- 8 | MAGNETI C RECORDI NG AND READI NG Wf?- B refeeme
BACKGROUND COF THE?INVENTICN The present invent¥on rel ates
'to a magnetic disc 5 device used in conputers, information storage

devi ces and so on, a magnetic storage device used in such

i nformation home appliances as digital” VTRs, and a magnetic
recording, and and, nore particularly, to a magnetic recording and
readi ng device suitable fopagRetici RgcdrgiNG po@Ey RE2OING DEVICELO and
reading, and for high-density recording. Sem conduct or
nmenories, magnetic menories, etc., are used in the storage or
recordi ng devi ggex@Rounp oF THEOLRRENPION]UI pent. Sem conductor nenories
are used in Internal primary storage in the |ight of high-speed

15 accessibility and nagnetpees@ipriseritionised dtesexiennahgnetic disc
secondary storages in the light of a high capacity, |ow cost and
nonvol ati | e5pr geetity. ubednehi cotlbskedeyi teformation stageatd deviges and
magnetic cards are the main current in magneti c nenories. A magnetic
recordi ng port isenonhi ehmagngéicpsbduees dGevicontsathdmetsuch iiafeormatioad in
order for writing magnetic inforpation in recordin%jnedia, suych as
magnet i ¢ di skshomegappildanagpesasr digiret | ¥Ther BRd mymagetic recorddpding
portions based on the nagnetoresistance effect or , t he _,
elfctronagneti@nﬂnéﬁébi@ﬁréfPé€F1§P%aﬁ%%d F% & dargnRFic magording. And

I nformati on recorded at, a.hi gh desj st I n_recent . e fQra.
readi ng, the gi& nﬁh&ﬁ@?&?e§F%Fﬁhi§yg?¥eE afizing Qﬁﬁ?iﬁé@%ﬁﬁ%%ﬁ%ﬂ%jng

nagnetoresiggi¥$5ﬁ&%%§$nggggpg!iérbﬁggﬂ_densitytf@ég}éyﬁaﬁ ned. These

functi onal

Semiconductor memories, magnetic memories, etc.,
are used in the storage or recording devices of
information equipment. Semiconductor memories are used in
internal primary storage in the light of high-speed

15 accessibility and magnetic memories are used in external
secondary storages in the light of a high capacity, low
cost and nonvolatile property. Magnetic disk devices{
magnetic tapes and magnetic cards. are the main current'in
magnetic memories. A magnetic recording portion which

20 produces a strong magnetic field is used in order for
writing magnetic information in recording media, such as
magnetic disks, magnetic tapeé or magnetic cards. Further,
reading portions based on the magnetoresistance effect or
the electromagnetic induction effect are used in reading

25 magnetic information recorded at a high desisty. In recent
years, for reading, the gigant magnetoresistance effect
and the tunneling magnetoresistive effect have also begun

to be examined. These functional portions for recording
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-2- % and reading are both installed in an input-output part whi ch
is"called a nmagnetic’ head. The basic configuration of a
magneti ¢ di sk device is shown in Figs. 10A and 10OB. Fig. 10A shows a
5 plan view of the device and Fig. 10B shows a vertical - sect i onal
view of the device. Recording nedia 101-1 t0 " 101-4 are fixed to a hub

104 10 be rotabed bUadilgl 8o l80cn 1nstdME G YP 3pUS X RERLe Whi ch

conprises four magnet | c to 1 and el ght "nagheti c heads

10 102-1 to 1QRi8n iEOWRYSEd 4 NBadR@neld ivedd sk device may conprise at
| east one magnetic di sk and at | east one magneti c head. The magnetic

heads 102-1 to 102-8 noveh&rbasic ddieriflraitding Fcar diagaciedi disikhe
magneti ¢ heads 102-1 to 102-8 are supported by a rotary actuator 103
via arns 105- déYicé fie 4B&WB. in Fsgensi @ sarkDA-0B.t oF1§6- Bohagkowsingt i on of
the pressing the magnetic heads 102 agai nst the recording media 101-1
to 101-4 urkler pdadevéewi nédtheadevies pord iRdgt y.10B shoisgiavaerslieelri c
circuit is needed for processing of _ reproduction signals and for

i nputting and é@f:‘p'apnaggveew oD thefdevene onRecRedéng| pedaasighal to
processing circuit in . which waveforminterference at high-densit% IS
posi tively 104r#| predfizedntasa Are YEhrta de Redgdese bvari makpr 100.

Li kel i hood) or _EPRM (Extended PRM.) which is an enhanged PRM., has
been adopt ed, &BnfrPbut PRgSHPESPRE teammyigyhicds cogprdisey d8¥Fgn.  The

R R L e
10 102-1 to 102-8. However, the magnetic disk device may
comprise at least one magnetic disk and at least one
magnetic head. The magnetic heads 102-1 to 102-8 move on
the rotating recording media. The magnetic heads 102-1 to
102-8 are supported by a rotary actuator 103 via arms 105-
15 1 to 105-8. Suspensions 106-1 to 106-8 have function of
the pressing the magnetic heads 102 against the recording
media 101-1 to 101-4 under a determined load, respectively.
A given electric circuit is needed for processing of
reproduction signals and for inputting and outputting of
20 information. Recently, a signal processing circuit in
which waveform interference at high-density is positively
utilized, such as PRML (Partial Response Maximum
Likelihood) or EPRML (Extended PRML) which is an enhanced
PRML, has been adopted, contributing greatly to a high-
25 density design. The signal processing circuit is installed
in a circuit board on a cover 108, etc.
The functional portion for writing and reading

information on a magnetic head assembly is comprises



i nformation on a magnetic head assenbly is conprises

3- conponents shown in Fig. 11A for exanple. A witing portion
111 is conprised of a spiral coil 116 between magnetic poles 117, 118
whi ch are nmagnetical ly connected wi_th each other. The magnetic poles
117, 118 are both 5 conposed of a magnetic filmpattern, which are nade
of an N EemBbhéit s eskown I BSPECG | Viel, fUie ex@aphled PRI Diidd 2

conpri ses a nmagnetoresi stance el enent 113 made of an N Fe al l oy, etc.

and an el ectrpdetidl 101 8Pty fed Wstampiral collr el6 betwkeeAnst ant
voltage to the element 113 and for 10 detecting changes in resistance.

The magneti c pagreti8, poles W7 chl 18 whiidth eireamalynkeeiakldy, cehnectad serves
al so as a magneti c shielding |layer, is provided between the witing
and readi ng pwithoaschTbeheri s Ther tlagnesishpeldsnyl? aykli8 are Hdth
underneath the magnetoresistance element 113. A 15 reading resolutionis
det er ni necd bycenpoge@aping cnare i £ilm paidemmen whiichshrrel wadg plyan 115
and the magnetic pole 118 (serving al so as another shielding |ayer).
The functionalNiFe allaytekcis FOIRRREOIP Y nafhet Feafing RPF ke 144D (Fig.
11B) via an underlayer 114 nmade of A1203, etc. 20__Lncidentally, the
magnet i ¢ headcgpPﬁég?smﬁi%?9??F?ﬁ?ﬁ&§ﬁﬁ?ce element 113, Bede: P naﬁayéFenade
of hard-carbon tc._on the ur.fac osed to the _magnetic. recording
mediam o 21184 ebl A8y e e T RNIRE abridiafof  ohseaBE  hown
in Fig. 11B. neg.i fﬁg&éﬁ. es I ti 04425 h gnetic
recprding ned?ﬁ%f%ﬁ?léEf%og I ng ¢E§§%¢%§@:%O %#%Hféﬁbéﬁ%fééé gﬁé,?gg?er
positionifyg i BeRBcRERLEREYges in resistance. The magnetic pole 118,

which is made of an NiFe alloy, etc. and serves also as a

magnetic shielding layer, is provided between the writing

and reading portions. There is further a shielding laver

115 underneath the magnetoresistance element 113. A

15 reading resolution is determined by the clearance distance
between the shielding layer 115 and the magnetic pole 118
(serving also as another shielding layer). The functional
portion is formed on a magnetic head slider 1110 (Fig.
11B) via an underlayer 114 made of Al,03;, etc.

20 Incidentally, the magnetic head slider, which is provided
with a protection layer made of hard-carbon, etc. on the
surface opposed to the magnetic recording medium, is
supported by a gimbal 1111 and a suspension 1113, as shown
in Fig. 11B. The magnetic head slider moves relatively to

25 the magnetic recording medium while floating from the
medium surface and, after positioning in an arbitrary

position by an arm 1114 connected to a motor, realizes the

function of writing or reading magnetic information via



position by an arm 1114 connected to a notor, realizes the function of
w'iting or reading magnetic information via

- 4 - | ead lines 1116 and 1115. Wth respect to the above

function, there is also provided an el ectrisc_control circuit together
wi th the aforenentioned signal processing unit or on the head

carriage. 5 lead lines ATElaid ed 1. URt Uher&épéct CESHTEhhbme Uum i s
schematically shown in Fig. 12. As described in JP-A-3- 16013, nost of

t he conventi onfithyticed tleewos disgalnmdiparcaridled an pledueéd byntpobi ng a
magnetic | ayer 123 nmade of a Co-Cr- Ta alloy, or a Co-Cr-Pt all oy,
etc. on a non-obgoetit ctodérisemhsiitdt ehmad oafemdintpbaeddsipghal aprdcésaitgy, a
gl ass, a hi gh- hardness ceram cs, a polished Si or the like, or a
pl astic substranet16t Gy the lad taainigaest hod, or the evaporation
met hod, or the plating nethod, etc. Usually, an under layer 122 nade
of Cr, or & O alloy, etk .ddt@iles sgrushuze of aonererdong thedhaynes i c
| ayer is often forned, on the substrate. Furthernore,_a protection film
124 nade seherakberl 1Y ki bidh Fdéht diZni nBS nfesohErPAnt o Hydogen,
or SiIA2 or SiN r2, etc, i.s provided to.ensure dyr abi | i of
ol i di g resi sthntEST e e HETiGR Y 158d aEobHL AR PPALR ALF Kyl
pol yet her havin n rptiyve. ar r.eagt | rQup, -0 ic
POt Yot her oV o0 B98) o o o SLOKE 309 RRPoc k8508
magnetic recorging fleyi Ce 5 cp-dREELGY '%trc“:‘c%dhnﬂoflgfﬂégﬁéti at
performrecording an 25 readi ng on a madgrdetic recording nedi um fhrough
the use ofjg substrate made of Al plated with an NiP alloy, a glass, a
high-hardness ceramics, a polished Si or the like, or a
plastic substrate 121 by the sputtering method, or the
evaporation method, or the plating method, etc. Usually,
an under layer 122 made of Cr, or a Cr alloy, etc. for
15 orientation control of the magnetic layer is often formed
on the substrate. Furthermore, a protection film 124 made
of diamond-like carbon containing nitrogen and/or hydrogen,
or Si0; or SiN or Zr0;, etc. is provided to ensure
durability of sliding resistance, and a lubricating f£ilm
20 125 made of perfluoro alkyl polyether having an adsorptive
or a reactive end group, or organic fatty acids, etc. is
provided.
In addition to the magnetic recording device,
magneto-optic recording devices that perform recording and
25 reading on a magnetic recording medium through the use of
light have also been put to practical use. The magneto-
optic recording devices are classified into one type in

which recording is performed only by light modulation and



| i ght have al so been put to practical use. The magnet o- optic

recordi ng devices are classified into one type in whi ch recording is
performed only by |ight nodul ati on and

- 5 - anot her type in which recordingfgqg reproduction are

perfornmed by light with a nodul ated nmagnetiT field. However, the both

types greatly mebyner kopk WHe@hich ré@&mﬁa@%ﬁ]drép%ﬁad&ioﬁh%&%fore,

according to such type 5 of devices, it is inpossible to perform
recording and perforfed Bg 10ghtoRidRta héANE{esd mlgheid tﬂlléidt.q_ﬁy have
e

been adopted mainly 1 n backup systens, etc.
i nportance of Hosteoragettevboehi Bypes ejredely rely [h HeatStwblemge capacity
and the speed during inputting- 10 outputting operations. |In order to
i ncrease conpetrieciording andnesadbfigpr Gthexteforiet, aecoedéngaty Sacht tgpe
storage devi ce to increase capacity by higher recording density,
hi gher 5r ordt demakespedtl dadinmpoheiblbatto tpenfoimyr neatoerdingnandose
of the prior art. Thus, an_inportant problemto be solved 15 by the
present invent ¥&Adiagt dnphadghdéata devarefenpafie asid thus theor bang badn
reading at a hi%h data transfer rate of not | ess than 50 MB/ s and,
more pref er abl $9°PRgH BR1BLK; R backupycfgstsmsf 4f&- less than 5 G/in2. A
magneti ¢ recording dium c ableéf recordi ng .and readi at a high
20 frequency and capablﬂﬁﬁflTﬁﬁ€¥%ﬂ9ﬁ; i GFoSPLe feVacst 18 agter%F@ﬁd
density and a g [ g & C bl e, _.of ratin ._ sufficient
magneti c recorgﬁnggfgi %F %% eag%%%lw e%ﬂajtgn% v SPe%ildélrﬂ‘élgeggg .t?‘BP'megti ng
Eﬂgr;equ'rﬁﬂenﬁutputting operatiéﬂb90&¥P%&G%Qakon§ﬂgfgégerg&ﬂﬁgffgi@ggla’
ness of products, it is necessary for the storage device
to increase capacity by higher recording density, higher
rotational speed and higher data transfer rate than those
of the prior art. Thus, an important problem to be solved
15 by the present invention is to provide a device capable of
recording and reading at a high data transfer rate of not
less than 50 MB/s and, more preferably, that at a high
density of not less than 5 Gb/in?. A magnetic recording
medium capable of recording and reading at a high
20 frequency and capable of obtaining a high S/N ratio at a
high density and a magnetic head capable of generating a
sufficient magnetic recording field at a high frequency
are necessary for meeting the requirement.
In conventional magnetic recording media, there
25 have been proposed and actually carried out to reduce
noise by refining crystal grains in order to obtain a high

S/N ratio at a high density of about 1 to 3 Gb/in?, and by

promoting segregation of non-magnetic components at grain



25 have been proposed and actually carried out to reduce noi se by

refining crystal grains in order to obtain a high S/Nratio at a high

density of about 1 to 3 Gb/in[err], and by pronoti ng segregation of

non- magneti ¢ conponents at grain - 6
) boundaries to reduce exchange couﬁ]#hg'annng crystal grains as

bei Ng 1 aUGt | BolRaf 63168411 0,dB & e ing ambicfB3=RR4407 50 as

to make the coercive squareness not nore than 0.85 and the

rotational hysyeLesksakopeiRy taubRetie FRnossnf1 sk 1t,0 7b-3-3Naisve3cangbe
consi derably reduced by recording and reading at a data transfer rate

of not nore than_-abedt 220408/ §0 KWWY ehakaheie tderEHGRedgarenesieGar gdong
was carried out on that filmnmedia of the prior art at a high

frequency of nelbt aoset RABNSO . BB/ andt fies Bdtatlibndl Ustatairiesi sefloast ®RHi n
fine magnetic crystallines is remar kabl e due to weak exchange coupling
anong crystBl to thgr aangeand Dhé appharEnt Nodeecicae ber censsdhrghlyesul ting
in that it was inpossible to record on it accurately. Furt her nore,
even when recondidugeds byeregendingnaed weading |af ge dahs dimangfiey rate
utilization of a nodified recording circuit, etc., the nagnetic
recordi ng transift ne% megieoithps about g YelBas dudowevernr WRENnkhRelpgnetic

recording field resulting in that noise increases agnd/ or recorded
i nformation i s Tecording: WageRarriagsoRl oM dtiart sttt Besiay ko i P CT 20

SUMVARY COF THE | NVENTI ON, An object qf t esent_.i nvention
is to provide art at poRighi StepHgReYi of rRbrif$y t(r}iﬁﬂ [}fﬂ Mdsé:&egf“ i ne

10 fluctuation effects in fine magnetic crystallines is
remarkable due to weak exchange coupling among crystal
grains and the apparent coercive force is high resulting
in that it was impossible to record on it accurately.
Furthermore, even when recording is performed under a

15 large current with utilization of a modified recording
circuit, etc., the magnetic recording transition region is
widened due to a broad magnetic recording field resulting
in that noise increases and/or recorded information is
lost when it was alowed to stand for a long time.

20
SUMMARY OF THE INVENTION

An object of the present invention is to provide

a low-noise magnetic recording medium composed of fine
crystal grains which is capable of recording and reading

25 at a high data transfer rate of not less than 50 MB/s and
further permits high-density recording at not less than
about 5 Gb/in2, a recording and reading magnetic head with

high reading sensitivity which is capable of sufficiently



crystal grains which is capable of recording and reading 25 at a high
dat'a transfer rate of not |less than 50 MB/s and further permts

hi gh-density recording at not |ess than about 5 Gb/in2, a recording
and readi ng nmagnetic head with hi gh [e?dtng sensitivity which is
capabl e of sufficiently sharp recording on the nmedium and a

mRgnet [ ¢ recor diiy recdRUEE B dhenlida 2ahbnshaEnERL e ABCoLd

density which Is rea using the magnetic fecording med um and

t he nmagnetd&, fead Ofy HHIRIeN rankeRll @Ate and hl%h density wHO&{ to
achi eve the above obj ect, the present inventors pushed forward studies

on chem cal is GREIOSidd AR ﬁ?@t’h@ maghe¢9ediregorBihg, méePeR| dndthe
processes and technol ogi es relat to devices such as magneti ¢ heads,

and found out th&gnétic fldddwhgheaesane ih@enveoy.ef fective.

There is proposed a magnetic recordi ng nedi um with a magnetic |ayer
conprising & |east one mMet airder toebehéaVesehecabdwérobdeme,gﬂuup

consi sting of Co, Fe and Ni as a primary conponent, at |east two

el enent s sel ectetesarst Fnuantorse gosdhegr cf@pwa@dsssudmgso@n@hewbcaw V, Nb,
Ta, Ti, Zr, H, Pd, Pt, Rh, Ir and Si, and at |east one el enent

sel ected fron1a?Qm@¢$P%ﬁQﬁﬁ)Qﬁnﬂﬁgﬂﬁ5¥§ 6?09551€§ mPﬁlathePOSlt¥%Q Sm Eu,
Gd, Tb, Dy, Ho, Er, Tm Yb,_ Lu, Bi, Sh, and B. According to
the magnetic ré%%ﬁ?ﬁ?&ﬁ%ﬁ&ﬂ4nﬁeﬁhpoyﬂgleﬁsrﬁ&§§ﬁﬂlEotéeﬁb?ﬁﬁns%Fmﬂﬁ% S/ N

(51gnal 1010 SElt 804 O nenae Ot WIS LEROLAL00, A Polodets dratstele
10 very effective.

There is proposed a magnetic recording medium
with a magnetic layer comprising at least one metal
element selected from the group consisting of Co, Fe and
Ni as a primary component, at least two elements selected

15 from a second group consisting of Cr, Mo, W, V, Nb, Ta, Ti,
Zr, Hf, Pd, Pt, Rh, Ir and Si, and at least one element
selected from a third group consisting of La, Ce, Pr, N4,
Pm, Sm, Eu, G4, Tb, Dy, Ho, Er, Tm, Yb, Lu, Bi, Sb, Pb, Sn,
Ge and B. According to the magnetic recording medium, it

20 is possible to obtain a high S/N (signal-to-noise) ratio
even under recording at high data transfer rate of not
less than 50 MB/s and to reduce the absolute value of

normalized noise coefficient per a unit transition

+/ Nd2-No2+ o Tw/ (Sy-D) (Nd: recorded media noise, No: DC

25 erase noise, Tw: effective read track width, S,;: isolated
pulse output, D: recording density in the unit of flux
change per inch) to not more than 2.5 x 10-8 (puvrms)

(inch) (um)%-5/ (Wvpp) .



normal i zed noi se coefficient per a unit transition [err]
Nd{err]-No[err] [err]Tw (S[err] D) (Nd: recorded nedia noise, No: DC 25
erase noise, Tw effective read track width, S[err]: isolated pul se
output, D: recording density in the unit _of8 fl ux change per inch) to
not nore than 2.5 x 10-8 ([err]rns) (inch) ([err]mO0.5/([err]Vpp).

- 8- Therh VeI &0 SAN4 YA R FRaRGhEe 1EeeaEdkaing

devi ce which can performrecording at a high data transfer rate of not
less than 50 MBkgiby WRLEH thE BLEVEIBEN@iiding at E AN FateedirdAfar
magnetic recording head and an RWIC 5 having the follow ng features;
that is, the negmet b€ not 1£8§0tHamgsham) asserdding g wove magaktic

i nduct ance reduced to not nore than 65 nH because it has a nagnetic
core | ength of reebrding mbBabulp &enadmetbecsmtserding hegadwndedn R/W-ECth a
magnetic filmwith a resistivity exceeding 50 [err][err]Jcm 10 or a

mul tilayer 5il mavdangotbe bliowigmefeatiresn afthtaris, the megngtisg filmin

part of the magnetic core, and further, _ because it is nounted on an
i ntegrated ciraeceordingehepdnassemblyns tHevey W ItOtRlodicBEt@sic®g a process
of aline width of not nore than 0.35 [err]mand is capable of ,

operating at h¥gduced tpregtieReresthar % e RRGEUSSH hdififed EPBESAGI ng
devi ce of t he present invention can performthe readi,ng.of nmagneti,c
i nformation at C&TRi gﬁng‘éfﬁsPFynBF ﬂ%’feléé??t:{éﬂf% &”laﬁ’f%ﬁ‘_t 18 pﬁ?igﬁgeg
2:822%Bfe2?§?a§§§%%%$38$5% ig %gﬂﬁégi n?gtfégy%ggﬁ%beggiskgg}esgf &ct” and
W th an ef{@Ct%XeaF&ﬁﬁ%i%gggg film E%m£52e5“§ffé*EHbAéé%J‘%f&kﬂhnd an
insulating film in part of the magnetic core, and further
because it is mounted on an integrated circuit suspension;
and the R/W-IC produced using a process of a line width of
not more than 0.35 pm and is capable of operating at high
15 frequencies. Furthermore, the magnetic recording device of
the present invention can perform the reading of magnetic
information at a high density of not less than 5 Gb/in2 by
using a magnetic head provided with a read element having
a giant magnetoresistance effect or a tunneling-
20 magnetoresistance effect and with an effective track.width
of not more than 0.9 pm.

Recording density can be increased about 20% by
forming the magnetic layer of the magnetic recording
medium through a non-magnetic intermediate layer

25 comprising at least one element selected from the group
congisting of Cr, Mo, W, V, Nb, Ta, Zr, Hf, Ti, Ge, Si, Co,
Ni, C and B as a primary component.

A magnetic recording and reading device of



Recordi ng density can be increased about 20% by form ng the magnetic

| ayer of the magnetic recording medi um t hr ough a non- nmagneti c
intermediate |ayer 25 conprising at |east one elenent selected fromthe
group consisting of Cr, My, W V, NQ,QTq, Zr, H, Ti, Ge, Si, Co,

Ni, Cand B as a prinmary conponent. A magnetic recordi ng and

readi ng devi cén@fher density can be provided by performing mighetic Ni gher
density can be provided by perform ng nagnetiC recording 1 nmediately

after heat appkeestdongt OmiedPYPEly Gfter HeRGOLHHNG cABdbHMbhROMEEnERE- USE
of a sem conductor |aser, etc. and performng reading with the aid of

the above 5 rgtandingonedbmestitanfe d egle eifeaegemitoaduetefebaser,
havi ng a tunnel i ng-magnetoresistive thin film Furt her nore,
in order to shettenand perfssmingrereadincand therther midosift thei agowet h hi gher
accuracy, it is effective to adopt a rotary type actuator to position
the 10 héad thant hagmetoyessstayee off fogdr o4 emetitl bmeanvedsmant

adj ust nment s. . The precent inventors pushed forward on read-
and-write propBf¥ieg af tunpebinrg anetardisigtivd ¢vinsfilm. shown in Fig.
12, which is fabricated by formng a,6 15 magnetic |ayer of a Co all oy,
etc., a protective |ayerFigithermore,\inggderakg ghpabeRcali AECESS cring

per f 1 uoro-al kyl| - olyether, etc., jin this order, directly.on a
non- magnetic 274 8%5%%%%n¥9%ﬁt%R§%9¥rWiFh%hﬁ? Fc AGRYUERFEy et twhPch

20 ars w, weThet GO T e Gl T R RS B PR

conponent . ¢ he,ah8Ven MBENELL & | AYS s e d ¥ ea®e and fine movement

adjustments.

The precent inventors pushed forward on read-
and-write properties of a magnetic recording medium as
shown in Fig. 12, which is fabricated by forming a

15 nmagnetic layer of a Co alloy, etc., a protective layer of
C-N, etc., and a lubricating layer of perfluoro-alkyl-
polyether, etc., in this order, directly on a non-magnetic
substrate or via a non-magnetic underlayer which comprises
at least one element selected from the group consisting of

20 Cr, Mo, W, Ta, V, Nb, Ta, Ti, Ge, Si, Co and Ni as a
primary component, the above magnetic layer was formed by
controlling film deposition conditions, such as substrate
temperature, atmosphere and deposition rate, heat
treatment conditions, compositions of magnetic layer or

25 under layer, a thickness of each layer, crystalline, the
number of layers, etc. At a recording density of 3 Gb/in2
and at 10 kprm, these magnetic media were evaluated

through the use of a conventional magnetic head with the



controlling fil mdeposition conditions, such as substrate t enper at ur e,
at iosphere and deposition rate, heat treatnent conditions,
conpositions of magnetic |ayer or 25 under |ayer, a thickness of each

| ayer, crystalline, the nurmber of laygrs, etc. At a recording density
of 3 &/in2 and at 10 kprm these magnetic nmedi a were eval uat ed

through the usewpfelentety Y isHidn TRIPELEC NeRJaMEI M8 N6 a conventional
- 10 - MR el ement as shown in Figs. 11A and 11B on a conventi onal

magnetic di sk deagroecias Ghvddvice @s. shodnanf FOBs. ABOR and 10BSUl, at he
present inventors found out that by giving the above magnetic |ayer of
a conposition aosxudlit) heatprdesasit inveanersefalnél enenthste! v tedrfigpmiene
group consi sting of Co, Fe and Ni as a primary conponent, and at | east
t wo el enerdlsowe Inegrext ifo dayers e€oadcgmpopitbosi stnrgimingrat Meast

W V, Nbo, Ta, Ti, Zr, Hf, Pd, Pt, Rh, Ir and Si, it is possible to
refine crystal epaimstaindleodmte selecerdhings the gnoep aceiorsbimmnetGest al
grains and al so to reduce the absol ute val ue of nornalized noise
coefficient perFe and fHc@&sdian@prdeagiyt gomponent poaedt #nl @Kt 1¥8 (Vr ns)

(i nch) ([err]mO.5/([err]V %) even when recording and reading are
perforned at a SYeRRFEt sfeéte@tﬁd FOTBr ESERBA FUOWR/ SORFISHING il it Sl

technol ogy. This effegt was renmarkabl especj ally duti | ow pressure,
hi gh- t enper at ur® a‘%d Dﬁ?'gﬁ‘-a' 1. 2%y el | Fldepbsi ¥ on’s'%o?néiu?’?ng"tfillsm

depositions at a hi ressure and.a | ow deposition rate. Under ot her
condi ti ons, I:'o?#ol\%l\o/rej'veert,o r‘ﬁfg St 6l tﬁésgﬁgéaseﬁ%égﬁe lflc%?)%}?%i% %bangfo

conposi ti oy ang, COMUNAY] Wemg crystal grains and also to reduce the

absolute value of normalized noise coefficient per
recording density to not more than 3 x 10-8 (uvVrms) (inch)
(Mm) 0.5/ (Wpp) even when recording and reading are
performed at a transfer rate of not more than 20 MB/s of

15 conventional technology. This effect was remarkable
especially during low-pressure, high-temperature and high-
rate film depositions or during film depositions at a high
pressure and a low deposition rate. Under other conditioms,
however, this effect was good enough by optimizing

20 compositions and combinations.

On the other hand, in order to record at a high
rate of not less than 50 MB/s, it was necessary to use an
R/W-IC (Read and Write IC) which is capable of a high
speed processing by putting fine-pattern-width for not

25 more than 0.35 um to partial use at least and, in addition,
it was necessary to develop a magnetic recording head
© structure capable of generating a strong magnetic

recording field at a high rate in response to this fast



On the other hand, in order to record at a high rate of not |ess than
50°MB/s, it was necessary to use an RWIC (Read and Wite 1 C) which

i s capabl e of a high speed processing by putting fine-pattern-wi dth
for not 25 nore than 0.35 [errJmto partigﬁ use at |east and, in addition,
it 'was necessary to devel op a nagnetic rec hrhg head structure

capabl e of geneaptyih % SHAND MHNSLEE:. to pEESELE! O IS Al g ol o

In response to VI n curren I'n or prevent

the deteriorati 9Qs9fS1gnal§ asit S{ ONAlgdrtiant! %hh'EthEaE& BQa]{nébéli&ibfh

installed in a position as closé to the head as possible and it was

desirabl e to regusgsifrosli fd AFNsd & Uhd BB d BBNpdsSible andnet pr&sent
i nventors exanm ned magnetic pole and head structures and materials for

nmagnetic pol es, degtrasvel epetbduce the@iRelineeh€adnassaobey kit h2 ach ot al
I nduct ance reduced to not nore than 65 nH in which the magnetic core

length 11 5 Tvhe apregeaet | inveatrd rRkatdnhed aapgasedcopolbeah@vieead 10
magneti c pole 118 and the upper magnetic pole 117 in Fig. 11A i s not
nore than 35 [esttu¢t@wmbvwndﬂmateqﬁaia ded waghesiic poleagnandcdévéhopedh a
resistivity exceeding 50 [err]Qmor a mul tilayer film conposed of a
magnetic film andnagnetic hemdilaadenpl Mhtibn apaetadf infuchagret Fedperds
conposing 15 the magnetic core, and which is nounted on_a suspension

113 with an int Egraeedieemdiian &5 INthd nt WhdGhh thestrgReEic coreilength 1,

Recor di ng nagnet#c flelds obt ai ned_ by this ma etlg head were
eval uated with Phe? MPRFLLE RRFRAIIES COr SE%POSG ofFheeteWeRhs a result,

the presen%ifnvegéggéiéxggfg 118 and the upper magnetic pole 117 in Fig.

11A is not more than 35 pum, and which is provided with a
magnetic film with a resistivity exceeding 50 pQcm or a
multilayer £ilm composed of a magnetic film and an
insulating film in part of the magnetic poles composing

15 the magnetic core, and which is mounted on a suspension
113 with an integrated conductive line through insulator
1116. Recording magnetic fields obtained by this magnetic
head were evaluated with the aid of a magnetic field SEM,
MFM, etc. As a result, the present inventors could

20 ascertain that a sufficient magnetic field can be
generated even at a data transfer rate of not less than 50
MB/s, and found out that recording at a transfer rate of
not less than 50 MB/s 1s, in principle, possible.
Materials for magnetic poles with a resistivity exceeding

25 50 pQcm include, for example, NiFe-base alloys, such as
42Ni-57Fe-1Cr, 46Ni-52Fe-2Cr, 43Ni-56Fe-1Mo, 51Ni-47Fe-28
and 54Ni~43Fe-3P, and amorphous magnetic alloys, such as

CoTaZr and CoNbZr. Examples of multilayer film composed of



20 ascertain that a sufficient nmagnetic field can be generated even at

a data transfer rate of not |ess than 50 MB/ s, and found out that
recording at a transfer rate of not less than 50 MB/s is, in
principle, possible. Materials for ggetic poles with a resistivity
exteeding 25 50 [err][err]cminclude, for-éxanple, N Fe-base alloys, such

as 42N - 57F§1a getl%GIyIlngggngl aﬁ?ﬁ&a@@f #}i\@n Ny Re- 2S and

54Ni - 43Fe- 3P, an phous rmaghet I ¢ CoTazr and
CoNbZr . ExanpnglQ tggl%lkgiﬁr bipBLEa gsggFéﬂgAl 3Si and Si0O, and a

- 12 - magne n1an an itnsulating filminclude a

i i ayer 11 %@Qrﬂi%%‘i' 24 18988nB0kedShe apOhvSL ABraha 7x0 MUl Li | ayer
filmconposed of 80N -20Fe and When recordi ng and

reading on the above nediyuen %a&é@@&mtﬂﬁm tdre tire atfovichmeddgmet i c
head and circuit of the above construction, satisfactory recording

was i ncapabke dite 900 MB/kadheventy the abar att ehe shagneteie . head amghd besi des
noi se increased twice or three tines. Thus, it becanme apparent that
further ideas arirawidessgarhef abovedcensbrintiereosalt FEfastP TR ZRIRTHNh in
hi gh-density and hi gh data transfer rate. Here, signals were read
t hr ough t s siasipad leo fuen tiropabafiRoV eBdr F @ nehAT aF §8F I gt r &FC -
track wi dth of égéerr]nl The reason for the, above Rhenongnon
was exani ned. hes igless @ed sendB8rrERgCEoRYI BRI 88 HMERe t Hidhethovd Y
phenomenon Is due to a bad_fre uenﬁé reggonse in the recording

tht

charact eri sti c RACaM aRRFLERE FhétefyrE! AT SR NRECeSSA ARz ed by

perfornlngl% Slgﬁg&¥1A31ééyg¥#¥%gtg%du§ga81ng both in high-density and

high data transfer rate. Here, signals were read through
the use of a conventional MR read element with a narrow
track width of 2 um.
The reason for the above phenomenon was examined.

15 The present inventbrs considered that the above phenomenon
is due to a bad frequency response in the recording
characteristic of the medium. Therefore, the cause was
analyzed by performing a simulation through the use of a
super computer, etc. and as a result, it became evident

20 that there is a problem in thermal fluctuations of
magnetization and spin damping during recording process.
Therefore, studies were carried out on medium additives
capable of optimizing thermal fluctuations and damping
coefficient. As a result, the present inventors found out

25 that by adding at least one element selected from a third
group consisting of La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy,
Ho, Er, Tm, ¥Yb, Lu, Bi, Sb, Pb, Sn, Ge and B to the

composition of the above medium, it is possible to reduce



super conputer, etc. and as a result, it becane evident 20 that there is a

problemin thermal fluctuations of magneti zati on and spi n danpi ng
during recordi ng process. Therefore, studies were carried out on

medi um addi ti ves capabl e of optinizing thermal fluctuations and

dahpi ng coefficient. As a result, the %resent I nventors found out 25
that by adding ey g1 8O0t ﬁ@%ﬁ%ﬁf&gé'ﬂaﬁéé183é9$1c1ent9b69p

consi sting of Eﬂg éggﬁépga b ﬁgﬁ Sm Eu, &, Dy, Ho, Er, Tm Yb,

Lu, Bi, Sb, Pbre§8rd§ﬁgaagngﬁﬁ9 g¢Henot moﬁé”ﬁh&ﬁiz %ﬂxohoPhe(ﬁ@ﬁme)nimbhmn
It i's possible to reduce

the absol ute va|weod, | le06h RBeseresstlingens performed raeu:cﬁammg/s
density to not nore than 2.5 x 10-8 ([err]Vrns) (inch)

(pm 0.5/ ([err] ¥pa)k e¥eacwheasrebsetved wisepertforatmyeatelsheBsswere  Thi s
effect was observed when the above el enents were 5 added in anounts of not
| ess than 051 akd@edHdnewmpuntbedf not lesklitham 0.4 @&t%nodavevero. theins s
sufficient. Addition in amounts of not nore than 0.1 at%was, |
undesirabl e  addi¢dansénofnaamennt kabl . Heaxtease suf fgnigmt . FAFdhEEo®r €,
the effect was remarkable when rare earth el enents were 10 added. The

above effect wda am@@n§§céﬁtapﬁe60¥ﬁ e (sl at® wag (wdes ar type
medi umin which a non-nagnet subst ance, such as SIC% gg Zr2. and a
magneti ¢ mat er pgcause °®|Fhr§mﬁF§ﬁbé? ¥R Lhi QU BhEPERPCT uch as

CoPt and CoNi Pt, were sinult f ormed ut t-er| 15 the
magneti c mat er ithe &EfRck Wﬁahrépﬁgﬁgﬁ’r?n heni k% § o%ﬁf%}1 elemss sa% Was

tat dp ! bout
gggfgfl]% fg g%@g&%ﬁfﬁtﬁ%b%g e L EUP W 0 ascRbt@ih8APShALHAE 95 abou

called a granular type medium in which a non-magnetic
substance, such as SiO; and Zr0;, and a magnetic material
with a high crystalline anisotropy constant, such as CoPt
and CoNiPt, were simultaneously formed by sputtering and
15 the magnetic material with a high crystalline anisotropy
constant was precipitated and dispersed by heat treatment
at a temperature of about 300°C to obtain the above
composition. Furthermore, in a case where the above
magnetic layer is made of an amorphous magnetic substance,
20 the magnetic layer often has perpendicular anisotropy.
However, the same effect was also observed in this case.
Furthermore, in any of these instances, when the above
magnetic layer was formed via a non-magnetic intermediate
layer containing at least one element selected from the
25 group consisting of Cr, Mo, W, V, Nb, Ta, Zr, Ef, Ti, Ge,
Si, Co, Ni, C and B as a primary component, noise could be
remarkably reduced because of statistical addition of

signals and this was especially favorable for noise



conposition. Furthernore, in a case where the above magnetic |ayer is
made of an anor phous nagnetic substance, 20 the magnetic |ayer often has

per pendi cul ar ani sot ropy. However, the sane effect was al so observed
in this case. Furthernore, in any of ese instances, when the above
magnetic layer was forned via a non- magnet internmedi ate | ayer

cont ai ni ng at ﬁgaa%Fé__q_%% el ﬁ{fggﬁ_e]_s&%g&t echdy q'rg té%ec%glqgo%t@%gftg&l ng of

C, M, WV, as a primry
conponent, noi S&Ccotﬂyd Afiucin &ﬁ@ah&aﬁéuleeéé@@dl&@&u&ef afhestaidvad i cal

addi tion of signals and this was especially favorable for noise
- 14 - edidrein.c Hadheombe, mpbat thenespaeh ald yshnteword bt riong
t hat by redu0|ng the magnetic core length of the above magnetic head

to not nore thamdpfetier rfimldacohagpbandentrangd with nymetdsediel d coul d be
generated with increased 5 efficiency and recording on a nediumwi th a

hi gher 5coasrffiivd drrye andaseposdihbeonTai sedsumriet eh ablidiwrause

hi gher densities can be obtained. Furthernore, by installing the above
R WIC near thecaspsrsiforce wasr pogsible. t i Thiofis Drafera@is PEGANEEC
field could be nmade further 10 shorter. This permtted sharp recording
and enabl ed nediigher densgitest sapebeePhtpiBey- r@dmrmﬂ?@r'eg’éf this is

nor e pr ef er abl e. rd t f
reading at a instalgingefdie ghovensdy Wrégsngéﬁngbg%‘f%’%}}éf‘%’?rqg‘%églgs;j%ary

2 magnet i ¢ hoad Hily % it RGERER, BapBalit, ig o could Bhade slithdi®® O

10 shorter. This permitted sharp recording and enabled medium
noise to be relatively reduced. Therefore, this is more
preferable.

In order to perform recording and reading at a
high density of not less than 5 Gb/in?, it was necessary

15 to perform the reading of magnetic information through
the use of a magnetic head having an effective read-track
width of not more than 0.9 um with giant magnetoresistive
effect or tunneling-magnetoresistive effect, and performs
the reading of magnetic information at a high density of

20 not less than 5 Gb/in2. By performing reading like this, a
signal-to-noise ratio of not less than 20 dB of the device
necessary for the operation of the device was obtained
with the aid of the signal processing method and it was
necessary to combine the magnetic head with signal

25 processing such as EPRML or EEPRML, trellis coding, ECCs,
etc. Incidentally, the giant magnetoresistive element
(GMR) and tunneling magnetic head technologies are

disclosed in JP-A-61-097906, JP-A-02-61572, JP-A-04-35831,



wi dth of not nore than 0.9 [err]mw th giant nmagnetoresistive ef fect
or- tunnel i ng- nagnet oresi stive effect, and perforns t he readi ng of
magnetic information at a high density of 20 not less than 5 Gb/in2. By
performng reading like this, a signal-to-noise ratio of not |ess than
20" dB of the device necessary for tﬁelépér ation of the device was

obt ai ned Wi IR 3356181 LBeaAShanakoRhoCeRs| A ARIA0M Gl | { auas

necessary to conbi ne the magnetic head wth signa 25 processing such as

EPRML or EEPRM.¢dd&lihieS +eadikngi JERCE8E not m&EE- tharei 6lontal las e lgizadt
magnet or esi stive el enent (GWR) and tunneling nmagnetic head

technol ogi es ang, puttitiesali*sREraBhyPtéchio 84V 06asdd-dhn Gh Gl-AAhe

JP- A- 04- 35831, - 15 -

JP- A- 07- 333015, tHpp0211 4843 andppBrA- §282188P1cation techuidlexdy veetia.ack
wi dth of not nore than 0.9 [err]mwas realized by putting Iithography
t echnol ogy Basetb cfuldn usd.i ne stepper or a KrF stepper, FIB
fabrication technology, etc. 5 to full use. The above
system was a very epoch- ffhlei apopeodusten wasas werm@rAci-uking BrRdpst,
the present inventors found out that recording can be assisted b

2

. Y
i nst ant aneousl| yas a magretiny di skedi BAVeeX hethe Ryasanh dWVARGOTsT trMBH
about 10 50[err]Cto 250[err]Cwith_a naggg%%& di sk provi ded with a heat -
c

generating por (9Wn HiF (RIS DG A8 RE £ Pyet® fpraneousty o gh
[foauency, o0 SOBLADS Aol Ll Y5 Sonpgrns EEL PN kARl & 11
recording .35 nagneti e AYss S ¢ Beghedyeeds sRNErL6EaLE ! Poila hdlgh
generating portion and thereby reducing the coercive force
at a high frequency, and that this idea is further
effective. In other words, in this system the load put on
the recording portion and the material for recording
15 magnetic poles could be reduced, and recording at a high
density of not less than 5 Gb/in? and a high data transfer
rate of not less than 50 MB/s was possible even with a
recording track width of not more than 0.9 um and even
when a magnetic pole material with a saturation magnetic
20 flux density of 1 T was used. Thus, this was especially
advantageous.
With respect to this effect, access time can
also be shortened by performing magnetic recording
immediately after heat application to a magnetic recording
25 medium and performing reading with the aid of the above
giant magnetoresistive element or element having a

tunneling-magnetoresistive effect. This is further

preferable.



density of not less than 5 Gb/in2 and a high data transfer rate of not
| ess than 50 MB/s was possible even with a recording track wi dth of

not nore than 0.9 [err]mand even when a magnetic pole material with a
saturation magnetic 20 flux density of {'Eémqs used. Thus, this was
especially advant ageous. Wth respect to this effect,
access time can als%up

. : erababtenedybys pe f o M- JRanalde TR T
i medi ately after heat app

ication to a magnetic recording 25 nedium and

performng r eadi@&:}# tadbde rlad Qenklh8talgVBortion i &t eFBGMEiwe @sdatd | Ve
el ement or el enent having a tunnel i ng- nagnetoresi stive effect. This is

further Pref B n be reduced and high-speed positioning -bedbmes
Furthernore, by using a sem conductor |aser chip as the above

heat - gener at i ngpge¥ i, anief ieceéspechehlly preferdbine can bdditidlauedimnd
hi gh- speed positioni ng becones possible. This is especially

pref erabl e. 51 n @kt iton,sliorten acdesst ¢iskoptdnensvre spes kel emine risifte a
positioning with a hi gher accuracy, it is especially effectjve to
posi ti on t kg tesa chdyyuraayot dity iscespesiamdyhedieatave| Baseospton
stages of coarse and fine novenent adjustnents. 10 BRI EF DESCRI PTI ON COF
THE DRAW NGS the head by a mofary Si¥6HStezhBRERPEalNy2tntea3sei? al
portion of a magnetic recordi ng .medi um of the_invention;

Fig. 2 shows scHeddes f ISPa%Re @é’%de%t% ToyeMeR adjuspRentipgnetic head

assenbly of the invention;

10 BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 shows schematically the essential portion
of a magnetic recording medium of the invention;
Fig. 2 shows schematically the essential portion
of a magnetic head assembly of the invention;
15 Fig. 3A shows schematically a plan view of a
magnetic recording device of the invention;
Fig. 3B shows a cross-sectional view of the
magnetic recording device shown in Fig. 3A;
Fig. 4 shows schematically the essential portion
20 of another magnetic head assembly of the invention;
Fig. 5A shows schematically the essential
portion of a magnetic head of the invention;
Fig. SB shows schematically the essential
portion of another magnetic head of the invention;
25 Fig. 6A shows schematically the essential
portion of magnetic write head pole structure of the
invention;

Fig. 6B shows a cross-sectional view of the



15 Fig. 3A shows schematically a plan view of a magneti c

recordi ng device of the invention; Fig. 3B shows a
cross-sectional view of the magneti ¢ recordi ng device shown in Fig.
3A, Fig. 4 shows schenaticah%y the essential portion 20 of
anot her magnetic head assenbly of the invent'ion; Fig. 5A

shows schemat| %&%t&%ehéagegbhg stﬁuctﬁ%tmswfl@ neda,c head of the

i nvention; ows schematically 1he essenti al

portion of anot her nmagnetl g heRdsRbws hecheHHdOMy t3e essential Fig. 6A
shows schenmatically the essSenti al portion of magnetic wite head pole

structure of thRrtion l0FVaRLitBBr magnetic write Medd PRl shmyucture of
cross-sectional view of the - 17 -

magneti ¢ head polee igivamdtivhe shown in Fig. 6A Fig. 7A shows
schematically the essential. portion of another magnetic wite head
pol e structBre of t Bégi.nVBnthows aScross-sectioriEly vidw siowhea
cross-sectional view of the magnetic wite head pole structure shown
in Fig. 7A magnetic writki geagApshownstzunewneieaowy ihd kst al
portion of still another nmagnetic wite head pole structure of the

i nvention; 10 Flglg3A8Bh§H§m§C%¢%¢%&@@%&XﬂqhﬁuﬁsﬁﬁQQka&f t he
magnetic wite head pol e structure shown in Fig. 9

is a graph shoR¥gieh &f &t ldf a&&&h??v@agnetlgl‘é%'ﬁ? dread pole

structure of the invention;
10 Fig. 8B shows a cross-sectional view of the
magnetic write head pole structure shown in Fig. 8A;
Fig. 9 is a graph showing an effect of additive
elements;
Fig. 10A shows schematically a plan view of a
15 conventional magnetic disk device;
Fig. 10B shows a sectional view of the
conventional magnetic disk device shown in Fig. 10A4;
Fig. 11A shows schematically a partial sectional
view of the essential portion of a conventional magnetic
20 head with write and read elements;
Fig. 11B shows schematically the conventional
magnetic head shown in Fig. 11A; and
Fig. 12 shows schematically the essential
portion of a conventional magnetic recording medium.
25
Example 1:
The magnetic disk of the invention is shown in

Figs. 3A and 3B. Fig. 3A is a plan view of the device and



Fig. 10A shows schematically a plan view of a 15 conventional magnetic
di-sk devi ce; Fig. 10OB shows a sectional view of the
conventional magnetic di sk device shown in Fig. 10A Fig.
11A shows schematically a parti al sectionag view of the essenti al
pottion of a conventional nagnetic 20 he 8 With wite and read el enent s;

Fig. Il B showsFigheggt&gaglgeé?goﬁ%gviigwcggﬂﬁ$e dadqggnetkﬁ bradasto¥e in

Fig. 11 A, and ows schematically the essenti al

portion of a copvenli 9RJknERGACt b CrEEE6AL TR i1 o35 the inkemmpba, l:
The magnetic disk of the invention is shown in . Figs. 3A and 3B. Fig.

3Ais a plan vigweef wihe BevheScaiBed later in detail by referring to -
18 - Fig. 3Bis a sectional view of the device. In the device of

the invention, Fagl.eqqr dsngiged us lrotathenilnvehtdreh rotatedminycia wotorbe
described later in detail by referring to Fig. 1, is fixed to a rotary
hub 34 and sot aued hyndareobeding 3&Openfiormed dryiagnagnelact draned 38y a
magneti ¢ head 32, which will be described |ater in detail by referring
to Fi gs. WhAcinwillBbeTHesnuihedi tabendimdetrilfpomaipnsning to

rotary actuator 33 via an arm 311 and positioned fast an stabl e

g )
manner in a pr &@si-hddPpastt LR - of TR dagmeist eady 3kedsr &PﬁBoﬁ%g?ﬂu 3%. In

t he draw ng, the nuneral 313 denotes a ensi on.. As in Fig. 2
whi ch i | | FtPae §CENE RS é?lglafa?h%r%u%?}ﬁp '%rP%nﬁlsEl 3250 Fast' and?

in a stable manner in a prescribed position of the

10 rotating recording medium 31. In the drawing, the numeral
313 denotes a suspension. As shown in Fig. 2 which
illustrates the details of the suspension 313, the
suspension 313 used in this device is an integrated
circuit suspension in which the wiring 21 and an

15 insulating layer are integrally formed on a plate spring
through the use of the thin film technology so that the
inductance of the wiring 21 is not more than 15 nH. Usual
wiring of twist wires and wiring with an inductance of not
less than 15 nH, signals higher than 50 MB/s attenuate

20 greatly. Thus, conventional types of wiring could not been
adequately put to practical use when circuits of usual
power were used. In a case where an R/W-IC portion 314 was
formed on the above integrated circuit suspension 313, in
which the thin-film wiring and insulating layer were

25 directly formed on the plate spring, or an FPC for wiring,
and the distance from the head was not more than 2 cm, the
attenuation of signals was not practically observed and an

improvement in transfer rate of not less than tens of



suspension 313 used in this device is an integrated circuit suspension
in which the wiring 21 and an 15 insulating |layer are integrally formed on

a plate spring t hrough the use of the thin filmtechnol ogy so that the
i nductance of the wiring 21 is not nore thgg 15 nH  Usual wiring of
twist wires and wiring with an inductance not | ess than 15 nH,

signal s highermgg%ﬁyggsggéﬁeg%égﬂga&éé Ak e &R ofparBiito GOBYER! yABRE

types of wiring n adequately put "to practical use when

circuits of usugl g,y TcPQUET i NEESr&SEE with B AYMAINPrRcRRsRhY bErpatti on
314 was fggngéwoﬁctﬁégat%gesfntegpgted cir%ﬁ%t gﬁspension 313, in

whi ch the thingbigl RowhtbBYoaNE EDsehat iBht@YY Rfentiondilnect | yhisr med on
the plate spring, or an FPC for wring, and the distance fromthe head

was not nore thans2wel) ebpeciallyaptefewdbos. ofinskphal examplaocdfpthetically
observed and an i nprovenent in transfer rate of not |ess than tens of
- 19 - 5 redakghes oper thecahdtamce oksersed aoripdr ehd @ &Mcase where

an RRWIC was integrated with a signal processing circuit and mpunt ed
on a circuit bdacddestedhyenFigaal 13 ahdslOB illustixatifss ass sEameley in
preferable. In this exanple of the 5 invention, the distance was set at
1.5 and 1 cm which foudenagneyic Figsks 19 hnleP 154 13065 (SLNEs TQREkafpl e

in whi ch four magnetic disks _31-1 to 31-4 agq ei ght nagnetgc .
heads 32 are nb@306d32HawevBPUNEEA} o FAWEHRE m@ndEAS PR MagneLlg disKeast

“vent fon, 1 1820 eadssingne Tagnetic 8e5a gy HE Rk ASL  nEinEER on a
casing 31218f @E%REEEFof the present invention, 1 to 30 heads and 1 to
15 magnetic disks were mounted on a casing 312 of magnetic
disk device shown in Fig. 3.
The same prescribed electric circuit as
conventional technology is required for recording
15 information, processing read signals and inputting/
outputting information. In terms of power consumption,
however, a circuit using a CMOS is advantageous in
comparison with a circuit using a Bi-CMOS and it is
necessary to downsize circuitry in order to perform
20 recording and reading at a high rate of 50 MB/s. In all
cases, therefore, it was necessary to adopt the patterning
process for not more than 0.35 um in fabricating a part of
the R/W-IC. In an actual case where a patterning process
for not less than 0.5 um was adopted, good recording could
25 not be performed. Incidentally, for channel LSIs for
signal processing, etc., it is necessary to reduce the
circuit scale in order to reduce power consumption and a

patterning process for not more than 0.25 pm was adopted.



di sk device shown in Fig. 3. The sanme prescribed electric
cisfcuit as conventional technology is required for recording 15
information, processing read signals and inputting/ out putting
information. In terms of power consunption however, a circuit using a
C?(S i s advant ageous in conpari son mn?ﬂ acircuit using a Bi-CMOS and
it is nec tQ iz jt fs

recordi ng and %Znagﬁr%s aﬁcg%\g%gghgr %Péﬁ&} %%O?%?Qﬂj%e anﬁecr Hf (I?gls%%

therefore, it t:th a, r h Fed i@t
nore than 0.35 %%‘lsﬁi:‘%grrfgggg?%gl% g%? £é§ @frlglgt edeergvjﬁi?: I nl@glln

actual case whey, o%:&lﬂfétl 'il'%'l'ing8098§31ntrodxf1@édr&id|§é‘;§aﬁé‘t€§ﬁ Exor] athie m
was adopt ed, good recording could 25 not be perforned. Incidentally, for

channel LSIs fQ@pove rR/ASI-G04l PROSESEIMYL Picresding sirendssdsy cadledduce

t he circuit scale in order to reduce power consunption and a
patterning proQeEPRMY (MRIdifded EE2RMO)25ifiewh]ch EBEPRMoptExtended

- 20 - In this exanple, a signal processing circuit in which

wavef or m i nt er fRxtemmcied Pauritd adgBespohsghMasimimyLikel ioed) is enhaniaadel y
utilized was introduced and separated fromthe above RFWIC. This

si gnal processiang direc BAC ifaineslioad is5ayEEPrRRRaNsBY; f | é’dftE‘EF’F@IVE)e' AR FhRech
EEPRM. ( Ext ended Ext ended Parti al Res onse [ mum Li thood is
enhanced P IRf Plelﬁﬁaé{‘:iu&ﬁrl yagpes Enﬁﬁ‘ﬁ‘a’é‘ﬁmgiur]f ‘f

nth

case of perpendlcular c recordin readin pe r
PR5 signal prodR&sh "’rni;elil %‘% ?ﬁgélgl PH°L5 bﬂ%nql%tl\}\%?e éélcg‘tg%ﬂ g
t he circui& board on Q
0~ componen

& were installed in the circuit board on the
cover 312, etc. The number of revolutions of the device
was 10,000 rpm and the flying height was from 26 to 28 nm
in all cases.

The medium and magnetic head of the present

15 invention, which compose the magnetic recording and
reading device of the present invention, is explained
below in further detail.

First, the medium of the present invention is
explained by referring to Fig. 1. The numeral 11 indicates

20 a non-magnetic substrate which is made of glass, NiP-
plated Al, ceramics, Si, plastics, etc. and formed on a
disk with a diameter of, for example, 3.5", 2.5", 1.8" and
1", a tape or a card. The numeral 12 indicates a non-
magnetic underlayer which is made of Cr, Mo, W, CrMo, CrTi,

25 CrCo, NiCr, CoCr, Ta, TiCr, C, Ge, TiNb, etc. and contains
at least one kind of element selected from the group
consisting of Cr, Mo, W, V, Nb, Ta, Ti, Ge, Si, Co and Ni

as a primary component. The numeral 13 indicates a hard



cover 312, etc. The nunber of revolutions of the device was 10, 000 rpm

and the flying height was from26 to 28 nm in all cases.

The nedi um and magnetic head of the present 15 invention, which conpose
the magnetic recording and r eadi ng dEVéfe of the present invention, is
expl ai ned below in further detail. First, the nmedi um of

the present invgkhopitSiaver WXRLRIAAhINEdLLElae éqlﬁegmaane&e nuner al

11 indicates 20 non- magheti ¢ substrat 1S ma gl ass, N P-
plated Al, cer aghE§ta§be 8f3é6¢§§tL£t %o@%dé)r r@%@h@@p% coprtftaskivith a
di anet er of for exanple, 3. . 8" 1", a tape or a card.
The nuneral 12 Fegicatesmp @@PePdTaSm,mnl%ISfEdJn@%Wl‘&EQr obielhThbs nmade of
C, Mo, W M, CTi, 25 CCo, NCr, CoCr, Ta, TiCr, C, Ge, TiNb, etc.
and cont ai ns GdretCobenal GdTbReTulxHh elFRuReiEelNgcCe®tirem-Che, gebap,
consisting of &, Mo, W V, No, Ta, Ti, Ge, Si, Co and N as a primry
conponent . The whitehatryStahtimatmagreethiar substance contains at least one
- 21 - magnetic |ayer which conprises a crystalline magnetic

subst ance of CoGerelaclepenptagele Firam thsPomigus censistingeNf C8er PRe
CoFePdTaSm Ni TaSi_Eu, CoWraGd, CoNoVTb, GdFeCoPt Ta, GdTbFeCoZr Rh,
FeRhSi Bi - N, CoPRPASNI 8®) aeP€1marY ?%ﬂ%ﬁf&lyﬁtﬁlllelaﬁé iGN 8L PEeBESst ance

contains at | east_on ta nt sel ected fromthe group onS|st|ng
of Co, Fe aﬁaeﬂFeﬁsfsom R D A Cons Stdagt o 1fm§ rel Bentls V-

sel eCt ed from a}yﬁﬁc"ﬂ 'g%gu%f', O@%’dsﬁdﬂngpas’t R(%ﬁ W sY si’, and aNRQa ' onb

Zr, , Pd, Pt
10 kind of element selected from a third group consisting of

La, Ce, Pr, Nd, Pm, Sm, Eu, G4, Tb, Dy, Ho, Er, Tm, Yb, Lu,
Bi, Sb, Pb, Sn, Ge and B. This hard magnetic material has
an absolute value of normalized noise coefficient per
recording density of not more than 2.5 x 10-8

15  (uvrms) (inch) (um)©-5/(pvpp) . The numeral 14 indicates a
protective layer made of C to which N and H are added in
combination, H-added C, BN, ZrNbN, etc. The numeral 15
indicates a lubricant of perfluoro-alkyl-polyether having
adsorptive or reactive end-groups such as OH and NH;, an

20 organic fatty acid, etc. Between the non-magnetic under
layer 12 and the hard magnetic layer 13, there may be
provided a second non-magnetic underlayer whose
composition is further adjusted and which has a lattice
constant capable of being more easily matched to that of

25 the magnetic film. When the above magnetic layer is
divided by a non-magnetic intermediate layer which
contains at least one element selected from the group

consisting of Cr, Mo, W, V, Nb, Ta, Zr, Hf, Ti, Ge, Si, Co,



10 kind of elenment selected froma third group consisting of La, Ce,

Pr, Nd, Pm Sm Eu, &, Tb, Dy, Ho, Er, Tm Yb, Lu, Bi, Sb, Pb, Sn, Ge
and B. This hard magnetic material has an absol ute val ue of normalized
noi se coefficient per recordi ng densi of not nore than 2.5 x 10-8
15° ([err]Vrns) (inch) ([err]mO 5/([err]v%%). The nuneral 14 indicates a

protective |ayg: npde Qf 0, W ' ' kon,
ﬁ% ¢ ﬁng;na Bca%'h%%%eﬁbf% %}gnﬂér?érﬁ: 23¢add Recrease8MRiA3ELON

H- added C, BN, etc. i ndi cates a | ubricant of

per fl uoro-al kygﬁﬁgk@h?e&oﬂaﬂ&nehe squAls ¥ d¥t \WE Uhe S¥kEI1Y Quab@rgbgups
such as OH and , an 20 organic tatty acid, etc. Between the

non-magneti c updghetic 1L@¥es. l2masdfidie handsmagnabre bayeerdBlet here may
be provi ded a second non-magneti c underl ayer whose conposition is

further adjusted and whigfbb@sment@tdf aeedium cfondieapiresapabliinvehtbenng
nore easily matched to that of 25 the magnetic film \Wen the above
nmagnetic | ayer are expladneddbdloy #n nbur risemn alétaiint efhedhagret g e@isks ch
contains at | east one el enent selected fromthe group consi sti ng. of
Cr, Mo, W V, Wi tPe, pZesehf iffvenigbon Sshowgp in Table 1 were obtained by

- 22 - Ni, Cand B as a primary_ conponent, noise decreases al nost

in proportion tfarstefoqming pBoUnderiage¥ ovmla ks sk subsizakeg with

| ayers. Therefore, this is _nore preferable. . Enmhodi ment s of
medi um of the gr&deReterveft foR: 3-2rel ek pPhi hetP Pl st FFFERer Set ail .

The magnetic disks . of the_present jnvention shown in Tahl re
obtai ned by  MAGRSLF ﬂBVﬁFnafaﬁlﬁ%g%F1%§%¥’oﬂmﬁéﬁﬁg§%cﬁis%3§§ﬁs rate wth

a dianeterl8f %t%uc%u§9,1a8185n% Eﬂfgk é£§%b$‘££@é§bé&ve film to which
10% N is added, and finally forming a 5-nm thick
lubricating film of perfluoro alkyl polyether having -OH
end group after surface treatment. The above underlayer is
made of the Cr alloys, Mo alloys, Ti alloys, W alloys,

15 etc., which contains at least one element selected from
the group consisting of Cr, Mo, W, V, Nb, Ta, Ti, Ge, Si,
Co and Ni as a primary component. The above magnetic layer
comprises a crystalline magnetic material of CoCrPtGd,
CoCrPtTaNd, CoPtDy-SiO,, FeCoNiMoTaBi, NiFeCrPtGe,

20 FeNiTaIrSm, etc., which crystalline magnetic material
contains at least one metal element selected from the
group consisting of Co, Fe and Ni as a primary component,
at least two elements selected from a second group
consisting of Cr, Mo, W, V, Nb, Ta, Ti, Zr, Hf, P4, Pt, Rh,

25 Ir and Si, and at least one element selected from a third
group consisting of La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy,
Ho, Er, Tm, Yb, Lu, Bi, Sb, Pb, Sn, Ge and B.

The above underlayer and magnetic layer were



magnetic | ayer of single-layer, two-layer or nultilayer 10 structure, a
10-nmthick carbon protective filmto which 10% N i s added, and
finally formng a 5-nmthick | ubricating filmof perfluoro alkyl

pol yet her having - OH end group after. syrface treatnment. The above
under | ayer is made of the C all oys, alloys, Ti alloys, Walloys,
15 etc., whi Chye@nl #oRhedl HheAShnaNEs Ch OHE thaddBdre GrfuttBring dek@c@r OUp
consisting of &, Mo, W V, Nbo, Ta, Ti, Ge, S, Co and Ni as a prinmary

conponent. The 2RO\ @TRGRGLI Brod¥etive f£iTANMS SBsrmedritstal IN.ngasagneti c
material of CoCrPt(d, CoCr Pt TaNd, CoPt Dy-Si 2, FeCoNi MoTaBi ,

Ni FeCr Pt Ce, 2QthRNphaieSHy €he. plabhshindysédltearet inesmmetgretimadrer i al
contains at | east one netal elenment selected fromthe group consi sting
of Co, Fe and Npwmtexipn methodonpImeiigntally,atinl ehsts ewermplement s
selected froma second group consisting of &, Mo, W V, No, Ta, Ti,
Zr, Hf, Pd,5Pt paRtamet25s| coadd Be, vaniledt ihdependentlar erferithe ainglerd@yrrom a
third group consisting of La, Ce, Pr, Nd, Pm Sm Eu, G, Tb, Dy,

Ho, Er, Tm Yband maginetdls, fpAm sachGathas @pd Ar pressures ofr{fgcihdyéo©
under | ayer and nmagnetic | ayer were -
23 - bot h kbmmFPmsy SERRSTateatBRPREIRRTEDOE iR ity i€ and gng

t he above protective filmwas fo

pl asma- i nduced e ThE G ES Brﬁn‘%g"}“ngggty‘ér?%ﬁ%t%%a? n‘?%?‘?e%lgﬁl%?ei n
and magnet | o 1 RN G hSF and ARDpr Qesa cEha(OF o AL Yoyt Sty gATen Yer
substrate §gMPRIAJHES Oludov2®rd80 1Q0800LER! | i 80€rs0, croo-vio, cr9o-
Ti10, Ti95-Cr5, Ti-Tal5, Ti-Nbl5, TiPd20, TiPtl5, etc.
were used as a single layer or two layers composed of
dissimilar metal layers. Thus, samples of different
underlayer compositions were prepared. The total film
15 thickness of the underlayer was from 10 to 100 nm, that of
the magnetic layer was from 10 to 100 nm, and that of the
protective film was 10 nm. A multilayer medium 70 nm in
thickness was also made by way of trial by depositing ten
layers of a combination of 5-nm thick CoCr;PteGd; and 2-nm
20 thick Pt layers. The magnetic recording medium of the
present invention was evaluated by SEM or TEM and it was
found that the magnetic layer is predominantly composed of
fine crystal grains with their average grain sizes of not
more than 12 nm and not less than 8 nm for both

25 longitudinal and perpendicular media.



deposition rates of from0.1 to 1 nms were used.
and Ge or alloys such as

Cre, Ta, Nb, V,

Ta90-Cr 10, Ni 50Cr50, Cr90-Vvio, Cr9o0-
were used as a s

Ti Pd20, TiPtI5,
cofrposed of

Si

etc.
di ssim | ar
under | ayer conpositions were prepared.

net al

| ayers.”

e

In the
10 Co60Cr40, M90O-Crl Q

under | ayer,

Ti 10, Ti95-Cr5, Ti-Talb, Ti-Nbl5,
| ayer or two | ayers
sanpl es of different
Tf‘fofé)tlal film 15 th| ckness of the

under| ayer was from-10+to0—100nm—that rayer—wes—f
10 to 100 nm and that of the pr gindet i vE ttffhtt qi?&h fatlm ‘%%H‘Factll%ye?]
medi um 70 nmih Meonefif dREFSS™Was a sjfyﬁﬁde drpssay |ahbstrraak |bY FERGSTTi hg
ten | ayers of a conbination of ™'t hi b lkmToaet 7Apt 6 ad 2 nm 20
thick Pt |ayer .1 [Feerwstgheti?D recor g@afd (4Bdi hm & the 250 phesimpplane
i nvention was evalasEbert.0ar (8EM or TEMTANED)I t | wa f 2aihd tlhain-tpiane
magnetic |ayer [T5 BREHOEENAOE T Y C oNMp&x&re @1 o "2 fine cesstall gimipdsned t h
their average g ?d&c?iéi@%aﬁ&,(%’)[ MoCTRIE T[1aNn sIZ Njm angh not | @5 p1bnan B
Elm2f40f both 2 LRRgt tRot Ay e et put Tl ?Jle ] 150 in-plane
Under Ar spuf- 5 |CPErRineTassT: (38) {NaCz (30) b !\./a-glnet:zoco Laves u’l?.’.. ne
| ayer t eri ng? |CoCERtaVERs 350 nnFRA(ER) 10 300 in-plane
pressure subst [ ad &oCricPtiNbebef35) Wsi(20) 10 300 in-plane
(mrTorr) (OL) 9 |cocrispridvyBCder r | Redoenzd)Lafi( 25) 300Cr Tif( 4@)-plane 2
250 | N- PhaREFe;,CrioIr i, GBYD[ eMlifd2ib®r r | Celerr]|( 25209 ifrpikh&0)
2 250 [t jpontIIFHRANE, o) Mo OMCT [TPIAPT2( 20850 | _ingithd TOD)
wor(10) - [grectiebetley — Repl gl T T T AT piane
CoCr[err]Pt[erf ﬂ?.%ﬁ{@%‘?‘{f‘i{&iﬁﬂzs) A/r'[’*}(/‘sh 1 5 250  Jggin-plane
ingpl ane I 16 |coBEeFiarpd Prd:637)] TAPERB (28 MoCr (30381 ig-plane
I N- Pl aeNiPtPdIhGOCr [ er V5Eu4 5 V( 10
300 i n- {)Ilgfeloz(zm 8 OoCrFerlgn%(Etr0 err Nbg%d%err]?%)( )\7@77153? Y
10 300 [ 16 |CoCrisPr,plighig(100)  |T&rCer [ err]Pt [ ef r] VaTb4(|8&ypendicular
CoCr (30) 19 cocr:: Pty W8, (100) titRb@ne 3 10 160 perpendicular
TllFle:[ ﬁl_rr] Crler IS b2 RE sn, (60 T (483ra (50) Ty 1899 |perpenfilcdlbaie
o plea'n[aef r1 TalgE I RITbE e 58], 50y MiSthadhoy | 6 2 | 140 2 Berpenmdicular
20 |CoCry2PtsRh;By.1 (40) CoNbZr {50} 6 106 perpendicular
21 [{CoCry,PtssizSmy (40) TiPd{50) 6 191 perpendicular
22 {CoCr1Pte¢Gd;/PL{70) SiN(50) 5 151 perpendicular

Next, the magnetic head of the present invention

is explained by referring to Fig. 2 and Fig. 11A. A

5

magnetic pole 117 of 43Ni-57Fe with a saturation magnetic

flux density of 1.5 T and a resistivity of 50 pfQdcm and

another magnetic pole 118 of Ni80Fe20 with a saturation

magnetic flux density of 1.0 T and a resistivity of 28

pQcm were formed by the frame plating method.

10

length 1; of 35 pm.

Cu wiring

of 2 layers and 15 turns was formed within a magnetic core

The length of a record gap 111 was

0.32 um (material for the gap:

read element was fabricated as follows.

Al503) .

Furthermore,

the

A magnetically



12 FeCr[err]|Pt8Er[err] (29) CoCr (50) 2 275

i - pl ane 13 CoPt[err]lrd4Tnferr]-Si Q2(25) Ta(45) 1
250 i n-pl ane 14 CoPt[err] N 4Yb[err]-2ZrQ2(25) V(30)
1 181 i n-pl ane 15 CoN_22Pt[err] Pd4Lu[err].5-
Nb{ 50) 224 i n-prafe - 16

1
per peondi tul ar 276 SEFEICEOERAR 1B PR} )4 Shr e Plof S e oy 3

160 per pendi : 6 i 50
i oo M BAcally, Fape VB (e LT, Bt nd 2 @R

CoTazr (50) £i8m (25 nm)l4Rre fREEPCRIHEEAAne after Zhd¥HerXANGRN2BO. 1
(40) CoNbZzr(50) 6 106 per pendi cul ar 21

CoCr 22Pt 6si 2Sn{yiddarffilar patitB&5Whs obtainéd. After tHht, apeepmadentl ar
22 CoCr[err] Pt 6Gd3/ Pt (70) Si N( 50) 5 151

per pendi cul 8¢ magnet of Co80-Nil5-PhBX{15 tmp/CmgOE2 immhesadi ain t he present

i nvention is explained by referring to Fig. 2 and Fig. IIA A 5
magneti c pol e Eleafro@Nifi3®Fefwrah (A28atu) avena aexmeged on botlf lapds
density of 1.5 T and a resistivity of 50 [err]cm and anot her magnetic
pol e 118 of Ni 8dFdfher datwiern andabugaahbnmagnetopeghetive feipnamnyiith &
1.0 T and a resistivity of 28 [err]cmwere forped by the frane

pl ati ng met hod.tragk widthgof1§.9 B, 2whighr ks Aetarmingd PNANS F3Fed wit hin

i1 vas - " Grigranea FRUASFOEPS SRBFCEARCDap aAISHRY 1R The oPE. 't he
Eegg ?l ema:rﬂ f\paet}%qﬁbgl&?t dls%i(eé%%h%%él&g??]l@ﬁ%%ﬁ%%ﬁy %he i-line
magnetically fixed |ayek Fe.til 5 . . '

were first for f(f}:%oo yamg%eg:r?ob%gg éngﬂ%réﬂg 8%‘&%%% sérs%é%(%ﬂ(;{-lrgngv%adgm

obtained. A erefddlesd ARMBRCNSH; e?aBY iég?i‘r@nﬁ?%ﬂéﬁﬁ Eded Sy [ O

(12 nm and an afectrode filmo were arranged on both

T o o HOETON s Rl TROREAS Expplpy sl O i

read element was formed on a slider made of Al;03;-TiC with

15 a size of 1.0 x 0.8 x 0.2 mm3. Incidentally, the recording
track width was trimmed to 1.1 pum from the floating
surface side by the FIB (Focused Ion Beam) fabrication
technology and a shaped rail structure was fabricated to
the floating surface of the head. In addition, to improve

20 the anti-adhesive property minute projections were
provided at three points of the floating surface and a
C/Si protective film with a total thickness of 3 nm was
formed on the floating surface. As shown in Fig. 3, this
head, along with an RW-IC 314 for which the scaledown

25 process for 0.35 um in this example was adopted, was fixed
with an adhesive to an integrated circuit suspension 313

of the present invention on which a conductive line

pattern through an insulating film were formed by the thin



di stance between the el ectrodes, was provided on a 2-[err]m 10 thick

pl-ated shielding filmof Ni 80-Fe20 by the i-line | it hography
technol ogy, thereby giving this structure to the read el ement (shield
gap: 0.3 [err]m material for the gap 1203). The nmagnetic head

el‘ement provided with this read el eer®® was formed on a slider made of

A1203-TiCwi th %1]1%1 afavsl\%’é‘t%haq;v\i/é)é ?)rxféﬁ%ggx ngaﬁ‘f%lr% Ml L HAHmb1vi has

recordi ng rrack to 1. 7T mfromthe floating

surface side by.he Jﬂéﬁfé&“%b%d_ad %sﬁ??gbff ahLi £8+E88ing, ik eedwiol ogy and

a shaped rail structure was fabricate the fToating surface of the

head. In additi g edsQddiIOMRyi40 i@ eaBl bnadheshy eppesast t invémtien for
proj ections were provi ded at three points of the floating surface and

a C/ S prof egtdwavftid M Wildhet erob@l 3tBi, cRNBsS108 3rnn inash, the for med
on the floating surface. As shown in Fig. 3, this head, along with an
RWIC 314 fgr whhedl thiedhwoeadmdowt the headeasstnbly. 88afered nfrom R IC
exanpl e was adopted, was fixed w th an adhesive to an integrated
circuit suspenstemiBls at IfMHzevasr 65en63i, nGénanEn5dnniihi EESRECHHERN i ve
l'ine pattern through an insulating filmwere fornmed by the thin

- 26 - filmof ahviedtham ¢ adbss. A nagnetic head assenbly was

t hus obtained. As a result of_ the foregoing, in the integrated circuit
suspensi on of the presentIndifentaddyr oheads withi kmagRatic FHRIEHR 3. 5,
2.5, 1.8 or 1 inch, the 5 taqtal inductance of the head assenbly measured
fromRWIC 11 @hard éPdléQ/I—ﬁm\/\)dgr%S?f%%,m e 2 %a;ax}ﬁ%ngr especti vel y,

not more tQﬁp qugggr of turns to 9, 11 and 13, respectively. When the

magnetic core length was 40 pum, in the integrated circuit
suspension of the present invention for a disk with a
diameter of 3.5, 2.5, 1.8 or 1 inch, the total inductance
was as large as 75, 73, 71 and 68 nH, respectively. 1In

15 these cases, the overwrite characteristic at 50 MB/s was
as low as 20 dB, sufficiently sharp recording could not be
performed, and noise was very large. Thus, these heads
could not be put to practical use. From the above, it
became apparent that it is necessary that the magnetic

20 core length be not more than 35 pm and that the total
inductance be not more than 65 nH. Table 1 shows only
cases in which goods results were obtained with an
overwrite characteristic of not less than 30 dB.
Furthermore, when the characteristic was evaluated on a

25 tunneling magnetic head with a read track width of 0.85 um,
made by the technology stated in JP-A-02-148643 and JP-A-
02-218904, quite the same result was obtained. With a

conventional MR head having the same track width for



Incidentally, heads with a magnetic core |l ength | of 25, 30 and 40
[err]mwere al so made by changing the 10 nunber of turns to 9, 11 and 13,

respectively. Wen the magnetic core length was 40 [err]m in the
integrated circuit suspensi on of the %esent invention for a disk with
a’ diameter of 3.5, 2.5, 1.8 or 1 inChf’the total inductance was

R e A L

overwite characteristic’a oW as sufficiently

sharp recordi ”Qg%o‘a'e@i'&%t Wi evangEé&OEHPS'ug@”&é‘le?& YRS \Eighalar ge.

Thus, these hea could not be put to practical use. Fromthe above,

it becane HARRALANG Rakculiti §£NeresersmL Neypé ey nBrgn et thog@@phgor e
| ength be not nore than 35 [err]mand that the total i nduct ance be not

nore than 65 niprobtat¥se ok 9NeWS ANl Yuffici&@sesedd Mimit goolierresulrateser e
obtained with an overwite characteristic of not |ess than 30 dB.

Further nor es Wiwhulidhecthdedobetiabdc Vetsusyahia edrventiodalt MRNhkadg
magnetic head with a read track width of 0.85 [err]m made by the
t echnol ogy st atexhlich nt®- Aea?- th8648azndtIfn A- 02-218904, quite the

sane result was obtained. Wth a conventional MR head having the sane
track width for The device characteristics of _tlpg present

conparison, however, even in a case where the condition of . the deyvice
was eval uat ed tirmngiorhargsedescribedirlow. A SignadsPRECEFFERTtCHICHHe

out pUt and er} G e SERORO BBy BBSobi SPABEEPRARIOTHE Toil At tBhal MR
head E8U|Qﬁﬂgam3§.r &Qeo§¥g£u€gi§gkform high-density, high data rate
recording with high quality and a high signal-to-noise
ratio for the characteristic in each record track position,
it is necessary to ensure a strong and sharp recording
magnetic field at a high frequency and, at the same time,
15 it is necessary to reduce the irregularity of the saw
tooth magnetic domains at record bit boundaries by
reducing the crystalline grainsize in the medium and also
reducing the exchange interaction among magnetic
crystalline grains, to reduce the noise at bit boundaries
20 that increases in proportion to recording density, and to
ensure an appropriate response to a high-frequency
magnetic field by optimizing the damping of magnetization
during recording. For comparison, media were made without
the addition of only the third group of elements so that
25 these media correspond to those given in Table 1. On the
media of these comparative examples, when recording was
performed at a transfer rate of not less than 20 MB/s, the

absolute value of normalized noise coefficient per



The device characteristics of the present I nvention are descri bed
bl'ow. A signal processing circuit of the EEPRWML type by the

| it hography process of 0.25 [err]m 10 was used. In order to perform

hi gh-density, high data rate recording with high quality and a high
signal -t o- noi se ratio for the charact&istic in each record track

position, xietc&r%hﬁx S 9n89é§58%?a§: GO0, ad S e eQefll BHen

: a
magnetic field at a high frequency an he same tinme, 15 it i's _
necessary to reqii @R -enedvbhanl hka8l ah@ERPAVEC werd Qnidd maghRehi ¢ domai ns
at record bit boundaries by reducing the crystalline grainsize in the
medi um and al sGecordihgdwaisngetrfiermneahasgsoi ms es Acth®assaing aragiletd of
crystalline grains, to reduce the noise at bit boundaries 20 that
i ncreases i n prepmaliicrd aoieeordefifidtasntt yer anekdrding dersiine r@ached

appropriate response to a high-frequency magnetic field by optim zing
t he danpi ng5of leegreetviadateisonf fromddpi bg 3ecwr 9Ty, (MWNemsddapah) épm) 0 wedi a
wer e made w t hout the addition of only the third group of elenents so

that 25 these (dira eodr éhgobdtt errpvsrageveh the aice wam warse than

medi a of these conparative exanpl es, when recordi ng was perforned at a
transfer rate 0 net TRES ttheroaqeadiumn cowdd not REsBFEflefon| HEAGFLCAL

normal i zed noi se coefficient

. . 28
- recor di f&tendPt 9°PEE?§§;eﬂllab?%t‘?§fheﬂ of &8 FFPRZeRtSnShown e
b - ti d. d.RR\WIC d. . W r '
shove- it Toned head and L Cere oot e e deest i
coeff|C|en&Pper Q%%%Egk%% g%@s&%ﬁf%ﬁ%ﬁgegens?t&aéﬁef¥§$L%*%éﬁzfé“%“iHQBt0 30

x 10-8 ([ef ]Vfﬁ% i Nc err
(UVrms) (inch) (pm) 9.5/ (uVpp), which are not more than 2.5 x

10-8 (uvrms) (inch) (um)0-5/ (uwvpp), and the bit error rate
was better than 10-2 even under the conditions of both 5
Gb/in? and 50 MB/s. Thus, it became apparent that these

15 media of this example were especially preferable.

For the effect of the elements of third group to

a medium, cases with additives of from 0.1 to 15% were
described in this example. However, as is apparent from
Fig. 9 which shows cases with varied La contents of 0.01,

20 0.1, 0.5, 1, 2, 10, 15, and 20 at% under the conditions of
#1 of Example 1, the signal-to-noise ratio in recording at
50 MB/s improved remarkably. The effect is sufficient when
the quantity of additives is 1 at%$. The output and signal-
to-noise ratio decreased remarkably when the quantity of

25 additives was not less than 15 at% and, therefore, this
was not preferable. Furthermore, the effect was especially
remarkable when rare earth elements were added.

A medium of another embodiment was prepared



([err]Vpp) and the bit error rate of the device was worse than 10- 5.
Thus, these nmedium coul d not be used for practical use. In contrast,
all the nedia of the enbodi nents shown in Table 1 had an absol ute

val ue of nornalized noise 10 coefficient -Ber recor ding density of from1
to 2.5 x 10-8 ([err]Vrms) (inch) ([eff]mO0.5/ ([err]Vpp), which are

not nore than 2nyet the sahd cohBhELY¥REBAs (Eh6EE fderiddndbdvd [MslVpp) |

and the bit error rate was better than 10[err] even under the

condi tions of Retdbdfiment ofCHxafpiand bY &B(sdiddushe inadresaite lagear ent

that these 15 nedia of this exanple were especially preferable.

For the effect igftd havelleRRHsS bOf at AbhdmggREPit ointermediek Umyergses Wit h
additives of from0.1 to 15% were described in this exanple. However,
as i s apparent Whizth contafiing. a® whinahinshbementsas Ieast voneé exklectasht ent s
of 0.01, 20 0.1, 0.5, 1, 2, 10, 15, and 20 at% under the conditions of
#1 of Exanpbe Ifrdmelsi gnaiupt comsiseingt o6 €n, r¥eorWi ng. afb. Ta, Fr.Mdfs

i nproved remarkably. The effect is sufficient when the quantity of
addi tives is 1 Bit%Geheéioutdout NandCsagaB- singlyter fegr sBi k&t M deci%add
remar kably when the quantity of 25 additives was not_|ess than 15 at %
and, theref ore,Sihi Fa-Si5.\A®%&tOpr EpeFEbl eZr FIE L PerFHTELS ¢ HEL 1%t was

Dl allY AL g ahen LB L eTE o "L R Sever,
2ot ol A R R kRO BRI 0L Ofab RN {4 Heretea
g%’ ?egg{]_ gﬁgngte%&eec e;;eéﬂf(gvae%e drdE’ the con¥itSBnSO8EaLEEn 8P @ /M Llenent
50 MB/s. Thus, the effect was more remarkable. It is
needless to say that the above effect does not depend on
the diameter of a disk or forms of medium such as a disk,
tape and card.
15
Example 2:
Another example of the present invention is
explained by referring to the conceptual drawing of a
magnetic head assembly shown in Fig. 4. For a magnetic
20 head 42, first as recording elements, 40Ni-55Fe-5Cr with a
saturation magnetic flux density of 1.4 T and a
resistivity of 60 uQcm was used as the material for a
magnetic pole 117 with a track width of 0.6 um and another
magnetic pole 118 was formed from CoTaZr with a
25 resistivity of 120 puQcm in Fig. 11A. Track width
fabrication was performed by trimming on the basis of the
FIB technology as with Example 1. A record gap length of

0.25 um (material for the gap: Al;03;-3%Si0;) was selected,



5 fromthe group consisting of C, M, W V, No, Ta, Zr, Hf, Ti, Ce,
Si; Co, N, Cand B singly or Cr-Til0O, M-C10 W Si 5, Ta-Sib5,
Nb-Zrl O, Ta-Cr5, Zr-H 10, H -Ti5, Ti-SilO Ge-Pt5, Si-Rull, Co-Cr30,
C-N10, B-N10, etc. However, noi se redui d to approximately 70% and t he
devi ce operated 10 adequately even under™t conditions of both 7 Gb/in2

and 50 MB gnoTHSnoL b EEEECH oA, MY RakeUB fiAD! Snaldo 21 coi1 el ess

to say that the above eftfect does n depen aneter of a disk

or forms of nedpgmpsugheds 2ndi % turns PR CRLHthedrore, thXaF@HE 2
Anot her exanple of the present invention is expl ained by referring to

the conceptual diaweAtl Rhsafabricdbdiedd EdlORAASSAMAAYNEDOVALIY Ftge 4.
For a magnetic 20 head 42, first as recording el enments, 40N -55Fe-5Cr with

a sat ur at | warFepgeetiTmf k 6xnbensa tounaf £il4n T 2asd nin) , a magaesteslly of
60 [err]cmwas used as the material for a magnetic pole 117 with a
track wi dth f @ifeflelayeraofl cobe¢ffr/CoFe fidgneltd anpolandl 88 Madrf 6ibmd
fromCoTaZr with a 25 resistivity of 120 [err]Jcmin Fig. 11A  Track

wi dt h f abri(dat hwh wesepbifor nkermyd tqnentfitpromncidegagind af t he

FI B technology as with Exanple 1. A record gap |ength of 0.25 [err]m
(material for tKEec§apIULARYOREBYEFIasckakysicatasy, After that, a

- 30 - t he magnetic core Iength | [err]_ was Solf[?le)rr]m and an Al coil
116 of 2 | RPEMEngRE Ba9Rek Nl R’ I S Bith dilifo8) /CRd L dagnm) and

element was fab(r_iincg&ggtggdfeojl_}.ﬂ\é\s of ANb”a&”oeot im%najl lvyexfer %.g:ranged on both

10 ends of the pattern and the above giant magnetoresistive
element with a track width of 0.5 um, which is determined
by the distance between the electrodes, was provided on a
2.5-pm thick plated shielding layer of Ni80-Fe20 through
an 0.45 pm thick shield gap 110 in Fig. 11A of Al,0;,

15 thereby giving this structure to the read element (total
shield gap: 0.20 um, material for the gap: 2Zr0,). A
magnetic head 42 was obtained by forming this element on a
slider made of Al,0;-TiC with a size of 1.0 x 0.8 x 0.2 mm3.
The magnetic head assembly was obtained by mounting this

20 head on an integrated circuit suspension of the present
invention of Fig. 4 in which lead pattern through an
insulating layer were formed by the thin film fabrication
process.

In Fig. 4, with the assistance of a fine

25 adjustment portion 43 of electromagnetic drive, etc.
capable of position corrections of about 10 um at a high
rate, a suspension 44 has the function of positioning a

magnetic head 42 in the prescribed position of the



Ni Fe/Co film (6 nm, a CuNi film (2.5 nm, a magnetically 5 fixed | ayer
of* CoFe/ Ru/ CoFe film (6 nm and an Milr film (15 nm were first
formed one after another and a rectangul ar pattern was fabricated.
After that, a per manent magnet of CbgaéCr15-Pt12 (10 nmM/CrTi (5 nm
a][\dth an electrode filmof Nb (100 nmm re arranged on both 10 ends
0 e pattern Y} | ant t St V, t

_ ’{‘{eﬁ’ﬁa%}%ﬁm& A TRIBR! ek th @o]blaboﬁé@i&ﬂ widH i

track wi dth of Ich s erm ne y the di stance between

the el ectrodes, ;i HAMHERL Fureion of & PBLARYCLi Pl adegasht elsl) ngokayer

of Ni 80-Fe20 throug an 0.45 [err]mthick shield gap 110 in Fig. 11A
of Al203, 15 {Hhes elvadinyi N tHiasplle’ 06t the Rowthe 6fathbs eaeartiplé ot al
shield gap: 0.20 [err]m nmaterial for the gap: ZrQ2). A magneti ¢ head
42 was obt ai nedeiyyr{cyted gyt hilfe Preneaisesn far 0.35sanded . 2Rden ofink 203-Ti C
with a size of 1.0 x 0.8 x 0.2 m®. The magnetic head assenbly was
obt ai ned by sTowAidtlgs twas mAthtdiean anwimringt E§CatBlesibteai Priwegdnsi on of
t he present invention of Fig. 4 in which | ead pattern through an

insul ating | ayeCineuwst ¥ oinsthlded leaijeisients itonppabptearabhd circyibeess.
In Fig. 4, with the assistance of a fine 25 adjustnment portjon 43, of
el ectromagnet i csusbersian cin whickdsasl ®astepdsFaFoROEBPReRYi BAS B hbout
posi {1 0ning & £10m R Rl B 1 ARG SE0M B8 PBERLTR Bf Znel 5
oo rovement PR P 352 Ay 2hecd LSSl | 0BLELL ML W e
10 EEPRML by the scaledown process for 0.25 Um was used.
Incidentally, the fine adjustment portion 43 is not
limited to a fine movement means of the electromagnetic
force drive type and may be a fine movement means of the
piezoelectric force drive type, magnetostrictive force
15 drive type, etc. As a result of a comparison and
examination, it was found that the type in which a
multilayer piezoelectric device is used has the least
adverse effect on power consumption and the read element
of GMR or MR. However, the other types also met required
20 functions. Another disk device of the present invention
was obtained by mounting this head assembly on a magnetic
disk device of the present invention shown in Figs. 3A and
3B and by using the media of 2.5" and 1.8" diameters shown
in Table 1 and the same circuit as in Example 1. In
25 Example 2, combinations of 1 to 10 media and 1 to 20 heads
were used. Incidentally, a slider of shaped rail structure

with three minute projections was used and a 3-nm thick

protective f£ilm of C-N-H was provided on the bearing



this reason, in Exanple 2, the RRWIC of this exanple fabricated by
thte processes for 0.35 and 0.25 [errfmline 5 wdths was nounted on a
wiring FPC (Fl exible Printed Circuit) installed adjacent to an
integrated circuit suspension in which_|ead pattern was fornmed by the
t hin filmprocess, and its distance™ Pémthe head was 3, 2, 1.5,

1 and 0.7 cm |ncident al ig : s l: Of  EEPRM,

t he scal edown ﬁ?ﬁ%%%%hfo?xﬁéggé[e@?#ﬁ@%ggﬁﬁséggﬂg§lo 'n%?’egégﬁﬁg, thgﬁyine

adj ustment porlyPnf3 dairlddlic nead WL! 94 R dnd Bife MMASEAogTEANS Of the
el ectromagnetic orce drive type and nmay be a fine novenent neans of

the pi ezoel &rI1hitd drif GRsdnisy@obyRaa DBYpet ospmi ctive force 15 drive
type, etc. As a result of a conparison and exam nation, it was found

that the type in which arpn al11mdhbi beMBin@t £20€) eghié idevling apdratieged has
t he | east adverse effect on power consunption and the read el enent

of GWR or MB Hay&yfitelyhdroaheondipesnabsoteet thanua riett &frdmnctticoms
Anot her di sk device of the present invention was obt ai ned by nounti ng
this head assemd-y andaermapsetonditionsli ek Wewilekind anide S59r ¥Béat i TRt i on
shown in Figs. 3A and 3B and by using the nedia of 2.5" and 1.8"

di anet ers showthis efifiecFablas moaed remerkabieci rAui20 &0 FrRamsceOrdingn
25 Exanple 2, conbinations of 1 to 10 nmedia and 1 to 20 heads, wer e
used. | nci dent a#dsy sevesisni@ndofthehfevdceappresatadt tifed condifion ftdeEr

m nute projections was used and a 3-nn1thLﬁy rotective filglof.C-N-H
was provi ded orthate &G RFror rate of 10 when e R/W-IC of the 32 .

surface. H?.V(\)eveggfesdeur{é r]i%\;er}let:leo\éla %%teldogh Tt g E)lrgé:ggs hg(l)lghé line width of

0.25 um was used. This was especially preferable.

Incidentally, for the distance between the R/W-IC of the
present invention and the head of the present invention,
the data transfer rate could be increased to 50, 54, 54,

15 54 and 55 MB/S with decreasing distance to 3, 2, 1.5, 1
and 0.7 cm, respectively. Distances of not more than 2cm
were especially effective. It is needless to say that this
effect does not depend on the diameter of a disk or forms

of medium such as a disk, tape and card.

20
Example 3:

A third example of the present invention is
described below by referring to Figs. 5A and 5B, Figs. 8A
and 8B and Figs. 3A and 3B,

25 As shown in Figs. S5A and 5B, a laser chip 52,

52' of about 0.3 mm square was mounted on a position-
correcting mount 51, 51' of the piezoelectric force type,

electromagnetic force type or magnetostrictive force type.



of the magnetic head was 25 nm and the nunber of revol uti ons was

15, 000 and 25,000 rpm In all the conbinations, the device
operated 5 adequately in a condition better than a bit error rate of
10-9 under the conditions of 10 Gb/in2 and 3;':%0 MB/'s. Thus, this effect
was nore remarkable. At 20,000 rpm recording was severer and the

devi ce operat egrf(l)? %ﬁ&f‘&ﬂg&ﬂﬁ)%m&t @unted ohh@Hedpbiit £6h0¢oFpéer g 10- 10

when the RIWI present 1 nvention based on the process for a

line width of pountO-is [181dd MBS ee aThbaaNasigsPesH Al b0 pielsiawm e.
I ncidentally, for the distance between the RRWIC of the pr esent

invention and tie pead ofa t4es FEWRNbdridenhigistmentst 86 thdw dransfer
rate could be increased to 50, 54, 54, 15 54 and 55 MB/S with decreasing
distance to 3, Zecdrding and reutiiny élementeppectioneby, EBStamies IHsemwt
nore than 2cm were especially effective. It is needless to say that
this efsf echeatogsosiotiatefend sdl telve diogatedr adhogatdeskthe $amers of
medi um such as a di sk, tape and card. 20 Exanpl e 3: . A
third exanpl e ofe¢drd prreaeint5s nnt.i oAni 3120;-TigeséifipEdobeFbaP®Y ¥aterring

to Figs. 5A and 5B, Figs. 8A ~and 8B and Fi gs. 3A and 3B.. 25 |
As shown in Fi g8tregture wHh 2 |sigg ofhi /5% 0. 52(FHF- afut RFOYised
square was nounted on a posjtion- correcting noynt

. 1 1' of. t
pi ezoel ectric fGER thFRE MINUteRIQAISSHGRSi ¥2FoPEE 955 Br fan tnt €

. L ' . i i
ag EtOStrlCtlvgrggéggiégr¥ilm of C-N was provided on the floating 33

10 surface. The volume including the laser chip (Fig. 5B) was
1.0 x 0.9 x 0.2 mm3, and the distance over which
corrections are possible was 20 pm maximum. Although the
correction mechanism is not always necessary, the absence
of this mechanism was not much preferable because of a low

15 margin for reproducibility. Incidentally, the laser
wavelength was 830, 780, 650 and 630 nm and the power was
from 5 to 50 mW. To prevent degradation, the end faces of
the laser were provided with protective films. The shape
of a laser beam was almost oval as indicated by 54, 54°'.

20 As shown in this figure, an examination was made as to two
cases. In one case, the direction of the minor axis of
about 1 um was almost parallel to the record track 55, 55'
and in the other case, the direction of the minor axis was
perpendicular to the record track 55, 55'. The flying

25 Theight was 10 nm.

Incidentally, the recording element shown in
Figs. 6A and 6B, Figs. 7A and 7B and Figs. 8A and 8B was

first used corresponding to the recording element 53, 53'.



The | aser chip thus nmounted on the position-correcting nount was then
nounted on a head slider 50, 50" as shown in Figs. 5A and 5B to permt
adj ustnments so that a recordi ng and readi ng el ement portion 53, 53
and a laser 5 beam position 54, 54' are | ggat_ed al nrost on the sane

record track 55, 55'. An Al 203-Ti C slider shaped rai l structure

Wth a size of £, ¢pe gramf&ﬁlm gho%) inPFOYLdegn ana &%} M t3rGe gPFuL €

proj ections, was used an protective filmof C N was

provi ded on thex Cﬁtl&xngut%oa &%&%@m&hsfv%qmcmnshadanglhhe | aser chip
(Fig. 5B) was .2 mmB, and the distance over which

corrections ar Q:lﬁ%ﬁéié!i@ dﬂai %Opfnew&kﬁfﬁﬁﬁ&émm % tdodiofu tdrel a 45Ni-
correction mechanismis not always necessary, the absence of this

mechani sm was rBBFdNfIN D efter ablreshecauseyobfadd opfdchSandnaginlhor
reproducibility. Incidentally, the |aser wavel engt h was 830, 780, 650
and 630 nm &nd tHieckrewey ofad .8 um WwasmESrned58s n§l dd pheyveds @égwadam on,
the end faces of the |aser were provided with protective filmnms. The
shape of FimsdR beamnask aidtbt Toyadf - E%mmataéd opragpedsin thgy As
shown in this figure, an exam nation was nade as to cases, |n one
case, the directakar dFtatee by mrfa%méngf trlM1’a%oE]t1rqu¥]ér?l]‘?n% %ﬁ e
parallel to the record track 55, 55 and in_the other case,

direction of t HeL i imst Bhss P\Eé'smeth°dpe?’p'€ndl%tﬁt§+e‘?‘%9”cehearé‘l?(?P&ttlFaEQr%
r52c6rgihﬁgf la?”errglrﬁ 2 harig o %S“ml':l 6sma%13\etéﬁ<a Ryte F]r?ﬁgtq'gl de%ga F| Js.
8Aand 8B yas o, o WSt LH950ee" CeoRQRALNgst 8,1 8: 1 °5P" 4 Nt eamnt 53,
recording gap length Gl of 0.19 um (material for the gap:
Al,05-5%Si0,) were obtained.
In another embodiment shown in Figs. 7A and 7B,
an 80Co-10Ni-10Fe-1P film with a resistivity of 20 pQcm
15 and a film thickness of 0.7 um was formed as 72 and 74 and
a 75Co-10Ni-10Fe-5P film with a resistivity of 65 pQcm and
a film thickness of 1.5 pm was formed as 71 and 73. As
shown in Fig. 7A, a track width T, of 0.47 um was obtained
in the wafer state by performing fabrication and,
20 furthermore, a magnetic core length 1; of 33 um, a
magnetic pole length 1, of 45, 50, 55, 60 or 65 um, a
number of turns of Cu coil 116 of 15, and a record gap
length Gl of 0.18 um (material for the gap: Al;,03-5%S5i0;)
were obtained.
25 In a further embodiment shown in Figs. 8A and 8B,
a multilayer film, obtained by alternately depositing an
90Fe-5A1-58i film with a resistivity of 20 yQcm and a f£ilm

thickness of 0.1 um and a 10-nm thick ZrO, layer to form a



- 34 - In the enbodi nent shown in Figs. 6A and 6B, a 36N -62Fe-

2Nb filmwith a resistivity of 75 J[err]Jcmand a film t hi ckness of 1.8
[err]mwas formed as 62 and 64 and a 45N - 55Fe filmwith a
resistivity of 45 [err]Jcmand a film 5 thickness of 1.8 [err]mwas forned
as’ 61 and 63. As shown in Fig. 6A "a Cr ack wi dt h T[err] of 0.53

[err] mwas obt f i h
Lprrlmwas obt Aidiefh dk W 1ayertl! GheSEBLACRYABAE 04ARTY FocalSHh TG

etc. Fur ernore, a magnetl C

core | engt r I e p Lepgif dRiok 55,
60 10 or 65 [é(;irlr With %{Jnri%rl[sgtflqlg?ngfg?ggﬁ%g}n 8%? 15ma§ L6kneds

recording gap lgngt h.s @m Qofaso £b3mle@r kMG BRt etd andwel ittherigap 8A a track
Al 203-5%5i Q2) wer e obtai ned I n anot her enbodi nent shown in

Figs. 7A and 7Byidth 'r“;;},no&oﬁosl i whEFsbt&inéd Mwitite avafesi sitiatiet pyof 20
[err]lcm 15 and a filmthickness of 0.7 [err]mwas forned as 72 and 74 and
a 75Co- | ONi 5l OfgexiPorfming wirtimmd nge diysthei FEBohetbofleand cnfanthermores fa | m
thickness of 1.5 [err]mwas formed as 71 and 73. As shown in Fig. 7A,
a track width T4¥i{56de Eidm [wirtt] m wesisbidingdof 45 pQAcmhandatefilBate by
perform ng fabrication and, 20 furthernore, a magnetic core | engt h lp[merr]
of 33 [err]m atthknmrmﬁllc 9p¢lln‘eWIa§n§Pﬁm§Q withsansepdseidgy 9%57
[err]lm a nunber of turns of Cu coil 116 of 15, and a record

length G of 0.H [@qr}eﬁl(m%ﬁq Hengsh dhewgspss Auuﬁoe,t}s@/&la@aetlc p

bt d. 25 di
g maJl: '??I ayer fljr?ﬁg%t]a@ H’@G’ t@'agto ﬁét’ e?BO I gg f‘f’?ﬂg A Fleq@ﬁg%é%ﬁd 2:3
filmwth gresistiyidy: 030 L ylllcma% 0 cBel Fbllbra ga{)higxlﬁ;]@ﬁstfwrPs

[err]mand orma
0.20 pum (material for the gap: Al,03-7%Si0,). Incidentally,

still further embodiments with the same magnetic core
length, but with different magnetic pole lengths of 55, 60
and 65 um were also fabricated in addition to the above

15 embodiments.

In all of these embodiments, the read element
was fabricated as follows. A magnetically free NiFe/CoFe
film (5 nm), a CuNi film (2.5 nm), a magnetically fixed
layer of CoFe/Ru/CoFe film (5 nm) and an MnIr (13 nm) film

20 were formed one after another and a rectangular pattern
was obtained. After that, a permanent magnet of Co75-Nil5-
Pt10-5%Hf0, (12 nm) and an electrode film of Nb-T1 (90 mm)
were arranged on both ends of the pattern and a giant
magnetoresistive element with a track width of 0.41 pm,

25 which is determined by the spacing between electrodes, was
provided on a 2.1-pm thick plated shielding film of Ni80-
Fe20 through the gap, thereby giving this structure to the

read element (total shield gap: 0.8 um, material for the



- 35 - total of ten layers, was forned as 82 and a 75Co- 15Ta-| OzZr
filmwith a resistivity of 100 [err]Jcmand a fil mthickness of 1.5
[err]mwas formed as 118. As shown in Fig. 8A, a track width T[err] of
0.5 [err]mwas obtained in the wafer state_bhy 5 performng trinmm ng by
the FIB nethod and, furthernore, a ZARP-56Fe filmwith a resistivity
of 45 [err]cmand afi thi ckness.,of 1 e r ' n
end wi dth of O.gf%'erﬁa]zhg}' Thel'ﬁeea SﬁgFggnCS%éLIé%%%x\%f%ésfg%}sg%%sa
[err]m the magneti I I 2 ; PS5 ERrrim

t he nunber of g}%nglcag%%tgfc &:aéiogﬁg%ggémgﬁEéQ%%%?%éﬁ%f%%%ogap ' ength Gl

was 0.20 [8{d .4 S}%rv\; RAC1EN€aB88Pca fbd 05y 7R C?&alelldtﬁ}rﬂ%lto%és\é

still further enbodi nen th the same nmagnetic core ength, but with
di fferent magneid,. NI heR@shmodhtad of0the inBérHted ediddamere al so
fabricated in addition to the above 15 enbodi nents. In all
of these enpgodig@ifensildie vread sebgbRlE the akbsefhbadcaredignaflol | ons. A
magnetically free N Fe/ CoFe film(5 nm, a QuNi film (2.5 nm, a
magneti cal |y fiptsstessind aysar sebafakelRuifotellied nwdsd ofr) tlee EERERMVIVDS 13
nm film 20 were fornmed one after another and a rectangul ar pattern

was obt ai ned. Afdmwed it the seadedeown prugnesses o750 NeH 5and 0.2 pm.O 5%H 2
(12 nm) and an el ectrode filmof Nb-T1 (90 nn% wer e arranged on both
ends of the pattern and Zhgi fpillowingmugded opesthe i sanme| BHEMEULS RSa track
width of 0.41 [err]m _ 25 which is determ ned by the spacing b(gi,v\e,en

el ectrodes, wasthose shaym ded Fdq -a l2WerpeRRYHYt %?@Rlﬁ%?@:dl%l‘ﬁ WA 59 m

of Ni 80- Fe20 t hyoough the ,gap, .thereby giving.this structure to_th
read el enedf (tgiealmes‘{ﬁaelsam@’é’p:l%o%gbﬁﬁr Hm“?reﬁ ' oqsoﬁnatgﬁ’étlc haterid?,

which contains at least one metal element selected from

the group consisting of Co, Fe and Ni as a primary
component, at least two elements selected from a second
group consisting of Cr, Mo, W, V, Nb, Ta, Ti, Zr, Hf, P4,

15 Pt, Rh, Ir and Si, and a least one element selected from a
third group consisting of La, Ce, Pr, Nd, Pm, Sm, Eu, G4,
Tb, Dy, Ho, Er, Tm, Yb, Lu, Bi, Sb, Pb, Sn, Ge and B, was
formed on a non-magnetic substrate of Si with a diameter
of 3.5, 2.5, 1.8, 1 inch, etc. The numeral 14 indicates a

20 protective film made of N-added C, H-added C, BN, ZrNbN,
AIN, SiAlOH, etc. The numeral 15 indicates a lubricant of
perfluoro-alkyl-polyether having adsorptive or reactive
end groups such as OH and NH;, an organic fatty acid, etc.
Between the non-magnetic underlayer 12 and the hard

25 magnetic layer 13, there may be provided a second non-
magnetic underlayer whose composition is further adjusted.
When the above magnetic layer is divided by a non-magnetic

intermediate layer, which contains as a main element at



- 36 - gap: Ta205). The read portion thus fabricated was used as
t he magneti c head el enent of the present invention. In this exanpl e,
an RWIC fabricated by the scal edown process for 0.25 [err] mwas
nounted on the integrated circuit 5 suspgilr)]si on that supports the above
head. A si gnal processing LSI separatel’yinstalled was of the EEPRM

YD 1 oul O Mol (bR SeAlsdan Lgcenser:lap offigemd. o (e hm. v

The foll ow ng e he "sane structure ose shown I n Fi

were new y fabrjcated iy aggi tign \EA;%" %Q,ths,_”ﬁﬁi, apshopn, 1@ didl® dind¥y
I C

anor phous magneti'c nateri‘al, contains at [east one netal elénent

sel ected from or cth€ 10y 04 -€eNY,Ski-8g50f T60515¢ RPAZNL 0 ASTA-OFS MeAr-
conponent, at |east two elenents selected froma second group

consi sting of Gif1dvp,HANT, Nd,-SEa0,Tee-Be5, HBi-Rd11l, 180 Rtx3 RN, CIN1BNB-SI ,
and a | east one elenent selected froma third group consisting of La,
Ce, Pr, Nd, sPmNSm dtt. ,Choise detlreaBes HamoEt, ifinprobortionBio t3s Pb,
Sn, Ge and B, was formed on a non-magnetic substrate of Si with a

di anet er dqiare rhd:, of &hel tiotel, netberThEé mageebic 14 Thedieferes a 20
protective fil mnmade of N-added C, H added C, BN, ZrNbN, AN, Si A CH,
etc. The nuner athis isdiars erefangbliecant of per f | uor o- al kyl - pol yet her
havi ng adsorptive or reactive end grougs such as OH and NH2, an

organic fatty acid, etc. This epampdenisheXRoAIREG el Y LRI ERST 12 and

the hard 25 nagnetjc layer 13, .there nay b rovided .a second non-
magneti c under | ?/‘é"?‘ljvmoégmégﬁﬁséﬁ gbﬁki‘gg?uf? é/‘?:‘f(ﬁ%ﬁ% -OTMING B he

apbove magnel ¢ | AVl S Gladded Y 3 B9%y, "RINGLhGy, ercl MbAT ARG dYer
with a diameter of 1.8" and then further depositing one
after another an amorphous magnetic layer of TbFeCo,
DyFeCo, NdTbFeCo, TbFeCoNb, TbFeCoPt, etc., an 8-nm thick
protective film of carbon to which 15% N is added, and a
15 5-nm thick lubricating film of perfluoro-alkyl-polyether
having end groups of -OH.

Both the underlayer of SiN, Cr alloy, etc. and
the magnetic layer were formed by means of an RF magnetron
sputtering device using Ar gas and the protective film was

20 further formed in an N; gas atmosphere by the plasma-
induced reactive magnetron sputtering method. On that
occasion, the Ar pressures was from 0.5 to 10 m Torr, the
substrate temperatures was from 50 to 200°C, and the
deposition rate was about 3 nm/s. In the underlayer, Al;0;

25 and Cr-Ti were used as a single layer or two layers
composed of dissimilar underlayers in addition to SiN and
Cr. Thus, samples of different underlayer compositions

were prepared. The total film thickness of the underlayer



- 37 - | east one selected fromthe group consisting of Cr, M, V,

Ny, Ta, Zr, H, Ti, G, Si, Co, N, A, Zn, Cand B singly or Cr-Tilo,
M-Crl O, WSi5 Ta-Si5 No-zZrlQ Ta-Cr5, Zr- Hf 10, Hf-Ti5, Ti-SilQ
Ge-Pt5, Si-Rull, Co-Cr30, CG-N1O, B- 5 N10O,,.etc., noise decreases alnost in
proportion to the square root of the 28t al nunber of magneti c.

Theref ore, 5. I nef erab f th hodd) eyl € i s
expl ai ned bel ov‘\'f%;'n %ljirnt?hle@r) 0 I%O%dgl'%léi :t-ﬁa& ﬁagne?i%m%f%koms fabricated by
formng a non- 1\l megnatredidenrars! RATHFEE. O TBFL@IND Sltbrétbm) Si di sk
with a diameter of 1.8" and then further depositing one after anot her

an anor phous mefedddBil axtic OfvalblEeER. 20 to Pybekm, Adbfiedo, off iftaCoND,
TbFeCoPt, etc., an 8-nmthick protective filmof carbon to which 15% N
i s added, and gprdtedrcive tfiilek wakbgi aat i NCoripdditifons with a higher Fe

per fl uoro-al kyl - pol yet her havi ng end groups of -COH.

Bot h t he und@er | eyererfraliidn Ghaal heyaletompanitions tbded naymedgretayer were
formed by neans of an RF magnetron sputtering device using Ar_gas and
t he protective dptin wtisks2@erimirtt geeatosatdrahian N2ggetizattiwpr® by t he
pl asma- i nduced reactive magnetron sputtering nmethod. On that

occasi on, the Allnwdhe &ilmsbickregssofoalnefiydrEo Pperelativglygtrat e
tenperatures was from50 to 200[err]C, and the deposition rate was

about 3 nn's. I¥PQYREdmdThPEpEPTEAIBIBS WaS FRVAFabRe gt &1 O%s a single
| ayer or two |ayers | conpased of dissim|ar. underlayers in addition to
Si N and CrtaghfRfsic ngr RIRPEHT ml%fietrh SRS ons

10 invention made by way of trial in Example 3 are shown in

Table 2.



were prepared. The total
*38 was from10 to 200 nm

filmthi ckness of the underl ayer
that of the anorphous magnetic

'I ayer of TbFeCo, DyFeCo, NdTbFeCo, TbFeCoNb, TbFeCoPt,
was from20 to 750 nm and that of the

Conpositions w th a higher

Fe

5 concentr af3|9

on than

usual

TbFeCoBi ,

protectlve filmwas 8 nm
conpositions used

etc.

I n magnet o- optic disks permt gre ation ma ' '
aIIomPthe fil thigkness of apnediun?t“abﬂéﬁ%gét'"q'" gnetligiL22 and
Therefore, this was favorable in ter Aieiﬁ%gg ESY. eﬁaq-cc efic
di sks of the pfes¥agnetig FaxrEnt{PBh cﬁrﬁyﬁﬁ WAy ssird [supstdarefx S gh
shown in able 2 oy | (mTorr) (°C) aye
Table 2 1jCoTh;pZr Pt;5(200) CrTi(40hderl-2Ar lsput?0 Teq e oy plane
Orientation 2 [FechhghePtLr @7er (nagra(eo) [ | G&yer t 880 ng | perpgrdighlar pf
magneti c 3 [FeCosTh,e815Pd; (350) A1,0,(100)] %) prlessius® sibstpatddcular
| ayer 1 O IR AT 3B Td) (#W30) | @B.5_ (FU) 100 U- dperpendd@iar
:ogr Beﬁgiecul ar i S [@b’ﬁmsﬂf 1! JOI:,\:\ 51 3 %)LOU ’I‘?\ZSL@ (166 pefpendicutar b0
per pendi cul ar 6 [FeCgisPysRt Ve T 44501, IEES (Qﬂ 0 1l hj’Od Q;agpﬁnd‘icu;\a
100 per pendi ct FzﬁcoloTbaoGe@r%Cb?é)r (TSHIERY ] Nbf%er r] |\/h5(°?7m perpgdisyiar
1.0 150 | 8ReCoaiidisetdWalf370) ¥psERCh| er2 {Dy[ler r 28 5VAPpEReqdisnigr
ZnS( 30) 1.0] 9|Fecd3(y, .LosKIREPLAM} CcUfigr (30) 5.0 50 perpendicular
FeCol er r ] Th[ err @ﬁ&%{ﬁé{s«é@g%@?ﬂ:}s ¢dcz(Bp) 2.0 1000 [perpendicular
per pendi cul ar o Teeds, FECBERRT {¥8) 7 1[It gYP{S79)2 | MTH{ 20) perpeadicuiar |
0 B e e g 2 AP [efpdeger b ©
S R - e B DR PRS- BT, LR
TaCr (30) 0. 214[FeCopljGPrsRaFinlid) dVif 401 055" Fech¥hy oqRAEPFRHGpLaT
MoCr (90) 0. 2| 15 {FeCo1 IBLEusPtpRt HEA L | ol 480 1.0 13 124 perpendicular
FeCo36Tb[ er r ] Ng[iefrddst 2¥ANbHB0g50)aCr [fi8b)50) | 0. 5.0 1564 peepeefiicular
14 FeCo42Nd20PI SIZE g, VA Tbs0) [wi30) | 2. 081 1pet pepdephdicular
15 Fecal o] ToA g A Sl Y 7y [0 | TR e
per pendi cul ar 9 |[FeCo,4Tb RN, 2T, (570) | [PiVI50) 5.0 145 perpendicular
20 |[FeCo1oNd;5Pd,81,(690) TiPt (50) 5.0 116 perpendicular
21 |[FeCos5ThygTiosIr,Ti, TiP4(50) 10 195 perpendicular
{680)
22 [FeCo1,ThyErsZr,V, (530) [TiNb(60) 10 121 perpendicular
23 |FeCo1Tb,,TmsNb,Mo, (570) [SiIN(60) 10 101 perpendicular
24 {FeCo010Tby, YbsCxr,W, (480) [C(50) 1.0 95 perpendicular
25 |FeCo4¢Th,,Lus {500) Ge (50) 1.0 81 perpendicular
In all of the media of this example, the

magnetic films are made of amorphous materials with an in-

5

plane or a perpendicular anisotropy.

Especially,

in

perpendicular media, the noise coefficient is generally

negative.

preferable.

10

In media with a coercive squareness of not less

than 0.95, noise was especially low and this was

2.5 x 10-8 (uvrms) (inch) (pm)0-5/ (uvpp) .

In all cas

es,

the absolute value of normalized
noise coefficient per recording density was not more than

Under the same



17 FeCo[err] Tb[err] PnBSi 2W2(590) WCr (50) 2.0 165 per pendi cul ar
18 FeCo[err]Dy[err] Gd5lr2W2 (580) Ti Ta(60) 2.0 65 per pendi cul ar
19 FeCo[ err] Th22Rh2Zr 2(570) Ti V(50) 5.0 145 per pendi cul ar

20 FeCo[err] Nd[err] Pd2Si 2(690) Ti Pt (50)_ 40 5.0 116 per pendi cul ar
21 FeCo[err] Th28lio[err]Ir2Ti2 Ti Pd( 50) 10 195

per pendi cul ar condltlon(sfi%@ with thgzaﬁggg[ Eﬁil‘c—fbggﬁﬁ;{:fé r i rEA2(30)
Ti Nb(60) 10 per pendi cul ar

FeCo[ err] TbZZTMM Z@thé| I&n@@)ilmenlaowere faﬁ@icate@%@%ﬂ?ﬂh.r@f
24 FeCo[err] Tb22Yb5Cr 2W2(480) C(50) 95 per pendi cul ar

25 FeCo[ err] ThaHdl[efgddthi0N ayer 1ﬁtb5ﬁho layér@ by a nodmagnetic
per pendi cul ar In all of the nmedia of this exanple, the

magneti c fil nms Attt aife dayephouwhinht ési mhdewpf hCan Mo, W, 5V, Ndb.ara,or a
per pendi cul ar ani sotropy. Especially, in per pendi cul ar nedia, the
noi se coeff Bci ¢, iBE gdher &d,y Si, Co,nBgat fver Bnsihmdlw o t¢rTildbr More
squareness of not |ess than 0.95, noise was especially low and this

was pr ef %) € W1Si%l [Tac$48s, Nbh&raBsoTareryal %ﬁl%or%ﬂ‘z%d Tirp
noi se coefficient per_ recarding den5| ty was not nore th .5 x 10-8
([err]Vrms) (i ntﬁﬂ)j((f'erqﬁ He '5/3(1[ & lvppP-Crifdet-The: s%rﬁl,-lo s-n5¢6, ‘et

conditions.as with.the ahove _third e

neg?a of anot hef? dhRsR 't B FEaCEGT BT VFS ﬁ@ e Medelg e #Tafg‘ﬁ’é‘h c

oy o e Loy g IREL Gy A e, WLEh 1S
| - - i - Ti S,

R OMNCE ST PRy A

al | these nedi ahdid S dl%l‘i‘aa%e@rt @ablie be%@ké Rbuhtod as 31 Génci 02075% Th' S
was especially preferable. fabricate a magnetic disk

devi ce, 10 nmedilgeads ofshih Ion: Tl abbver eﬂiaba@manw@rﬁeﬁ@uﬁ&mt@& a&l and 20
heads of each of the above enbodi nents were nounted as

shown in Figs. 3A and 3B. Recording was performed by
magnetic fields from the magnetic heads while controlling

15 the coercive force of media by the local heating effected
by means of a laser during information recording. The
number of revolutions was from 20,000 to 30,000 rpm and
temperature rises in the recording positions of media by
local heating were optimally controlled in the range of

20 about 50°C to 300°C. Under this method, recording
conditions are susceptible to fluctuations in external
temperature. Therefore, it was desired to optimize laser
power by performing trial writing in the initial stage of
recording and at prescribed intervals of time after

25 operation.

In all the media, when the major axis of laser

almost coincided with the track direction, interference

with adjoining tracks was small and the best



shown in Figs. 3A and 3B. Recordi ng was perfornmed by magnetic fields
frromthe magnetic heads while controlling 15 the coercive force of nedia

by the | ocal heating effected by neans of a laser during information
recordi ng. The nunber of revolutions was from 20,000 to 30, 000 rpm and
tenperature rises in the recording positrbﬁ§ of nmedi a by | ocal heating

timall | i.n t 20 t. 5 C 0 C
e L LY SR U208 0hea?® SRR P 200k
fluctuations 'rhfﬁgfﬁﬂxﬂg_ﬁgin '%gﬁe%ﬁkﬂr%heTP§£8ﬁ°&§reé£i s SRy to

optim ze |aser y performng trial witing in the initial st age
of recor digyangbrids g3l Gcked t’w'iEf@r Fﬁésd@ﬁsitﬁe%ﬁfé&{ver?@i&ﬂﬁ! ation.

In all the nedia,” when the major axis of laser al nost coincided with
the track direcid@tholdthe/diaNee realivelh afhxd ngwritfiackswasgresal | and
- 41 -

t he best characteristics
were obtai ngd. daditires cfaswtWlese than 7 Gbiindrcaxdid moiautidaddmath t he
track direction, however, hi gh densities about twi ce the density in
conventi onal 50 ME=hrfrogthec melddabefr ¢hki erbodibert s psteovm cial | Tablar dal

5 densities of not less than 7 Go/in2 could be achieved at 50 MB/s for
the nedia of t mnd raoed Ingters ighiesn ofnn®sbless than bhdGhfied s tiees of
not less than 15 Go/in2 could be achieved at 50 MB/s simlarly for the

nedi a of the achiguasiate®Os M ewsimalagdyefor the amedil cof prw/i ded with
10 the above nedia having a_nmagnetic | ayer divided into two ded a§¥%rs,

recordi ng densi¥PRBAP e ShApPod8d TBP180éut Toop device provi

10 the above media having a magnetic layer divided into two
layers, recording density could be improved by about 20%.
This was especially preferable. Incidentally, a read
signal processing LSI fabricated by the process for 0.2 um
was about 30% favorable in terms of power consumption and

15 ©processing speed.

Example 4:
The heads of Example 3 were also adopted as the
magnetic heads of Example 1 and Example 2 and evaluated.
20 In all of these heads of Example 3, operation of the
device at areal densities of not less than 7 Gb/in? and
data transfer rates of not less than 60 MB/s were verified
and characteristics equal to or better than those obtained
in Example 1 and Example 2 were obtained. This was
25 especially preferable in terms of data transfer rate. When
the magnetic pole length was 55, 60, and 65 um, recording
and reading were possible at a data transfer rate of from

60 to 65 MB/s. However, when the magnetic pole length was



This was especially preferable. Incidentally, a read si gnal processing

LSl fabricated by the process for 0.2 pm was about 30% favorable in
ternms of power consunption and 15 processing speed. Exanpl e 4:
The heads of Exanple 3 were al so adopted as,.the magneti ¢ heads of

Exanple 1 and Exanple 2 and eval uat ed. 204@nfa!l of these heads of Exanple
3, operation ofydheo e deviste dl aaeal clensiit esael Seteddpssd han 7b
a I ratés

Gb/in2 and ta transter r of not Tess than 60 MB/s were verified

and characteri Sig 65 R YodQ ke PEThEE e Ned 08 108! Yrddrable.i NTExP| €

1 and Exanple 2 were obtained. This was 25 especially preferable in terns

of data transfesdedtaindeby a combatBRgBehilapdbe tleagtit vbs inporiantand
65 [err]m recording and reading were possible at a data transfer rate

of from 60cd rudBrot Heneyvehe magnethe cepaeclémginl b, dugt hleas

- 42 - not nore than 50 [err]m data transfer rate of from66 to 70
MB/ s was poSsi hitee mEgreetias pedpedieabith pr dfecalde . eddy wagrents ageert ai ned
by a conputer sinulation that it is inportant to reduce not only the
magneti c core |genpratddern theutrearspars pleanngdeetic povte| effeh RY¥-IC
because eddy currents are generated in the rear part of a magnetic
pol e. The R/ W Im®rtion s iseparadesepirmt E8ef FoFPRhePSPEREF 104 cll‘?e‘%s’i%
portion and formed by the scal edown process f

[errlm After tand  femped he ﬁG@@F@HWRaQrHGSﬁFeggﬁgg%%;ﬁgiﬁhaﬁgég}gg%d
clreutt Suspenﬁhgp %Etggetﬁgg?egﬁiéngfﬁﬁiéwbégkion was mounted on the

10 integrated circuit suspension of the present invention in
which thin-film lead layer and an insulating layer are
formed directly on a plate spring by the thin film process,
or on a wiring FPC, and the distance from the head was set
at not more than 1 cm. In this case, degradation of

15 signals was not practically observed and an improvement in
data transfer rate of not less than 50 MB/s was observed
compared to a case in which an R/W-IC was integrated with
a signal processing circuit and installed on a circuit
board as conventionally. This was especially preferable.

20 The above Examples 1 to 4 represent typical
inventions disclosed in the present invention and examples
that can be easily analogized by those skilled in the art
also included in the scope of the present invention.
Similar effects are obtained from the RF magnetron

25 sputtering method, ECR sputtering method and helicon
sputtering method, for example. Furthermore, similar
effects are obtained form the oblique-evaporation method

in an oxygen atmosphere and the ionized cluster beam



which thin-filmlead | ayer and an insulating |ayer are formed directly

on a plate spring by the thin film process, or on a wiring FPC, and
t he di stance fromthe head was set at not nmore than 1 cm 1In this
case, degradation of 15 signals was not practically observed and an

i fprovenent in data transfer rate of not 1ess than 50 MB/s was

observed CRIBAE AP A KA Id?lawglﬁg %ﬂeRéLM\éi&aﬁ\@é bosegisied wth

a signal processing circuit an nst a on a circult board as

conventionally. cJ%Eééﬂ%ﬁﬂfﬁaﬂﬂaiﬂddh Paefiekablea d28k. It is neeHl@sabeve
Exanples 1 to 4 represent typical i nventions disclosed in the present

i nvention and st similidiate f@Rktige agasbbyaafialopy zedsbylihmgea skil | ed
in the art al so included in the scope of the present invention.

Simlar effectspenrtel exbictifrtt falemeanite iRF thegheadoand 2besHoithEid rgeaetnwnd,
ECR sputtering nethod and helicon sputtering nethod, for exanple.
Furthernores sifatthermore eftfhec mgmedicbtracoedihgr medivemobhéadiea¥ apor at i on
met hod in an oxygen atnosphere and the ionized cluster beam

- 43 - rret@@&%cﬁ%ﬂ@@&%ﬁf diratgilsg inventhendenselposrgnenic
correspondi ng to each radius of a disk. It is needless to say that
simlar effectsregerdbtdiand aspding &Inl hﬁghadata tpapefer-srfecdt e‘l‘%‘i‘rent in

t he head and perfornlng heat i n ernore, the tic recording
medi um head antfSS t %\ﬁ%é@fg%&oo pieﬁ ermed; ﬁEeﬂtF%ﬁg’é‘ﬁ ‘5 RN i ¢

ecord g ana ep 40k S0 e Ut Ll nek o pRARAD S0
Therefore,lgighrégg aﬁééﬂggé%—capac1ty magnetic recording and reading
devices in which magnetic tapes, magnetic cards, magneto-
optic disks, etc., are used as the magnetic recording
media of the present invention, are also included in the
scope of the present invention.

15 As mentioned above, the use of the magnetic
recording medium and magnetic recording and reading device
of the present invention, for the first time, enables high
data transfer rate and large-capacity recording and
reading to be performed. As a result, magnetic recording

20 and reading devices with very strong product

competitiveness can be realized.



10 rate and | arge-capacity magnetic recordi ng and readi ng devices in
whi ch magnetic tapes, magnetic cards, nagneto- optic disks, etc., are
used as the magnetic recording medi a of the present invention, are
al so included in the scope of the present invention. 15 As
nmenti oned above, the use of the magnetic ~ 44"recording medi um and nagneti c
recording and r (¥r¥gd |%1e€a . of the present invention, for the first
time, enables ﬁ%ﬁl G\ <%ransfer rate and | arge-capacity  recordi ng and

reading to be perforied. fadeeau Eec@ﬁQﬁ% En8CEOLEIAY adlh sl ng

devices with very strong produc itiveness can I zed.

-44- \Wat 1S of pliBly Sratel is not 1/és@a%shl sor i8P5dhng wadck eadi ng devi ce
whose transfer rate is not less than 50 MB/s and which conprises:

a magnetic recosshiyhei #@gli um havi ng an absolute value of normalized noise
coefficient per recording density of not nore than 2.5 x 10[err] (pVrmns)
(inch) ([err]mO0.5 (uVgplagnetic recordinggmedicm hivawtimdiam alssaipure ed on
an integrated circuit suspension so that a total inductance is reduced to
be not nore thawaBe b fmb miedsic avh gredisiec coedifécienhopenorecohdings [err]m
of length, a part of the nmagnetic core being forned by a magnetic film
having a resi sténsity extowmti mpre thems .50KeAP] cridrmsy (Anel) imdyery  film
consi sting of a(q?gnftlc filmand a insulating film

nvpp) ;

a magnetic head which is mounted on an
integrated circuit suspension so that a total inductance
is reduced to be not more than 65nH and whose magnetic
core is not more than 35 pm of length, a part of the
magnetic core being formed by a magnetic film having a
resistivity exceeding at least 50uQcm or by a multilayer
film consisting of a magnetic film and a insulating film;
and

a fast R/W-IC having a line width of not more
than 0.35 um,

2. A magnetic recording and reading device
according to claim 1, wherein said magnetic head has a
magnetic pole length of not more than 50 um.

3. A magnetic recording and reading device
according to claim 1, wherein said R/W-IC is installed in
a position within 2 cm from the rear end of the head.

4. A magnetic recording and reading device
according to claim 2, wherein said R/W-IC is installed in
a position within 2 cm from the rear end of the head.

5. A magnetic recording and reading device

R O A6 O




and a fast RRWIC having a line width of not nore than 0.35 pm

2. A magnetic recording and readi ng device according to claim1,
wherein said nagnetic head has a magnetic pole length of not nore than 50
[err]m 3. A magnetic recordi ng and readi ng device according to
claim1, wherein said RWIC is installed iw a position within 2 cm from

the. rear end Ofaééber (;f'bg to %la\f\ﬁerm %’ﬁsg?gﬂp%égdrﬁ&&&m &ﬁg& ng

devi ce accordlng toc WIC IS Installed in

posi ti on wi t hi g2y fﬂdacegg}g hagneadtcendyet Whecheadhprfses at le%smigﬂfé”?

recordi ng and rea ce

according to C'n?étfallel\@i%rﬁﬂ Reddicd cBBERBh EhEe§AGED NGon H1ESH 115 hﬁ@ @, Fe
magneti c | ayer which conprises at |east one netal elenment selected from

the group consigid Wi ofs @ prigargndoipoasna, pat Nhéyst oo neldnersts | east two
el ements selected froma second group consisting of G, My, W V, Nb, Ta,
Ti, Zr, Hf, Pd,sétectith] fimorard sSicondndratupl eassisbimgedEn®nt Mel 6&t 88 from
a third group consisting of La, Ce, Pr, Nd, Pm Sm Eu, Gd, Tb, Dy, Ho,

Er, Tm Yb, Lu,NI®i TaSHi,P%r SHf GPdan@tB. Rhg. Ir and &lrra@m@td% ¥eas di ng
and readi ng device according to claim5, which has a magnetic recordlng
medi um i n whi ctPrsiel enaetsel dohpss froman SRHFFhSEIUP ngPRFating ©f La, = A

magneti c recordi ng and readlng devi ce
Ce, Pr, N4, Sm, Eu, G4, Tb, Dy, Ho, Er, Tm, Yb, Lu, Bi,

8b, Pb, Sn, Ge and B.

6. A magnetic recording and reading device
according to claim 5, which has a magnetic recording
medium in which said magnetic layer is an amorphous
material.

7. A magnetic recording and reading device
according to 5, wherein said magnetic layer of magnetic
recording medium is a multilayer composed of a magnetic
thin film and a non-magnetic intermediate layer comprising
at least one kind of element selected from the group
consisting of Cr, Mo, W, V, Nb, Ta, Zr, Hf, Ti, Ge, Si, Co,
Ni, € and B as a primary component.

8. A magnetic recording and reading device
according to claim 1, wherein said magnetic head is
provided with a giant magnetoresistive element or a
tunneling-magnetoresistive element, with an effective
track width of not more than 0.9 um and performs the
reading of magnetic information at an areal density of not
less than 5 Gb/inZ2.

9. A magnetic recording and reading device

—_——
—_—
—_—

AN O



according to 5, wherein said magnetic |ayer of magnetic recording nedium

Is amultilayer conposed of a magnetic thin filmand a non-nagnetic

i nternmedi ate | ayer conprising at |east one kind of elenent selected from

the group consisting of &, M, W V, No, Ta, Zr, H, Ti, G, Si, Co, N,
C’and B as a primary conponent. 8. - A agnetic recordi ng and reading

device accordié@céﬁ:&{\;;:iéeq L1aihenel grighd g?@@%!;cr@%{jdié %F%é' J¢ th

a gl ant nmgnet or esi st enent or a tun I Nng- magnet or est st ve el enent,

with an effectiy&nadiéicic Mdld flovitleamBie16hal Qilnlgrnéat Sedd Hge the
readi ng of magnetic information at an areal density of not ess than 5

Go/in2. 9. portAidragneti c recordi ng and readi ng device

- 46 - according to claim1, which perforns recording by neans of a
magneti c head mr®yvi ded ata magnketiict Feaokhdahggandr aéadiong peticn. 10.

A magnetic recordi ng and readi ng device according to claim9, which
per f or n8 magnetaccaomtiorglitng cliaime @i, awbighapeefohmat magne t tat ¥erordi ey
magneti c recording nediumand perforns reading with the aid of said giant
magnet or esi st i viemesdiarelwraftaneati agrddgationeto sainvagnet kerarecording

A magnetic recordi ng and readi ng device according to claim9, wherein said
heat - gener at i nghgbkult Gind iperfoyay eeaddagorithsthechid phvesaitd tiantuncti on

of position correction. . , L
magnetoresistive element or a tunneling-magnetoresistive

element.

11. A magnetic recording and reading device
according to claim 9, wherein said heat-generating portion
is a semiconductor laser chip having the function of
position correction.

12. A magnetic recording and reading device
according to claim 1, wherein said magnetic head is
positioned by a rotary actuator in at least two stages of
coarse and fine movement adjustments.

13. A magnetic recording and reading device
according to claim 8, wherein said magnetic head is
positioned by a rotary actuator method in at least two
stages of coarse and fine movement adjustments.

14. A magnetic recording and reading device
according to claim 2, wherein said magnetic recording
medium has a magnetic layer which comprises at least one
metal element selected from the group consisting of Co, Fe
and Ni as a primary component, at least two elements
selected from a second group consisting of Cr, Mo, W, V,

Nb, Ta, Ti, Zr, Hf, Pd, Pt, Rh, Ir and Si, and a least one
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12. A magnetic recording and readi ng device according to claim]l1,

wherein said magnetic head is positioned by a rotary actuator in at | east
two stages of coarse and fine novenent adjustnents. 13. A magnetic
recording and reading device according to,glaima8, wherein said magnetic
head is positioned by a rotary actuator né hod in at least two stages of

coarse and fing;l %V%rfe%ﬁeﬁghﬁs%@@&gedmﬁ a thfrddmg&‘lﬁfﬂ Cdri%dinad ognd

readi ng device "according to ¢ erein sald magnetic recording

medi um has a m}%ne@ec I3y efgghibmh gﬁrrpgﬁse@datﬂl,eq%f Qe HE! am el@enk,
selected from group consi sting of Co, Fe d as a primry

conponent, at lggasigy Werel egente anglected froma second group consisting
of &, Mo, W V, Nbo, Ta, Ti, Zr, H, Pd, Pt, Rh, Ir and Si, and a | east
one 15. A magnetic reco¥dding énduteﬁduﬂgmaawacselected from
a third group consisting of La, Ce, Pr, Nd, Pm Sm Eu, &, Tb, Dy, Ho,
Er, Tm Yb, Luacddirdifl, tBbclSim & whdr8in 44id magnetimagrestarslimgror di ng
and readi ng device according to claim3, wherein said magnetic recording
medi um has a megdkiurc hasy er Mnehlcohpyeseuha@hlmrm@s gretldass] onent

sel ected fron1the %Toup consisting of Co, Fe and Ni as a pri

conponent, at ﬁﬂ@meménéﬁﬂ§Ct§éléé?@dth¢d%¥@m%é66ﬁﬁ- Cﬁ%ﬁELsFth
of Cr, M, W V Nb, Ta, Ti, Zr , Pd, Pt, Rh, Ir and Sl and a | east
one el enent sé¥§%@@daﬁrénP&lﬁﬁFVdC@WBHBeEan?Et1?@F§ﬁtW%ie%ﬁyen , Nd, Pm

E
Sm Bu, Gd, Tbbé%écgg% f%om a segghdLgfoE% cg%glstlng of Cr, Mo, W, V,

Nb, Ta, Ti, Zr, Hf, Pd, Pt, Rh, Ir and Si, and a least one
element selected from a third group consisting of La, Ce,
Pr, Nd, Pm, Sm, Eu, G4, Tb, Dy, Ho, Er, Tm, Yb, Lu, Bi, Sb,
Pb, Sn, Ge and B.

1s6. A magnetic recording and reading device
according to claim 3, wherein said magnetic head is
provided with a giant magnetoresistive element or a
tunneling-magnetoresistive element, with an effective
track width of not more than 0.9 pm and performs the
reading of magnetic information at an areal density of not
less than 5 Gb/inZ2.

17. A magnetic recording and reading device
according to claim 10, wherein said magnetic head is
positioned by a rotary actuator method in at least two
stages of coarse and fine movement adjustments.

18. A magnetic recording and reading device
according to claim 10, wherein said magnetic recording
medium has a magnetic layer which comprises at least one

metal element selected from the group consisting of Co, Fe
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Pb, Sn, Ge and B. 16. A magnetic recordi ng and readi ng devi ce
according to claim3, wherein said magnetic head is provided with a giant
magnet oresi stive el enent or a tunneling-nmagnetoresistive elenent, with an
effective track width of not nore than 0.9 _[err]mand perforns the

readi ng of magnetl c information at an areal48den5|ty of not less than 5

Go/ i n2. and Al rrg%n%t 'r%’et. geg gffv ofBde ! eadi NG, sevi g8 eBGRANd Ng to

cl ai m 10, vvherel n sai S positione y a rotary actuator

nethod in at | qastedidd f3R08S s‘éEoﬁQag:?Suﬁ”Qoﬁé{‘@tmb’%@r&r adidIStWTBRL,S.

18. A magnetic recordi ng and readi ng device according to ‘cl'ai m'10,
wherein said magnetieg raGorei ngf, medi usthagshp rRoMed iSi) el ahildast
conprises at |least one netal elenment selected fromthe group consisting of
Co, Fe one element selected from a #Bird @neugNi carssissthirigrasfy La,
conponent, at |east two elenents selected froma second group consisting
of Cr, M, W Ve, My, Rd, Pm, Bm, EH, &4, Pb, Bh, Ho, dfw, In, afd diu,l Sbst
one el ement selected froma third group consisting of La, Ce, Pr, Nd, Pm
Sm Eu, Gd, Tb,Skby Phho Sngr GeTanpdyB,. Lu, Bi, Sb, Pb, Sn, Ge and B.
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