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- 1 TITLE OF THE | NVENTI ON MAGNETI C DI SK APPARATUS
BACKGROUND CF THE | NVENTI ON One enbodi nent of the

invention relates to a 5 magnetic di sk app
a current perpendicular to pl ane (CPP) maﬂ“%ﬂ“ﬂ’mmmw
In recent years, the size of a netic recor g
apparatus, such as a hard disk unlt has been é ?lng

i ncreasingly smaller and the—rebording density has 10

been getting higher. This trend is expected to get

gt; (TR i hfn;tthhésmh% ers T?;Eb’tm&&mi gl [T

(cur MBGNEPECPOAGKC APRARBEUSl ane - GVR) el enent has {80002
been devel oped. Using CPP-GWR el enents nekes it

possi bl e to form aBAERROENRI @Y, T%EghN%QNED@Nnagnetic
head. In a magnetic head using this type o
wagnetore§P§tﬁW€°€ﬂﬂ€@F @ﬁe#@ﬁtl“§§ﬁ§é°@uﬂﬁéﬁﬁeﬁstﬁoa
caused to flo ross th film,thickness of

th
magnBfPESELF l‘f’ eF‘BPSF@ SsutsFIth@aGu&r?éltr88688§dlcular

t he Cross sechggze area, of hhg filmsurface which

neti
bi as 8uPren decredses; resultlng in an

In recent years, the size of a magnetic recording
apparatus, such as a hard disk unit, has been getting
increasingly smaller and the recording density has
been getting higher. This trend is expected to get
stronger in future. As the recording density is
getting higher, a higher-sensitivity sensor is
required. To meet this requirement, a CPP-GMR
(current perpendicular to plane - GMR) element has
been developed. Using CPP-GMR elements makes it
possible to form a high-density, high-output magnetic
head.

In a magnetic head using this type of
magnetoresistive effect element, sense current is
caused to flow across the film thickness of the
magnetic film. Therefore, as the head size reduces,
the cross-sectional area of the film surface which
bias current crosses decreases, resulting in an
increase in the current density. Then, in a
distinctive phenomenon, noise induced by the spin
transfer effect becomes conspicuous.

The spin transfer effect is such that torque to
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increase in the current density. Then, in a 25

di stinctive phenonenon, noise induced by the spin
transfer effect beconmes conspi cuous. The spin transfer
effect is such that torque to change the direction of
the magneti zation of the elenent is produced by
replacing electrons in a magnetic material wth spin
angul ar nmonentunms when spin-pdtar+zed el ectrons flow
in the magnetic 5 material. This phenonmenon becones
pronounced and noise in the reproduced signal becones
| ar gelnangmkiing diradthgneofotkel mabhetfivavdonrof the
Therefore, suitable nmeasures to deal with this
probtkemente despreducedbey reréacing asectranedin a
techni ques, an exanple of neasures against noise in

t he W%@W%@h%e@aE?ﬁh%l Nakhpeehn aAnNgeldselorAnYpHS when

Appl n. Publication No. 6-259702., In this
docu%%h‘? %gh?%g SyEFREPPSnbiel {BsHPEi R§IPFBATL he
magnet net i

L e e el
the ﬂﬁﬁ @EPA tﬁe°£e§r88u885'Sﬂgnﬁi”ﬂ%ﬁoﬂ@gnfék 90|ﬁaklng

I ch does recording and “reproduci ng u5|

Saneré%é’ te?ﬁoigelb§ﬁge @@r89¥§fz '@hé?@fg9€un§95table
t here has been no 20 description of CPP-GWR el ement s

and réahasds ttHe@dal expert edi s hgtoBlsuf hi-ei 88kired to be
reproduced output is obtained on the physical scale
dealtakeéth in the present invention.

As related techniques, an example of measures
against noise in the reproduced signal has been
disclosed in Jpn. Pat. Appln. KOKAI Publication
No. 6-259702. 1In this document, measures against
noise resulting from the magnetic wall of the lining
layer of a magnetic disk medium have been described.
The magnetic head in the document is of a so-called
single-magnetic-pole type which does recording and
reproducing using the same element on the head.
Moreover, in the document, there has been no
description of CPP-GMR elements and it hasn’t been
expected that a sufficient reproduced output is
obtained on the physical scale dealt with in the
present invention.

As described above, in the current perpendicular
to plane magnetic head, as the size of the head
reduces, the effect of noise caused by the spin

transfer effect becomes greater, making reading errors



10

15

20

25

As described above, in the current perpendicular 25
to plane magnetic head, as the size of the head
reduces, the effect of noise caused by the spin
transfer effect becomes greater, making reading errors
liable to occur. Accordingly, a rise in the recording
density may reach a ceiling and therefore suitable
nmeasures against this are desir®d 40 be taken. BRI EF
SUMVARY OF THE | NVENTION 5 According to an aspect of
the present invention, there is provided a magnetic
di skl appne atdsontth. a Asagpeingld| sk medeutmcapablkecokding
recordi ng data magnetically, conprising a current
per p@enls LUy amayorepthne ceghéhgcandptbdueifngeheadtable
whi ch includes a 10 magnetoresistive effect el enent
conposesunés aagplushl thysokreandasiredf thnbestakkad one
on top of another and causes sense current to flowin
the direction pBRﬁEﬁdﬁEMMéRYt@Ftﬁ@Esﬂ§U@@EIp§ces of
sai d pluralltégof magnetic fil ns; gh pass f.i

c

whi ch is 8GpBF EastPhén|6ﬁPFFEq8£nEPe ﬁﬁéﬁ@ﬁtl&ﬁe&tlonr

d d. | f
ek %§$nbsh%§§915%§tQ“%?%%?g% SRR b A pa iRy

SECtﬁggm%@iﬁhdhégp@ﬁQH§ ?Qb?étéffEQEBEB?n?eBBquced

si gna equency conponen

SUDQ&§§§§91c§91¥VtBoﬁHEbsﬂE§n§ chbechewsEreaHgReY1ar to
conponents of he reproducéd signal are suppr essed.

Si ncgl1éhe ﬂ@gﬁét1@Oﬂagﬁéﬁhélﬁguﬁéédbwh&bﬁ $ptNudes a

transfer effect are i ased toward the | owfrequency

si demathetopéskstive effect element composed of a
plurality of magnetic films stacked one on top of
another and causes sense current to flow in the
direction perpendicular to the stacked faces of said
plurality of magnetic films; a high-pass filter which
suppresses the low-frequency component of a reproduced
signal output from the magnetic reproducing head; and
a reproduced-signal processing section which
reproduces the data from the reproduced signal which
has the low-frequency component suppressed.

With such means, the low-frequency components of
the reproduced signal are suppressed. Since the noise
components caused by the spin transfer effect are
biased toward the low-frequency side, the noise
components can be removed effectively with the above
configuration, which makes it possible to improve the
recording density of the magnetic disk apparatus more.

According to the present invention, noise caused
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conponents can be renoved effectively with the above

25 configuration, which nmakes it possible to inprove

the recording density of the nagnetic di sk apparatus

nore. According to the present invention, noise

caused by the spin transfer effect can be reduced and

the recording density of the nmagnetic di sk apparat us

can be inproved nore. For purppses of summari zing the

invention, 5 certain aspects, advantages, an d novel

features of the invention have been described herein.

It isytohbespiuinderaheddrt Bafenat caackesaedhyedl bnsuche

advant ages nmay be achi eved in accordance with any

part reabadingnedsmemt o6f thhemhguehtcodiskhapparbhéus can

invention may 10 be enbodied or carried out in a

mannee imRrodeHi BeEs. or optinizes one advantage or

group of advantages as taught herein w thout

necessari FQraBHrBPSR§ GﬁhéPmmé&Q&ﬁpag§§ea§nﬁﬁﬁt5@“r

taught or.suggested herein BRI EF TICN OF T

SEVERRE 91 BWRCPECTRE BﬁxarﬁegfsrAéagEngF AFEREHEEFUPE the

thatanBngﬂggtﬁa%er hg“érlgé&“BSrS the &”XS”EBOBe
now escribe srefca to the drawn

The an&&geéo néhgeeno@Sﬁeegegs91§9sg&npgueﬂsaaesntages

provided to | ustrate enbodi nents”of the invention

and ey b8 htRibvbhein20ce60R8net Lheni BONbheR:ichl &
1 is an exenplary functional block diagram of a first

enboghpeai meht acFagnet Eavehskoapparaties tRecohdengiba may
the present invention;
be embodied or carried out in a manner that achieves
or optimizes one advantage or group of advantages as
taught herein without necessarily achieving other
advantages as may be taught or suggested herein.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING

A general architecture that implements the
various feature of the invention will now be described
with reference to the drawings. The drawings and the
assoclated descriptions are provided to illustrate
embodiments of the invention and not to limit the
scope of the invention.

FIG. 1 is an exemplary functional block diagram
of a first embodiment of a magnetic disk apparatus
according to the present invention;

FIG. 2 is an exemplary external perspective view
of a hard disk unit in which a magnetic head related

to the embodiment can be installed;

FIG. 3 is an exemplary sectional view showing a
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FIG 2 is an exenplary external perspective view 25

of a hard disk unit in which a nagnetic head rel ated

to the enbodi mrent can be installed; FIG 3 is an

exenpl ary sectional view show ng a schematic
configuration of the reproducing head 1 of FIG 1;

FIG 4 is an exenplary sectional view showing a film
configuration of the magnetoreshst+ve effect film 5

10 of FIG 3; FIG 5 shows an exenplary graph obtai ned
by measuring the spectrum of head noise at the

repr oduemnagi beadniigurhtaond wift bawt rapkbdbhcpagshead 1 of
filter 3; 10 FIG 6 is an exenplary functional bl ock

di agFad@ ©f a second enbodi nent of a magnetic disk
apparatus according to the present invention; FIG 7
schemat i cEEBy §héﬁsaaneé%@@éﬁéwySeﬁﬁg@@ﬁér@QQM|Sh9Wlng a
effect filmin a third enbodi ment of 15 a nagneti

di sk hb@a?%?ﬁégHEéBFGPn@ftEhﬁh@aﬁpé§@ﬁ?51§ﬁ&§ﬁtPéﬁeCt film

FI G 0 raph obtained by measuring the
spec%? ﬂ? %ﬁﬁeag’noise at the reproducing head |

having 2 FRAICLOLRSL 2 LNEcRLhERt ) LILAR LRRL0

o A b A

di agf@Ptroducing head 1 with and without a high-pass
filter 3;

FIG. 6 is an exemplary functional block diagram
of a second embodiment of a magnetic disk apparatus
according to the present invention;

FIG. 7 schematically shows an exemplary
magnetoresistive effect film in a third embodiment of
a magnetic disk apparatus according to the present
invention;

FIG. 8 shows a graph obtained by measuring the
spectrum of head noise at the reproducing head 1
having a magnetoresistive effect film 10 including a
current control layer in the case of the presence and
absence of a high-pass filter and differentiating
circuit 7;

FIG. 9 is an exemplary functionai block diagram
of a fourth embodiment of a magnetic disk apparatus
according to the present invention; and

FIG. 10 is an exemplary diagram to help explain

the operation of the read bias adjusting circuit 8 of
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of a fourth enbodi nent of a magnetic di sk apparatus

25 according to the present invention; and FIG 10 is

an exenplary diagramto help explain the operation of
the read bias adjusting circuit 8 of FIG 9. DETAILED
DESCRI PTI ON OF THE | NVENTI ON Vari ous enbodi nents
according to the invention wll be described

hereinafter with reference te téie -5 acconpanyi ng

drawi ngs. In general, according to one enbodi nent of
the invention, a magnetic disk apparatus wth a
magnetiGe di.sk nmedi um capabl e of recordi ng data
magnetical ly, conprising a current perpendicular to

pl ane magnet i RET&pkBE uklE HIgR he BREOMNP E hT i cTNdeNT 804 0
magnet oresi stive effect el enment conposed of a ,

pl ur al i t y Ve ipagnembediment ss egeRed 168e ton thep igvention
anot her _.and causes,  sense current to flowin the

di r e¥titdnPpeApandrLEFan 5 IPRETECakRER FEEESSHF s &Pd the
pluralité of naangtic.filns; a high-giss filter wh%ch

15 sAfFPEEERY PR BN P& quehby 9EBRpBRanfCEPTENY to one
repr Lognal t th Iy :

Fepr SHERneREag SRy’ Blbeatalh 08 TBERELE sk apppratus
sect ;,9RpWai £hgnEeREOAYCES kRS uhataphbem Lhe rberreducedata

signal which “has the | owfrequency conponent

suppregaedicd@1l i estpkErBedgmanthirfeser gefgeh@idilar to
enbodinent, FIG 1 is an exenplary functional bl ock

di agpaemef maghetst rephoduneny ataad wadodtt iacdusks a

apparatus according to
magnetoresistive effect element composed of a
plurality of magnetic films stacked one on top of
another and causes sense current to flow in the
direction perpendicular to the stacked faces of said
plurality of magnetic films; a high-pass filter which
suppresses the low-frequency component of a reproduced
signal output from the magnetic reproducing head; and
a reproduced-signal processing section which
reproduces the data from the reproduced signal which
has the low-frequency component suppressed.

[First Embodiment]

According to an embodiment, FIG. 1 is an
exemplary functional block diagram of a first
embodiment of a magnetic disk apparatus according to
the present invention. In FIG. 1, a reproducing head
1, which is used in proximity to a magnetic disk

medium (not shown), and outputs a reproduced signal

whose waveform corresponds to the magnetic field at
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the present invention. In FIG 1, a reproducing head

25 1, which is used in proximty to a magnetic disk
medi um (not shown), and outputs a reproduced signa

whose waveform corresponds to the magnetic field at

the surface of the nedium The reproduced signal is
anplified by a read anplifier 2. Its | owfrequency
conmponents are suppressed by-a high-pass filter (HPF)

3. The | ow frequency-suppressed reproduced signal is 5

i nput to a reproduced-signal processing section 4,

whi cbhée epuodacesofhehdamadonmt heTdeskepeddunedThégnal is
repr oduced- si gnal processing section 4 is connected to

a haamptli §kedohyr el Fead( HDE) i5iand2a CPUs( Centfaglequency
Processing Unit) 6. The hard disk controller 5 and 10
CPU eopephenifaareprbEnEedsadt RYepr BigBoppeet fagter (HPF)
process and positioning control of the reproduci g ,
head31. The @wréaaapﬁacmeaapsreﬁﬁep Tepreryges gional is
magnet oresjstive eff enent osed

oL arSPPEE P AeGRBFPASPPAS LGP Atk BACORE oRCt S5CREO" ¢
a0t gef e TDECEESLSLaNgR O Lhe MRgRE! ALEs! LY. 7ine

ef fec anges according to t

magneL | Eoghgég £5 Hh&h réHEE@Eﬁ OEeEggog'ﬁklgengﬁbc%ed to

repr oduce S|gna |s obt ai ned by sensi ng the change.

20 Thensearqdyei Benbead1&rof(ubtH 5lahs Ratbucykanlyaof
the current perpendicular to plane type. In this type

of repoedssing taad) g.semae autdediskocosemsiligrasS and
change in the resistance flows in the direction
CPU 6 perform a reproduced data error correcting
process and positioning control of the reproducing
head 1.

The reproducing head of FIG. 1 includes a
magnetoresistive effect element composed of a
plurality of magnetic films stacked one on top of
another. The resistance of the magnetoresistive
effect element changes according to the radiation
magnetic field from the surface of the disk medium. A
reproduced signal is obtained by sensing the change.
The reproducing head 1 of FIG. 1 is particularly of
the current perpendicular to plane type. In this type
of reproducing head, a sense current for sensing a
change in the resistance flows in the direction
perpendicular to the stacked faces of the magnetic
films..

FIG. 2 is an exemplary external perspective view

of a hard disk unit in which the magnetic head of the
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per pendi cul ar to the stacked faces of the nmagnetic 25
films. FIG 2 is an exenplary external perspective
view of a hard disk unit in which the nagnetic head
of the enbodi ment can be installed. The magneti c head
related to the invention can be installed in a
magneti ¢ reproduci ng apparatus which reads the digital
data nagnetically recorded on &8 nagnetic di sk medi um
5 A typical magnetic disk nmediumis a platter built in
a hard disk drive. Moreover, the magnetic head of the
I nveahboditant beanhnséail hetlalhed. mahet megnetic head
recordi ng/ reproduci ng apparatus which al so has the
funcrebatef weithagidirgntabndasgn bﬁténatﬁééﬁétﬁ@ éi sk
10 medium In the hard disk unit 150 of FIG

r ot af§InaEigarepreguaied ﬁgpﬁéeéuﬁhyhhﬁanéﬁﬁéShéae diigital

FIG 2, a recording.disk nediym 200 is nounte
spln@?Ealgég“?ﬁéCﬂgéﬁ ﬁ%ﬂPEﬂ?goenué REEREES S glﬁﬁemfglum‘

O oL PR LK A B0 ML PRI an
t
oot hgPal BBk, cHRIOL. MEgehigo o080k g BRIl c e

nU|ti89é§££85 E¥Rebe29n§tQ§§gdshhd§rmééﬁet%@'Ch i's

provided at the tip of a thin-filmsusSpension 154,
StOrﬁéch&QﬁgﬁkéQBoQﬁ&QngtBﬁpdk%%u&edhﬂﬁhZQ@s@nﬂas the
e

reproduces t informati on recorded on the disk
medi 8aoh200onThe Weadishi degith3 data onto a magnetic disk
medium.

In the hard disk unit 150 of FIG. 2, a rotary
actuator is used to move the magnetic head. In
FIG. 2, a recording disk medium 200 is mounted on a
spindle 152. The disk medium 200 is rotated in the
direction shown by arrow A by a motor which responds
to a control signal from a driving unit control
section (not shown). More than one disk medium 200
may be provided. This type of apparatus is called a
multi-platter type.

A head slider 153, which is provided at the tip
of a thin-film suspension 154, stores information onto
the disk medium 200 and reproduces the information
recorded on the disk medium 200. The head slider 153
has the reproducing head 1 of FIG. 1 installed near
its tip. The disk medium 200 rotates, causing the
medium facing side (ABS) of the head slider 153 to

float up a constant distance from the surface of the
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has the reproducing head 1 of FIG 1 installed near 25
its tip. The di sk nedi um 200 rotates, causing the
medi um faci ng side (ABS) of the head slider 153 to

float up a constant distance fromthe surface of the

di sk nedi um 200. The magnetic head of the invention

may be applied to a so-called contact travel type

whi ch causes the slider to cemedinto contact with the

di sk nmedi um 200. 5 A suspension 154 is connected to

one end of an actuator arm 155 which includes a
bobbdbsgemtddom(BO0. shawnpabakdinghaadr b¥i Bgecankention
(not shown). To the other end of the actuator arm

155, mayvbeceppobikdnbbor st56alaeki ndnbbhcki heavedotypse

is provided. The voice 10 coil nmotor 156 is conposed

of awlifhi agueer| throslidhewiy @eUBAdiAaEBuRENEREthEBBNNthe
section of the actuator arm 155 and a magnetic
circditkn@8eidp éPVa permanent magnet and a facing

yoke arragged so_as to.fgce ea with the cai

. 1 5% C% o&h%r e} e en an
ganSMAche 5??@585 Pﬁe&1 THE £8 ngdgdoF 1€§e|§ Repéd
y QELugﬁgipggﬁ (89 Pﬁ?gg“lgcﬁﬁggé gsyéhbﬁﬂ shegiéﬂ (not

bott om aces, o pin 'n"suc

”annéﬁo&ﬂfthbidQQQSQi&g&@hhércéhhd?nBEeéthﬂbth tBethe

voi ce col nmot or : urt nor e, t he hay di sk unit
150 pppLydesdacr2@nhsi gpabaphecassi Ngsseqt k8AcL580i1 motor

formed on a flexible substrate. The read anplifier

hi ghipassaf klihar o8, 1ineptroflueed; signplopticedssi Mge voice

section 4, hard disk controller 5 and CPU 6 are

mountedlchpebkyldh tthecomposed of a driving coil (not
shown) wound around the bobbin section of the actuator
arm 155 and a magnetic circuit made up of a permanent
magnet and a facing yoke arranged so as to face each
other with the coil sandwiched between them. The
actuator 155 is held by ball bearings (not shown)
provided at the top-and bottom, two places, of the
spindle 157 in such a manner that it can pivotally
slide freely with the voice coil motor 156.

Furthermore, the hard disk unit 150 includes a

signal processing section 158 formed on a flexible
substrate. The read amplifier, high-pass filter 3,
reproduced-signal processing section 4, hard disk
controller 5, and CPU 6 are mounted chiefly on the
signal processing section 158. The read amplifier 2
may be mounted in the vicinity of the reproducing head

1 of the suspension 154.

FIG. 3 is an exemplary sectional view showing a
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signal processing section 158. The read anplifier 2 25
may be nounted in the vicinity of the reproducing head

1 of the suspension 154. FIG 3 is an exenplary

sectional view showng a 10 schematic configuration

of the reproducing head of FIG 1. The reproducing

head 1 includes a nagnetoresistive effect film 10
conposed of a plurality of -magmeti-c filns stacked one

on top of 5 another. On each side of the

magnet oresi stive effect film210, a bias |layer 23 for

appl yehgmat btasonaggetrbeiohi efdthe trkeroducing head of
magnet oresi stive effect film10 is formed in such a
mannBEGt hat i Thesrepappeding aradniduliacilnges| ayer 24.

An upper el ectrode and nmagnetic shield 10 | ayer 21 and

a | onegnetrecepddbidadeffigntt £é1ahil8l gompaped 2% are
formed on the top and bottom of the nagnetoresistive
effeE%UFPﬂh¥1005n839H§EF§tﬁﬁémﬁaﬁéﬁCkEQ OR&s P8¢ HiPve OF.

A read as voltage |s d thes el ectrodes

o1 *350PhER ! nahatneh  saRBeRE 5% MofntEor RO e e fect
dire n,gerpe ul ar h [ c f. o

mgnit Setle: FoRteft adver 7 16+ APeRdhgl fndige MGgnetic

Sensflgy? ?Btth F%%?H%t%k%ﬁ%S@?@g @%@%b&'% 1%01bh§s formed

read I er e nagnetore3|st|ve ef f ect

f"”lAOSQEhFhGhaﬁnb§ eﬁathgtcu%r@ebpgéapﬁﬂdb%uha@uu@tlng
20 plane type. Even if it is of a small elenent size,

for exasapl 24.90AAMiKp88 BMecarsdbf hedenkbghepriedytedld

out put can be obtained in the magnetic di sk appar at us.
layer 21 and a lower electrode and magnetic shield
layer 22 are formed on the top and bottom of the
magnetoresistive effect film 10 and insulating layer
24, respectively. A read bias voltage is applied to
these electrodes 21, 22, causing sense current to flow
in the direction perpendicular to the film surface of
the magnetoresistive effect film 10. A change in the
sense current is input via a head amplifier to the
read amplifier (FIG. 1). The magnetoresistive effect
film 10 of FIG. 3 is of the current perpendicular to
plane type. Even if it is of a small element size,
for example, 90 nm x 90 nm, a sufficient reproduced
output can be obtained in the magnetic disk apparatus.

FIG. 4 is an exemplary sectional view showing a

film configuration of the magnetoresistive effect film
10 of FIG. 3. 1In FIG. 4, on a substrate (not shown),
a lower electrode 11, a foundation layer 12, an

antiferromagnetic layer 13, a magnetization fixing
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FIG 4 is an exenplary sectional view showing a film
configuration of the magnetoresistive effect film 25
10 of FIG 3. In FIG 4, on a substrate (not shown), a
| ower el ectrode 11, a foundation [ayer 12, an
antiferromagnetic |ayer 13, a magnetization fixing -

11 layer 14, a nonmagnetic internediate |ayer 15, a
magneti zation free |layer 16;- alprotective |ayer 17,

and an upper electrode 18 are stacked one on top of
another in that order. 5 FIG 5 shows an exenpl ary

gr aphagbtal nedabyonnegsetiogihberspdtataniafeheadd, a
noi se at the reproducing head 1 with and w thout the
hi ghmpasstitatien Bre&hilsygraph, shopsothetivsuleyet 17,
measurenents under the follow ng condition: the read
b|asavdlaag@ppeaoelegtnwdeAé8shé@nstﬁckeéaose PR tRe of
state where the gh-pass filter 3 is provided, the
noi seNPEhEr iR Fhét Péﬂ?Frequency regi on apparently

d h the S/IN rati f duced
Signal i Fﬁpeévg ossmpc%xswg&%ig Bra B baFr ﬁs% b

ST O ORI T TR

ecor |n ensi nuch |gher

It '§e§aeaaeaﬁgsﬁgéa of L P8 GHEI AERREEPERdi RULAL ALY

p ane gnet or ISstive e ect at t Its
SIzefi§té§dycedrh59eg99§ﬁ §98§9'EH@U§eBﬁlﬁeo§aM§§@u2@ments

by the spin transfer effect becones. Since the noise

appeandcastiéf roypewnagSeondt $6nk NnthBerkaw bieguentyage =
100 mV. As shown in FIG. 5, in the state where the
high-pass filter 3 is provided, the noise level in the
low-frequency region apparently decreases. Therefore,
the S/N ratio of the reproduced signal is improved,
which enables the occurrence of errors to be
suppressed. Consequently, it is possible to make the
recording density much higher.

It is-characteristic of the current perpendicular
to plane magnetoresistive effect film that the more
its size is reduced, the more conspicuous noise caused
by the spin transfer effect becomes. Since the noise
appears as 1/f type noise, nolse in the low-frequency
region becomes larger. In the embodiment, to overcome
this problem, the high-pass filter 3 is provided,
thereby suppressing low-frequency noise, which lowers
the overall noise power. This not only suppresses the
distortion of the waveform of the reproduced signal

but also improves the S/N ratio, which makes it
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regi on becones larger. In the enbodi nent, to overcone
this problem the high-pass filter 3 is provided,

t hereby suppressing | owfrequency noise, which | owers

25 the overall noise power. This not only suppresses

the distortion of the waveform of the reproduced

signal but also inproves the S/IN ratio, which nakes

it - 12 possible to reduce-readi ng errors.

Particularly under the conditions of FIG 5, it s
desirable that the cut-off frequency of the high- pass
filtpossisheutd bedset atadOnlMHzrrSpecifically, 5 the
cut-of f frequency of the high-pass filter 3 is set to
0.01 MHz ®arhighérnragdulddelHther coowert iopseodr &Gy Sto it
0.1 Mz or higher and 10 Mz or |ower. \Wen the

cut - bsfdeségaeheythstotbe wHE-offl dweauencyi 9f the high-
difficult to suppress | ow frequencies effectively. 10
Mor ebd8f , LWhERTt ReSBatLgf Pef pefudhcyOi ¥HZ0 MApegrfically,

descihbet EpacE. SFROPRECEnBdr NNk Lo0sB 0P Fhacor o is set
PLgh$§a§§O£i&g§ro§ REBREESSHA Eemﬁh5e8?¢T8%eg9i%@e%grably
pr oduced” srgnal’; ereby el imnating an’adverse

33 e%%eéﬁ1CﬁH§egrbMigﬁ§r39b8 Ebaﬂﬁ%eﬁreﬁg@%E.inWﬁEﬁnEhe

e current perpéndicular to plane reproducing

head-yt ThEs FPRLQN¥RSyt DS & DM Al Oor! Mopddi ti@niko
this, use of the current perpendicular to plane

magngt presisti ¥ve s@%be@bsfnbw1ieeqaahbeésae$@éﬁk@h@my.

reproduced output 20 to be produced. Furthernore,

Si nciotbevelremenenstie cut-off frequency is 20 MHz or
higher, even the reproduced signal is suppressed.

As described above, in the embodiment, use of the
high-pass filter 3 suppresses low-frequency noise in
the reproduced signal, thereby eliminating an adverse
effect caused by the spin transfer effect inherent to
the current perpendicular to plane reproducing head.
This improves the S/N ratio. In addition to this, use
of the current perpendicular to plane magnetoresistive
effect film 10 enables a sufficient reproduced output
to be produced. Furthermore, since the element size
can be reduced, the recording density can be made much
higher.

[Second Embodiment]

FIG. 6 is an exemplary functional block diagram
of a second embodiment of a magnetic disk apparatus
according to the present invention. The magnetic disk

apparatus of FIG. 6 is such that the characteristic of
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can be reduced, the recording density can be made nuch

hi gher. [Second Enbodi nent] FIG 6 is an exenplary
functional block diagram 25 of a second enbodi nent of

a magnetic di sk apparatus according to the present

i nvention. The magnetic disk apparatus of FIG 6 is

such that the characteristic of 13 the high-pass

filter 3 of FIG 1 is set sdwitaBly-so as to function

as a differentiating circuit. That is, in FIG 6, a

hi gh-pass filter and differentiating circuit 7 is

i nsethedhbghweesst heltead3aopl FiGer 12ishatt5sampbbilyeso as
the reproduced signal fromthe reproducing head 1 and

t he tepfodotédrnsagnal dpfbeessthgtspeot concyit. Thehat is, in
hi gh- Eass filter and differentiating circuit 7 is . ,
obt af fed by aehighgrahps éa@t@rfaﬂdeaaéﬁ@yeaﬁl@ﬁénﬁigﬁrcult
pass_filter 3 (FIG 1) to a value that _enables a 10
redu%t%%nlpﬁeﬁB?geb%5U§%H bYet headppRPLidnster &Ppéct

dth f diff [ |
compAP b 6-GF ¢ faflégaﬁps?hsi:gé-?ﬁé?é‘sﬁw?aawa%nrSPrefi&cmg

6 Caﬂ?gg ysk dsyhéap%%roﬁﬂiédggﬂgﬁg ?Fbéésgﬁﬁgrgégglon 4.

magneti ¢ di SK appara
“ﬁvefﬁénﬁ@&hlﬁgsée?EQQHEegné'QﬁﬁkeEQnEQgt@ﬁﬁp@QQbﬁHEaﬁ is

recordi ng net rectangul ar. The wavef orm of
repr@gﬂgﬁﬂeélBpabetﬁln%hﬁhéncﬁkaaﬁfr@QéﬁdbﬁgynﬁEhQﬂel%1gh—

shaped |i ke a pul se herefore, applying the

confpgusati Dbeof 3FKBIGO 1D tbea value that enables a
reduction in noise caused by the spin transfer effect
and.the generation of differential waveforms to be
compatible with each other.

The configuration of FIG. 6 can be used suitably

in a perpendicular recording magnetic disk apparatus.
As is well known, the waveform of the reproduced
signal in the perpendicular recording method is
rectangular. The waveform of the reproduced signal in
the in-plane recording method is shaped like a pulse.
Therefore, applying the configuration of FIG. 6 to the
perpendicular recording magnetic disk apparatus makes
it possible to differentiate a rectangular waveform to
obtain a pulse waveform, which enables the same signal
processing system as that of the in-plane recording
method to be shared. Accordingly, it 1s possible to
reduce costs by sharing parts and gain large merits in

manufacturing products.
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20 perpendi cul ar recordi ng nagnetic di sk appar at us
makes it possible to differentiate a rectangul ar
waveformto obtain a pul se waveform which enabl es
the sane signal processing systemas that of the

i n-plane recording nethod to be shared. Accordingly,
it is possible to 25 reduce costs by sharing parts and
gain large nerits in manufact ddi ng products. 14

[ Third Enbodinment] FIG 7 schematically shows an
exenplary magnetoresistive effect film10 in a third
enbodi nenf{ ThatdaEmagrdemeatdi sk apparatus according to
the present 5 invention. In the third enbodi nent, the
confi gur aftén 7oBchhmandnmadieshovisneer gEghatarlyayer
17 in the magnetoresistive effect film10 of FIG 4,

i s chaggeborespativecalffgcti Ast@adOotint RethhrfopRpodiment
composi tion, nonpagnetic internediate | a

t he e
(i ndPEat BB ehuferapkl PEifaF§556C€8ﬁﬁF5§ranFhﬁtpéese“t

mout SYFHGLARr or £8) 53 50 Bl RREORRRERE "3R8 gnriguration

et g, MRhgt ke B ghSsaeediacept ot eyl

magneti zati on i zation free

|ayeﬁa&ﬁe@&r&kﬁ%tf%efé@@beeefﬁ§ma29}g?rF@b?CﬁrEEaEthged.

The conductive material 34, whic f or ned

di spepstyel ¥al Dyl henkBsdbabicngheMBhefbah 38mp660BEEHS the
the magneti zation fixing |layer 14 and magneti zation

freenbayegndbiel enternabliyteThagercduadscaeasdebgunumntal

to pass through the conductive
31) is so configured that a conductive material 34
lies scattered in an insulating material 33 as shown
in FIG. 7. The insulating material 33 insulates
adjacent layers (the magnetization fixing layer 14 and
magnetization free layer 16 of FIG. 4) from one
another electrically. The conductive material 34,
which is formed dispersively in the insulating
material 33, connects the magnetization fixing layer
14 and magnetization free layer 16 electrically. This
causes sense current to pass through the conductive
material in a confined manner. This phenomenon is
known as the current confining effect. It is known
that the effect makes the resistance of the
nonmagnetic intermediate layer 3 larger. A layer
having the configuration of FIG. 7 is referred to as a
current control layer.

Since the magnetoresistive effect element having

the current control layer of FIG. 7 has a high
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20 material in a confined manner. This phenonenon is
known as the current confining effect. It is known

that the effect nmakes the resistance of the

nonmagnetic internmedi ate layer 3 larger. A |ayer

havi ng the configuration of FIG 7 is referred to as a
25 current control |ayer. Since the magnetoresistive
effect elenment having the eurnént -control |ayer of

FIG 7 has a high - 15 resistance changing rate, a

hi gher recording-density magnetic di sk apparatus can

be reatizedncdrbanmhglieg rstaceai highezerkesosddhh-density
noi se caused by the spin transfer effect is
conspagnetsc dish apparesubt cehabe5rehéigeN.r aMeenwhile,
according to an increase in the output cannot be
expegiede Tbsovéreohd thpdldraabaekcanerdebyi fhehepin

| ow frequency region, is renoved by the hi

h-
fiIt%??nﬁﬁ?Eheﬁﬁg%E i 68§§PBFB°Hét BhEY gBe gg%gﬁés§hat
th | St [ f th f f the 10 d
Si rehS oA REF OV FREr QR T APl GPbUPCFSse FBdubE oueput
readéggn§£r§ésex€ég¥e§.Sh?$50989E88Q gpgglﬁ?gwggck, noise
measuring the sSpectrumo héad noi Se "at "t he

r?prPﬁuﬁﬁgglgﬁagréun§¥§nge@igﬁgﬂgtQéﬁébéai59_nﬁ%eﬁﬁgh—

film10 including a 15 turrént control |ayer~i he

casepést hel1 pEesenrecRNdakahsencgootini1bi gBtpaasy to
filter and differentiating circuit 7. The graph shows

t he sesptésof theasuseoenisn vhdehet hevedbkawogthe

condition: the read bias voltage =
reproduced signal and improve the S/N ratio but also
reduce reading errors.

FIG. 8 shows a graph obtained by measuring the

spectrum of head noise at the reproducing head 1
having a magnetoresistive effect film 10 including a
current control layer in the case of the presence and
absence of a high-pass filter and differentiating
circuit 7. The graph shows the result of measurements
under the following condition: the read bias voltage
100 mV. As shown in FIG. 8, in the state where the
high-pass filter and differentiating circuit 7 is
provided, the noise level in the low-frequency region
apparently decreases. Therefore, the S/N ratio of the
reproduced signal is improved, which enables the
occurrence of errors to be suppressed. Consequently,

it is possible to make the recording density much

higher.
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100 V. As shown in FIG 8, in the state where the 20

hi gh-pass filter and differentiating circuit 7 is

provi ded, the noise level in the | ow frequency region
apparently decreases. Therefore, the S/INratio of the
reproduced signal is inproved, which enables the
occurrence of errors to be suppressed. Consequently,

25 it is possible to make the fnécordi ng density nuch

hi gher. 16 [Fourth Enbodinment] FIG 9 is an exenplary
functional block diagram of a fourth enbodi nent of a
magneti ¢ diEskrapp@mdbdsimeacgordi ng to the present

i nvention. The magnetic disk 5 apparatus of FIG 9 is
such that FaGre&dibi as adposileny fenctdionad bd oadded aggam
t he confi%uratlon of FIG 1. The read bias adjusting

ci rcaftagipertbr apbpdéybatkofcannpahestct Hé skeagprpirgsus
vol t age of the reproducing head 1 on the basis of the

i nci 86ReEdéPIeEPo EelBrﬁeepéaaPH@nFH@nrep?B&u@éSneth disk

signal _or the S/N ratiQq. an exe
dlag?aﬂ?FﬁtHEIBfeEﬁFalg l?héuSéerﬁloﬁ EFagpglﬁéaadJUStlng

of aﬁ%gguh PhoBOAS' SRR, i§8nsﬁE FIBUSRRER, BRGIRaLY
vol tag ?dtggag'%diésﬁ % ESlQBgRggk@PERQ %%%B%%Ek
perpendi cufar "to pfa roduci ng he .

The HBQB%BQr@§|§BbV%ea@fE§§E bheedE wasty@ @@bWb@%c1ng

and 70 nmlong. Under the above conditions, the read

bi ashead 1 on the basis of the incidence of errors in
reading the reproduced signal or the S/N ratio.

FIG. 10 is an exemplary diagram to help explain
the operation of the read bias adjusting circuit 8.
This graph shows the result of measuring the
relationship between the read bias voltage and the bit
error rate (BER) in the current perpendicular to plane
reproducing head of FIG. 3. The magnetoresistive
effect film 10 was 70 nm wide and 70 nm long.

Under the above conditions, the read bias
adjusting circuit 8 was caused to function by feedback
from the reproduced-signal processing section 4, with
the result that the read bias to minimize BER was
120 mV. That is, when BER was measured with the read
bias being changed independently as shown in FIG. 10,
BER became the smallest at a read bias voltage of
120 mv.

Although the reproduced output of the reproducing

head 1 increases as the read bias voltage is raised,
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adjusting circuit 8 was caused to function by feedback
20 fromthe reproduced-signal processing section 4,

with the result that the read bias to mnimze BER

was 120 n¥V. That is, when BER was neasured with the

read bias being changed independently as shown in

FIG 10, BER becane the smallest at a read bias

vol tage of 25 120 nV. Althoughiltthe-reproduced out put

of the reproducing head 1 increases as the read bias
voltage is raised, | 17 noise caused by the spin
transbeseetiesédi PgrengespinceerflsngkyefMoEeOYRErebbes
dependence of the noise on the read bias changes with

t he aesosdangeyof Mbeeovepyothei dgphaddnteopft hee noise on
intensity of the bias 5 magnetic field fromthe bias

| ayekh@3reqiapiasg, Chﬁ@geseuatbuébevaeaeSt@nﬁEnpﬁ1zae

BER vari es one reproduci ng ead 1 to another.
A@tu%?Pyod%ﬁénge%?%@a%c@ro¥h?héntﬁesaéaueﬁnehﬁebaaér

the intensity bi as. nagnet i field fromthe
b|a§m?%9%?19aﬁ?% gEBWdFH@ 8ba§059¥?Fa?gonsTbﬁttﬁ§' the

nanuf hat

opt et i ae “TRLUE L cnt SR 6 ovat RS *Pat FRproducing
ebOgLIFN {BKESother POSRLLLELTY SPhot DESORELANE bPafhe

bi as ues separately to In dual curren

perp@@@f@&&@{ngOhéédp&anshgagﬂgéhglh9a9§ ghEfBELBInEBnetic
conditions fromone another. Accordingly, it is

possfbéedtorshabhy bias layer varies according to

variations in the manufacture, so that it is difficult
to set the optimum value in advance.

In contrast, the fourth embodiment makes it
possible to set the optimum read bias values
separately to individual current perpendicular to
plane magnetic heads differing in conditions from one
another. Accordingly, it is possible to stably
manufacture a magnetic disk apparatus with the
minimized incidence of reading errors.

This invention is not limited to the above
embodiments. For instance, in the forth embodiment,
the sense current may be changed directly instead of
the read bias voltage.

While certain embodiments of the inventions have
been described, these embodiments have been presented
by way of example only, and are not intended to limit
the scope of the inventions. Indeed, the novel

apparatuses and systems described herein may be



manuf acture a magnetic di sk apparatus with the

m nim zed incidence of reading errors. This invention

is not limted to the above 20 enbodi nents. For

instance, in the forth enbodi nent, the sense current
may be changed directly instead of the read bias

vol tage. Wiile certain enbodi nents of the inventions
have been described, these-enbhadi rents have been
presented 25 by way of exanple only, and are not
intended to limt the scope of the inventions.

| ndeedlbodihednonel appaeayusesoandrsystres deschibedre,
herein may be 18 enbodied in a variety of other

f or mearfous hemipsepnsyasibasibnt s$ehensndsobshipeat ionshe
and changes in the formof the apparatuses described
her efarmagf behanderarrt naas d@ﬁaﬂigﬁé hesainhmayppei made
of the inventions. 5 The acconpanying clains and their
equi VaFRaes %?EathP%nééamtBh€o§EFrégcﬁffBPﬁslBVentlons'
nndi%ications as would. fall mﬁtgkn.the sco%ﬁ and

spi r 1€ ofCERBPARAYERT; Ghalne o PRAT F&T CEAPNERFBES1 21K
magnel i ¢ dLgk, apparatus, uht Boanoagnet g, (dLak IR U you1g
capabl e of "Tecording datr's nagneFlcaI y,  “conprirsing: g
a cu t ngj gu 0 apg: neti r o]
nead b cher el uaaS 52 hRE nafareB FRRVEY Epp ZRVEELRS
conposed of a plurality of nagnetic
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films stacked one on top of another and causes sense
current to flowin the direction perpendicular to the
10 stacked faces of said plurality of magnetic fil ns;
a high-pass filter which suppresses the | ow frequency
conmponent of a reproduced signal output from the
magneti ¢ reproduci ng head; and a reproduced- si gnal
processi ng section which 15-redmoduces the data from
t he reproduced signal which has the | owfrequency
conmponent suppressed. 2. The magnetic di sk apparat us
according to claiml whkeresnCLAEMEDtIDIf frequency
of the high- pass filter is 0.01 MHz or higher and 20
MHz or | ower. A20a8nethe dhaghetippadiasksappahatusagnetic
according to claim 1, wherein the nmagnetoresistive
ef f e@i SK| BAEAEM FABRRdEsCA HEAREGABE afat BpABEracally,
| ayer, and the nonmagnetic internediate |ayer includes
an i ASUPAELPAGIrat eri al which insul ates 25 adjacent
| ayers from each %ther electrically, and a cond%ctive
FE |

[
mat eri al ®hiFER fBPﬁgﬁndngﬁngF@epaapﬁem@ﬁ§ﬁ ati ng
' . he, - 20, ' .
T T 3oy 3P LRSS e

( ( causes e sens curren _
pass g c nper.: g :
eSS ERLoLon LRcReCoRtbaedy BRnaCE1uda The BRORSLRELs
magnet i gsdssKkcRBedi UReUSsASt3p Ber paBdhewl ahdr eeakdsngense

met hod.
current to flow in the direction perpendicular to the
stacked faces of said plurality of magnetic films;

a high-pass filter which suppresses the low-
frequency component of a reproduced signal output from
the magnetic reproducing head; and

a reproduced-signal processing section which
reproduces the data from the reproduced signal which
has the low-frequency component suppressed.

2. The magnetic disk apparatus according to
claim 1, wherein the cut-off frequency of the high-
pass filter is 0.01 MHz or higher and 20 MHz or lower.

3. The magnetic disk apparatus according to
claim 1, wherein the magnetoresistive effect element
includes a nonmagnetic intermediate layer, and

the nonmagnetic intermediate layer includes

an insulating material which insulates
adjacent layers from each other electrically, and

a conductive material which is formed

dispersively the insulating material, connects the
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5. The magnetic di sk apparatus according to claim4,
wherein the cut-off frequency of the high- pass filter

is set so as to input a differential 10 waveform of

the reproduced signal to the reproduced- signa

processi ng section. 6. The magnetic di sk apparatus
according to claim1l1, wherein the magnetic disk
medi um uses an i n- plane reeor@ong-nethod. 15 7. The
magneti ¢ di sk apparatus according to claim1, further
conprising: a bias control section which perforns

f eedbagicendt Laleos tbeecaeRdobhas evektageadfiythand causes

magneti ¢ reproduci ng head on the basis of the
I nci deaceenseecnorsntntpepdsngthheugkpiodacednfied
si gnal .

manner.

4. The magnetic disk apparatus according to
claim 1, wherein the magnetic disk medium uses a
perpendicular reéording method.

5. The magnetic disk apparatus according to
claim 4, wherein the cut-off frequency of the high-
pass filter is set so as to input a differential
waveform of the reproduced signal to the reproduced-
signal processing section.

6. The magnetic disk apparatus according to
claim 1, wherein the magnetic disk medium uses an in-
plane recording method.

7. The magnetic disk apparatus according to
claim 1, further comprising: a bias control section:
which performs feedback control of the read bias
voltage of the magnetic reproducing head on the basis

of the incidence of errors in reading the reproduced

signal.



