: e3er KOFFG | RM| K66KTKQ® E PROCESSI NG DI FFERENTI ATED READ SI GNAL
BACKGROUND OF THE I NVENTI ON 5 The present invention rel ates generally o]
the field of magnetic disk drives, and nore particularly to
drive er pendi cul ar magneti c recordi ng net hod is mmm m
recentmmmam mﬂmmm he filed of magnetic disk 10 drives as ty

I'ves ;tentlon has focused on the perpendi cul ar nagnetldwﬁétordlng
met hod as S°0°¥ chnlque for exceeding the rébod‘ng density limts inposed in
t he | ongi tudi nal nmagnetic recording nmethod. 15 In the perpendicul ar
magnetic recording nmethod, if digital data (0/1) is recorded on a disk
medi um a magnetized area corretpBhBi A THEt RYVBHTEONs formed in a
per pendi cul ar direction (depth dlrectlonﬁéﬁf the di sk nmedium Further, in
t he per pendi culMAGNEbHetPES ODRE%%rBN@bU BoBEAPheHANNELt EQR of a read

signal read out_fromthe dis head transfers at a nagnetization

b
transfer posi tiRFHCHREL NﬁuRﬁEF$#ﬁWT¥%%EPe%§AQ|ﬁﬁﬁN Als a rectangul ar wave
wh litud ds t 25 Th f
5 read channel for he I oRHCARORE et creubEeon g ret hod s
d ted di sk f th dicul t t hod,
-'Zerd?fﬁépeﬁt.;f.oﬂf%¥ﬁ%§??e?§r9 EREFplinge Eagggsbéﬁé _ 3@?%P%F.n?o a
d|fferent|ated ﬁEEQésdfggdﬁgivég the ﬁ&?gtgg5§5c9ﬁ5¥f§

magneti c head aV|ng a §%ructure erern a rea a wi head are
separatel y munied, GlaghetidedisR @PP@&GQO WRigRNS' Bbrpbh8ivhi ke head is a

single pole type (SPT)  head suitable for the perpendi cul ar nagnetic
recordi ng met hagh gridiel ¢ epsbdedthd smetheanesoagpi seve (MR) 10 head in both
t he net hods, espeC|aIIy, a gi ant magnetoresistive (GWR) head using a GWR
element. In order tolgbtéetent desksgrivetnehfevedgod hagheteeondiskg
density, inprovenents in characteristics of the GWR elenent (including a
spi n vallve typedRrd$d &4 enpmi §iedhbghhasdadiskddhiads, hateehéénonphasaot ed.
Mre specifically, a method for ordering the magnetization directions of a
free layer and Eopiseddon atke perperdormmlareheanetbccroserdint mehbedhas
been adopted. Prior art using the above nethod to achieve 20 an excell ent
magneti c donai rA¥ ot FeFh %ﬁqq%ef?¥e%xF%9§%ngtFE?eB?CPGHﬂﬁlﬁ@nBéFNhausen

has, b fer f
KOKAL Publ | bat | DI BRSS9 0t e e AL ABE L AR aRa8R BB ZRBREEA For

maki ng the 25 QR$¥5%E easy axis directions of the free | ayer and the
pi nned | ayer of el enent substantially parallel. Prior art using the

above mgthod to In the perpendicular magnetic recording method,

if digital data (0/1) is recorded on a disk medium,
a magnetized area corresponding to the data is formed
in a perpendicular direction (depth direction) of the
disk medium. Further, in the perpendicular magnetic
20 recording method, the amplitude of a read signal
read out from the disk by a read head transfers at
a magnetization transfer position. The waveform of
the read signal is a rectangular wave whose amplitude
corresponds to the magnetization direction.
25 Therefore, if a read channel for the longitudinal
magnetic recording method is diverted in a disk drive

of the perpendicular magnetic recording method, a



P 3 significantly vary the nmagnetization direction of the free |ayer,

wi th respect even to small anounts of recording magnetic field information,
t hereby inproving the sensitivity to magnetic fields has been 5 proposed
(refer, for exanple, to Jpn. Pat. Appln. KOKAI Publication No. 2001-56908).
Further, prior art has been proposed for providing a structure wherein a
soft magnetic |ayer having a spin valve t%Pe MR filmconprises a | am nated
10 el enent of two or nore | ayers. Thereby,“the detection sensitivity of a
magnetic recording signal and the linearity of a read signal are inproved,
and the output characteristics of a read head are inproved (refer, for
exampl e, to JpriifEgreniiahioxariycust pleri eabVert By 20993949898?1 In a

di sk drive of the e endi cul ar netic,recqrdin t hod, eneral, a
doubl e- | ayer ed %t {Hﬁ?[i.ﬂfggeﬁ%ﬂFhﬂfe oﬁbggggeﬂaXeSQFﬁegéicular
recording | ayer aqgtg soft magnetic layer is used. 20 In such a DL disk
medi um magnet ite¥E€drding is carried out, as a data recording oper at i on,

by the nagnetic coup. in be%Mﬁen ta wwate head_and th ﬁ gnetlc
| ayer. Thus, the rea aheakt @¢t*a ﬁﬁgﬁsreéopagﬁﬁ §Frc field, when
recor ded dat a iys I5H a25s@frs fgom e, Qrﬁkan?s' 4o 08 %Hg gl pecpand, in a

di sk drive of t e pendrc nmag Aot Tt recor i ng

saturation of dg%t%eer@éﬁa,f%t%@y%&umégsama'erlaar 15e8doatanal casi Iy

occurs, conpare that” o | ongi t udi nal nmagnetic recordi ng net hod.

In order to elify NPdife tAIESCL1DE OPL LS, h B8 esi g8 BIA !Lgeﬁoﬁe”'@?fled@ﬁ'
inproving the linearity in the nagnetic response c aracterrs I ¢ of t

el enment. Speci fiesd |suitdble ﬁoﬂEt}h@dp@fpéﬂdi@a§aﬁgm_hbﬁetLaeﬁé_cbgapﬂ?
dynam c range to exceed the mean val ue of the recording magnetic field from

t he di sk nedi umethmsdt ebyTheutpad Héadal sr atmagnetoae &Rt eétrengMR) or
occurrence of waveformdistortion of a read signal can be prevented or
suppresddéd. As hesdtritbdebtbotlee methods skespeobadlyt he géapendi cul ar
magneti c recordi ng nethod, the waveform 15 of the read signal output from
the read head imAghekaresmbsliye wseMR) Thead wabngeadG¥Rankemenkcl udes a
differentiation circuit fQr convertrng a read si naI waveforminto a
a

differentiated S|gna}nm%9%?5rﬁ? 9hEa}Bad éﬁﬁﬁngF V@p?ﬁﬁ&@@%nﬂaﬁahPGEorded

on a disk 20 nedium from ea differentiated sig % ] romthe
i fferentiati o $TET9 ¢ ot T ErePaEs) bbrSResReEREL P  hanne i s

i nfl uenced by t r&ﬁyd@l %ﬁ éf@ % Q#lgovaigﬁeﬁggédMﬁSOWEt'”ES

expressed as P ) a read eren nal 01s

aSSOC'ahQﬂ'W‘Wbiéﬁéﬂ%ﬂreﬁhﬁéh”9§|é“?@éatﬁeé& tﬂevavgeeh'ﬁraﬁéeease
characteristic of the GVR el ement.
More specifically, a method for ordering the
magnetization directions of a free layer and a pinned
layer of the GMR element to cross each other has been
adopted. Prior art using the above method to achieve
20 an excellent magnetic domain control of the free
layer, thereby reducing Barkhausen noise, etc., has
been proposed (refer, for example, to Jpn. Pat. Appln.
KOKAI Publication No. 2001-110016).
A method has also been adopted for making the
25 magnetic easy axis directions of the free layer and

the pinned layer of the GMR element substantially

parallel. Prior art using the above method to



- 5 recognized that the higher the degree of nonlinearity (i.e., linearity
is reduced), the smaller (narrower) the PWs0. In general, in a nagnetic
recording system 5 the PW50 is just as inportant a paraneter as the S/'N
ratio, regarding the error rate. If the value of the PWO increases, this
results in reduction in reproduction error, especially in a high recoding
density. It is desirable that the PWO0 val ue be 10 snaller. BRI EF SUVWARY
OF THE INVENTION It is an object of thé‘pr%seﬁt invention to realize, in a
magnetic disk drive for reproducing data froma read differentiated signal
m nimzation 15 of the PWO0 of the waveformof the read differentiated

si gnal , therebysigptbicagt by duenyr theonagnpbhzpédonudigrctiipnaodotttiance

wi th one aspect of the present invention, there is provided a magnetic disk
drive 20 includffRE al2¥e®, hehBhwreBPREENEVER £PeFRaddspBrs@tehfact eristics
for decreasing the PWO0 val ue of difffrentiated read signals. The nagnetic
di sk drive conpf§@REding wagdeetecdf sRidedndprratirRgnERFELPYyY recording 25

data a signal processjng circuit ipcluding a differen_tiation citcuit for
differentiati ngBPTRLHPS; el SPREHTIVITY g mappgitEnd SRAGRePPE GPER
d reproducin e.data.recorded.,on tic medi um from

di h h '
 Tead il for cHASHENES: ERTebUt PO PRONPLRC Bt PERantPiri BREGP cui @ and 5
a read head fc”KéﬁﬁE“ﬁ?kﬁ&%a& gnqﬁgg 53g9g5h§@bk¥ recorded on the magnetic

di sk nmedi um t o "out put e read signal, and havihg a magnetic field response

characteristic such thatngrpubseoti dbh AbsSBY%ehnbeshalsdlect waveform of a
read differentiated 10 signal output fromthe diffefentiation circuit is
set wthin a predeyedinges s8p§€ture wherein a soft magnetic layer
having a spin valve type MR film comprises a laminated
10 element of two or more layers. Thereby, the detection
sensitivity of a magnetic recording signal and the
linearity of a read signal are improved, and the
output characteristics of a read head are improved
(refer, for example, to Jpn. Pat. Appln. KOKAI
15 Publication No. 2000-340858).

In a disk drive of the perpendicular magnetic
recording method, in general, a double-layered disk
medium (DL disk medium) comprising a perpendicular
recording layer and a soft magnetic layer is used.

20 In such a DL disk medium, magnetic recording is
carried out, as a data recording operation, by the
magnetic coupling between the write head and the soft
magnetic layer. Thus, the read head can detect a high
recording magnetic field, when recorded data is read

25 out from the disk medium.

On the other hand, in a disk drive of the

perpendicular magnetic recording method, output



Addi ti onal objects and advantages of the invention will be set forth in the
description which follows, and in part wll be obvious fromthe 15
description, or nay be | earned by practice of the invention. The objects
and advantages of the invention may be realized and obtai ned by nmeans of
the instrunentalities and conbi nations particularly pointed out

hereinafter. 20 BRI EF DESCRI PTI ON OF THE SEVERAL VI EWs OF THE DRAW NG The
acconpanyi ng drawi ngs, which are incorporated in and constitute a part of
the specification, illustrate enbodi nents of the invention, and together
with the general description given above and the 25 det aj | ed descrlptlon of
t he enbodi ment sSyFVERt beRoff §e9V§ edeBRplary Wﬁ@eSPFﬁcﬂﬁﬁé§r6ﬂ°Fhé

invention. FIG S bl ock di agtam show ng n part . of a d| k drive
of a perpendlcu?afeﬁ%gﬁé?PEEr8@6?8Vﬂ8¢ﬁﬁfﬁodCS@B@F&Fﬂ&lFS A

LQSngifie??eisv Qégﬁﬂgele%iraéée% PLE R AR ER uod, IR, efﬁ.l 193, the

nmbodi E

degr ee of nonl | MERTESEST chREETRERBIERS, | ErTecdfoRe¥Tde 4" 1B 2@?2??ct ©
FIG 4 isa d'aasggé%gg%gggéatﬂenglagsr&@ ghOQﬁQ' EW%%nr%@ oﬂseree of

nonl i nearl ty and to t I ment O prese I'nventi on;

and 15 FI GS. 5Abﬁ9r§E£affséiégsfnehéh@wknalga%n%xa”eb% 9&1kaqlgaga%tlc
field response characteristic of the GWR el ement accor |ng to

enbodi ment of the Presenddi BYenheBasPEFALhED1PESER PEspinde EuhalhhNYENTI ON
20 An enbodi ment of the present invention will be described below wth

reference to theadg@wtogexcéstir thtumeanf valdieskfditheekekb®dihg s a bl ock
di agram showing a main part of a disk drive of a perpendicul ar magnetic
recordi ng magnetic field from the disk medium. Thereby, output
10 saturation of a GMR element or occurrence of waveform
distortion of a read signal can be prevented or
suppressed.
As described above, in a disk drive of the
perpendicular magnetic recording method, the waveform
15 of the read signal output from the read head is
a rectangular wave. Thus, the read channel includes
a differentiation circuit for converting a read
signal waveform into a differentiated signal waveform.
The read channel reproduces data recorded on a disk
20 medium from a read differentiated signal output from
the differentiation circuit.
The reproduction resolution of the read channel
is influenced by the magnitude of the pulse width at
50% threshold (sometimes exXpressed as PW50) of a read
25 differentiated signal. The PW50 is associated with

the degree of nonlinearity in the magnetic response

characteristic of the GMR element. It has been



25 met hod according to an enbodi nent of the present invention. The disk
drive of the present invention conprises - 8 a perpendicul ar disk nedium
1, a spindle notor (SPM 2, an actuator 4 on which a magnetic head 3 is
mounted, as shown in FIG 1. At the tinme of a data recording/reproducing 5
operation, the disk nedium1l is rotated at high speed by the SPM 2. The
disk nmedium 1 is a doubl e-1layered perpendiiular recordi ng medi um (DL

medi um) conprising a perpendicul ar recordifg nagnetic |ayer and a soft
magnetic layer. 10 Specifically, the disk nedium 1 conprises a soft
magnetic | ayer of a magnetic material such as CoZrNb or FeAl Si forned, by
sputtering, on BEePILZedskhatofhexhipher thetfegreg péchpailageraysy havi ng
per pendi cul ar magnetic_ ani sotropy is stacked on 15 the soft nagnetic | ayer.
The di sk medi und 4 ®f t%hn%%baynéﬁtrﬁ UeRe) pr ERBNEMPAVEAL i(BATFAYCRAVe a
structure wherejin 1 ddl e control |ayer is provided between the soft
magnetic | ayer Emﬁa?@% recording layer. 20 The magnetic head 3 conprises a

d head d ite head. 31, Ly, d h lider. Th
ACtuator 4 has the THYnSERecRbac S RoURPAEHor B6REOING AYPEEMho magnetic.

act uat o the magndfie"s | _ N gnet

Vor ce coll ot oy vidy 5. + 3 Pe A hASshaHE' Bophifndbed’ REERES oading
t dat i I ' j , [ GWR

ol emont (or 8 Sih VATVE (Y RETTATET cnant § TPHRCPARRL o REasgvaLBery

exanpl e, a singbe pobephyoeiNerdassl] trad) rasiii 88l enf eeahbBeiBar pgndi cul ar
magneti c recording nethod. The wite head 31 generates a 5 recording

magnetic field egsrespeniongetfon, WebpecLHdlLgNinSHPRL yRdrByYodingi te
anplifier 61, and perforns perpendi cular magnetic recordi ng of data signals
on the di sk nediemsilty Theldi & desieabliet hbatcohpr PHES mapueabplifier 10
circuit 6, aread/wite channel (data channel) 7, a disk controller (HDC)
8, and a0n cropsmzkbsnr (CPU) 10. The preanplifier circuit 6 has a read
anplifier 60 and a wite anglifier 61. The read anplifier 60 15 anplifies

a

the data signal (read signaPRIEEa8UMMBRYt RE THE INVENTION

It is an object of the present invention to
realize, in a magnetic disk drive for reproducing
data from a read differentiated signal, minimization
15 of the PW50 of the waveform of the read differentiated
signal, thereby improving a data reproduction
resolution.
In accordance with one aspect of the present
invention, there is provided a magnetic disk drive
20 including a read head with magnetic field response
characteristics for decreasing the PW50 value of
differentiated read signals.
The magnetic disk drive comprises:
a magnetic disk medium for magnetically recording
25 data;
a signal processing circuit including a differen-

tiation circuit for differentiating a read signal read



read head 30 and sends the anplified signal to the read/wite channel 7.
The wite anplifier 61 converts the data signal (wite data WD) supplied by
the read/wite channel 7 into a wite current and sends 20 the wite
current to the wite head 31. The read/wite channel 7 includes a read
channel and a wite channel, and is a PRML (partial response maxi mum

| i kel i hood) type signal processing circuit_for processing read/wite data
signals. 25 The read channel basically conprises an AGC anplifier 70, a
signal processing circuit 71, and a decoder 72. The AGC anplifier 72 has an
AGC - 10 (automatic gain control) function, and maintains the |evel of
the read signalo@b BECBoRBEaMEINTRECsAgRl MEFdtBssPRE ERPEQANCING $hef or
exanple, a digital type PRM. signal processing.circuit including a differen
5 tiation circufetaaleearPadsopi FhermagpReals %6ﬁ¥e@@§#Pmaﬁr@&UélFféP

(wavef or m equal i, zi cireuit),, etc..The differentiatign circuit is a
circuit for con@%%?gﬁﬁn l?tﬁé Stgnat 8Ft8u&egfaﬂgﬁﬁ§r%%é%grﬁﬁﬁéﬁﬁéﬁnin t he
per pendi cul ar nagg&%ig.rgcgrding 10 nmethod, into a differentiated signal
maveforn1(diffe? ared®Pead signal). The decoder 72 decodes the data

avef orm (di ff erentraréd’téad si _ decodes the
o oduce the ori gi nal ir 58a0qBYodL e ¥, raseind e el BEM il e v
performs processLag: audfontABCAALAURECSSH AGAFNn' BE WiikkGedake VD from

the disk contro 8, writing conpensation processing, etc. The HDC

8 forms an interfagesDghueenahBendiskg28 Abighetdnd rachastkesyohe® 9, and has
a function of receiving wite data WD from the host system 9 and

transferring reglaflattesi gakssBR) thatt Bephose syatama®. 50ke CPU 10 is a
main controller of the disk drive, and executes a data read/wite
operation, and tbnésbbl@506f acwahefbrBPhi2aandadCiffefErgiatied r esponse
characteristic of the GWR el enent) The operation according to the

embodi mel of téikgnal gqutpptefenm theedifderentiabéonxpgigchdd Bsl 6@t In the
enbodi ment of the present invention, at the tinme of a read operation, the
read head 30 re#udEnbntat REegeEpERdned| aangemgnetically recorded data 5

signal fromthe disk iym 1. Specifically, the read head 30 outputs a
read signal 20 of a %gggﬁﬁﬁﬂﬁérO%éﬁéFérﬁpgc@9W&Pﬁ§gF@ e ¥¥cor di ng

ic field he. di sk. medj 1 in FI.G_ 2B. .Th R el
g?gPﬁél?eaheheagggénﬁéghzwﬁggnégr%eFigﬁa%ggwgeEESnggsEﬁéP&&P@rggﬁf ggent
h i FI GS. 2D, i i | ; : h |
charactoristic [PapOfsncandhE bReg, b1y BE EME: L TRRbn the O er nal

out put fyom thegggad; Beadn30oksmdy bRPUEarked bhephaad:aapbisf ik 60, to the
AGC amplifier 70 of the read/wite channel 7, aS shown in FIG 1. The

differentiationigiéstibnl ncrhdedblactBeasigaakaptagessofgthiercuit 71
converts the waveformof the read signal 20 fromthe AGC anplifier 70 into
a - invention may be realized and obtained by means of the
instrumentalities and combinations particularly
pointed out hereinafter.
20 BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING
The accompanying drawings, which are incorporated
in and constitute a part of the specification,
illustrate embodiments of the invention, and together
with the general description given above and the
25 detailed description of the embodiments given below,

serve to explain the principles of the invention.

FIG. 1 is a block diagram showing a main part of



20'differentiated signal waveform as shown in FIG 2C The signal
processing circuit 71 perforns various signal processing on the
differentiated signal waveform The decoder 72 decodes the original
recorded data and out puts the decoded data as the dead 25 data RD. In such
a data reproduction operation, in order to enhance reproduction resol ution
and inprove the - 12 read error rate, it is effective to mnimze the
pul se width at 50~ threshold (PW0) of the'differentiated signal waveform
as shown in FIG 2C In this enbodiment, the GVR el enent which fornms the

read head 5 30 has  a netic field respaonse characteristic indicating such
a degree of nonPiﬁéé#?ﬁglyﬁapfcénp&é@@@&&&”ﬁﬁé PR e iie T&SRFBNG he

rel ati onshi p bet n .the degree of nonlinearity and the PWO s shown in
Fre 0 T S i TEEBaC AEr S B0 EPo R mEBOT Mefta o (B LR 1 espect 1o

the magnetic field response characteristic of the GWR elenment, FIG 5A
shows the case FRYVGHI-ER™ he relati onship between the nagnetic field
(recordi ng magnetic fi.eld fr,omt i.sk i t.he |itude

val ue (,uV) of the rfeflalg'ssli g°‘r1?‘a|rP°| rs:}‘i)sgibs é{r%:aa%%slﬁoall)eae?{bqﬁl&l,] #he degree of

nonlineargty is,zQLgnEEqLS ‘%i@‘iﬁdirggpoﬂsteh%h%?’atcec%xjiisrt?é%% NG 3). FIG

5B shows an arc tan”type nagneti zation transfer form (reference nuneral 21
of FIG 2B) of 20chBRtr8aeoshgngl twatekocMyodlnetoWr ithdifeetint FIG 5D
shows the differentiated signal "waveform (differentiated réad signal) of

t he read signal i30ecattiput: from the above-described differentiation circuit.
25 It is assuned that if the magnetic field response characteristic of the
GWR el ement i s subst &aIG.al3 \ sl anedagranre.fort hexpdegramoftodeqmwesg ity i s
zer o), - 13 the PWO of the differentiated read signal indicates the
maxi num val ue, afidnpsliBekrrasyshdwthienr@ioBetip flledid irssponsedegr ee of
nonlinearity is "0" and the PWO0 is "1". 5 Based on the above assunption,
the degrk@ of nehRracierigtiif/t he magnetic field response characteristic of
the GWR element is defined, with reference to FIG, 3. FIG 3 is a diagram
specifically show ngfECG 42AS o dieammd fatgexmlaimenhplt® magnetic field
to the GWR el enen i.e., .recordin netic field froqmthe disk 1), the
range fron1-HnurfifgﬁpﬁFpﬁptﬁ?§w8§§e%%%sd§gﬁ§ﬁ Rfm G f5¥%e13%r 1imit

magnetic field, t i netic fiel a I e fromthe 15
i nput magnetic FﬁgPdgchgaghﬁuW%jé M %#ﬁll%’sntc%ge;t%g% pt%%errrlaéi mum
magnetic field opvkhibniegpgtic field are assumed. The magnetic field
response characteristic of the GWR el enent can be expressed as a
charactefsstic curverz@s3lGa rdl G idi@ tdiegiramAtdHywicly tdie amdngiude val ue
(output level) in relation to the input magnetic field. The degree of
nonlinearity of ofhéhehangakeeiicsfiieldurespdhdd shatlaerirnictily ofxphessed by
the curvature, whether it is convex or concave, in 25 relation to the
linearity (straGYRt elenen80@rcairding ttioe thengaboldimenti mfutt heagretsientf i el d.
If there is an extreme point falling outside this range, distortion - 14
occurs in the nagHentdonhi.el d response characteristic of the GWR el enent.
Accordingly, it is conceivable that waveformdistortion departing fromthe

f
per ni ssi bl e range occursD$HA¥h%Dr%%§C§Feﬂémeﬁge?HEnFNVENTQON

20 An embodiment of the present invention will be
described below with reference to the drawings.
(Structure of a disk drive)

FIG. 1 is a block diagram showing a main part of
a disk drive of a perpendicular magnetic recording

25 method according to an embodiment of the present

invention.

The disk drive of the present invention comprises



5 The definition of the degree of nonlinearity will be specifically
expl ai ned below. As shown in FIG 3, a tangent 300 is drawn at the nmaxi num
inclination point of the characteristic curve 310, and points of contact

bet ween the tangent 300 and 10 t he maxi num magnetic field ( Hru) are
regarded as Vc and Vd, respectively. On the other hand, response output

val ues (anplitude val ues) at the maxi num nggnetic fields ( Hw) in the
magnetic field response characteristic (cﬂgraéteristic curve 310) of the
GWR 15 el enent are regarded as Va and Vb, respectively. The degree of
nonlineairty (NL) of the magnetic field response characteristic of the GWR
el enent in thisacBSéP?§dH§P%ﬁéddb§ktﬁédﬂémlgmﬁﬁgséﬁﬁﬁé§sm@ﬁ0G1ﬂ5PM)
NL=(~Va/ Vc- 1~+~Vb/ Vd-1~)/2 ~~~ (1). 20 |f the nmagnetic field response
characteristic s #Rn@aFuatRE fegPRelRofNngnlRABEriCy NEgdzer dS(NL=0). FIG 4
shows the relationsgig bet ween t he dggkgf of nonlinearity of the magnetic
field response BRARLEEer 28t FROBP the dlenent and the PWSO of the 25
differentiated signaétmgéefgrn1ogfthe r adrsign%! out put by t.he GWR
el ement. As describefitabBYe ' PE &sSGTd "R PP FEPFEGNG S fi el d
response - 15 eriLsSkiGs| i degr onk.i i i 0),
t he PWs0 ?s theO%%£?%S§$0a#§% ?i%ﬁaﬁsaig&.ﬁAggagggggfpigkegg 5Ié¥e§asingle
magneti c pol e type adpirSouse sS4t wte-head 31, _gi 5 havi ng
a double-Iayeré%gs%gﬁcsﬁgezﬁjtﬁhﬁtg%ggeﬁ%g}%y,?Hg§2%8g§?§}%)ga§%5%8

Hc/ He=0. 24, a”dpérﬁéﬁéiéﬁﬁgr39eE@YHﬂﬁgamGa@uhesghhmgﬁiﬁﬁ)”Ebﬁ eidsgg- In
this case, the pulse width at 50~ thréshold (PW0) of the differentiated

si gnal wavef or nai seapentii #918Mm rd@oLaihfemayher ibandyeirf ahlie adggrree of
nonlinearity is 0.15, the pulse width at 50~ threshoyd (PWb0) of the
differenti at ed sagnatiwvavaefermis about 75 nm as shown in FIG 4. In other
words, the PWbO narrows to about 95g conpared with the differentiated

si gnal 13 wavef or m sfpaaifacELGyY, 5bhendiils& oesldupf 1t lromplrdsast er isstfitc bei ng
linear. In the range of the input magnetic field (range of Hnu), the
degree of nonl iRegrReticnbgvarsefbe BagnRREdcamatergalosush ast Cegibat bot h
plus (+) and m nus ides, hut also at 20 one side alone, In a word,

- S d
with respect toofhgé%iébr PRYCHagh¥t FRUFFEF APy oRPt ReJ4RSR P2SF/t he

perpendl cul o TRgReL g PR IHBCAEES, LboERESTANRE b kst Lo
oo o, PhFBRhIBNELR MOheLIE LRIGcS000 4 C50ERIEROCAT L he veoree
15 the soft magnetic layer. The disk medium 1 of the
embodiment of the present invention may have a
structure wherein a middle control layer is provided
between the soft magnetic layer and the recording
layer.
20 The magnetic head 3 comprises a read head 30 and
a write head 31 separately mounted on the same slider.
The actuator 4 has the magnetic head 3 mounted
thereon, and moves the magnetic head 3 in a radial
direction on the disk 1 using the driving power of
25 a voice coil motor (VCM) 5.

The read head 30 is a read-only head for reading

out data signals from the disk medium 1, and comprises



- 16 GWR elenent used for the read head 30. Therefore, a GWR el enent
havi ng a nagnetic field response characteristic indicating a predeterm ned
degree of nonlinearity is used as the read head 30, thereby 5 decreasing
the PWhO of the differentiated read signal relatively (conpared,

especially, wth the case of the characteristic being linear). Thereby, if
data RD is reproduced fromthe differentigted read signal in the read/wite
channel 10 7, it is possible to inprove the read error rate by increasing
the reproduction resolution. Therefore, in a disk drive of the

met hod, a read si ual i

di cul ti d I f _high
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the input magngld o fd ldlmdlittsa.  Mhd G3POPS b2 STR! bhebhrblear esponse
characteristic 1S a nonlinear curve, thus thé occurréncé o noi se i s

reduced. 500nse%@e8£a/inf§nmé@i@aﬁ@fd SUPPF £5568a1 Hbi €8 & SwRPte

advant ageous. As described above, particularly 1n a disk drive of the

per pendi cul ar RGN HGEIENOYEL RPtite amd¥if e OWR £l eRENpehayIRg a
magnetic field response characteristic indicating a predeterm ned degree of
nonlinearity i pargeschdiscl 410 ath diedtth c thecebying ht evdaga ns hgnazat oben of the
pul se width at 50~ threshold of 5 the differentiated read signal.
Therefore, hi ghtheshlak inesdiaimthe tine of | reproduci ng data can be achi eved.
As a result, a high recording density can be pronoted. Additional

advant ages and nodi fThatdbsk diive 10ureher| gomprusesoat hosampkiflied in the
art. Therefore, the invention in its broader aspects is not limted to the
speci fi d0det ai ISt EHH & r e effad 1 Wiel o ment s (dxodnchaanedbscli bed herein.

Accordi ngly, various nodification e magde w thout departing fromthe
15 spirit or scbpbith GIRFTRNEE| (HPlglrtl EACoACBHEEARIORFFHRH by t he

appended clains(ﬁgg tn§ir equi val ent s. - 18 WHAT IS CLAIMED IS 1. A
magneti ¢ di sk d? cofpri sing: a nmagnetic di sk mediumfor magnetically

the disk diive o magnetic dis) | | al
Cirout for diifer ot o e tulfEERRERCELERRL g B85 BB, BhbI SEERE %0 OF
medi um and reps@died NG e dalifo I LE0E et O the PRgACLAS] IF sy Bl um from

a read differentiated signal output from10 the differentiation circuit;
and a raad headaxﬁd@lriff@éjlﬂlge Qitd Neigled R (PgaGts Cahay) M pega dedomntide
magneti c di sk nmediumto output the read signal, and having a magnetic field
response char actead giead 3t haridiateradputlse ampl hf béd S8Hg1idlt boeshel d of a

waveform of a read differentiated signal output fromthe differentiation
circuit is set read/write channel 7. The write amplifier 61 converts

the data signal (write data WD) supplied by the
read/write channel 7 into a write current and sends
20 the write current to the write head 31.

The read/write channel 7 includes a read channel
and a write channel, and is a PRML (partial response
maximum likelihood) type signal processing circuit for
processing read/write data signals.

25 The read channel basically comprises an AGC
amplifier 70, a signal processing circuit 71, and

a decoder 72. The AGC amplifier 72 has an AGC



within a predeternined range. 2. A nmagnetic disk drive according to claim
1, wherein the read head conprises a GWR (giant 20 nagnet oresi stive)
el enent, and the read head and a wite head for magnetically recordi ng data
on the magnetic disk nediumforma magnetic head. 3. A magnetic disk drive
according to claim1l, wherein the signal processing circuit is a read 25
channel for performng signal processing, %gth a PRML (partial response
maxi mum | i kel i hood) nethod, on an out put §1gné1 fromthe differentiation
circuit. - 19 9. A magnetic disk drive according to claim11, wherein the
read head has a degree of nonlinearity such that the pulse width at 50~
threshold is sef@ ?ﬁﬁﬁlﬁ EéhﬁeCPPSRPi ) pLeBstdeny nédhmgimkaivg fdeto 5 a
maxi mum val ue, wi dth gt 50~ threshold |nd|cat|n% t he maxi nmum

I

val ue when the h@&? e® ftHSnFFﬁ aPiePads ton en&@ﬁéﬁ@@tfle &“?é%ﬁ%ﬁée

h t t di d di | 1, 10
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characteristic ?gﬂ#catln a_variation in vaal ues of, r ead

| d
iana out put 1 PEAPE RSP aokBREEEARel ar R bt o MR Ruttd gt <
[ield 15 gn tne.gagnghi g dake medi yay-bae 0991 88,07 onl neatives, set

based on an i ncrease écr eased va the val ue mﬁthln t he

s anse o g LapeLdhap mapeticsl syl s 2 glerence e
zero when the variatirge YA r@eRehtyde ival ¥aTduidi Gal @S circuit for
converting a read signal of a rectangular wave
obtained in the perpendicular magnetic recording

10 method, into a differentiated signal waveform
(differentiated read signal). The decoder 72 decodes
the data signal (digital signal) output from the
signal processing circuit 71 to produce the original
recorded data (read data RD).

15 The write channel performs processing such as
encoding processing on the write data WD from the disk
controller (HDC) 8, writing compensation processing,
etc.

The HDC 8 forms an interface between the disk

20 drive and a host system 9, and has a function of
receiving write data WD from the host system 9 and
transferring read data signals (RD) to the host system
9. The CPU 10 is a main controller of the disk drive,
and executes a data read/write operation, and control

25 of each of SPM 2 and VCM 5.

(Magnetic response characteristic of the GMR element)

The operation according to the embodiment of the



linearity, and the read head has the nmagnetic field response characteristic
i ncluding a predeterm ned val ue of said 25 degree of nonlinearity. 6. A
magneti c di sk drive according to claim1, wherein - 20 the magnetic
field response characteristic refers to a characteristic indicating a
variation in anplitude values of the read signal output fromthe read head
inrelation to the recording nmagnetic field 5 on the magnetic di sk nedi um
and where a tangent is assuned at a nmaxi nmunTinclined point within a
predet erm ned range of the recording magnetic field in the magnetic field
response characteristic, and anpl%éﬁﬁg val ues whi ch caorresponds 10 to

poi nts of cont aPf S5&M ke R VERE 12 Bfd Piiained R&lQWwo points of ) of
bl | tade val ues ani & 28 REEHRRS Tt B Hy T8t T 1900
esponse char actiE SHIE ShcRLGeRT ShSA Bt KA S Tpedar i ty
nonti near ity berns 9P psTRneIT IRy Ml bR Y e e iR 158 o

charactergstic kRghaat 3okl RERAM di%k fedduiRANet ishodisk AiMe PSP a
magneti c di sk ned?un1foronagnetiéalIyereébrging%ﬁﬁ%f%&ggjégrpenmééﬁéL

magneti c recor dhegdmebhedtpatisead rehanrelgranclagdiorg 2 rlddf{antdat i on 25
circuit for differentiating a read signal of a rectangul ar waveform read

out fromthe nmagaetifordi akcoeding tandheepeedueing Mherdatic reerdesh on the
- 21 magnetic disk nediumfroma read differentiated signal output from
t he differenti athendéskcmetdivand,aasaghetinc inedd chavieng ahe idMr head for
per pendi cul arly nmagnetically recording data on the 5 nmagnetic di sk nmedi um
and a read headefemengagifngheut eeble h¢ata 3fadpast iac malgp etdeorided.don t he
magnetic di sk nediumto output the read signal and having a magnetic field
responsel &har acF8EPSRFE Shakackaristisl 36 whewn 4n SCS.hidsheidd 28F. a
waveform of a regad 1Q.di ﬁerenbiateg signal output fromthe differentiation
circuit is set WPEAtH&2 EdetBPnHBd SAERGEE BasaaigRddinead sk drive
according to Clghgkgcteristic (reference numeral 310) as shown in

FIG. 3.

The read signal output from the read head 30 is
15 input, via the read amplifier 60, to the AGC amplifier

70 of the read/write channel 7, as shown in FIG. 1.

The differentiation circuit included in the signal

processing circuit 71 converts the waveform of the

read signal 20 from the AGC amplifier 70 into a

20 differentiated signal waveform, as shown in FIG. 2C.

The signal processing circuit 71 performs various

signal processing on the differentiated signal

waveform. The decoder 72 decodes the original

recorded data and outputs the decoded data as the read

25 data RD.
In such a data reproduction operation, in order

to enhance reproduction resolution and improve the



wherein the read head conprises a GWR (gi ant nagnetoresistive) elenent, and
the wite head is 15 a single pole type head. 9. A magnetic disk drive
according to claim7, wherein the read channel perforns signal processing,
with a PRML (partial response maxi mum |ikelihood) nethod, on the out put
signal fromthe differentiation 20 circuit. 10. A magnetic disk drive
according to claim7, wherein the nagnetig di sk nmediumis a double-layered
per pendi cul ar recordi ng nedi um having a p @peﬁdicular recording |layer and a
soft magnetic layer. 25 11. A magnetic disk drive according to claim7,
wherein the read head has a degree of nagnlinearity such that the pul se

wi dth at 50~ t hFRa3RoPHIPE %dfe, 1toss ﬁF?ﬁFﬁlaeréﬁgglﬂﬂﬁﬁﬂ§ ﬁbédéﬁéﬁﬁlned

m ni num val ue to maxij th at 50~ threshold
i ndi cating the %ﬁ;t Cgp t&ﬁ%ﬁh?ﬁg g@@igé 8% ﬁBﬁIﬂﬁé§ﬁFFﬁtéﬁtﬁﬁe
magnetic field res haracte%hstic.is netic disk drive

A
according to cl&f TSVﬁE?g?ﬁmtﬂﬁ gHBt -8 Fﬁgld2Fesp5Hsg%gﬁaracteriftic f
f h L ndi i 10 t
he read st gna BeRBREPFont PReEh A RBSHR KA ERAEPERD SR G Pl bPE g
nagnetlcdgleld 99 hhe Haﬂggﬁéﬁig'§ TEdEEQEPBQEegﬁgE?EtQ ngqllnearlty s

set based on an I ncréas ecreased val ue rtude value 15 within

the same range %diEEtiﬁ‘&OéQnga”BQBEEbCoE' ﬁbﬂlaﬂeagh%&' RRakt0 can' ef erence
line, the degree of nonlinearity of "the reference 1 ne“being assuned to be

zero when the vaséathos tReapwbid} uds vakmesoifndheakesakiisgahiipy, and 20 the
read head has the magnetic field response characteristic including a

predet er mi ned viabtweoh shédddegeecodf noanlineeatitlyyani3thd wwgnet g di sk
drive according to claim7, wherein 25 the magnetic field response
characteristic skdensihoFaGchdr acTkhisswicli bdi eapilagnadyaeilaw owren
anplitude values of the read signal output from - 23 the read head
correspardi ng tepedefieadlsing magnetic field on the magnetic di sk nmedi um

and
With respect to the magnetic field response

characteristic of the GMR element, FIG. 5A shows the
case in which the relationship between the magnetic
field (recording magnetic field from the disk medium

15 1) and the amplitude value (uV) of the read signal is
substantially linear, i.e., the degree of nonlinearity
is zero (corresponding to the dotted line 300 in
FIG. 3). FIG. 5B shows an arc tan type magnetization
transfer form (reference numeral 21 of FIG. 2B) of

20 the read signal waveform (20) shown in FIG. 5C.
FIG. 5D shows the differentiated signal waveform
(differentiated read signal) of the read signal 20
output from the above-described differentiation
circuit.

25 It is assumed that if the magnetic field response
characteristic of the GMR element is substantially

linear (i.e., the degree of nonlinearity is zero),



where a tangent is assuned at a nmaxi muminclined point wwthin a
predeterm ned range of the recording 5 magnetic field in the nagnetic field
response characteristic, and anplitude val ues which correspond to points of
contact between the tangent and limt values (two points of ) of the
recording magnetic field are expressed as Vc and Vd, respectively, and 10
anpl i tude val ues which are response vaLue; correspond ing to the limt
val ues are expressed as Va and Vb, the re head has the nmagnetic field
response characteristic including a predeternined degree of nonlinearity
determ ned by relatlonal ression 15 (~Val/\Vc-1~+~Vh/ Vd-1~)/2, the degree
of nonlinearitytBgi RE> aePanHeaglféFSeP lﬁﬁ@dnééﬁgtﬁégpﬁéld1¥%§§6ﬁ§e
characteristic tﬂdlcates | i ne

A

. A59. A9. A9. A& AEDNRGIARLMUR V iuﬁgr aﬂé‘ ASL 1RQ%IAaSA§F‘°MQ iRoFIR- SR AsL. As. A
. Ass| ) Ev2kEMD '.dZ ]
fca]ia]c;]ca]c2§igfgéfca} @3]55 c8 CQ%E;% ﬁa%%a]%a]c%%P%%Fa]ca]ca]ca

n Z|wwnhcAY]ca aéca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]caL]cafca]c ]ca)] caljcalcalcal 89! % eij TZ/ "N} xsnid_Z] ] ca] ca] ca] ca]ca
]ca]l cal]cad ca]ca]ca]c cal.c a a cal cal ca] ca] ca] ca
e b ca v Ob o 8L624CBhC 2hehble beahahidn; 2kl CRlfle

}xsnid_Z]] ca] CaJ;@%Gﬁ]LEﬁLSElE?] ¢l eAbCARgAkeakcalieakeakepbndlecal cal cal caj ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca cal ca!

M X e Q’lérac]:erlé#ﬁ.€#§#$Qﬁb$}3ﬁﬁ$b>1%ﬁdeﬁ;zh}s0@]effdhfé@] caliead] ca] ca] ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!
$B$Y WORE" ' #' &reféybhteSte+FIG+/ 39,i,,,-->-}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cal > n-u-v------3.j.FIB.. 3. 15" A/ HAeDEBEOdGPECL)AZ33 1y showing FIG. 2A.

4>4} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca ca]ca]ca]ca]ca
]ca]ca]dd]ca]ca]ca]céFcakéaréapéapéath&E4¢$ﬁEN56@#¥$¥¥7 geVETeoT: .

2<i <b=p>w>>??vAACC} xsni d_Z] ] ca] ca] ca] ca] ¢ca] ca] ca] ca] ca].ca] ca ca]ca]ca]ca]ca
] ca] ca] ca] ca] caf¥R] eapRaTEaldaPca] ESFOAFLRAPCHRORPEAL EE BFFG?Gs GG

e R 8 st o1 o o I L e
XUXXXY?Y] YYYY! z% % %%&Rk[a};éé hg ﬂ}aié] 63l Eﬁ%ngg} @g%gg%]]t %FF]F\ Lca] cal ca

]ca]ca]ca]ca]ca ca] ca ca cajca calca VWA (]

| AL ﬁ?ciﬁa@ ééﬂbd Zla]lﬁabca]aﬁﬁ] ‘Eﬁ]ec%]a?@]ec%]r%ﬂ ‘E&leca] caj caj

a]ca]ca]ca]ca]ca]ca]ca]ca ca] ca cal ca] ¢a] ca] ca] ca] ca] ca] ca! Yde%e\ eeceeffg

Lo{ gggg$teyhhhhh2hBiiti mabBeki k4Eabna} 8sibd +Bhhcalreahoal ¢al eakealkaaksal cal ca]
ca] cal] ca] ca]ca] ca ca]ca?ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!nno)oZ
oooppp*q] gqqqr hashthei mpajimpkdhagnekisnifdeZH] oz] tdjhda] saptelda] caktd] cal ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca) Evi K-
910%@&' ()- Yflov€RaérupgdlOov@® ()- 10%@& () -

1096 () - @A0%@& ()-10%@& ()- Y2KEyi K, 9%d0%a& () -

%O0%@' () - S&SM 10%@&The- magnEkic) fwido/@stns.@ow@r@)ﬁtﬁW«@l(q oD d¥eC

@&0@@@10@@10@@10&% element can be expressed as a characteristic curve

20 310 indicating the variation of the amplitude value
(output level) in relation to the input magnetic
field. The degree of nonlinearity of the character-
istic curve 310 is schematically expressed by the
curvature, whether it is convex or concave, in

25 relation to the linearity (straight line 300) within
the range of the input magnetic field. If there is an

extreme point falling outside this range, distortion
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occurs in the magnetic field response characteristic
of the GMR element. Accordingly, it is conceivable
that waveform distortion departing from the
permissible range occurs in the read signal waveform.

The definition of the degree of nonlinearity will
be specifically explained below.

As shown in FIG. 3, a tangent 300 is drawn at the
maximum inclination point of the characteristic curve
310, and points of contact between the tangent 300 and
the maximum magnetic field (XHmu) are regarded as Vc
and Vd, respectively. On the other hand, response
output values (amplitude values) at the maximum
magnetic fields (FHmu) in the magnetic field response
characteristic (characteristic curve 310) of the GMR
element are regarded as Va and Vb, respectively.

The degree of nonlineairty (NL) of the magnetic field
response characteristic of the GMR element in this
case i1s defined by the following expression (1):

NL=(|Va/Vc-1|+|Vb/Vd-1])/2 e (1)

If the magnetic field response characteristic is
linear, the degree of nonlinearity is zero (NL=0).

FIG. 4 shows the relationship between the degree
of nonlinearity of the magnetic field response
characteristic of the GMR element and the PW50 of the
differentiated signal waveform of the read signal
output by the GMR element. As described above, it is

assumed that if the magnetic field response
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As a specific example, a single magnetic pole type
head is used as the write head 31, and a disk 1

5 having a double-layered structure with Ms=2.4e4 (A/m),
Hc=2.8e5(A/m), and AHc/Hc=0.24, and a read head 30
having a gap length of 75 nm are used. In this case,
the pulse width at 50% threshold (PW50) of the
differentiated signal waveform is about 79 nm.

10 On the other hand, if the degree of nonlinearity
is 0.15, the pulse width at 50% threshold (PW50) of
the differentiated signal waveform is about 75 nm,
as shown in FIG. 4. 1In other words, the PW50 narrows
to about 95% compared with the differentiated signal

15 waveform shown in FIG. 5D in the case of the
characteristic being linear. In the range of the
input magnetic field (range of *Hmu), the degree of
nonlinearity may also be defined as, e.g. 0.15, not
only at both plus (+) and minus (-) sides, but also at

20 one side alone.

In a word, with respect to the recording magnetic
field from the disk 1 of the perpendicular magnetic
recording method, it is possible to adjust the amount
of variation in the pulse width at 50% threshold

25 (PW50) of the differentiated signal waveform of the
read signal, depending on the degree of nonlinearity

of the magnetic field response characteristic of the
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&0-9 "10%5&f£)éﬁﬁlelement having a magnetic field response
characteristic indicating a predetermined degree of
nonlinearity is used as the read head 30, thereby

5 decreasing the PW50 of the differentiated read signal

relatively (compared, especially, with the case of
the characteristic being linear).

Thereby, if data RD is reproduced from the
differentiated read signal in the read/write channel

10 7, it is possible to improve the read error rate by
increasing the reproduction resolution. Therefore, in
a disk drive of the perpendicular magnetic recording
method, a read signal quality of high resolution
can be obtained without requiring improvements for

15 reducing the size of the right head 31. As a result,
a high recording density can be realized.

In the perpendicular magnetic recording method,
if a DC signal is recorded on the disk 1, the GMR
element indicates the response characteristic at the

20 vicinity of the maximum magnetic field (ZxHmu) of the
input magnetic field. Thus, the response is smaller
if the response characteristic is a nonlinear curve,
thus the occurrence of DC noise is reduced.
Consequently, DC noise can be suppressed, which is

25 advantageous.

As described above, particularly in a disk

drive of the perpendicular magnetic recording method,
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nonlinearity is used as a read head, thereby achieving
minimization of the pulse width at 50% threshold of
5 the differentiated read signal. Therefore, high
resolution at the time of.reproducing data can be
achieved. As a result, a high recording density can
be promoted.
Additional advantages and modifications will
10 readily occur to those skilled in the art. Therefore,
the invention in its broader aspects is not limited to
the specific details and representative embodiments
shown and described herein. Accordingly, various
modifications may be made without departing from the

15 spirit or scope of the general inventive concept as

defined by the appended claims and their equivalents.
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data;

5 a signal processing circuit including a
differentiation circuit for differentiating a read
signal read out from the magnetic disk medium, and
reproducing the data recorded on the magnetic disk
medium from a read differentiated signal output from

10 the differentiation circuit; and

a read head for reading out the data magnetically
recorded on the magnetic disk medium to output the
read signal, and having a magnetic field response
characteristic such that a pulse width at 50%

15 threshold of a waveform of a read differentiated
signal output from the differentiation circuit is set
within a predetermined range.

2. A magnetic disk drive according to claim 1,
wherein the read head comprises a GMR (giant

20 magnetoresistive) element, and the read head and
a write head for magnetically recording data on the
magnetic disk medium form a magnetic head.

3. A magnetic disk drive'according to claim 1,
wherein the signal processing circuit is a read

25 channel for performing signal processing, with a PRML
(partial response maximum likelihood) method, on

an output signal from the differentiation circuit.



y) 10968 ()- '310%& ()- 9A0%& ()- GGH<HgHHHHHIE: / 105 1053 : 910%6&' () -
81096& ()-&61096& ()- 4109%& ()- 210%& ()- 0109B& () - HHHI | JI<Kr S1/

191 10983& ()-,9 "10% ()-!9 "10% ()-9! 10%& ()-z!s9!10%: & () - zf mLOY%& () -
105<KKLLM N) N*NzXJ</ !9 1033 1033! 90" 10983& ()-Z ! 90"109%& ()-Z <

/310%& ()-! 9% 109%&' ()--!9! 10%&' () -, * N+N2NNOOPI J</ 19

10331 & 1096 " & ()-! & 109%"& ()- 1 110% " "& ()- &L 1 10% 8[ 8& () - &SMLO% & () -
1033PNQQRRXSYSZS[ Sz[ QG= !9 10"10"10"F

8109 & ()-19/:110%"& ()-z& 108 & ()-s! & 1 109" & ()-s! & 10%& () - [ ShSSOTTW

LG o a0 00\ B et 9 R e SR e cratn
wherein the read head has a degree of nonlinearity
such that the pulse width at 50% threshold is set
within a range from a predetermined minimum value to

5 a maxXimum value, the pulse width at 50% threshold
indicating the maximum value when the degree of
nonlinearity of the magnetic field response
characteristic is zero.

5. A magnetic disk drive according to claim 1,
10 wherein
the magnetic field response characteristic
refers to a characteristic indicating a variation in
amplitude values of the read signal output from the
read head in relation to the recording magnetic field
15 on the magnetic disk medium,
the degree of nonlinearity is set based on
an increased/decreased value of the amplitude value
within the same range of the recording magnetic field
in relation to a reference line, the degree of
20 nonlinearity of the reference line being assumed to be
zero when the variation in amplitude values indicates
linearity, and
the read head has the magnetic field response
characteristic including a predetermined value of said
25 degree of nonlinearity.
6. A magnetic disk drive according to claim 1,

wherein
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the magnetic field response characteristic
refers to a characteristic indicating a variation in
amplitude values of the read signal output from the
read head in relation to the recording magnetic field

5 on the magnetic disk medium, and

where a tangent is assumed at a maximum inclined
point within a predetermined range of the recording
magnetic field in the magnetic field response
characteristic, and amplitude values which corresponds

10 to points of contact between the tangent and limit
values (two points of *) of the recording magnetic
field are expressed as Vc and Vd, respectively, and
amplitude values which are response values correspond-
ing to the limit values are expressed as Va and Vb,

15 the read head has the magnetic field response
characteristic including a predetermined degree of
nonlinearity determined by relational expression
(lva/Ve-11+|Vb/Vd-1]) /2, the degree of nonlinearity
being defined as zero if the magnetic field response

20 characteristic indicates linearity.

7. A magnetic disk drive comprising:

a magnetic disk medium for magnetically recording
data by a perpendicular magnetic recording method;

a read channel including a differentiation

25 circuit for differentiating a read signal of a
rectangular waveform read out from the magnetic disk

medium, and reproducing the data recorded on the
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magnetic disk medium from a read differentiated signal
output from the differentiation circuit; and

a magnetic head having a write head for
perpendicularly magnetically recording data on the

5 magnetic disk medium, and a read head for reading
out the data magnetically recorded on the magnetic
disk medium to output the read signal and having
a magnetic field response characteristic such that
a pulse width at 50% threshold of a waveform of a read
10 differentiated signal output from the differentiation
circuit is set within a predetermined range.

8. A magnetic disk drive according to claim 7,
wherein the read head comprises a GMR (giant
magnetoresistive) element, and the write head is

15 a single pole type head.

9. A magnetic disk drive according to claim 7,
wherein the read channel performs signal processing,
with a PRML (partial response maximum likelihood)
method, on the output signal from the differentiation

20 circuit.

10. A magnetic disk drive according to claim 7,
wherein the magnetic disk medium is a double-layered
perpendicular recording medium having a perpendicular
recording layer and a soft magnetic layer.

25 11. A magnetic disk drive according to claim 7,
wherein the read head has a degree of nonlinearity

such that the pulse width at 50% threshold is set
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a maximum value, the pulse width at 50% threshold

indicating the maximum value when the degree of
nonlinearity of the magnetic field response
5 characteristic is zero.
12. A magnetic disk drive according to claim 7,
wherein
the magnetic field response characteristic
refers to a characteristic indicating a variation in
10 amplitude values of the read signal output from the
read head in relation to the recording magnetic field
on the magnetic disk medium,
the degree of nonlinearity is set based on
an increased/decreased value of the amplitude value
15 within the same range of the recording magnetic
field in relation to a reference line, the degree of
nonlinearity of the reference line being assumed to be
zero when the variation in amplitude values indicates
linearity, and
20 the read head has the magnetic field response
characteristic including a predetermined value of said
degree of nonlinearity.
13. A magnetic disk drive according to claim 7,
wherein
25 the magnetic field response characteristic
refers to a characteristic indicating a variation in

amplitude values of the read signal output from
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5 magnetic field in the magnetic field response

characteristic, and amplitude values which correspond
to points of contact between the tangent and limit
values (two points of *) of the recording magnetic
field are expressed as Vc and Vd, respectively, and

10 amplitude values which are response values correspond-
ing to the limit values are expressed as Va and Vb,

the read head has the magnetic field response

characteristic including a predetermined degree of
nonlinearity determined by relational expression

15 (I1Va/Vc=-1|+|Vb/Vd-11)/2, the degree of nonlinearity
being defined as zero if the magnetic field response

characteristic indicates linearity.



