshmnre n Me@t 6.theSpaorfecial syurcé tbesatt wal Isy measur ed

27 and SE R sERH ot RogiRoaatioler fapeyibgd bots. “Tha'11
mA, respedthiseimannaw, itike walghat ntosnshieenratia, itshedt imwswsbpputer 8
det erm nes i Rl HREIA R ER Pt LG bR rBEcheaM 1 PREZISEn A Ge Pt | MM
ias current value 1s obtained
in signal to noise ratio relative to changes in bias current
15 represent peaked waveforms as shown in FIG. 6.
Specifically, if the actually measured signal to noise
ratio relative to the bias current value is 25, 26, 26.8, 27,
and 26.9 dB when the current source is set for 7, 8, 9, 10,
and 11 mA, respectively, and its waveform is shown at a, the
20 microcomputer 8 determines the optimum bias current value to
be 10 mA because the optimum bias current value is obtained
when the signal to noise ratio has the largest value.
This MR head has been measured with a bias current between
7and 11 mA; thebuffer 7 stores therein an optimum bias current
25 for this MR head which was obtained before delivery from the
factory or during the last measurement at least if
measurements have previously been conducted, and in this case,
stores therein an optimum bias current value of 9 maA, so that
the actual reproduced waveform has been obtained with a bias
30 current within a range, in this case, of =2 mA of this optimum
bias current value.
The microcomputer 8 instructs the optimum bias current
value (9 mA) stored in the buffer 7 to be updated to a new
one (10 mA) for storage.



when the signal to noise ratio has the |argest value. This MR head has been
measured with a bias current between 7 and 11 mA; the buffer 7 stores
therein an optimumbias current 25 for this MR head whi ch was obt ai ned
before d¥OAMWEBY3fromthe factory or during the |ast measBEEFBHMY00ET0 | east

I f measurenments have previously been _chrgju_ct ed, and in this case, stores
therein an optimum bias current value of 9 mA, so that the actual
reproduced wavef orm has been obtained with a bias 30 current within a
range, in this case,, of 2 mA of this optinmum bias current value. The

ni croconmput er 8TPRMYFRCRREEeH S theR Bngs ragtschhe updateq endrgtereded in

the buffer néw ephemupdpigs ¢@raefeWaDhE ﬁﬁ@nm%) tf005e5§9g§§1§edm@oot%58173
PCT/ JPOO 0&’%78lﬁ 8 The mcroconputer 8 then instructs the updated and
0

stored ne m bias current value (10 mA) to be supplied to the MR

head. Wth thi swtohftigiy abh@dguirae iRirgst e cherdnterdR tiRafRr fes@n be
optim z§d ag aggr?c:@[_i at e ge endi ng on, an gperatjon of the MR head during
noBE Rt 13 ERA iy AP RO RGBT 8D 7R GRBFRF AR Qespi Lo

an operation-o
changes i nthleaMRbeead dii tsg ah opdiea OPer alfi Oige ¥RxGAdaghb€i8RdIBYA HRS

current ca mai ntaj ned, .1l n addition, a possible asymetrjcal distortion

10 i nducedgggq'ges‘at gpa??‘gﬁtf‘ﬂnl’h eﬁ\ﬁ%*é?o‘?k?ﬁlg‘?e% Jr‘épﬁm%‘be’élrﬁﬁh?s %% om the

MR head camthlee opestatdinge MR heailucehé hepeinan bahe cdiireng @i Heead- out s.
e, .MR head can

orevent ¢ naersmiap V1 add e 08| Kb 8hBlr AT erfcaha ey thas ont
t he avil agéndscledflpy expatuzatyoofin hbeMRaheadrraivaheepgo dedad ad giaian
PACSS® ory SEP o LN, Lo dsela PRSI DAY SOOI 0
fixed magnéirdngeddtaliregddovitse, $nmddit Pon efthecsspphy dfet bétcgitniadinby
recording, phAsacr?eKWARE e MR head can prevent the flow of an
unnecessarily high bias current and also prevent the average

15 1life expectancy of the MR head from being reduced by an excess
current.

Although, in the first embodiment, the microcomputer 8
has a control routine provided therein for controllably
operating the fixed magnetic recording device, similar

20 effects can be obtained by recording, in a DISCKWARE for
storing a program for the magnetic disc 2 or in the buffer
7, acontrol routine comprised of the first step of optimizing
the bias current value for the MR head each time it accesses
the magnetic disc 2, the second step of updating the bias

25 current value for the above described MR head to the above
described measured optimum bias current value for storage,
and the third step of supplying the above described updated
and stored optimumbias current to the above described MR head.

(Second embodiment)

30 As shown in FIG. 7, a fixed magnetic recording device
according to a second embodiment of the present invention has,
instead of the optimizing measurement means 10 in the above
described first embodiment, an optimizing measurement means

11 for conducting measurements for optimizing a bias current



storing a programfor the magnetic disc 2 or in the buffer 7, a control
routine conprised of the first step of optimzing the bias current val ue
for the VMR head each tinme it accesses the nmagnetic disc 2, the second step
of updat MRYO¥48&73pi as 25 current value for the above descriBsd@PROKELd t o

t he above described neasured optimum bj as current value for storage, and
the third step of supplying the above CTi bed updated and stored opti num
bias current to the above described MR head. (Second enbodi nent) 30 As
shown in FIG 7, a fixed nagnetic recording device according to a second
enbodi ment vefluehefQr exeMR i (M@gneboRRasstiveyt daddofvheme iopteémiennca

measur ements viRRiky 1kdde | Ne, dhife: deselibef, T LSt gabadbpEgh, an
optim zi ng neasurenent nmeans 11 for conductii ng neasurenents For optim zi ng
a bi as cur MEASWETT Y RAFBC&OT/ APED 00¥R0the aBovealdes dmbeah MR'st

(Magnet oResinHddiemeaththeroht + £9t RESsBreRbARIRL SkALE. A magnetic disc 12

is free fromthe neasurenent pattern area in“the above described first
enbodi ment and TREnPPRAMIBASNG Easursmany meansThel ot iqamp mis ek astirenent

means 11 i $16@HI1SeS O frar &k Y SeTaral t re ifiers
3a, 3b, a S)ata chﬁasiﬁnel Q4 a élllﬁf%%' %@15&%%6}@ con%soljllég'z 3%4,3?%6%

buf fer 15Chadd®sérudt GEY L3cta dEd disicpeantioddered fonandga MREDEX heads
are configumed for connection to either preanplifier 3a or 3b. An out put
fromthe preanplifier 3a, 3b is supplied to the data channel 4. One of the
MR heads whi ch H88p8ERICIELSs SEFH O onfect Byl Whth @RFFesPoB8iPgeMRnot

shown) 16 or hesdieplayieng o fasy e d Etlr \WMae ddie &P I SIAHE N @ raintlies: shown
15 in FIG ;20 arg set, Theé M.13 has a general - purpose_error measurement
function t(%arrgﬁs%é 4t PRRE dfF8§‘|§B% AP et ¥ 33andPi 5 sopRlgired to
al I ow t hi s thi xtéde riegretdhanmebord ngnde\wfc e Hed MR IYRERIh i e8ds DediEM
onboard “hg%%é§§é§”E§Nggﬁﬁg%ééh to a current source (not shown) for
supplying bias current when the corresponding switches shown
15 in FIG. 20 are set.

The GEM 13 has a general-purpose error measurement
function to measure an MR head resistance value Rmr, and is
designed to allow this fixed magnetic recording device to
implement a test system onboard which is conventionally

20 realized by connecting the device with a measurement test
system data storage device and recovery system such as a
conventional digital oscilloscope and logical analyzer.

The buffer 15 has beforehand therein optimum bias current
values for the MR heads stored therein before delivery from

25 the factory. The optimum bias current for each MR head is
set, for example, as a function of the resistance of the MR
head.

Then, an operation of the fixed magnetic recording device
will be described which updates the bias current value for

30 each MR head to an optimum one.

When data from the head structure section la is
transferred through the preamplifier 3a and when the head
structure section la enters a standby state, the hard disc

controller 14 receives an instruction from the microcomputer



20 realized by connecting the device with a neasurenent test systemdata
st orage device and recovery system such as a conventional digital

oscill oscope and | ogi cal analyzer. The buffer 15 has beforehand therein

opt i mum B%YWA481Brent val ues for the MR heads stored ther ECAIBAFWIH
delivery from 25 the factory. The optiypm bias current for each MR head is
set, for exanple, as a function of the Tesistance of the MR head. Then, an
operation of the fixed nagnetic recording device wll be described which
updates the bias current value for 30 each MR head to an optimum one. Wen
dat a from ShEOHRLER} Ut P& esditliighiem 3bssot aaryd @anaeathitoughet ihead

preamplifi gk rd32+aid Wit idie igad structure section |la enters a standby
state, the hard disc controller 14 receives an instruction fromthe

m croconput er VP OBPABEYS PEF FPODSGEPROIing MR Bead, cant isterhead
preanpl i fi eblaag@waﬁuéwmogg@été&é&asaﬁ@%ngt(@acffﬂg&cﬁﬁe}aa%i@a?é 0
s

nmeasure_t he Cerespondinngg(Read, an interhea vol tage val ue vnr

detect et u¥PRGTEEV EBLRL Edda/preagw 1 if igrs 36 3PerFrangsddieane

preanplifi ene Beaddktardanges fwedidhe PQ?dIEUE@EW’e%tS%I&BQES La, I'b,
ea

respectively. Iﬁgﬁgﬁrd di,sc controller 14 cal cul ates the

resi stance val u apds84S6n RALEPILGP 2, L dufiatr i sa ke ukh seMBuieadonever, a

val ue | b ofeaistianers vaLpp RmecthHyed v EghaenbnOUWESchld EBolrRdMRwead is
tion 2), The hard disc controller 14

det or m nes AN S SE noFeBSTP & # GHE NI S UPE T CLBE FEaHE BT GRE P e
cor r esigbndéncéehec MR actaet iist i fixddvand nkidén . 8 and indicating the optimum
reei stance val (tRry PE(RE WR head. 'S gnal s 1rom the - BRHEFHPRAR are
anal og out put s,Techahe diesal ahirstro et riod |drtse Adi wos v tep il isdgnal s
into digitéhr?@ﬁ%'value Ib in accordance with the correspondence
characteristic shown in FIG. 8 and indicating the optimum bias
15 current value Ib determined statistically depending on the
head resistance value Rmr of the MR head. Signals from the
BHV terminals are analog outputs, and the hard disc
controllers 14 converts analog signals into digital ones.
Specifically, if the value I of a current from the current
20 source is set at 9 mA and a voltage value Vmr detected at the
BHV terminals is 0.3 V, then the hard disc controller
calculates the head resistance value Rmr of the MR head at
about 33.3Q based on the above Equation 2, and determines
the optimum bias current value Ib to be 9.5 mA in accordance
25 with the correspondence characteristic shown in FIG. 8
because the head resistance value Rmr of the MR head (about
33.3Q) is between 30 and 35Q. This optimumbias current value
(9.5 mA) is stored in the buffer 15, for example, as a 4-
bit serial data (0010).
30 The 4-bit serial data is transmitted to the head structure
section 1lb to set it so that the optimum bias current value
(9.5 mA) can be supplied to the MR head during a normal
operational state.



Specifically, if the value | of a current fromthe current 20 source is
set at 9 mMA and a voltage value Vnmr detected at the BHV termnals is 0.3
V, then the hard disc controller calculates the head resistance value Rnr
of the WOR¥EA7ht about 33.3Q based on the above Equati dHTIPORAY70

determ nes the optinmum bias current vgéue Ib to be 9.5 mA in accordance 25
with the correspondence characteristic“shown in FIG 8 because the head
resi stance value Rnmr of the MR head (about 33.3Q is between 30 and 35Q
This optinmum bias current value (9.5 mA) is stored in the buffer 15, for
exanpl e, as a 4hep ttherhead datrucbore) segt ipme L sintexns ithe depemal
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bias curr val ue can be sup hea ring a normnal
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structure seetiestlibneftens thie mierRlomARdAtd 0G| cShat61 whk! € the head
structuyre SeCtIO?iLla enters a standby state, the hard disc controller 14

recei ves aRFEIMBRLLELET P FPARS ltﬁec?ﬁlﬁ?ﬁ*éd?ﬁ)ﬁp@rh%a@@%ﬁtr‘me sgetdon

preanpl i fie4, 3bhepens éptmmﬂeﬁt; tﬁet BQaBeéﬂr%bﬁl%th'é&et%%CM'RO'Bealdaoft her eby
optim zin the bi as current for MR head of the head structure section

la as descri?®eldc o§5ruFﬁ“FﬁeSEE|trlé?|‘Pt 113 @y dRefetiPed raB8Y8r ng devi ce, the

system si de t haar Gihé:aidxyréitmtfpkédsﬁﬁéﬁéﬁlbor%%lbrﬂﬁl(?igt dedaidse, khand
wites for_each s whi ch sector is to be accessed by

e r
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if the MRdmdherirties datia, tusane ds:enbrtomaedtcbr;my s@blcfﬂaa dotenetibar. That
I's, the NR:@eéﬁjlé Spéigggerﬁdﬁlrer%\i%?hr%gny fixed magnetic recording
devices require a shorter time for head switching than for
15 track seeking, so that head switching is often given top
priority if the MR head writes data to one section and then
shifts to another. That is, the MR head is frequently
switched.
With this configuration, the bias current for each MR
20 headcanbeoptimizedwhile the MR head is in the standby state,
thereby enabling the optimum bias current to be maintained
despite temporal changes in characteristics of the operating
MR head. 1In addition, a possible asymmetrical distortion
induced by a saturation in the waveform of a reproduced signal
25 from the MR head can be restrained to reduce the error rate
during data read-outs. 1Inaddition, the supplyof the optimum
bias current to the MR head can prevent the flow of an
unnecessarily high bias current and also prevent the average
life expectancy of the MR head from being reduced by an excess
30 current.
In addition, the magnetic disc 12 does not require the
measurement pattern area C for forming the measurement

pattern as in First embodiment.



Wth this configuration, the bias current for each MR 20 head can be
optimzed while the MR head is in the standby state, thereby enabling the
optinmum bias current to be nmaintained despite tenporal changes in

char act eWPHOHEE3of the operating MR head. In addition, aPgbdBI0HOE0
asymretrical distortion induced by a sgjuration in the waveformof a
reproduced signal 25 fromthe MR head can be restrained to reduce the error
rate during data read-outs. In addition, the supply of the optirmm bi as
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are provided, however, even though a single preamplifier is

15 provided, while all of the MR heads are in the standby state
where they do not access the magnetic disk 12, the head
resistance values of the MR heads can be measured to set the
optimum bias current value.

(Third Embodiment)

20 As shown in FIG. 9, a fixed magnetic recording device
according to a third embodiment of the present invention has
a buffer 16 additionally storing a temperature characteristic
of a head resistance value for an MR head, instead of the buffer
15 in the above described second embodiment, and also has a

25 microcomputer 17 having an additional arithmetic function for
calculating the temperature based on a measured head
resistance value, instead of the microcomputer 8 in the second
embodiment.

The buffer 16 has the temperature characteristic of the

30 head resistance value for each MR head stored therein.

The head resistance value for the MR head depends on the
design of a corresponding MR element. The dependence of the
head resistance value on temperature, however, is predictable

because it varies almost linearly relative to temperature as



(Third Enbodinent) 20 As shown in FIG 9, a fixed nmagnetic recording device
according to a third enbodi nent of the present invention has a buffer 16
additionally storing a tenperature characteristic of a head resistance

val ue f oWOAW4RB head, instead of the buffer 15 in the abBYEIEHETPbed
second enbodi ment, and al so has a 23 njgccroconputer 17 having an additional
arithnetic function for <calculating the tenperature based on a neasured
head resistance value, instead of the mcroconputer 8 in the second

enbodi ment. The buffer 16 has the tenperature characteristic of the 30
head resi SE£Rc&NVARARIESriRIGRIREFdET NS ¥@ Luns &ox. a Fheradillyresi st ance

val ue for étqu MRafpad , depeNdiR Meddie adedicdn tfd #i¢¥ FRapeed nd VR £ enent .
The dependence of the head resistance value on tenperature, however, is

predi ct abFEMPEEEIILES fNF AT SL0MNBRIF ]G nddrl yArePBPPLRL LB BRI A r e as

WO 00/ 48163 RGY HAQA kil tands vaEes 18 khawdeperoreakgiaf st ance val ues
for a.gluralit¥ of éfoi exangle, si X).. MR heads associ ated wth changes in
their >tenperal OF e8*¥8MB18s 8n6®T SRPAPFME DRRd ALS APRNEEHr EOgPBYPeAt of the

head resi seapeatadlriéegradkeawo pef.arsh des) gmhenbal &3P 8ncd wEldai N MR
head i s assuned to have a t;(r’%:er,ature radient of 0.1552/C. The head

te . )
r esi st ancéSy3PFEMeds T hfdPterbEnedt aF n? A AT 0 3 8¢ hvervel i very
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resi stance yalue_at the known, tenperature 10 before delivery is stored in
the buffefOie: ANES REHNSTIDLSLERGBORALHE Rbad eSO CEMRALAL BiR
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recordi ng ' i r whi_ch sur.es t head resj,stance
val ue 15???&5% et\l@ls heegg ?%iggﬁtg?%le t‘)g?rlﬁleer a%tﬁirje?e%g%eq%l?%/ 1 stlhoew%bove
descri bedise€dfd dribodi nent, when the MR head of the head structure

section |Ib entgfsnt NG §H8P4PYon of the fixed magnetic recording device
will be described which measures the head resistance value
15 for the MR head to control temperature.

Similarly to the above described second embodiment, when
the MR head of the head structure section 1lb enters the standby
state, the hard disc controller 14 receives an instruction
from the microcomputer 17 to control the preamplifier 3b so

20 as to connect to the head structure section 1b. The interhead
voltage value Vmr is measured using the BHV terminal of the
preamplifier 3b. The hard disc controller 14 calculates the
MR head resistance value Rmr based on the above Equation 2
because the value Ib of a current supplied by the current

25 source (not shown) to the MR head is fixed and known.

The microcomputer 17 calculates the temperature based
on the measured head resistance value.

If the measured head resistance value is, for example,
26.5Q, the microcomputer 17 calculates the temperature at

30 30°C based on the dependence of the head resistance value on
temperature shown in FIG. 11.

In addition, when the head structure section la, instead
of the head structure section lb, enters the standby state,

the hard disc controller 14 controls the preamplifier 3a so



state, the hard disc controller 14 receives an instruction fromthe

m croconputer 17 to control the preanplifier 3b so 20 as to connect to the
head structure section |Ib. The interhead voltage value Vnr is neasured
usi ng t NEOBPMBIEr i nal of the preanplifier 3b. The hard B¥EErWEATPol | er 14
cal cul ates the MR head resistance ng?g Rnr based on the above Equation 2
because the value Ib of a current supplied by the current 25 source (not
shown) to the MR head is fixed and known. The m croconmputer 17 cal cul ates
the tenperature based on the nmeasured head resistance value. If the
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if the present evice 1s continuously opera vironmental
and 29.5Q, then the peripheral temperature is assumed to be

15 outside the guaranteed range. 1In addition, if the present
device is continuously operated at this environmental
temperature that is outside the guaranteed range, the present
device or data may be destroyed in the worst case. Thus, alarm
means can be connected to the interface 8 for alarming the

20 user so that an alarm signal can be issued to the alarm means
through the interface 8 to alarm the user if the measured head
resistance value is outside the range between 22 and 29.5Q.

Although, in the third embodiment, the microcomputer 17
has a control routine provided therein for controllably

25 operating the fixed magnetic recording device, similar
effects can be obtained by recording, in a DISCKWARE or the
like for storing a program for the magnetic disc 12, a control
routine comprised of the first step of storing the temperature
characteristic of the head resistance value for each MR head,

30 the second step of measuring the head resistance value for
the above described MR head when it enters the standby state,
and the third step of calculating the temperature based on

the above described measured head resistance value.



tenperature that is outside the guaranteed range, the present device or
data may be destroyed in the worst case. Thus, alarm neans can be
connected to the interface 8 for alarmng the 20 user so that an al arm
signal c¥PY&#8iBsued to the al arm neans through the int e®CIEROEINHY a| ar m
the user if the nmeasured head resistange value is outside the range
between 22 and 29.55. Although, in the third enbodi nent, the m croconputer
17 has a control routine provided therein for controllably 25 operating
the fixed nmagnetic recording device, simlar effects can be obtai ned by
recording, in a(BPEEERARBRAAMENt) ke for storing a programfor the

magnetic disc 13s shewht L8l FIGOULpNea COMPEA SREgRét iBerdébsliifheRePicat Oring
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18 havi ng amalwddidndnaémpenastuva tharaekeuliatiieg tdirl tRraRiet i@stpé a
plurality on.t hei asured head resistance values and
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st andby st at e, ?%@lggfﬁ@?gsﬁ gr?(?\gkvgleﬁg}ﬁgreq %gslr%selﬁg?aglwgn%él%}iﬁ?%t ed
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in the buffer 16, an% the meg/sé)red hea%arsesistance values for

15 all the MR heads are also stored therein. Alternatively, the
measured head resistance values for a plurality of MR heads
to be measured may be stored therein. 1In general, these
plurality of MR heads are constantly alternately operating
or standing by.

20 The microcomputer 18 calculates the temperatures of the
plurality of MR heads based on their measured head resistance
values stored in the buffer 16. If any of the MR heads
indicates an extremely higher temperature than the others,
this MR head is predicted to be subjected to a temporal change.

25 With this confiquration, a possible temporal change can
be predicted by storing head resistance values or their
changes in the buffer 16 and constantly monitoring the latest
values for variations relative to the stored values. 1In
general, if the head resistance value varies significantly

30 despite a constant peripheral temperature, the corresponding
MR element is assumed to be subjected to a temporal change.
It is difficult, however, to determine whether a change in
resistance is caused by the peripheral temperature or a

temporal change, by monitoring only a single head, except for



to be neasured may be stored therein. In general, these plurality of M
heads are constantly alternately operating or standing by. 20 The
nicroconayter 18 cal cul ates the tenperatures of the pIuraI|t¥ VR heads
based on"H¥{*F1"deasur ed head resistance values stored i nPERd %WWT@r 16. |f
any of the MR heads indicates an extregelLy higher tenperature than the
others, this MR head is predicted to be subjected to a tenporal change. 25
Wth this configuration, a possible tenporal change can be predicted by
storing head resistance values or their changes in the buffer 16 and
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significantly affected , exanﬁ] e, the head resistance val ue has
vari ed performance may SLgnlflcantly affected.

15 If, for example, the head resistance value has varied
by 10% or more for any reason other than the temperature factor,
the corresponding MR element is assumed be subjected to
certain damage. For a disc device the life of which is
expected to be nearly at end, the device is constantly

20 monitored for temporal changes in resistance value to check
whether the value has varied by 10% or more compared to the
one before delivery from the factory. If so, the user’s data
recorded on the media may be lost or the device may be
destroyed.

25 Thus, alarm means 19 is connected to the interface 8 for
alarming the user for the degradation level of the
characteristics so that an alarm signal can be issued to the
alarm means 19 through the interface 8 if a change occurs
corresponding to 10% or more. By issuing an alarmto the user,

30 the user can be alarmed for the deqgradation level of the
characteristics to prevent the present device or data from
being destroyed.



by 10% or nore for any reason other than the tenperature factor, the
corresponding MR el enent is assuned be subjected to certain damage. For a
disc device the life of which is expected to be nearly at end, the device
i s const ¥RI%*8YS nonitored for tenporal changes in resist BREAPPHTE t o
check whether the value has varied Qyz%O%)or nore conpared to the one
before delivery fromthe factory. If sO, the user's data recorded on the
media may be | ost or the device may be destroyed. 25 Thus, al arm neans 19
is connected to the interface 8 for alarmng the user for the degradation
level of the cHarEeh FRRPALEEBE)t hat an al arm signal can be issued to the

al arm neans 19 Adir<igh tihe At enface & iked@ naliRRes OTedor-d Gy desAyi ng to
10% or nore. B\égl,ssw ng an alarmto the user, "30 the user can be al arned

for the defFS058rBA R\ idth REPOgHAEAS: ofi Bhe X esrHE sVBIRNE 1N Massent

device or dajumg RGMproeiagddeshrPyedicPHPIBITRo P d HIYANTO dis27
(Flfthfﬁnbgglnent) As, shown in G 14, a fixed magnetic recordi ng device
accor di*hg 38 14 AR ISR he DR PREBLISPESBRENENIENtFRR FEG: 1B b 23

provi ded amoaipartngueachpmERi {MagnetoRe¥aGRae) HeS@ Foi0 ad¥ad iRRQIACT i ON,
and a nonitor_nreans 21 (see FIG 13) for. nonitoring each MR
( Magnet oRe%?s@i?/aZSaWe%la(qatﬁe‘go\?a?i‘é‘%?bﬁtl?ﬂ ¥ 8&%‘&0 IREsERE IR 2824k i ati on
in output ébservhd WRehedd palssersyedsevethe tbpmsSEs.over the bunp 23. On a
e Of e SISl 85 e n B TR R 2y O Tl ST,
di ametldr, éortlexanpleenabetnedm? theamdgnatlcemndasd X0 haisghhowhoin exapl e,
magnetic dse B hD pchds R o PRCRRRBBLr STERHER  TDARE
desired 153 blingpm28ndnatheight{ateroéxahplengbetivectdi $¢ 12@ndThe 18R read
essential |y Hfﬁf§i§t9”8f0H£BHEsz§hﬁ99eﬁeiQOEﬁéhSBﬂn%ﬁeV%E%%etic disc
20. The laser zone texture technique is used to form a desired
15 bump 23 on the surface of the magnetic disc 20. The MR head
essentially detects and outputs changes in resistance value
and depends heavily on the thermal stability of its sensor
section. During a normal operation, if the MR head section
comes in contact with an abnormal projection on the surface
20 of the magnetic disc 20, the head resistance value
instantaneously increases to vary the output. This
phenomenon is generally called “Thermal Asperity (TA)," and
magnetic disc designs have coped with this phenomenon by
preventing it using an improved circuit or improving the
25 smoothness of the magnetic disc.
With respect to the thermal asperity phenomenon, with
the same bump, the level of the output variation increases
with decreasing floatation due to intensified collisions.
Then, an operation of the fixed magnetic recording device
30 will be described which prevents a possible crash by measuring
an output value for each MR head.
On receiving an instruction from the microcomputer 22,
the preamplifier 3 monitors each MR head in the head structure

sections 1 for an increase in its head resistance value, which



and depends heavily on the thermal stability of its sensor section. During
a normal operation, if the MR head section cones in contact with an
abnornmal projection on the surface 20 of the magnetic disc 20, the head
resistan@g’ 48l7d i nstantaneously increases to vary the ouPEEIPOOTHTH
phenonenon is generally called "ThermahgAsperity (TA)," and nmagnetic disc
desi gns have coped with this phenonenon by preventing it using an inproved
circuit or inproving the 25 snoot hness of the magnetic disc. Wth respect
to the therm henonmenon, with the sane bunp, the level of the
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wi |l be descri.bed mhicg Ehev nts a possible crash by measuring an out put
val ue for RREHSKRERAREY BRS1&EONi ng an instruction from the microconputer
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sectio 1.%0 u@nuéggéeas iqggts Qﬁg&)resis aqfe val ue, which WO 00/48173
PCT/ JPGQ 0D P PR R APAh SREELY s WhaD dilt PRSSES Q¥eTe4B® ti me
the MR hebumpa2seswbeerinhehleuvarda tfiommed ont ifet dss6rd@ aurihg

pr edet er m Liion, T nit.or. neans 21 stores therein a possible
variation Hgg?ggggéggtafrgﬁlgﬁéﬁ%ﬁ%ﬂ%ﬁ?%%&eF@eEqﬂﬂﬂ?ﬁﬁ'ﬁﬁéyés over the
bunp 23, wheseiructhenviromttlhe masrddompusénrad, ditd men iU ieeing @1as an
initial v . o] n,.instruction fromthe mcroconmputer 22,

t he nDnitgégﬁ%%%SCé¥§9p§§?8 ??%lﬁ?%ﬁ§¥§rﬁﬁ;%§ﬁ§?ﬁ&?ﬁnt%a??%P?gg %Eeconpare
t he 10 OneaReasdred| veluetwithethai inatiadl velie dnderdte estéesatimata change

in floatatjo r epy Lt QLI 0ssi bl e h.
SpecificaJ?y?h?fggthfFgg?%%?&h%?s%g%ggﬁgxﬁﬁhék%é%ﬁhcfk%u@ﬁ3§??gtFon
observed wPresS ke MrA8Rd passes over the 15 bunmp 23 is, for exanple,

about 100 nV agpRaWidd1 1K) G i85 he floatation is appropriate, the
output variation observed when the MR head passes over the
15 bump 23 is, for example, about 100 mV as shown in FIG. 15.
Accordingly, the monitor means 21 has an output variation of
100 mV stored therein during manufacture as an initial value.
The monitor means 21 has a threshold for a possible crash set
at 120 mV assuming that a crash may occur when the variation
20 increases by 20% or more. If the periodic measurement of the
output variation indicates a decrease in floatation, the
output variation observed when the MR head passes over the
bump 23 increases up to about 170 mV as shown in FIG. 16. Since
this is larger than the threshold of 120 mV, the alarm signal
25 is output to the alarm means through the interface 8 to inform
the user of a possible crash.
With this confiquration, a possible change in floatation
of the MR head can be estimated by monitoring the MR head for
a output variation so that the user can be informed of a
30 possible crash if the variation reaches the predetermined
value or above, thereby preventing the present device or data
from being destroyed. '
Although, in the fifth embodiment, the microcomputer 22
has a control routine provided therein for controllably



Accordingly, the nonitor means 21 has an output variation of 100 nV stored
therein during manufacture as an initial value. The nonitor neans 21 has a
threshold for a possible crash set at 120 nV assum ng that a crash my
occur wheR ®WH¥ariation 20 increases by 20%or nore. |f PREIROOGY c
measur ement of the output variation_ |Q§il cates a decrease in floatation,

the output variation observed when thé” MR head passes over the bunp 23

i ncreases up to about 170 nV as shown in FIG 16. Since this is larger
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In addition, although the above embodiments each use the

15 MR (MagnetoResistive) head as a reproduction-exclusive head,
similar effects can be obtained with a GMR (Giant
Magnetoresistive) head.



15 MR (Magnet oResi stive) head as a reproduction-exclusive head, simlar
effects can be obtained with a GWR (G ant Magnetoresistive) head. WO
00/ 48173 PCT/JPOO 00770 - 30 CLAIMS 1. A nethod for controlli ng a bias
current WQPV4$13npgnet or esi stive head, the nethod being of&T&POYM774 5
controlling a bias current supplied t%oa magnet oresi stive head for reading
out data recorded on a magnetic disc¢, “chHaracterized by conprising the
steps of: conducting neasurenents for optim zing a bias current value for
sai d nmagnetoresi stive head each tine said 10 magnetroresi stive head
accesses the magnetic disc; wupdati €&GAIMS bi as current value for said
magnet oresi stive head to said neasured opti mum bias current value for
storage; and supplying said stored optimmbias current to said 15

magnet or edi-st i #eMAERALt §oreg@ndue 1dding dathkiia® cyrpenthofiofoa controlling a

bi as curr eRlynfe®lords MBI H&sd SHENE ﬂ@@ﬂodtgéiﬂgtgpgrg%H@% qﬁprative in
controlling a bias current supplied to a nmagnetoresfistive 20 head for
readi ny oGPE&CH lidbhraddiiah G ERRet $ePHLied tehar Revaeitoa® sy tdoimri si ng

the stepshebd THUELdithRASUISABN SeEOFqRL b & RUgRRIRS AW ent  val ue
for said net oresi stjive head when said mnagnetoresi'stive head enters a
st andby sCAREACEIETIFEY iy IMPHIBENEukReneteRFUBTROr said

nmagnet or esi sti ¥éneadihg mahduieasnit@d Rt bPHTMRIATLC W HAs N3t or
storage; an SU%%?/I n%ff)al d stored optinmum bias current to said
magnet or e¥Pstifv & Me & % TP R SLT tluat Beadoe3chatimgegdadsgnet i ¢
r ecor i ngmdewiete ofress irsaciorediigadlad ecOsise 8 TRENRAh i &Cdard ;r eadi ng the
data using a nagne%oresjcﬁti e .
updating € blas current value for said

magnetoresistive head to said measured optimum bias current
value for storage; and

supplying said stored optimum bias current to said

15 magnetoresistive head to read out said data.

2. A method for controlling a bias current for a
magnetoresistive head, the method being operative in
controlling a bias current supplied to a magnetoresistive

20 head for reading out data recorded on a magnetic disc,
characterized by comprising the steps of:

conducting measurements for optimizing a bias current
value for said magnetoresistive head when said
magnetoresistive head enters a standby state;

25 updating the bias current value for said
magnetoresistive head to said measured optimum bias current
value for storage; and

supplying said stored optimum bias current to said
magnetoresistive head to read out said data.

30
3. A fixed magnetic recording device for recording data on
a magnetic disc and reading the data using a magnetoresistive

head, characterized by comprising:



head, characterized by conprising: W 00/48173 PCT/JPOQ 00770 - 31
optim zi ng neasurenent neans for conducting neasurenents for optimzing a
bias current value for said nagnetoresistive head each tine it accesses

t he magn®QW48HBsc; and 5 processing neans for control | i n§CEAPH/BHY i zi ng
measur enent neans and out putting an Ln§5rgction for updating of the bias
current value for said magnetoresistive head to said neasured optinum bi as
current value for storage and an instruction for the supply of said
updated and stored optinum 10 bias current to said magnetoresistive head.

4. A fixed nmagrRRGEIEERT ANeRSWeonentf Beapscdodi senewmctigly a magnetic di sc

and readi ngehbgréabatySikBe apTAMSLHNELH Bide cheAdnt CHRT AL ebirzed by
conprising: 15 optim zing nmeasurenment” neans for conducting neasurenents

for optimBrABCROBLEISELVEeRCafaeRS Y drimanikt FREPTFOF e8RSt MIENREAE when it
enters a sgagdbyafijate; and processing neans for controlling said
opti m zi ng neasurenent, neans and outputting_an instruction for updating 20
of the>bias cuéfiessing Rerngafar nﬁ@ﬁ‘éf@&é&iﬂgt iSPd-hERF ¥HLZ NG d neasur ed

oPt i rry(rjn bi xgs?gufémahtwaéms faord stiepate iagdaAnind tiSidtiLdn A QpdhRanguppl ¥
of said up

d and stored optimum bias current to sai.d nmagnetoresistive
head. 25 5° &%3?1’&% c?"(ﬁrse(fnﬁé’\ﬂ% FoFoReAG MAGRETRE SSEdTivEd eRet &6n for
opera’a i ng ﬁamnﬁéaéupﬁ@aepsm?nms mef:ﬁéncafaxxgé |ﬂ(?}g stdrdgee G anet }_c
recording devjce, said.control routine c acterized by conprising: a first
step of optPRtLEREIE HF s tt&?r’?%ﬂ? Va‘?ﬁéaﬂguPﬂéteéO‘a 5ﬁ&rﬁgp§g B head
each tliome biasccessentt he saddemagnedticnts istSeed®nngesdep of updating the
bias current value for said nagnetoresistive head to said nmeasured optinmum
bias current value for storage; and

4. A fixed magnetic recording device for recording data on

a magnetic disc and reading the data using a magnetoresistive
head, characterized by comprising:

15 optimizing measurement means for conducting
measurements for optimizing a bias current value for said
magnetoresistive head when it enters a standby state; and

processing means for controlling said optimizing
measurement means and outputting an instruction for updating

20 of the bias current value for said magnetoresistive head to
said measured optimum bias current value for storage and an
instruction for the supply of said updated and stored optimum

bias current to said magnetoresistive head.

25 5. A magnetic disc having a control routine recorded thereon
for operating a central processing section for controlling
a fixed magnetic recording device,
said control routine characterized by comprising:
a first step of optimizing a bias current value for the
30 magnetoresistive head each time it accesses the magnetic
disc;
a second step of updating the bias current value for said
magnetoresistive head to said measured optimum bias current

value for storage; and



WO 00/ 48173 PCT/JPOQO 00770 32 a third step of supplying said updated and
stored optinmum bias current to said nmagnetoresistive head. 6. The nmagnetic
disc according to Claimb5, characterized 5 in that the first step

conpri s&¥O08Y#$lA} zi ng a bias current value for the magnetRFEEWHOITE head
when it enters a standby state. 7. A ghxed magneti c recordi ng device for
recording data on 10 a magnetic disC d"reading the data using a

magnet oresi stive head, characterized by conprising: storage neans storing
a tenperature characteristic of a head resistance value for said

magnet or esi st i vethézd;stepafusepphy ingamid apdatasiuand g tidedeptl imasi st ance

15 val ue fg{aéaégrggg?gﬁgrggkafg¥§¥%?§§kg%§gki$eewé§és a standby state;

and arithmetic nmeans calc enperature based on said
measured head resistance value. 20 8. A magnetic disc having a control

routine regordegd hef@amdt 5 & oaiweg@%ﬁaigggeat EfbiRr 99eéﬁ££’?cté§‘i&ieﬁn for

controlling a fixed magnetic recor g Ice, said control routine

char acPer i ¥edtB3t corprf 5T 8: stepi eempsispsopPsiBirzAgJaat biper augrent

char act erigdige Hor £heAmigae theesSil-aNGR Klewheh ib%r{@@fgetaoge%abgve
head; a second step of neasuring the head resistance value for sal

magnet or es¥%?¥%e head when it enters a standby state; and a third step of
calculating the tenperature based on said 30 neasured head resistance
value. 9. A fixed magnetic recording device having a plurality of

magnet or esf st i ve IREEsMRgRELdSdF REOHILAIr deBLARIT IR LECTHHE datH 98,

char agier | Z @G e ttidAike 89d (4R DHAKE3dPEd/WHXY Q0d§netoB8s i 5L RTE
means storl g, terReralyLe oA 8% St .
storage means storing a temperature characteristic of
a head resistance value for said magnetoresistive head;
measurement means for measuring the head resistance
15 wvalue for said magnetoresistive head when it enters a standby
state; and
arithmetic means for calculating the temperature based

on said measured head resistance value.

20 8. Amagnetic disc having a control routine recorded thereon
for operating a central processing section for controlling
a fixed magnetic recording device,
said control routine characterized by comprising:
a first step of storing a temperature characteristic of
25 a head resistance value for the magnetoresistive head;

a second step of measuring the head resistance value for
said magnetoresistive head when it enters a standby state;
and

a third step of calculating the temperature based on said

30 measured head resistance value.

9. A fixed magnetic recording device having a plurality of
magnetoresistive heads for reading data recorded on a

magnetic disc, characterized by comprising:



head resi stance values for said plurality of magnetoresistive heads;

nmeasur enment neans for neasuring the head resistance 5 value for each of
sai d magnetoresi stive heads when it enters a standby state; and prediction
means f3YOBMI&TA ating the tenperatures of the plurality R§T/JIP00/00770
magnet or esi stive heads based on said neasured head resistance val ues and
said tenperature characteristics 10 and3predicting the degradation |evel of
the characteristics of each magnetoresistive head based on said cal cul at ed
tenperature. 10. The fixed magnetic recording device according to daim 15

9, characteri zeddnadaimdis COUPF 154 NGedpar At iRanehb@actlrdisiing diser for
the degra atic?n | ev racteristics of each ma%:)netoresi stive head

|__of th ch (
pr edi ct ed Fﬁélﬁ&&ﬂQﬁYﬁﬁuﬁﬁ - 53pd plunakibp e IR FRIeREBF AV Rg
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floatation bas d%g g\tggéi,agingn in output from said magnetoresistive head

observed en | ssesS oVer "said projection. 30 12. The fixed magnetic
recordi ng devi pgeddedridimgenosG @ waltllatharacherti egpehytdoes e the
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control routine characterized by conprising: 5 a first step of measuring
and StOH|ﬂféﬁqghi@ﬂg@ﬁt@ﬁeSlstlve head based on said calculated

temperature.

10. The fixed magnetic recording device according to Claim
15 9, characterized by further comprising alarm means for

alarming a user for the degradation level of the

characteristics of each magnetoresistive head predicted by

the prediction means.

20 11. A fixed magnetic recording device for recording data on
a magnetic disc and reading the data using a magnetoresistive
head, characterized by comprising:

a projection provided on said magnetic disc at a
particular position thereof; and

25 monitor means for monitoring said magnetoresistive head
for a variation in floatation based on a variation in output
from said magnetoresistive head observed when it passes over

said projection.

30 12. The fixed magnetic recording device according to Claim
11, characterized by further comprising alarm means for

alarming a user when the output variation exceeds a threshold.



out put from said magnet oresi stive head observed when said control routine
passes over the projection; a second step of determ ning whether said
stored output variation exceeds a threshold; and 10 a third steE of

al armi ngWO W83 f said threshold is exceeded. 14. The nd§dePP¥IQTSc
according to Claim 13, characterized gg that the first step conprises
measuring and storing a 15 possible variation in output fromthe
magnet or esi stive head observed when said control routine passes over the

projection, after the mangnetoresistive head enters a standby state.
13. Amagneticdisc having a control routine recorded thereon

for operating a central processing section for controlling
a fixed magnetic recording device,
said control routine characterized by comprising:

5 a first step of measuring and storing a variation in
output from said magnetoresistive head observed when said
control routine passes over the projection;

a second step of determining whether said stored output
variation exceeds a threshold; and
10 a third step of alarming a user if said threshold is

exceeded.

14. The magnetic disc according to Claim 13, characterized

in that the first step comprises measuring and storing a
15 possible variation in output from the magnetoresistive head

observed when said control routine passes over the projection,

after the mangnetoresistive head enters a standby state.



