s |} ~e3ep66Tr *166166* ., 2 August 2002 MAGNETI C RECORDI NG 3 W READI NG

ICE BACK NVENTI ON The present invention relates to a

netl c disc lllmlmmmlmde in conputers, information storage devices and
S0 on, a magnetic, % 1 QI age device used in such i nfor mat i on2heuguappdOANCES
as dlgltal VTRs, nda magnetic recordimg,> and and, nore particularly, to a

magneti c recordlng and readi ng device suitable for realizing high-speed

recording 10 and readi ng.yxtifhd@ fBBREBRST A¥p ! 88QFEMAIDEY -S8M conduct or

menori es, nagnetlc menories, etc., are used in tﬁe storage or recording
devi ces of information eqU|pneht Sem conductor nenories are used in

i nt er nal i hi gh- speed 15 accessibility and
magneti c nengggﬁgigﬁ@ﬂggggqvhng#%égéﬁ econdary storage inthe light of a
hi gh capacity, Iom1cosﬁ‘and nonv atk}e é ert% getlc di sk devaces
magnet i ¢ tapes and magretd ETEHHE aﬁ’%? ?ﬁ’?% ©i % Wﬁ%ﬂ%f‘?‘ﬁ isc

Freld i s Goea it dur ot \FrmRREtEn e Enar sPhaPHERaaR AEkBre N e
such as magnef éﬂcorf“ $Kna ' téf"é’%@ &éﬁé@“&éé&i Eﬁr g%ch':‘ihtfg?&am%%d' ng

portions based on the nmagneforesista ct or the electromagneti

i nduction ef fipale afs Usathdd 5@8@1@&3@ veRoet hfal gf aagﬁte't% &%egrrfzm t a

hi gh desisty. In recent years, for reading, the giant magnétoresistancé

effect and thgd e "rﬁwr@%@tt.pé@ﬁaﬂyvet@faeﬁagha\esca&seo%q&a@ e
exam ned. These functional portions for recording - Adgust 2002

and readi ng %@a&)ﬂ{% dépiad | 8¢ £ P8 f@?uieQMiEthpﬁfigh‘A@b‘é'&d' $ Rl BhA
magnetic head. The basic configuration of a magnetic disk device is shown

in Figs.180A and AdBaidd 0. ad@AcShOMBgR-8eRb 2By VireWoeliklge device and Fig.
10B shows a vertical sectional' view of the device. Recording nedia 101-1

to 101-4 are fixed to asdmirdiifudtobensnbnied, byagnartier mtAdriks ,Fietc.10B
shows one exanpl e which conprises four magnetic disks 101-1 to 101- 4 and

ei ght nagnetla:rélamiédl;onlﬂlﬂelstwé.gé 8r t-lemerdlingt Beviagietdfc di sk device
ad "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 tapes 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
yvears, for reading, the giant magnetoresistance effect

and the tunneling magnetoresistive effect have also begun

to be examined. These functional portions for recording
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conprise at | east one nmagnetic disk and at | east one magnetic head. The
gnetic heads. 102-1 to 102-8 nove on the rotating recordi ng nedia. The
magneti ¢ heads 102-1 to 102-8 are supported by a rotary actuator 103 via
arns 105 15 1 to 105-8. Suspensions 10651 to 106-8 have f i he
pressing the magnetic heads 102 agains?zthe recordi ng ned?gﬁ%%%?19?82101-4
under a daher Fdaed dPate nashecined Vied OhVeR eheGELbGepltCHhli s needed
for processing of reproduction signals and for inputting and outputting of
20 informghieh iBecentled A md@iediPpriosesdsing circuit in which waveform
interference at high-density is positively utilized, such as PRVL (Parti al
Response Maxi num Li Reki basdk aorBRRMrtBdrended RMdnewhd cdiisle an enhanced
PRM., has been adopted, contributing greatly to a high 25 density design.
The si gnabeprioeessi sfposiry cui tFiigs i nistZaldmet] 10Ba dicuitObhodravom a cover
108, etc. The functional portion for witing and reading information on a
magnetd ¢ héan adseniofy the coprdseand Fig3 10B shewsta20eRtioaponent s shown
in Fig. 11A, for exanple. A witing portion 111 is conprised of a spiral
coil 116 Berhdenagniiem ©ihdihes devz cel g Rugioastimce MatiiretiCatd ytxonnect ed
wi th each_ other. The nmagnetic poles 117, 118 are both 5 conposed of a
magneti ¢ EPEFApateeddXSihiteh aartRedid 30 Hf NP ERE Y 2tBOLOFedPReti vel .
The readinﬁ Ortigg 112 conprises a q%gn%%presistance elgnent 113 rade of
an Ni Fe afPoyi9t ¢OBafioNs QR (IR 18 9B A IRF HoeR EQWSt ant current or

t ant | t.o.t h | t 3 d . 10 detecti h i
Fesi ot anc SRR e gHeHeL WA e b T TS A SRR SRy erc. and
servag al 39,33 gomagaekic aglelding haysho,it i auided hatyegn i he writing

and readi hg portions. ere Is rurther a Shielding |ayer erneath the

magnet or eghahance gheARllstllde MabhdisRdidiG N eaM uld Oi‘eé%%d@ﬁgr mned by the

cl earance distance between the shielding layer 115 and t magneti c pol e

118 (serviagnakie asadnothge shbakdiBgnkayer oaIhe duneti gnalowerdd on is
formed on a magnetic head slider 1110 (Fig. 11B) via an underlayer 114 nade

of Al1203, tRkCro2dtling #ericdlding mRiimpgnehec mhgadtld tadsMioeh 1l $provi ded
with a protection | ayer nade of hard-carbon, etc. on the surface opposed to

t he magnel0g-Beagedsngportdicdnby 2 ARt edt dia ttoxgi MMl v ild ldrma ol @6 -
suspension 1113, as shown in Fig. 11B. The nmagnetic head slider noves

rel atliSvel ¥ to 2B85tHRe negspénsioesoldbnd wedilldtr-8hihbeef Ifoatcatignf odm t he
medi um surface and, after positioning in an arbitrary position by an arm
1114 conntbeepressangotde, megalaties heeels AR iagnigistwihe meerrdisali ng

magnetic information via , _
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

t



4 _ 2 August 2002 lead lines 1116 and 1115. Wth respect to the above
function, there is also provided an electric control circuit together with
the af orementi oned signal processing unit or on the head carriage. 5 A
detail ed structure of a recordi ng nediu 21 is schematicall yzsggpﬂsf Bobkg. 12.
As described in JP-A-316013, nost of the conventionally used Fecor |ng

nedla aredﬁﬁﬁgﬁéﬁkgn% SN Ny @iangfﬁglcfbgyg%aﬁé% cmade of. a- (n-C Ta all oy,

or etc. on a non-naghetic strate nade f Al plated

mnth an Ni l hargdngss. ger S d Si or the
i ke, or gﬁﬁﬁggﬁyéﬁghggﬁﬁg?gﬁ%%%g%y t he %%uf%er?§%§né%ﬁo§gkgggghe

evapor at i gixgraidied, chLreé he1p at i HavHEEROSy e BhEgnbBuakl Yy éBnH@Q%Ed' ayer 122
made of Cr, or a Cr all oy, etc. for 15 orientation control of the magneti c

layer is afiten dastmesk ey | heheubglgrite.c pyltdernor e, 1188 s esstien film 124
made of di anond-1|ike carbon containing nitrogen and/or hydrogen, or Si02 or

Si N or5Zr @mpeisted icf M aviglest 10 £nburea duead) | vhychf aski fladg bEskat ance,
and a lubricating film20 125 made of perfluoro al kyl pol yether having an
adsor pt i vélidre &Irleact iete endregrag;ivelyr gdiie ferdina@astien clll s
provided. In addition to the nmagnetic recordi ng device, gneto optic
recor di ng CPHEELS FatMaBrF oI TR § ARl &1 befens lb&dmﬁ@eoﬂ aanahBei c
recording medium through the use of |ight have also been put to practical
use. The redrfat (ﬂj'{q c arré%cﬂ«rmﬂgecerew%slla?r ef @F 2aRPIYERI| At BOBAEARYpe in

whi ch recordin IEerforned onL%h | i ght nodul ati on an 2 August
2002 anot &L 9T A AT Fato #ﬁ%QﬁKF?eﬁﬁ%d%%?m%ﬂta%%3p@?ﬂo?ﬁﬁd by

T e I Pl Dl G R Y,
Y e L St
ooty PR sl del el ARG D S IO
to increage LY@Rlidd Wortions. There is further a shielding layer
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,0;, 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



ness of products, it is necessary for the storage device to increase
capacity by higher recording density, higher rotational speed and hi gher
data transfer rate than those of the prior art. Thus, an inportant problem
to be solved 15 by the present inventiog isto prOV|de ad A& Eﬁ@g@@%e of
recordi ng and reading at a high data frdnsfer rate of not ess than 50 MB/s

and, nore Pé&&eiﬁﬂé¥ Eﬁgtaﬁh gﬁeﬁgh ﬁf@ﬁ'£¥sg£ceoEolg§§ EQ%QeS Go/in2. A

magneti ¢ recording ne i'um capa recording and reading at a high 20

frequency @@HCE%ﬁM eheleOhtaknbBUp2 i GRASEN AldR e &dH@hpdensity and a
magneti ¢ head capabl e of generating a sufficient magnetic recording field

at a high £{egUeRCYo8eBnBECRSSAr YhEOR fERkend ibhed edWnaMtocdding
conventional magnetic recording nedia, there 25 have been proposed and

actually cghitedrovh LRel BEHBECHRK$EgBY refining crystal grains in order to
obtain a high SSNratio at a high density of about 1 to 3 Gb/in2, and by

pronot isng segregati oN QétadDefBgbetitCucanpanantecatrddhdi mediumd is 2 August
2002 boundaries to reduce exchange coupling anong crystal grains as being
taught in fnémb8id4B2¢1shdPnAiB- F6G131and AP- Ae63r2B4d40Insgraa-Be nmake the
coercive squareness S* to not nore than 0.85 and the rotational hysteresis
| oss RH 5 190the masyeodf thed4copvengionNsildy vasdoeesorsiither alsidia edieced by
recording and reading at a data transfer rate of not nore than about 20

MB/ s. HoweRePduapdnby hEormynet AcMAEBEFAFNGaNEY éasr Medieo@f én Qardir—fi|m
media of the prior art at_a high frequency of not |ess than 50 MB/s,

t her mal 1dT¢I%%%%§t|%ﬁ %f?@cFE Fh PﬂﬂeywaﬁﬁétlEnchQP%'m%9§$9¥§ r emar kabl e

due t9 weak exchan e c plin st I, d the apparent
coercﬁ@e fOFRBETRCH Qt g?ngY?ﬁ ghé tﬁtaaag %nﬁgg§wblé 4SEcofd on it
accur at el Furt hernore, even.when rec erf d under a 15 | ar ge
current mf %S%t???éﬁ?FﬁnC8¥aﬁlﬁ8duF.88 hsadFﬁgglegﬁnﬁ °
magnetic r ordln transitio i 0 u roa netic
regordlng ﬁf g%% ?ﬁ%E?nQ%%a yngPse cregggg %eé recorébdg

i nf or mati g Oﬁ; oS hbatas ataued: bes skand. bl 2 deng bLE1190 SUMARY

CF THE I n object of t resent 1nvention'is to provi

| ow-noi se Jmonesds 1£66Fd1NgY ﬂedeuafceﬂp%@daotrf heo¢ yekal, goai ns which
is capable of recording and reading 25 at a high data fransfer rate of not

lless than &0idBi st oo Eonthel perahésmhbgbrdenshi¥rr egobdices Forhel | ess
than about 5 Gb/in2, a recording and readi ng magnetic head with high
readi ng safsi thei sybsbirabei s mapdidenafe s fproeadtyon film 124 made
of diamond-like carbon containing nitrogen and/or hydrogen,
or Si0O; or SiN or ZrO;, etc. is provided to ensure
durability of sliding resistance, and a lubricating film
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



- ~ - 2 August 2002 sharp recording on the nedium and a nmagnetic recording
device of a high data transfer rate and high density which is realized by
using the magnetic recording nediumand the nagnetic head of the present

i'nvention. 5 In order to achieve the above object, the preseqq ors
pushed forvvard st udi es on chenical conpdsitions of magnetic re |ng
medi a, dep@si %5$§ +ecbhgt Rgi 854" eLALS Vi ces such as
magneti c hea s, an oﬁ%ﬁq@ﬂﬁaghat t he f% ?omnngﬁnegﬁgeégg g%bery

ef fective. emeaﬁné& B opgsied @l@i@gaeﬁb&uise@admagnag%unmhh a magnetic
| ayer corrprl sing at l'east” one netal elenent selected fromthe group

consi sti ngiRfeds, Rnasbth Bppds PGt EREYy CHEPPNEAt heat {/Bast two el enents
sel ected 15 froma second group consisting of C, M, W V, No, Ta, Ti, Zr

H , Pd, Peddxdirg aith Steaditty at Tieasif qfe, eslcﬂfmfdm@lmt@ﬁicﬁrm@ third
gr oup consisting of La, Ce, Pr, Nd, Pm Sm Eu, &, Th, Dy, Ho, Er, Tm Yb,
Lu, HS5 Slof Fevisres Geltanis Bimpesoildl egtd opthfomagnetbediagoaddng nedi um

it 20 is possible to obtain a high S/N (signal-to-noise) ratio even under
recor di ng ratadiirngh idattal gh alstfercranefef notel asd thas EBefBhsvenbetn reduce
t he absol ute value of normalized noise coefficient per a unit transition
Nd2- No2~ PEIqESeEDeNly coorkrekueds s pemse, eMo: DC 25 erase noi se, Tw
effective read track width, So: isolated pulse output, D recording density
in the unit of fI ux THEA RGP FEROGR DL 1 HATIR CeRee 215 detergipedyr ns)

(inch) ( %3 its storggg capacity and the speed during inputting-

10 outputting operations. In order to increase competitive-
ness of products, 1t 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



w

* g - 2 August 2002 The invention can provide a magnetic recordi ng device
whi ch can performrecording at a high data transfer rate of not |ess than
50 MB/s by using the above nmagnetic recordi ng nmedium a nagnetic recording
head and an RFRWIC 5 having the foll ow gg features; that ig,A4dfstRemetic
recordi ng head assenbly is given a total Tnductance reduced to not nore

than 65 nhifecauise.d U Das.a,00BeLhengel EoliplOhl ahollgl Bk bhan 35 ~tm

because it 1s provided with a magneti € filmwth a reSistivity exceedi ng 50

~i S2cm 10 i i onposedrok-a ti eolinl_m_ n
ﬁ?fnm%lé p%%ﬁ%fé%%ghe fRogpda06331 ABAREt | Gl M an®ian ang

insul atin @ magnetic core, and further "bécause it is

mount ed onygun ¢y 85 84 ¢ @&;&gi toSHaRENEhaN: 0aRe 1 /Be sBUW R aRIOduCeE USi ng

a process of a line wdth of. not nore than 0.35 ~, tmand is capabl e of

oper ati ng @t hhahe 144 egluenCcaes. ther tbeatDbRalt AgsHageetiisC 108e0RE Ng
device of the present invention can performthe readi ng of magnetic

i nfornmgti aio atheé dagde dehsdity ©b DoB .| esksiddarad K/ co2s bilerabbg a nagnetic
head provided with a read el enent having a gi ant magnetoresi stance effect
or a tunnetedyr) pgrstorésngtanderedfleng ahdawdahaanrehkéeti water ack

wi dth of not nore than 0.9 Eun. Recording density can be increased about
20~ by forafi mpt momadgrean cabayer2of MBhe . ndipreaver r ecloedi Blge npadneatiar ough
a non-magnetic internediate | ayer 25 conprising at | east one el enent

sel ected fresRItiGran consie i@@to@nc},a%?lgvl wedfp, ofather prgpr Ti, Ge,
Si, Co, Ni, Cand B as a primary conponent. A magnetic_recording and

readi ng défiteétora high Zreavengy Rt »eb2laFg§nehaBendi ¥H/&an thETPRvi ded by
perform ng _magnetic recordin im’eri ately, after heat lication to a
magnetPc r Ho- P T H otight HRe BREVGFLS EEWEGHSEBF& 1faser, etc,

d f ' di ith the aid of the ab 5 qi [
o eot ol GTBMERADLh G orieht " Hal: T Be PO B PO AORBE B P SEEFS thi n 11 m

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



Fur t her nor
wi t h hi ghe
position t
adj ust nent
properties
fabricatedg

e, in order to shorten an access tinme and perform position
r accuracy, it is effective to adopt a rotary type actuator
he 10 head in at | east two stages of coarse and fine novene

ng
to
nt

s. The present inventors pushﬁd forward on readag%ﬁwgﬁﬂz %02

of a magnetic recordi ng nedi dmas shown in Fig

%Xréf&gbggd%a% ﬁﬂ%{%t Lo di%E" g aanPaéfrH@:}’c Péf?(y? 27Qrot

| ayer of C brlcatlng ayer uor o- yet
etc., in tabeleg F) adhrl\Mgl L% t@N 3 AFITRGREd Carﬁytﬂglft&e@glefy 44 ch
non- nagnetlc un ayer h conprises at |east one el enent selected
the group

as a primary conponent) the a

filmdepos

QQ”?EﬁEhEQdOByZQs@thtMQ mﬁbﬁg%ldwréﬂbrdﬁh%-Redf%ﬁ ald G

ve maghetic |ayer was Tormed by contro
mhgABt€eNHERHORE, theCbraseentbShraig iteiper at ure, atnosphere

deposition rate, heat treatnent conditions, conpositions of nagnetic
or 25 uwnder |ayer, arhhbefieessoohchaekel ayrer aborgsolljldate, tee nunber

| ayers, et

c. At a recording density of 3 G/in2 and at 10 kprm these

ective
her ,

from
and N
' 1ing
and
| ayer
of

magnet i ¢ npdeaener éneeakovasegushedudgbrivieduseudfies convdrdnicredl nagnetic
the - 10 - 2 August 2002 MR el ement as shown in Figs. 11A and
11B on a coewpnsiiohehsnmagnaepvedisk reéevirdd ngs melddwn iderkiggs.ict0A and 10B

head with

As a resu

t, the present inventors found out that by giving the above

magnet i c Inyeeeeﬁea eedpegphnehoeéﬁﬁamlﬁ@eé}t tice e i egnesundt @s el enent

sel ected f

rom the group consisting of Co, Fe and Nl .as a primary conp
and at |ea@ege%le| Bﬁéﬁ?s eeﬁeéeéadf PO &DedcERE GrddPWds MAansy agte
Nb, Ta Hf, Pd, Pt, Rh, Ir and Si, it is possiblet

M, W. V

refi ndCr y¥eEY ﬁ#g?ﬁglgﬁd reduce the exchange

15

20

25

There is proposed a magnetic recording medium
with a magnetic layer';omprising 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 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. According to the magnetic recording medium, it
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- + Tw/ (Sy-D) (Nd: recorded media noise, No: DC
erase noise, Tw: effective read track width, Sy: isolated
pulse output, D: recording density in the unit of flux

change per inch) to not more than 2.5 x 10-8 (uVrms)

(inch) (um)9-5/ (pvpp) .

onent,
Cr,
0



10 interaction anong crystal grains and also to reduce the absolute val ue
of normalized noise coefficient per recording density to not nore than 3 x
10-8 (~Vrns) (inch) (~)0.5/(~Vpp) even when recording and reading are
performed at a transfer rate of not ngrg than 20 MB/s of 15 & henal
technol ogy. This effect was remarkabl e especially during | ow ptfessure,

hi gh-t enper at ure andmiLgk : | pasit.i:aas 0 rJ fi itions
at a high pressure a%géabﬁg&ﬁgggggFgﬁo%§Pgﬁgg n&gaéiﬁﬁg %é#ﬁﬁ&%@%s)

however, t@é@i@éf@ﬁ.icﬂ’aéaﬁoﬁgrQBQ}the@br@HHgma@ 30 rAQHE IOS | 44 HN1S @nd

conmbi nations. On the other hand, in order to record at a high rate of not
less than pQcdBLs, nbt WRSsNREEHSBY MBY sUSS @R iRgWMiHe RRAL adnddie 10
whi ch is capable of a high speed processing by putting fine-pattern-wi dth
for not 25r&@bedihgnméddbm;t | magpaticalredsedding ersid &l &4 paditd on, it
was necessary to devel op a magnetic recordi ng head structure capabl e of
gener atbi nghavshgonhe mighddbiwingecendumgsf;i ehdtatisa hihgh maatreetiire r esponse to
this fast - 11 - 2 August 2002 driving current. In order to prevent the
det eri or atfemonflifiashesfgaaksmbly is pApent antotkdt imdedt@rise i nstalled in
a position as close to the head as possible and it was desirable to reduce
t he di st ancedgeedotonpee mpaA 2ham 65 THebgrewest litnhem & masv@tiived
magnetic pole and head structures and materials for magnetic poles, and
devel oped @HagheRgehhefdnassuabry thpRh3a UBr aberaydset atcd sr edgvédeco not
nore than 65 nH in which the_magnetic core length 11 of a magnetic
recor di ng ¥brR RIAPGREELEF FLAB Voher 215eRaghelitEYpEreaerfdngn® % HEahper

[ le 117 in Fig. 11A t th 35 ~,.un,_.and i ch
o7 ot 880 W P dNRGLeYE P eRBasPRPS: RuRey Rt boding SOU8%m or o
of 1 he Mg GO Be SR pba: RE 150 E h b ReAg L Fo e Sind i o (T ount ed

on @ suspalisl At d 18 WL %g}@%{aggegg%ﬁdigeggyseg&echg%i&hrs%léggn&sggg;at_ or

1116. Recording nmagnetic taine thi's magnetic he
eval uat ed w4 htﬁéleaﬁndxd@;%foaasgsthgiﬁgegdp%%s%% 8t 9in@S \AdtpSUet, the

present inventors coul ascertain that a sufficient nmagnetic fiel-d can

be gener atesk a¥&Fe athan dat a5t iANsh&r 1§ ak8pab180b £ 6F§rtahaﬂg5gtl\/ﬁ/i n and
found out that recording at a transfer rate of not Tess than 50 MB/s is, in

principl e, £pegsédd fes Matrard il Srricde Mgietndgmot B yétbraingsaevivét ¥t
exceeding 25 50 ~lI SZcminclude, for exanple, N Fe-base alloys, such as
42Ni - 57Fe-tH# ,préEden b 2heveix jod 3dhn56eefbhin, theNreddkEag2 8famadghéhic43Fe- 3P,
and anor phous nmagnetic alloys, such as CoTaZr and CoNbZr. Exanples of
mul til ayeriffdrmaziohposad afhigh density of not less than 5 Gb/in? 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 um.
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
consisting 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



- 12 - 2 August 2002 a magnetic filmand an insulating filminclude a

mul tilayer film conposed of 89Fe-8Al1-3Si and Si02 and a nultilayer film
conposed of 80Ni - 20Fe and Zr02. Wen recordi ng and readi ng on the above
medium 5 at 50 MB/s through the use of the nmagnetic head anfugueeroo2of the
above construction, satisfactory recor di‘né was i ncapabl e due to a bad

overwite char 1814 L Bt JQQ?; I | d i .Qr three
ti mes. Thus, %il eg‘{:ecl%eﬁsg'pt arcceérﬁar'{% t uf‘?i%%ﬁ%%ﬁ%%@ﬁ crélé arggl or 10
ensuring rec i : wﬁﬁgg- i L highs densi n i a asfer
rate. Here, §%§¥§?§9§£fé reé’t%ﬁg{EﬁF%Tmﬁ%Eg %?b%¥€%ﬁggﬂt?§nglﬁ%&h%ggg

el ement with &R Wtk dibiin 218 se JRCI 8BR0RCRALCLRE dBAYE,

phenonenon was exam ned. 15 The present inventors consi

phenonenon i gedue drpy %éﬁ&ﬁﬂﬁ%%ﬂr@%@ﬁ tRe! B¢ 8¢0tHENEhove
characteristic of the nmedium erefore; the cause was anal yzed by

perform ng agigAd Hdpleddrosidtddiee USEf &t ae BERBALCOFPHKhERL ARt and as a
result, it becane evident 20 that there is a problemin thernmal

fluctuati ons rafyiRgnetd zeié DIh@nth §ié toH@eDs Boveuehne Fegar.di ng process.
Therefore, studies were carried out on nedium additives capabl e of

optim zing thermal flucusdiamsorand danptdgr coef §hereah. aASadck8suklimet he
present inventors found out 25 that by adding at | east one el enent sel ected

froma third grduypechng pospt dninmg WwethPhighdr RocuBecybu)itGds Tb, Dy,
Ho, Er, Tm Yb, Lu, Bi, Sb, Pb, Sn, Ge and B to the conposition of the
above nedi umefifedtsiypostsod bhdopo & edocary typ8 acPuAtgustto2@dzithenilthel ut e
val ue of nornmalized noise coefficient per recording density to not nore
than 2.518 1t:ead et (lead) twd OsBage¥ppf evemswehemdr €doredmagement
performed at 50 MH/'s. This effect was observed when the above el enents were
5 added in ardfustmdntm®t | ess than 0.1 ate. However, their addition in an
amount of 0.1 ate is sufficient. Addition in anbunts of not nore than 0.1
ate was undesirabl e becEigepndsant ehayeabdes dpusbade forwardpon. read-
Furthernore, the effect was remarkable when rare earth elements were 10
added. The abwvd-wfieetpyprentiesagéent BRABALLR Wesordinsinesium @sanul ar

type medi umin Wwhich a non-nmagnetic suybstance, such as Si02 and ZrQOz, and a
magneti ¢ mat efRWR Wi hE 89 hi 4B cVRERI EFnéaRkilsatechPYe fItsmHMY &uch as Copt

and CoN Pt, were sipultaneously formed. by sputtering and 15 the magnetjc
naterial1§dtH“%9%?§hcci9¥F5IPﬁn@ §ﬁi§g}P§pyEtc" a brotective 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 f£ilm 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



tonstant was precipitated and di spersed by heat treatnent at a tenperature
of about 300C to obtain the above conposition. Furthernore, in a case where
t he above nagnetic |ayer is nade of an anorphous magnetic substance, 20 the
magnetic | ayer often has perpendicul ar f@i§otropy. Howevery Ahsussap@osf f ect
was al so observed in this case. Furthernbre, in any of these Inhstances,
when the appve] BREAGI L LA¥GH WAS FiglsTed 1W &y NAk MRINELd & € S at e

| ayer contalning at | east one el enent selected fromthe 25 group consisting

of Cr, M, md¥n¥tilbaiia, dékicH asTisho®® i9 Figy. Noa Grndids asaa primary
conponent, noi se could be remarkably reduced because of statistical

addi ti on ofesiyfal shanfrkbestvwanvespetisalfonrdawvarahiitad By npiving thd4d - 2
August 2002 reduction. Furthernore, what is especially noteworthy is that
by reduci ngbdtre magnetie tayerl erigih colmpold tdloy eamgnatimy ead dsthot nore
than 50 dun, a sharp and strong nagnetic field could be generated with

i ncreas$ed &nefhetatneyemrdtr eedediceg dmom rbd @gmompt ftamhisghierg coerd@ ve
force was possible. This is preferabl e because hi gher densities can be
obt ai ned. FarahdrNoras byprameall cegpohengboeadrRAl Il@asgartwche suspensi on
the rise tinme of a recording magnetic field could be nade further 10
shorter. ThlempeERi sebdCsRdr FrPBcar §eF§nengronEbIConsHsdiing i & t dbe
relatively reduced. Therefore, this is nmore preferable. In order to perform
recordi ng WndVr e¥Bi n§2at Ta- hEgh HénsPly &t nét| d<s awhFis d&F ide2, it was
necessary 15 tp gerforn1%he readi ng. of nagneti information through the use

of a magndRPeSHRLE RAvVFR§1EA EFVEEg#vngé §- EPGC K SFYeh e 15t t han
0.9d i fh_gi . t istl ffect t l i ng- t isti

of fectD artfFerforhe RICRarRG CBY JEAAGE! 0CnPartaTof BLGE Ah densi ty
f 20 not /1.R2 ' i |.i .S,
gignal??o-%%$§%6ggpygl§? %gtnPgégﬁﬁhgﬁrgg@ggrgggkﬁgc g%ﬁbgﬂﬁicegsary for

the operatf@&ﬁ%%ﬁgﬁggﬁtg&ggs%@snebt AbRed eWihh st he 13i-¢ g;éxgzmg)%&ﬁggg with

processi ng net necessary to conbi ne the netic

si gnal 25 nrEresyigpsichas GRRY xR arld etdd$ispding, ECCs, etc.

I ncidental I'y, the giant nmagnetoresistive el'enment (GVR) and tunneling

magnet i c £ bBREA0L 005 esransrdirsehesed i RodPmArel+B2A906, ME)=ASF2- 61572,
JP- A- 04- 35831, - 15 - 2 August 2002 JP-A-07-333015, JP-A-02-148643 and

JP- A- 8- 21880denthogd i ecbtMBolbaek Witid of faot waseréhank8bdeEun was
realized by putting |lithography technol ogy based on an i-line stepper or a
Kr F st eppezspdd Balaprdeningnlowehnekegye, ehd gh5 tempkulturee and high-
rate film depositions or during film depositions at a high
pressure and a low deposition rate. Under other conditions,
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



The above system was a very epoch-nmeki ng product as a magnetic disk.

However, the present inventors found out that recording can be assisted by
i nstantaneously heating a nmediumto the tenperature range of from about 10
50C to 250C with a magnetic disk provided with a heat gene on
and thereby reducing the coercive for tetlat™ a hi gh frequenc%%daé!%t%pqithl S

d f h ff I h d he  l,oad

R e e
ld b t. th 5 Gb/in2

coul0'be g g0t or dynabn Lo sy oot s e £ ol

with a recorginge | Acks W gbbeol NPheRLEa! BANAT  £auh A EVE shen’s

magnet i c~pol‘e erla a saturation magnetic fl'ux y of 1 T

was used. 5@§§ra$fést&ﬂ§eééeéctﬁé|Ml%@&ﬁﬂhaggoﬂét W2 resheet &p this
effect, access tinme can also be shortened by perform ng nagnetic recording

lnﬁEdl@te|Wh@f§§és@@@t1ﬁ@@ht§§§|@ﬁah@néd”ﬁ@@ﬁbt@crQ@Q@db&@.%éﬁﬁ?d'U”1and
perform ng reading with the aid of the above gi ant nagnetoresistive el enent

or el enentstaydhgrés t amdehih bgrhayseforenaghietecebbaels., Hhids desrdlwpdeer

pr ef er abl e. - 16 - 2 August 2002 Furthernore, by using a sem conductor

| aser chi pa asagiet abdveadecatsgrehéyawinl pocbvieaid, iadueftheactd vedwead vol unme
can be reduced and hi gh-speed positioning beconmes possible. This is

especi al | yrpredermdte. than addi tHohn whiShotler magnsharct epracdesgthi e and
ensure positioning wth a higher accuracy, it is especially effective to
posi tion tde hderbhytbc roeepydinguaecsve aempodefnodt theadowewo st ages of
coarse and fine novenent adjustnents. 10 BRI EF DESCRI PTI ON OF THE DRAW NGS
Fig. 10showorehtaretally8taedesBentPRFT pBRENEH1C Pole 117 in Fig.

11A is not more than 35 um, and which is provided with a
magnetic film with a resistivity exceeding 50 pQdcm or a
multilayer film 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 is, 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, 51INi-47Fe-28S
and 54Ni-43Fe-3P, and amorphous magnetic alloys, such as

CoTaZr and CoNbZr. Examples of multilayer film composed of



of a magnetic recording mediumof the invention; Fig. 2 shows schematically
the essential portion of a magnetic head assenbly of the invention; 15 Fig.
3A shows schematically a plan view of a nmagnetic recordi ng device of the
invention; Fig. 3B shows a cross-sectignal view of the ma ' sy sl ng
device shown in Fig. 3A; Fig. 4 shows d¢hematically the egggﬁkﬁgﬁ porfion

20 of another_ mm netlg%?eadngssenbl f._the i.n entloggd§} . 5A shows

schenaticdﬁl%gq e ESsehtT a po? i Oh- 0 aglﬁggﬁ% f'ctie he inventi on;

L9, 5B share. sehount Leal yohhes essget bakeDaRiL9B; oL anatiber Rgget i ¢ head

of the invel ows schenati ca “the essenti portion of
e L WAAEI TR el sy Lousiags of b LeRLg g, C8 s B
structure shown in Rjen 6Acording and reading on the above medium
5 at 50 MB/s through the use of the magnetic head and
circuit of the above construction, satisfactory recording
was incapable due to a bad overwrite characteristic, etc.
and besides noise increased twice or three times. Thus, it
became apparent that further ideas are necessary for
10 ensuring recording and reading 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 pm.
The reason for the above phenomenon was examined.
15 The present inventors 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, G4, 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



Fig. 7A shows schenatically the essential portion of another nmagnetic wite
head pole structure of the invention; 5 Fig. 7B shows a cross-sectional
view of the nmagnetic wite head pole structure shown in Fig. 7A; Fig. 8A
shows schematically the essential portign of still anot herz%@&%ti%@é\ﬁite

C

head pol e structure of the invention; Fig. 8B shows a cross=secti onal
vi ew of t [ragn ' i e b t h ;N Fig.,. 8A_ Fig. 9is
a graph skhl%lvm ng %%i%?%%%f%%' ggd’??%x\%f%Fgﬁeﬁggfaﬁggffgﬁlse%&vﬁer

schemt | caldyo Ay plAnat oyt ol e ASc cAByenthonay sagnehie diskndevifign) H o.

10B shows a sectio Vi ew o he conventional magnetic d evi ce Shown
In Fig. 104 )@-gy(&¢6p§h8%n59ﬂ&%ﬁﬁ¥e%@|ﬂd)irﬁ RY W r ¥8fdd anals iy Of the

essential portion of a conventional nagnetic 20 head with wite and read
el ements; 7Hi%k JdARSHONSs SEPSERTESalh¥nt HRe CABYOBL EOBALNFBINRLC head shown

in Fig. 11A; and
5 added in amounts of not less than 0.1 at%. However, their

addition in an amount of 0.1 at% is sufficient. Addition
in amounts of not more than 0.1 at% was undesirable
because of a remarkable decrease in output. Furthermore,
the effect was remarkable when rare earth elements were

10 added. The above effect was also ascertained in what is
called a granular type medium in which a non-magnetic
substance, such as Si0; 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, Hf, 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



Fig. 12 shows schematically the essential portion of a conventional
magneti c recordi ng nmedium 25 Exanple 1: The nagnetic disk of the invention
is showmn in Figs. 3A and 3B. Fig. 3Ais a plan view of the devi ce and 18
2 August 2002 Fig. 3B is a sectional view of the device. Angéé g of
the invention, a recording medi um 31" of4t fe i nventi on, mhrch
descri bed I an a|I referrr t.q, Fi i xed to rotary hub
34 and rof &t élé:tti? rr% Ot qrd rhe%%or ngs%?es lpaeirf%rno%e%?/rta ¥rajg?1et| c
head 32, h I leRE [ t f [ Figs. 11A
¥%e% b Qe qggqggy éﬁgfic @%9 féﬁg?ﬂ LeT ehE ngbg

and 11B. netic upporte otary actuator 33 via an

arm 311 ap %%' ild e giftﬁaﬁndatpqndfb %ﬁaﬁtb%]@ %@””&rshé!r%eQﬁ&SEEkPﬁglpos' tion

of the rota ing recordi ng ned um 31 raw ng, nuner a

denot es a 3USRRNS Gl IO Bd JdkerLeddiwhch! insbeateg the details of
t he suspension 313, the magnetic head 32 is supported by a ginbal 20 and

the suspeRgiraR idndy M RGNS AP Arfedi @i Weehi & RigRAREr
corresponding to that of Fig. 11B. The suspension 313 used in this device
IS an int egledicddreCificidd WS RIsE iblé N Vihich itheprd fd o Pd echide
insulating layer are integrally forned on a plate spring through the use of
t he thin highetre dandidgyess aadarhdte tdleta et afte thferrvereni rhyng 21 i s not
nore that 15nH Usual wiring of twist wires and wiring with an inductance
of not | edastadd ingnithesigfmates Fivghed nern G0 MBAspensepnat ehgreasey. Thus,
conventional types of wiring could not been adequately put to practical use
when circtilie off @suscqrsliang waanaked fiald easkd vibereada RAvwRerportion
314 was fornmed on the above |ntegrated circuit_suspension 313, in_which the

t hi n-¥4 | msheriteg anahrlﬁsareatnrlﬁge PEA TR FECHTENT \BIhreRaP I trd it e

spring, or an FPC for w_rin and e djstance fromthe head was not nore
than 2 cnPoLge &aéwuatﬁlat g‘r‘?a{ s A&ey Src P oIEA%R and an
i nprovenent in t nsfer rate of not | ess than tens of - 19 - 2 August

2002 negabYEEETH Ssecond was observed conpared to a case where an RWIC
was integrated with | .pr i n ircuit
ﬁl y %.I’l_ R %%_?%Sor'ﬁg rcécro%l re 3 adrlli t‘["‘ g

board as conventi ond 'S Was especra nthis

I
e ent aibAC gRrsegs afé nedl shanes é%éa%%xzfrpﬁt% ML sy |
magnetts c %Spéx%rtn tt@léte%da_r}@ &l 10hia JTRANEL | £h ASARIS: Bdn aF Br HRYMT ed.

However , east one magnetic disk and at | east one nagnetic head may be

i nstal | edgnknushi $£1Q ey e OThddee Heisetad nverdd ©lve lré9330rherds and 1
to 15 nagnetic disks were nounted on a casing 312 of magnetic disk device

shown in Rigth3ofThetsadrapreses ihad gl ettt oy HAntE Wdgrest codwat i vaal
technology is required for recording 15 information, processing read

si gnal s aerdfienpubti rghnedtimg-nayne st ore ¢ffeer nsand penterms
consunption, however, a circuit using a CMOXS is advantageous in conparison
Wi th a ciktbei tceasirlrrgr & IBima@vIEs ish d i fonma terre ssfary higkioders ey cefcuitry in
order to perform 20 recording and reading at a high rate_of 50 MB/s. In al
cases0 t hBpéf dess thapes ﬁ%ﬁéégaryBYopaagﬁFmﬂﬁg p2efdrsi AdRsr 68483 Por not

nore than 35 ~min fabricatin
sggnal to-noise ratlo!%fié)t 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,



the RRWIC In an actual case where a patterning process for not |ess than
0.5 ~.~.mwas adopted, good recording could 25 not be perforned.

I ncidentally, for channel LSIs for signal processing, etc., it is necessary
to reduce the circuit scale in order to reduce power consumddm\)t?lgog
patterning process for not more than 0.2 E. irn was adopt ed. - - 2

?ﬁ?:?iefggi%—'ifdaéf%iz i@ﬁﬁ“éifﬁréﬁiégﬂékf@ES%Eﬁéhﬁ?é‘?séE—?bi‘aeLo?y“ﬂ' Rl Zod was
i ntrodu r r TR [ I i

Ci J;cai tcﬁse’?gf?%lg&% %LE%%E?I\M? _ d??%ﬁ!&%}&apnemﬁal %Q%ER%E%?E%%gnged
£t ended Hap th ol ¢ oo PONSRARXLIY ML LEKALL B9 ThabBaBRARG] gl he ECC

function i SO enhan ernore, In e case o perpen(ﬁ cul ar

magneti c recahdl g, - reagi Ros Mespee! f PTEPEaBY i Lhe i BRS relcanah dehoc et Ng
nmet hod, etc. ese 10 conponents were installed in the circuif board on the

cover 312,.etg,1Thesdhunber of revolutions of the device was 10,000 rpm and
the flying height was from26 to 28 nmin all cases. The nedi um and

magnetic head of therHy essite 16y4 tWRNAONa WokghesOBROREKERE BREAAELC
recordi ng and readi ng device of the present invention, is explained bel ow

in furtheragled andgndttistdisbhe miatrenf the presemnt imventons fsuedpl ai ned

by referring to Fig. 1. The nuneral 11 indicates 20 a non-magnetic

substrat e ouii cthats meclerdingl eas, bél #psasedd by tvsaancsneduslyl astics,

etc. and forned on a disk with a dianmeter of, for exanple, 3.5", 2.5", 1.8"

and 1", ahegleing a reedium The HueetarpeparniechgBgeacholiragnabottunder!| ayer

which is made of G, Mo, W CM, CTi, 25 CCo, Ni.C, CoC, Ta) TiCr, C

Ge, THRb, ¥ TR 2O rhsh 22 megRet teedkFkdpsPvifedeki tiePele8E f rom t he

group consisting of &, M) W V, Nb, Ta, Ti,, G, S, Co and N _as a

primary cGHRREHtLNGHRAT a@ngst‘-?"‘nﬂ?%)ét E%d‘échﬁgdthe- Coerciyenfonse 2002

magnetic | ayer whi.ch_conprises a crystal]line netic _.substance of

CoCr Pt La, %%(?r'ﬂ%\’(%“ By @%Foé#l%eﬂﬁ%dﬁnfuégzgﬁdTaSm

Ni TaSi Eu, &d, CoNbVT GdFeCopPt Ta, ThFeCoZzr Rh,. .FeRnhSi Bi -

CoPt I r Sn- (?0‘%&%%‘??' 5 i< )}”sc{ra i ne" %blnsetsl%szts% s‘%}é%(ﬁ;o%cgn?lg# n at

| east one d o c i SLI Co, Fe and Ni
JHRL aéec%zecr:ﬁg SFHEE52 % OhL NRa 0L YR CPBR! SLEBEARg

as a primry conponen east two elenents sel ecte roma-second group

consi gkl ngnéﬁln&j;c ¥blé@! bul® . bd aredhiced!  afll: Fbofdindac |4 Rh S, and
a | east one 10 kind of elenent selected froma third group consisting of
density of not less than 5 Gb/in2 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 pum 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.



La, Ce, Pr, Nd, Pm Sm Eu, &, Th, Dy, Ho, Er, Tm Yb, Lu, Bi, Sb, Pb, Sn,
Ge and~B. This hard magnetic material has an absolute value of normalized
noi se coefficient per recording density of not nore than 2.5 x 10-8 15 (
~Vrms ) ( inch) ( ~.tm) ~~5/ ( ~Vpp) The nuneral 14 j e5062
protective | ayer nmade of Cto which N éﬁd'H are added in cozgf tion,
+added G BN 2r NoN., glig Jheo nugerals 49 ndLaatessackuyr &%%%& Oh

ether N g adsorp

per fl uoro-al kyl - pol ye avin VE Or reac I'VE end-groups Such as

OH and NHZ, & e %b&’{}&aﬁ'é&t ?Eﬁféré&ﬂ EBEu@?J waan Jee ARy gg%%%“ ¢ under

| ayer 12 anhd net ayer there may be provi a second
non- magnety &1 WpEeLLAYLE %@e&eeeogﬁesmgﬁnsbeefaubb@ertle@lm&@t b b ahi ch has

a lattice constant capable of being nore easily matched to that of 25 the

magnetic fhdaziphen the aboy e dpaiell By | gyefersbté Vi dad g ec 16 n|egnet i ¢

|nterned|ate | ayer which contains at |east one el enent selected fromthe
group eonsésdéngtOf skoxtdh, adbeds BtbmeTandZensbie PosiCdondng @dth a 22 -
2 August 2002 Ni, C and B as a primary conponent, noi se decreases al nost in
proporti orhighé¢heascqueseyr obt D éebpetdhalynefiiertaflenagnebisd tdiayers.
Therefore) this is nore preferable. Enbodi nents of nmedi um of the present

i nvention tharkeadpbyai medobatyvachuatothvetletaih. aThéeasgneticc di sks of
the present invention shown in Table 1 were obtained by first form ng an
under | ayersttages gphiscoaisk sudsfineemovenentdhdnvssments3. 5, 2.5, 1.8 or 1
inch, then formng a magnetic |ayer of single-layer, two-layer or
nultilayer 10 structure, a 10- nn1thick carbon protective filmto which 10~

Nis added and final form a 5-nmthick lubricating filmof perfluoro
al kyl 1 oly%ﬁ %55 %9Ne9% Eﬁ%uBR%WFggssurface treat nent. The above

under | ayer is made Sy 15

etc., which contai n%tlagt he]E aI ¥t é?%rﬁ%tﬁtcigi%c'f%ﬁ ??8%??@ gPSE
ConS'St'anﬁhe éggﬂkldwre +n%amedlum6§f She ERVQE ﬁPl as a primary

conponent ma ne er conprises a Crys he magneti c

material of CoCrPtGd,y %%fha{r\?,s&?&é%@égf%mengufé@ﬁéﬁbl PhEEERR! e, 20

FeN TalrSm etc. mhlc crystalline nmagneti contain east one

metal el engaty Qﬁ%&pef.cp@s}aéatan@sgé Ee eﬁg Nwane&oheast t wo el enent s
sel ected from consisting of , Mo, b, Ta, 25 Ir and Si, and at

| east 1gne el ement greup, M\%@W@%merﬁ@ul@n}?ra Dan Hpi efir o£ T YD, LU,
Bi, Sb, Pb) Sn, selected fromthe s a primary conponent, a second group
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. 5B 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



Ti, Zr, Hf, Pd, Pt, Rh) selected froma third Pm Sm Eu, Gd, Th, Dy) Ce

and B. The above underl| ayer and magnetic | ayer were - 23 - 2 August 2002
both formed by nmeans of a DC nagnetron sputtering device and the above
protective filmwas formed in an N~ gas atnosphere by the pl 1l ed

reacti ve magnetron sputtering nethod.” cident al | y, in this exXanple,
paraneters_ coul d. be varied, i ndepen I th nderl.gyer and magnetic
fiIn1eachWﬁQQSt%%gh%?ép?%%gu?gguggs?%oéb§apol§0%l TOP%Y substrate
tenperatures of from.100 agg]: L1 e d 0.1 to 1 nnis
were used. In the unr?dlgl a@zgr,ég%% a,%?%/,gig? éﬁ% %«gg%f&ég?oys such as 10

T Tal 5, TNBIE. T B0 At ale gl WiLE Hoa Reld St o o

| ayers comppsethwdndigsi mlar netal |ayers. Thus, sanples of different
under| ayer conpositions were prepared. The total film 15 thickness of the

underlgyer was fromgid t o780bhéis 4 hetoos-&ber 189AEt LEclvayer twas from 10 to
100 nm and that of the protective filmwas 10 nm A nultilayer nmedium 70

nmin thi glepss vasviel 5 nage byleeytohictural shywiepasetigng7agn | ayers of a
conmbi nation of 5-nmthick CoCr~Pt6Gd3 and~2-nm 20 thick Pt |ayers. The
magneti c recordi ng reEd udfshdies psaisamdticakhyi ohewassenaliaat ed by SEM or
TEM and it was found that the magnetic layer is predom nantly conposed of
fine crystrairgren nef vitihll henhotheerngengracnwsizeshefdnppleore than 12 nm
and not |ess than 8 nmfor both 25 | ongitudinal and perpendi cul ar nedi a.
- 24 - 2 Algatugpefaphe InVeRgheRic | ayer (nm
10 Fig. 8B shows a cross-sectional view of the
magnetic write head pole structure shown in Fig. 8A4;
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. 10A;
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



Under |ayer (~)Ar sput- tering pressure (niforr)Tenpera- ture of
substrate (0C) Orientation of magnetic

| ayer 1CoCr | sPt aLaa( 25) Cr Ti (40) 2250i n- pl ane2CoMbdl sPt 8Ce1( 25) Cr Tl (60) 2250i n- p
1 ane3CoW 9Pt aPr z(25) Cr Ti ( 100) 2250i n- plgne4CoCr | sPt eTaaI\lda(Q&)._g@Qﬂgl@@lOOi n
- pl ane5CoCri sPti oTasPns(28) MoCr (20) 5150i n- pl ane6CoCrl , Pt | oTazSnB(28) MoCr (30
) 5200i n- pl ane7CoCr 13Pt 8V5Eua( 35) Cr V(10) 10300i n- pl ane8CoCr | sPt 1 zNbzGds( 35) W
i (20) 10300i n- pl ane9CoCr| skt | sVaTba( 35) CoCr ( 30) 10300i n- pl anel0Ni Fel oCrl ol raD

26) Ni . 20 9j n- pl FelN, 3qQT 8 30).2250Qi n- pl 12FeCr
)F/’taI(BEr )~( Izs?)Féécz %8) 78 %gﬁ%ﬁ@%o@ %ﬁ%ﬁ%sﬁ%g %&) T)é[(%4%qliezn5€‘?‘2?§?ang14c§
Pt | sNi aYbB£Zrt@z( 25)w4r30)dr,8 14 nxptangiboeds Binz Rdalfuccise ShEEf22dMp (

50) 1224i n- pl, 16CoCr z3Pt ] oTi sBi 100 )Ti Cr 50 ,
)2)174pelrg€ﬁ&% 5%&, 7%60%6@5%%5&%%%%)1% &E%%%Blslﬁbjpére&@rﬁlaﬂ aF28CoCr z|
Pt 8Hf 3Snaf6@). Tih Ta(20)rlekpardendicid Bf IRE Gz 2 SR3GR &f 59) P Tage $50) 6140p
er pendi cul ar 20CoCr zzPt sRhzBo

i (40) CoNb2R050)#F1D6pecesddingul bf 2 PesCorrrds shy Saa (MY PHE 5MREDo 1p2F pendi cu
S R
11A. A 5 magset ildApadred 11178 of THSNma§r&eiwi hbid Sat ursatsgtmpdmtga%étkbyz &1 ux J
density Olo%éinggyigiggﬁgftéfgtgnogrgo31%mgﬁgjpositioned fast and
in a stable manner in a prescribed position of the
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
magnetic head 32 is supported by a gimbal 20 and the
suspension 313, and lead lines 25 are provided in a manner
corresponding to that of Fig. 11B. The suspension 313 used
in this device 1is an integrated circuit suspension in
which the wiring 21 and an 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 that 15nH. Usual wiring of twist wires and wiring
with an inductance of not less than 15nH, signals higher
than 50 MB/s attenuate 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 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



anot her magnetic pole 118 of Ni 80Fe20 with a saturation magnetic fl ux
density of 1.0 T and a resistivity of 28 ~tS2cm were forned by the frane
plating nmethod. Cu wiring 10 of 2 layers and 15 turns was formed within a
magnetic core length 11 of 35 um The Iegggth of a record gampm tVE50P. 32
dim (material for the gap: Al1203) ernore, the read ele nt was

fim (o nl el af Pex (550008 uag h%aﬁgyf—éa?f;n sAredl aye%"%o%r Bl 05
nm and a LrNoRp {4 'méZg% r4eLg Wﬁt af 5 gRd;one aftern n%nmagne ;&“d a

rectangul ar pattern was Arter that, a péernmanent

Co80- Ni | Sﬁc‘g %&@é@l& &1&9@%1engoaBdelaeceaa%nfcllbwaqfl Ta ¢hel, mﬁ wer e

arranged on nds of the pattern and a gi ant magnetore5| stive el ement

With a tragkgigd &dp&ePafim, pbtshabsedet & ninesd byahpec9sp dhstance

bet ween the el ectrodes, was provided on a 2-Etm 10 thick plated shielding

filmof Ni§8rdreibby tHhe distagcei Whogsaphytt ecbnahagy, ckhereby giving this
structure to the read el enent (shield gap: 0.3 Etm material for the gap:
Al203). Thmaotedpretaklhearied enkdd andviopdibiltibtrhiesr aad eslaepdet iwas
formed on a slider nade of A1203-TiCwth 15 a size of 1.0 x 0.8 x 0.2 m8B.
| nci dent alvwhi,ck Bourcmghetyl ¢ rdckksi 3t hlwas BiliAneddt eight magmeftiom t he
floating surface side by the FIB (Focused | on Beam fabrication technol ogy
and a shapgmbhd=ii2 sareicrenrte@ds fHdwdust edt oledwt foratnagnsui ¢ adéshf t he
head. In addition, to inprove 20 the anti-adhesive property mnute

proj ect i o dwete ]mdﬁ/ti e Fagmeledc paead smay bﬁelﬂﬁﬁéﬂ—ﬁﬁé sufnaeliand a
C/Si protective fil mW|th a total, thickpess of 3 nmwas fornmed on the
floattfg SHFRE ok HRRPrITERT gln%en’t'—h‘?’% htall® AP oh§adet ARdn1RRPI C 314

f whi ch _t | .ed f El t hi
adopt od. ek T G (0 27 MRS, DR Sr O nf cGPALBH ¢17CREL PERRERS on 313

of the pr tdnventl Oon V\II,Il’ll :p% onductive line pattern through an
msulatm%ﬁ‘ﬁ? ?/\elrefo WI%JIJD ]ic %
The same p;escrlbed 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 um was adopted.
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© 26 - 2 August 2002 filmfabrication process. A magnetic head assenbly
was thus obtained. As a result of the foregoing, in the integrated circuit
suspensi on of the present invention for a disk with a dianeter of 3.5, 2.5,
1.8 or 1 inch, the 5 total inductance t he head assenbl y, Wﬁﬁ}aﬂé&%di om
RWIC termnals at | OvHz was 65, 63, %@ and 57 nH, respectively, not nore

than 65 nh, | og| dep A Ve hgaﬁm%&hpﬂo%geghbxggegfﬂtew Rpbkrof 25, 30

and 40 Nmwere al so nade by changing the 10 nu turns to 9, 11 and

13, respechiyetyrmWighelher8RgBEL hCLRAN 8gbeBEt R1WRAS HAIHR ddyilde is
integrated circuit suspension of the present invention forf a disk wth a

di amet er Qfo$i Sivaly, uti Bi #edlwh8ChntBauteiabnindephaR¢RAVETo3S that ge as
75, 73, 71 and 68 nH, respectively. In 15 these cases, the overwite

char act er i ghdee at /WOIdVB/ STHiAS SisgOW wisods sithg stiféaienikycahaeq recording
coul d not be perforned, and noise was very |arge. Thus, these heads coul d
not beSputMEEPRMRC{MeAL f Le&. EEPRML} heiabwlkéchi EEPRMANE Expepadedt ~t hat it is
necessary that the magnetic 20 core length be not nore than 35 ~1m and t hat
t he total ExtemndedckabeiabtRespensaaMasbmni, Likbléehdoshouws embhgncases in
whi ch goods results were obtained with an overwite characteristic of not

| ess t han 80d dghe FECE hEwnoreonwhenalhe enhaacedri sturthasmevel uanethen a 25
tunneling nmagnetic head with a read track width of 0.85 Eun, made by the

t echnol ogycaiitell peroFndi g2langeagnahic Jreactdinggorgadanst washe same

result was obtained. Wth a conventional MR head havin% t he sanme track
wi dt h for performed by the PR5 signal processing method, etc. These

10 components 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



- 27 2 August 2002 conparison, however, even in a case where the condition
of the device was eval uated through the use of a signal processing circuit
of the EEPRML type by the lithography process of 0.25 E.Im sufficient read
output and error rates 5 could not be gﬁdalned Thus, this, t%qp

head coul d not bear the eval uation. evi ce characterlstlcs 0 e

B (y iRy The TRYReotabny oraebhscsr 2000y =Eatittd! Mdtdrd '\ 0T ey

to perfor miyobadensiteobl gl dal dobpbackocepfti BYpw, t gy gl Ly and a

hi gh signal-to-noise ratio the characferistic in each record’track
position, gdy 1@b@@f£88@5yeﬁaw§§ﬁurﬁl@agaﬁengcew@a@aar@oN%QQ&ﬂ'ng magnetic

field at a high frequency and, at the sane tine, I'S necessary to

reduce t hezdréeantns) taapbrebezsam/ t peRASIBYARY i eo@e&&BRSC@b reeerd bit
boundari es by redu0|ng t he crystalllne grainsize in the medi um and ‘al so

reduci Bg tWiei eixcheygieal ige achgnet dovsgbsagneti conenshal kicne egisai Bae t 0
reduce the noise at bit boundaries 20 that increases in proportion to

r ecor di ng ntketres] te] eramtt t ®e baste@ Anompphepgratp cespdasséngood Co, Fe

hi gh-frequency magnetic field by optim zing the danpi ng of magneti zation
during recndidhg.asor pohmpary sormpoeent, weteleade twbhelemehesadditi on of
only the third group of elenents so that 25 these nedia correspond to those
gi ven i n Rlected Giremed neeitendfIrper ecenparangvefefanpMes, Wah¥n
recording was perforned at a transfer rate of not |less than 20 MB/s, the

abso| ute VB udl®df Tor il i 268 Bt sePeockRi cTenengefi, and g leashugnst 2002

10 kind of 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. This hard magnetic material has
an absolute wvalue of.normalized noise coefficient per
recording density of not more than 2.5 x 10-8

15 (uvrms) (inch) (um)©0-5/(uvpp). 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, HEf, Ti, Ge, Si, Co,



recording density increased abruptly at 5 Gb/in2 even when the
above-mentioned head and RFWIC were used. Wen recording was perforned at
50 MB/s, the absolute value of nornalized noise coefficient per recordi ng
density reached 5 large values of from10 to 30 x 10-8 (~\%

(~tmo.5/ (~Vpp) and the bit error rat €<of” the device was wor§e t han 2.L0 5.

tTEESnFBPS‘?ﬁ et ré‘%%%ﬁ%fmR?éri’ﬁoﬁegmﬁasﬁa%‘f hEdes, acfsrﬁalf{’e%”tv%%s@tgto?”
2.5
28r B (~vr ) TR cf Ry CEER eBGrE e06G, BY, CRCEREAL AR O0 £ To.s

(~iVrms) (4 {t@m 1 al i s better than
10-9 even un ert% ef%: %ﬁl ti OT%MS{B% hn%l%%/}%gl%n% g%e %gb hus, it
became apparent that mﬁnéétéregf%ééluﬂ' éfe?éﬁgpbﬁe%h% eaReaikabhy

preferable. For the effect of the el ements of d group to a nedi um

cases withyaddithvesmad Heosw0id mréﬁérw@éea@scrrr@@dma@né{ahé s%gﬁpl e.
However, as is apparent fromFig. 9 which shows cases with varied

contents £ GKE, pPdsdnd, ifvention2shdn 1h, TaBle2Q #icecUdERRE inke by
conditions of #1 of Exanple 1, the signal-to-noise ratio in recording at 50
MB/ s | npr dideds tr efmrikiaby yan Timedeflagéri ensaf filassntiiskesublse rgtentviitty of
additives is 1 ate. The output and signalto-noise ratio decreased

remar kabl ya whisamether qpnd i 3y 2f5251a8deri Yesnwhs hbenl degmtihgnal5 ate and,
therefore, this was not preferable. Furthernore, the effect was especi aIIy
r emar kabl @nagmeat ¥arkayer t of s bhngheslages, atidedlageredrumidt idnyeter

errbodl ment was prepared 2 August 2002 under the same conditions as
t hoselfor SHOHBHFR 3 rke- @%‘gﬂ%%n‘?aéboExEﬁﬁFécilH? dilvmditegwhhehmagnet i c
| ayer into two |layers by a n magnetic internediate |ay whi ch cont ai ns
as a nai nltﬂqbrﬁan‘tgl g@ st ef%’égﬂift’e CEM{RG it ReTGr ngcl‘onm sti ng of Cr,
Mo, W V, N Ta Zr -Til O

Vool o Vet e Ee f1gn 0t oerelwes sty oo tPPeRed v ad! SSh! bk

glpergl(: ma':gﬁ 93% n%’pt?%eBdg%Pceggtger%?ﬁqugo aﬂg%zgééfgu%ve ﬁ?r‘é%‘? %%e
condi ti ong, %1‘ e RO Nife ﬁ'ﬂlwg o MBI B0y d ,gﬁovéff §Lf SR 2128, 00" ¢

remar kabl e. I's needless td say that th att doas Kot depend on
the di 8MeteRic Of voh sk cd DF 882 OF 1 EBEHE UBHSUEDeRSHE dLsKccbaPErBRd card.

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 FeNiTalrSm, 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



"15 Exanpl e 2: Another exanple of the present invention is explained by
referring to the conceptual drawi ng of a magnetic head assenbly shown in
Fig. 4. For a magnetic 20 head 42, first as recording el enents,

40N - 55Fe-5Cr with a saturation magnetié flux density of 134 hiaR%d02
resistivity of 60 ~I S2cm was used as tke material for a magnet1 c pole 117

wth a trag i ~ d t t] lLe.118 f or med

't om coTadiH (ioangh i dnatid, 86 BB07 BECRBRE0R LEuERLE RN BT el T
fabricati das, én(}gir e i enFl echnol o as
W th Exarrp%he 1. eg\eaigedéér géa)%e%%in\g%nhflg%ﬂgwég E??nﬁ%ram?gr %gl Nf o??a% he gap: »
A1203- 3’“SiaQ:%)oé§%§e1§?|]:?39tt§?e plasmaDinddcf89H84-2002 hhgnERgREtiCc core

| ength 1~ was ~tm "and an Al coil 116 of 2 layers and 12 turns was used.

Fur t her noreghy e irRp el redlent RS detfid 108t edirascHd | &¥&gmp e Magneti cal |y
free N Fe/ film(6 nm, a CuN film (2.5 nn), a nmagnetically 5 fixed

| ayer of GeheR{Faedildnié vulieddirdepbhdehtin 6E5tR8) unaeelbiyest
formed one after another and a rectangul ar pattern was fabricated. After
that, a pemaneyneatagnetilof &€odb-crhér PAh@ AdOpneys@rds 65 fimpmandtan

el ectrode filmof No (100 mm were arranged on both 10 ends of the pattern
and the alidver Jicamt, reagreiaesisenneratenentofi fhom 1PAckowd80RCoanA. 5 dun,
which is deternm ned by the distance between the el ectrodes, was provided on
a 2.5-~. ~dendfidid gy atatessiniel oy 0 alefo o Mn69-were uAedughimntime 45 ~1m
thick shield gap 110 in FiTg. 11A of Al1203, .15 thereby giving this structure
to the redddsrdmsiar ( tGt-alTashi¥rd GapsL (229 Q‘?n‘?rnﬁiﬁ?Yﬁl SEGR Bfie gap:

200201 BRI DSR% % SPLAL e BY 0L 00! ieslofEn 0,2 o de
ST S ALY M Al B e LB O
on Tl 2l LRS! e JORd B abe L LLIgbELgal e process. I

el ectr pm%rl%té-iﬁliq.ra{-rv?neteallc'la%?e}a% e”f‘%ﬁas'?o%'aﬁxi O LUH &6l ¢ QNS A about 10 ~ m
at a high rate, a suspension 4 as the function of positioning a nmagnetic
head 42 i Qa6 1RKRSCIdRRD LASIdd Oy e th€epared. 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;Pt¢Gd; 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.
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2 August 2002 recording mediumat a high speed in collaboration with

t he rough novenent function of a rotary air actuator 45. For this reason,
the RRWIC of this exanple fabricated by the processes for

i n Exanmpl e 2,

0.35 and 0.25 Nmline 5 wi dths was nounted on a wiring FP@AE

Printed Crcuit) 24n “integrated circuilt

I nstall ed adj acent To
whi ch | ead pattern was formed by th

Srapld

ilmp

rOCESS,

g

uspensi

a&t bo®2

on in

and its distance

fromthe head was 3 2 1 5. .1 and lLncidenta :.\II\/ a-si-gnal
processing LSl of the 10 EEPRM.| byriike s¢ f @riBn@Bienuh was
used. | ncideMeatdtyc idverfime ad] usitenent eégg?g Etzqs%rﬁ l9fnee@ti® A fine
novenent freans of the el ectromagnef¥® f ot (IﬁTcdrI‘rl)VE type and may®¥5E€ a f| ne
novenent meanscofptdhe, @isezoel eclarre (40rce drd ve [ypesomaghet osbiamt i ve
force 15 (rgvﬁ%mg%pgﬁeg(fzg As a feestldo)of | a conpali sesoand| exaivpbadd on| it
was found Lgaéowtl ﬁgﬂ;ry&% |n W ClE A T {ayel pi SZ0gkgCIT| C dEYI&R 1S used
v 45 2 BV s 5.5 e
di sk devi ¢e3#oCr R wFaBB{L8) nyelioCht Yas] ined by Pm..n i Pﬁ?f&e hehd
assenbl y @néipagRerTHSH (@R dev[METa)t hb present |98ntibn WHAWFI n Fi gs.
3A and 3B|afdcdoy.sasdvekp.{3e nedi £r¥f1@. 5" | and01. 8! di38Aet ef s Thowerd n_Tabl e
1 and t he|sai®celpeuid,ca&336N Exarzpleo)l. [n 25 Exanpl3eo2, conbi-pasneons| of 1
to 10 nedi a9 ﬁpglgvé.ég,* AERATS wg;ro@rp_ﬁgd I nqbden. al I3y§o a bl |gf=,g,15),te shaped
rail struet !Iﬁ.Fe;g qugf ot REL P HCT | OTTS; Wais usgggana a3 Bﬂ&éﬂt
protectiv i+ HoWas—pr ? oRthebearng A t
2002 Surfi(lgl F%Q&W“Hoﬁl‘k |)nr1 th C£ )Lra ion t-h f1°v7 ' na '\anan aqe f h
magneti c héaFRasPYE A And t he|SoGAMRAY o ol uti ofd5was| 155882 %nd b5, 000
rpm In all3{twetedriinnetiPoias) t [%e (dBVi ce| oper at efl 528Bequhat elypiene
condi ti onjhefdorrt,;Nhan,-arbj@serror3pate of 10 9 updensthe condi-plamws of 10
&/ in2 and 5(EMBLS: Us, .t NI S 3ffect wag nore remarkablel At 20, 000 Fpm
recor di ng \?vés;sl@gi&zr)zégmanodsthe déPi(e® operated inla 8%dit o HBt % thgn a
bit error mg Sl LrL5: TEE) | eV C pT The TP Pregent [JA¥emdicQledpsed
on the pr("i‘?”@oCx bt“fr:,s N ER T AP CTe S A used 166”' > | 089 Benaikth ya l'y
pr ef er abl e—Her Heratsrs anpe betwepr—he—RHYCor—the
present in\}érﬁqcﬁﬁp‘éﬂfiﬁnﬁfﬁoﬁpad %I'flTPl(ﬁ: present —inbentPln, %Epﬁ’é‘j}mnsf er
rate coul § 1BeCChpPERSe:4(8050, 154T2%5450) 6 140 perpendicular

20 |CoCrz2PtsRh2Bg 1 {40) CoNbZrx (50) 6 106 perpendicular

21 |CoCr,,PtesiSmy (40) TiPA(50) 6 191 perpendicular

22 |CoCrPtsGd;/PE(70) SiN(50) 5 151 perpendicular

is explained by referring to Fig.

Next,

2 and Fig. 11A.

the magnetic head of the present invention

A

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

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

another magnetic pole 118 of Ni80Fe20 with a saturation

magnetic flux density of 1.0 T and a resistivity of 28

uQcm were formed by the frame plating method.

10

length 1; of 35 um.

0.32 pum (material for the gap: Al,03).

read element was fabricated as follows.

Furthermore,

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

The length of a record gap 111 was

the

A magnetically



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

di sk or fornms of medium such as a disk, tape and card. 20 %@n@lgﬁ? €
third exanple of the present invention 4% descri bed bel ow y Y% 91 to

Figs. 5A aﬂdegl%qiﬂc cl.>pggsngéggg?pg%gégsa?gﬁn&aq53%}“‘325 As shown in Figs.

5A and 5B, "a T aser squa ‘w8s mounted on a

an . 52, 52 781 " aout ¢ are 1
R s S L I i

August 2002 fthe(d@sgh) GliPe ! BliSs EOHALRE0BAENE £ROS1 LLARTEE L8Gt g mount

was then nounted on a head slider 50, 50' as shown in FiIgs. and 5B to

permi t adj ustomii 180 pAetesn RO gbPgiABE. I eRei &g eherend g@fﬁsﬁené& 53
and a laser 5 beam position 54, 54' are |ocated al nost on the sanme record

track 85, neyneNoAlZEBo ML slbder (06 shaped abl nitruehuse With a size of
0.7 x 0.2 mB (Fig. 5A), provided with three m nute projections, was used
and a 3-nraldtttkods of i v Tal D6 kN wesepaovhfigddonnt bechl ealisng 10
surface. The volune including the |aser chip (Fig. 5B) was 1.0 x 0.9 x 0.2
M8, and tdke tdist@aicesxaveindha cdiawt reagnensraséspbssi bllemeas 20 tch. bm

maxi nrum Al t hough the correction nechanismis not always necessary, the
absence oftzanls wiettand Sl vasimotwinichh ps efletabhéneédchysehef gapl ow 15
margin for reproducibility. Incidentally, the |aser wavel ength was 830,

780, 650 &#Hdé BRTnPeteehctppveliesodesm BasopsoviidedTonpaedeln
degradation,, the end faces of the | aser were provided with protective

fil msl0 ThesitdpP Bited | Hved ldingn bk apholi8ovBe2@sbyniheatedibg 54, 54'.
20 As shown in this figure, an exam nation was made,as to two cases. |In one
case, the [diTRRIERTOIEITRI ORBY SPLTVPY BV BRESWEETHFREEE parallel to

the record. track 55, 55' and .in the other case, the direction of the mnor
axi s was perperfift Lﬁ]ﬁ“?’bttﬂ%mr%%so]r%a?'ra k> &N FRAteRHR f%?FthQS hei ght
res 10, AT kAL SeREL o N LEEPLS (0,8 BRI BTG LBCE! 25 0egd o8
recordingfﬁéﬁ“ﬁﬁeﬁ%ﬁtf%gs formed on a slider made of Al,0;-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 um 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 pum 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



- 3 4 - 2 August 2002 In the enbodi nent shown in Figs. 6A and 6B, a
36Ni - 62Fe2Nb filmwith a resistivity of 75 ~S2cmand a filmthickness of
1.8 ~.tmwas fornmed as 62 and 64 and a 45Ni 55Fe filmwith a reS|st|V|ty of
45 ~IS2cmand a film5 thickness of 1.8 ~tmwas forned asg %

shown in Fig. 6A, a track wdth T~ of” 02653'dun was obt ai ned i

state by p r{ﬁL?%ﬁ?lEakgghn%rgg #gh Ahﬁa St9§hh%%d”?g§§n lyhregRLEgnetlc

nmet hod, et ernore, a nagne i'c core eng

pol e Iengt S, a 5 = of Cu coil of
15, and a Q%%%r%ﬁﬁggngg Ien Qéghlg SE 3%5 gn cw ?he gap:

A1203- 5~Si b |éﬂ§yé§gygmy and
7B, an 80Co- Cﬁ? Cge&%%gﬁgt EBS?EHEEEES?E??§ity of 20 u820n115 anéﬁ% film

thi ckness 9fgPs¥ wiPhvasatanBedrass73.8nd274,and ga ok5Go-ilfM - [{@Re-5P film
with a resistivity of 65 ~tS2cm and a fi'l mthickness of 1.5 Ei mwas forned

as 71 and dstaPsis@e¥PahBeFbd. tRA, haatlr aglkewbdih mbasirdd £onnryas 1@t ai ned
in the wafer state by performng fabrication and, 20 furthernore, a

magneti ¢ cosemieans hatdll0fH33was| 66, asdrnglet aadpal7e N ngids bt tafvedys, 50,

55, 60 or 65 ~,Im a nunber of turns of Cu coil 116 of 15, and a record gap
| engt h Gl mdt mdBe~thafin&benHal for the gap: A1203-5~Si 02) were obtai ned.
25 In a further enbodi nent shown in Figs. 8A and 8B, a nultilayer film
obt ai ned by al t er nat Bigideposlivnghaad9oretbAa- Beonkitim wiorle dengsihstivity
of 20 uS2cmand a fil mthickness of 0.1 elmand a 10-nmthick Zr02 | ayer to
forma -laof 25 Afyend A0 giere Alsemads s, chagoivgntleas 82 and a
75C0-I5Ta | OZr filmwith a resistivity of 100 ~tS2cm and a fil mt hi ckness
of 1.50N, AYRReF o hetiiErs188. FAs! %héﬁﬁ A FF&SPgﬁtheﬂﬁéckwﬁFHtﬁ ¥, ,~ ~ of
0.5 ~.un was_obtained in,the wafer éate b rfornlng]trlnnln y th

FIB met hog“aa(?ffbeq%riﬂjé‘? n%?%gt? AR *56H8- f t (f;rnée?h it&a \?:jltr;? oF 45

~i S2 0.7

" P the %ﬁsg%%ref”%ﬁ%;%“?%%gﬁﬁeiﬁgt) ﬁggw@?ﬂ#"?ﬁ% RagHar wis §V“| etngtﬁ 12
40, 50 1 11,

gﬁz t he ré%orded%% ? gg 5% ? Qggyeén?kﬁégggﬁglQPoﬁlfﬁdagCta%%% s

%203 7~Si,fiA) ?é “féﬁ&é'té‘éws 5"75' ! ?iuéhﬁeéseﬂﬁ‘)dk% %%t‘ﬁ‘.‘vteriezt
gnetic core lengt but with different magnetic p Ie I"'engths o 55 60
and 6ps~1RnEde SA$os Ia@ﬁéC@&sgwwtadehakaetteeltsleée;caangolﬁxa%b%lsrfents
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 um 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, guite the same result was obtained. With a

conventional MR head having the same track width for



I'n all of these enbodi ments, the read el enent was fabricated as follows. A
magnetically free NiFe/CoFe film (5 nm, a CuNi film (2.5 nm, a
magnetically fixed | ayer of CoFe/Ru/CoFe film (5 nm and an Milr (13 nnj

film20 were formed one after another and a rectangul ar pagt

obt ai ned. After that, a pernmanent rragn@f/ of Co75-Ni |5 m|3§m‘}2 nm

and an eIe mof b Tl yere arrang ed n bot nds of. the
ol Jd Mool Moo T1 £ 30 frl i RRRE s PE PO % 4

pattern an g| ant egnet oresi SYTve dl enen

L Rt o b R AL i s 0"
t her eby glﬁgd&gﬁrﬁ]séﬂl&lﬂ eof%ﬂ@%ﬁﬁﬁqrzoggﬂg y( %.H%ll)lﬁg—?ﬁqupglgg portl on

dim material for - 2 August
thus fabrigaledyase upesh qfn ! ey fRONaLI € head @ueﬁget afh E?%Br eaeak

invention. In this exanple, an RWIC fabricated by the scal edown process
for 0.85 wduldaso tMitastDihdde ITHRYr alteid ekt forsd/E PR Shosgt hat
supports the above head. A signal processing LSI separately installed was
of the EERRMIJpmt dsarrd dhe tdwea beat stoywn processes for 0.25 and 0.2 ~.m
The follow ng nedia of the sane structure as those shown in Fig. 1 were

newl y fabricated inThddidevdrre ahHy ddteeresh fecshofnthe gadsenfi. An anor phous
magnetic material, which contains at | east one netal elenment selected from
t he group icmgitsidm@ns GescEdbadd bliowas A phpnmailyprocessdmy, citrdudast two
el enents selected froma second gr consisting of G, Mo, W V, Nb, Ta,
Ti, Zr, Hof mdie EFERML Rype rbtyan%l%l 1tdmnapbmwr@¢|@sel efedt 25elmct ed from

athird group consi sting of La, Ce, Pr Nd, Sm Eu, Gd, Tb, Dy, Ho, FEr,
Tm Yh0 LWaspiusesh BB, OBASrGECaRGTEOTHad SdrFYa o hredata ipate
substrate of Si_with a_dianeter of, 3.5, 2.5, 1. 1 inch, etc. The nuneral

14 i ndi caﬁﬁoé%%n&tébﬂkﬂ@ LSRR N%@%oﬁ@nﬂaaﬂe!aoeﬁem Zr NoN,
AN A S8 o MR o A et Bl MPLCAR O e ionuen o
B e S 30 AP il 8 o L BRI,
romone agiate) v, S gl atd g Wi W he
contaifs 3% asMRieRs@IRNtt Alreduce 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



2 August 2002 | east one selected fromthe group consisting of Cr, M, V,
No, Ta, Zr, H, Ti, G, Si, Co, N, Al, Zn, Cand B singly or Cr-TilQ
M-CrlO WSi5 Ta-Si5 Nb-ZrlO Ta-Cr5, ZrH IO H-TiS, Ti-Silo, Ge-Pth)
Si-Rull, Co-Cr30, G-N10, B 5 N10, etc., noise decreases aI%r%} '
proportion to the square root of the~t é8al~ nunber of magne |c.gd15&e2roeq20r e,

this i f | e.. Thi le | ined_b Ln furt detail .
A magnet | & RHE I T OA R PR TS i R A ot S0°nGgASE! CUFICH RSy or of

SIN, O allay)..etc. on.an Si.d W i ter of 1.8" and then further
deposi ti ngtrbé/neaba e dho cmfrd g}?%%?r%%o%/sﬁnggﬁ@ i Pﬁ?gl’ of *ThFeCo, DyFeCo,

NdTbFeCo, : t hj j ' f b
to whi oh’ T el Do ak o0 TR LR, SROLEALE Gl poe! carbon
per f1 uor o2y -0l §idiele havd 1 e1ch 9rOMPSr f o2 §hg BabASE RS yegeglgayer of
SiN, C alloy, etc. and the magnetic | ayer were forned by neans of an RF

nmagnets on 1$d Q/dING 4 Gardisi T A IASx ane-& hgrne)ectde) fiid)m.eas 20
further formed in an N2 gas atnosphere by the plasna induced reactive

magnet r on (i) elandy tiRd it QrdhatatE @i the ddeide PASSEEFEE ¥WASnfrom
0.5 to 10 mTorr, the substrate tenperatures was from50 to 200C, and the
deposi ti onorat e Tass aboies@ matisuml cotithé@ nodebkaveed Ab203raztdrdlCr - Ti
were used as a single layer or two | ayers conposed of dissimlar

under | ayeused.n addebhomass, SelllanteCmediluef Sdnepleadaadindird feredmiwn

under | ayer conpositions were prepared. The total filmthickness of the
under | ayedn Takd eyl pdaggustbsmgotevdsa ¥ueomilemn@bized nohae of the

anor phous magnetic | ayer of TbFeCo, DyFeCo, NdTbFeCo, TbFeCoNb, TbFeCoPt,
TbFeGdBi | @@%.fhﬁa@—nﬁ PR F AT HENSHEY 1 oM hk B9 of e2tXvEOTH | m was 8
nm Conpositions with a higher Fe 5 concentration than usual conpositions
used i n nEYNETS) IPRCEIJHERS  pEFTRP hr ¥R 1SRt 3F 8t POR RRYRetP2Bt For #nd al | ow

e L L skpeszael BEIUM S PEoESl et inel xredured, Therelore, this
10 invention pade B 4% 9ho-5"Laks' InE3MEE 23S S N AN & 2
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



‘g _ 2 August 2002 Table 2 Magnetic |layer (nmUnder |ayer (~)Ar sput-
tering pressure (niforr) Tenpera- ture of substrate (~C)prientation of
magnetic ~ |ayer1CoTbl ~Zr 3Pt| s(200) CrTi (40) 0. 2200i n- pl ane2FeCol ~, Thl sPt sCr 2
(270) Cr Ta(60) 0. 2180per pendi cul ar 3FeCosThzoSi sPdz( 350) A10;

(100) 0. 5150per pendi cul ar 4FeCosTb-, Bi s‘l’a%br‘l( 20) Cr V(30) 0. 5l %&L@Lbsér‘?aq%%l ar 5F

(30 szhigsB%%%%éﬁ%&%%%%’%éa%ﬁ%%%%%%%‘#? dsFofn Aoents s
050 ' 4 70):-MSi. . (20 . .
T e S E GN Becban CLeBy
0.2150perp%%%?cg%é?%§%§%%~Egzghﬂg%géggb%g%?93%625?§§§gfﬁé& ¥t ‘ar 13FeCo36Th
LONA13P 23 050) Ja¥ 4 B3 Oa 2 120RgY BeBdbEULAr ;ggg;a%g“'%g;s%ﬁ_’te%ﬁe% (750)V (40

)0 . 5181perpendi cul ar 15FeCol6Th26EusPt 4P

gléﬁgg.Egsgﬂ-;grgg 1;.%&%?&@&%8335@&%@65@ EieCr 150) #., 094p&ipend cylar zFeCol oTb
0 i

- WCr (50) 2.0 65per pendi coll aniBFeCahaDypi s&dgh (2¥2( 680)riin ta( 62 A@5perpendi cu
| ar 19FeCol sTh22Rh2Zr z(570) Ti V(50) 5. 0145per pendi cul ar 20FeCol oNdl sPdzSi 2( 690)
Ti Pt (50) 5. 9019 fpeas pehdlj cbaZ 216 CohzTb28| ZosHEZ DI, 2HE-Ti5, Ti-Silo0,

(680) Ti Pd(50) 10195per pendi cul ar 22FeCol oTb~zEr sZr 2V2

(530) Ti Nb(GHHB2 1perRehti cOd aC236FcOFNTD22BANMNDZ Me2€57 0 &vdireP) 10101per pen
di cul ar 24FeCol 0Tb22YbsCrzW ( 480 )C ( 50 ) 1.

095per pendiwis arpsieced oTh 22pps¢E003 Bel B0Y 03 0ard 1 pbepdeticel apelratald of

the nedia of this exanple, the magnetic filns are nmade of annrghous
mat er + 8] s 349 aFeiy even under the conditions of both 7 Gb/in? and

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 ufdcm 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 uQcm in Fig. 11A. Track width
fabrication was performed by trimming on the basis of the
FIB technology aé with Example 1. A record gap length of

0.25 pm (material for the gap: Al;0;-3%S5Si0,) was selected,



‘5 plane or a perpendicul ar ani sotropy. Especially, in perpendicular nedia,
the noise coefficient is generally negative. In nedia with a coercive
squar eness of not |ess than 0.95, noise was especially low and this was

f ble. | 11 , th bsol I f i i
(F:){)gf felr gi eﬁt pgr ar ecgﬁie;?\g éleﬁs?t ;Ow;ts‘er?\c/ﬁa ‘lrjrgrg thLm; lszidzl%&g?%tﬁ\sﬁ)r%%
inch) (-~ 0~5/_(=V . Und h -. 40 - A t 2002 diti
e e TP d AP e WRBEEE"S, SPLE o uf” cof QHONS! 3002 cond! i one
wer e fab“océtfglt el Véé[i’a” 2@8&3%&%' ﬁsEBYGVF\'zf&%#Mﬁ/BL?WB% %88 Ta &

non- magnetic i nedi até Tayer, which i's nade 0

Tas 5, NSATEC TG EPL PR Ty It o T SRR B Y R, &30,
C-N1O, B- "lli‘ﬂwe/%é\'@ilhxﬁt s hi) ald Ehrsesiedi 2. Bohse decheased il@itiRe |evels

of from65 to 75~.  This was especially preferable. 10 To fabricate a

magnet 5C i SkedleViger df OBHEARSNOVRI BiTAbl € AmOr ahablke Xnwer ingunt ed as
31 and 20 heads of each of the above enbodi nents were nmounted as shown in
Fi gs. 3A atib 3Bn) Resos df hgs wagoprefioonedabyepragnetherf aaldda fromt he
magneti c heads while controlling 15 the coercive force of nedia by the

| ocal heatrneuraideldreddytearansasf fabtrasetedur i xfjcenfohattian recordi ng.
The nunber of revolutions was from 20,000 to 30,000 rpm and tenperature
rises in thermaventlimygpesi of ofs7bfCrbbirAtbY (d8ahmhd&rTig (Mena)opnidmal |y
controlled in the range of 20 about 50C to 300C. Under this nethod,

r ecor di ng &brefieq oreder i bmsedpliP bl 200 omn) ueetat ponangrde enebegh
tenmperature._ Therefore, it was desired to optimze |aser power hy

per f otfi n@ERIS A Ve iPRLFRR heRfnFheafPSY8geiBREr BREREERG SRS LAV
prescribed jintervals of tine afte 5 gperation. ]n all the nedia, when the
maj or axi SIFNRE S H RsEROF n‘ﬁ?‘éﬁé W?t ﬁ'?h@mt r YekCdi F'écglefiﬁ,rmilﬁfegrference

Wi th adjdgylgkéré¥§%%ggg gg@&éegnghéhglggggodes, was provided on a
2.5-um thick plated shielding layer of Ni80-Fe20 through
an 0.45 um thick shield gap 110 in Fig. 11A of Al,0s,

15 thereby giving this structure to the read element (total
shield gap: 0.20 pum, material for the gap: 2r0O,). A
magnetic head 42 was obtained by forming this element on a
slider made of Al,03-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



- 41 - 2 August 2002 characteristics were obtained. Even in a case where
the mnor axis coincided wth the track direction) however, high densities
about twi ce the density in conventional technology could be realized. Mre
specifically, areal 5 densities of not |ess than 7 Gb/in2 5%%-‘03% ?l eved
at 50 MB/s for the nedia of the enbodi mtht3 shown in Table area

e AR 5, 2P PO
i 10
1 10 e 0o oo e vk oud v fvers

pref er abl eth%ECkQQEBﬁl | ¥n xaﬁ@(ies'zgnac'heoq%@sm W L3lid abrdfpafed by the

process for Lm was about 30~ favorable in ternms of power consurrptl on

and 15 progggshpdranesy- tﬁéa%b%eéseEhﬁfofiG@d%SOfar@(W§pﬁnVﬁr?e al so
adopted as the magnetic heads of Exanple 1 and Exanple 2 and eval uated. 20

I n all snf hasesheadsmelinE¥anphe a3wiepeigatFipgn (1 dx4id 1de i dd ar eal
densities of not less than 7 Gb/in2 and data transfer rates of not |ess

than 60 MBtsrweie)veéensthedednddgharact en sin dategualtdd drrdieitd er than
those obtained in Exanple 1 and Exanple 2 were obtained. This was 25

especi al | yspspéesabheinnwherhs lehddaba tieransiaer froatred Wierttenetiniagnet i ¢

pol e |l ength was 55, 60, and 65 Elm recording and readi ng were possi bl e at
a data trafslmroracessi &ndmi6e 04s6BnNR/ £romowdhecheathems e agretic pol e
| engt h was - 42 - 2 August 2002 not nore than 50 ~.un, data transfer rate
of from 661tand00NB/ smwasiposdentallvhia %@néépﬁépﬁﬁﬁylpgefaéﬂablfethlet was
ascertal ned bé{a corrguter simylation that it is inportant to reduce not

only tife nEBRBY¥FCP¥orBe| BRGLRILYD BEPCEESO I9xt Re 2%@‘%?13@ pise -l ength 12
b d t th t t I
Tﬁéa%?c?%s#%%ﬁ%ig (Eper BEBA APARRERSRS! BREL AP0 dds g or ti on and
formed by gle ? govvn r QCess fog1 not, I%ss th?ln Q. ?éSt\f m_ After that,
this RRWITPort wast tint'ed“Bh EnBe28S Rfedf'st Sa°6 rrc?ﬁﬂatgr%eﬁ:slr?enm on of

the pr eseng fggeg%w%ntgp Q }ﬂg nbgl %mftlﬁ%d I ﬁ\terﬁ%nﬂ\e%?ls' n t| (r)\g laayer

are formed ai Fec esp mproces

wiring FP 1é‘£'8'e198%£‘iétfaﬁ§ faemh@y{asadm%%e%%tst%cr&%eﬁ%roerc fhan 1 cm

In this ca degradat i on
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. BAnother 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 film of C-N-H was provided on the bearing



15 signals was not practically observed and an inprovenment in data transfer
rate of not |ess than 50 MB/s was observed conpared to a case in which an
RIWIC was integrated with a signal processing circuit and installed on a
circuit board as conventionally. This was especially prefejah|fist2Hahe
above Exanples 1 to 4 represent typiéapziﬁventions di scl osed ﬁﬁrthe pr esent
i nvention and. exanples that n .be si | nal,ogi zed_.,b Qﬁse killed in
the art alssuordflanccﬁ 'udéIe e etrhe%glg&ﬁlg 0 ethée(’aglrueastel%?n’i ﬁt\/}é‘%t'f l.n%isl'r‘rﬂ%?t

ef fects arg: qhiained, from e, Ric rmgnely oo @5 s0ULLGEL IO et hod, ECR

sputtering metho el icon sputtering nmetho or €éxanpl e. Furthernore,

simlar ef ; i } =evaporation nethod in an
Jfﬁ}l%tﬁ&&%%eﬁ,nq d;de 5@%@62 ?,béé(glﬁ?prﬁ.

oxygen atno ere and t _ d cluster peam - 43 - 2 August 2002
met hod and al so by ehangiing Hd& G G PO Hd Qlﬁle&Pé%eéﬁé’PQté‘S to each

radius of a disk. It is needless to say that simlar effects are obtained
by instal ldqgna el 8 -efdacdi el sirepd e ¢ & theaheado afdepebi or gt BYcReAt | NQ.
5 Furthernore, the magnetic recordi ng nmedium head and device disclosed in
t hi s i nvento-6nuadakl eheagoedic ilveeodi N¢ @y irdadingg Son ME/gh dahast r ansfer
rate at not less than 50 MB/s to be perfornmed at a recording density of not
| ess t han thiG/dfifactThersefmrms temgrikktble t r s f26r, 00O raime, arsbording

| ar ge- capacity nmagnetic recordi ng and readi ng devices in which magnetic

t apes, nagret iseverads anthgiiet obplice dinkated cin areondédias battemgnetic
recording nedia of the present inventiaon, are also included in the scope of
the presefhamgertiitoereey Antremt ditdanbes, thee Ril¥le 16 afhaheagneti c
recordi ng nedi um and nmagnetic recordi ng and readi ng device of the present

i nvent® onpresenthd el qn Maseh A diRfiPRIS §F9amf bine avédepdor

| ar ge- capacity recordi ng and readi ng to be perforned. a result, magnetic
recor di ng 226 Sakd W@édpﬁfdgevﬁéé§ W he§8P§l?ﬁﬁ@hgrﬁgﬁﬂeﬁﬁfbonpetitiveness

can be re?ﬁlniczzl.%i(cj—:-'nt:allly—, or- t%qulchiusséanzcoeo evéhu?eter% Stl'?el aljz}WgIésc:af 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. 5A 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.



1. A magnetic recording and readi ng device whose transfer rate is not |ess
than 50 MB/s and which conprises: a magnetic recordi ng nmedi um havi ng an
absol ute val ue of normalized noise coefficient per recording density of not
nore than 2.5 x 10-e (uVrns) (inch) (u%. s/ (uVpP); a magnftA g&??b(‘é‘?i ch
is nounted on an integrated circuit suspension so that a tota uciance
is reduce t e.4 han n e i.C .S _hot nore
| CauCE g DEBLARS och 12T BEAH AN RS IRINLES RLEA S Ot
magnet i ¢ TdB Oyl d0c ek Sbahi¥a! ¥nexCREdLNE1akeEC3R! SOUL ey 2
multilayer filmeconsisting of a magnetic filmand aninsulating Tilm and a

fast RIWIiG havd0g oaline wedth RE-A9t HBABstRAALY. 38 What24 A Magnetic
recordi ng and readi ng device according to claim 1, wherein said nagnetic

head has a-dmaneins Hoderéeavhy efenehtmBoeciBans’) stm a3g A MRgRetic
recordi ng and readi ng device according to claim1, wherein said RWICis

i nstal fed begumm esition S| hfa' 2ace 1ooattlealpaetend ehet hamead. 4. A
magneti c recordi ng and readi ng device according to claim2, wherein said
RIWIC is netstrad | ethdk %5 posSHt i orAmmiAhion-2icnelidert bé shapeendadfl t he
head. 5. A magnetic recording and readi ng device - 45 - 2 August 2002
accor di ng struttire wivhex eshzeadtl dagnst Pe2rvudr tF ig. nelll unphasidedagneti ¢
| ayer which conprises at |east one netal elenent selected fromthe group
consi sti ngidth dhire= mipube RECIEPFIARFY Wafpvaedt andt al danm thdcll enent s
sel ected froma s_econd,%r]oug consisting of G, M) W V, No, Ta, Ti, Zr,
H, Pd, PRTIIECHFVerfdBn ohrfahtweeaRiovhded| eRhehkeséleatéadfroma third
group, consi sting of La, ., Pr,. ., Pm S u, Gd, Th, , Ho, Er, Tm Yb,
D B 6 SRt TR gl drkuGIeite MRS T Bt SadRh RS ce
according.tg,claims | ch has_ a netic recording nediumin which said
nmagneti c Ila'g)eP{'ad'rgaﬁt a‘m diBus Gt € Iél LAnCERgRRt i ¥iFeRor di ng and
readi ng deyj .C i t wher ej i ico| r.. of netic
recordi ng%rée |eucfntcl|é§{52 Jrr]ll% trls)?%/le%%o‘%%s%% %F r%gﬁn%é%lgti gp}/ﬁrllonuqrilnﬁ%‘%nd a
non- nagnetd A8 Er S dlet e d rs & I $1 Qv at e ki pd ment

sel ected fromthe grgtp conj?lﬁgtll' ng o O,%,n%éé\/%aﬁgf %Q irBE,eE{;S Ti, GCe,

Si, Co, Nof Grand nafard 9 IV YnSOMAIE b reBerdy 1BUBELLGsECEET di Dgyand
readi ng device according to claiml1l, wherein said nmagnetic head is provided

Wi th B5 Qi aRirgiagmRhwreshddueie] Bien! dndddatallivng-tmgmeissesi stive
element, with an effective track wwdth of not nore than 0.9 Et m and
perfornms taeraleaditlg wals et 7&0 | "dS0 natd 063 @t nlanand eehe dpowet ywag not
less than 5 Gb/in2. 9. A magnetic recording and reading device - 46 - 2
August 20G2om 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 height 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°'.



‘according to claim1, which perfornms recording by neans of a nagnetic head
provided at |l east with a hea rgenerating portion. 10. A magnetic recording
and readi ng device according to claim9) which perfornms nagnetic recording

imedi ately after heat application to §4magneti c recording KE%EFQ@@Q
performs reading with the aid of a giant® magnetoresistive el effent or a

tunnel i ng- Q | o] e ty..1l: net jsC -ecqrdi K r eadi ng
devi ce acggfrig{}% G{I%?c%: ]érglér{rr?lé,éﬁv\ﬁerell?l %%19§ ﬁgt <-’:;Hg;glkelngréélt ?ingsgrgr %?%r? is a
sem condughl £ aseh, Gl P WAL NG 1ReC) UDET BN OLnPaRId 10 :0q( T ecti on. 12, A
magneti c recordi ng and readi ng device according to claim1) wherein said
magneti ¢ ReAtUred0U L | ONeqidwads B AhYd 8gs UeD OandNeat ah&aat 450 -st ages of
coarse and fine novenment adjustments. 13. A magnetic recording and readi ng
devi ce acGGrdE Y Ind walt M SreMOf B Ncgabfl MBOIRLINC af@ad ifS 1aOSi tioned by a
rotary actuator nethod in at |east two stages of coarse and fine novenent
adj ustgrentchickheds mmets qui ecty of sugmeddas eadli agd desi ceasicsloswh npnt o cl aim
2, wherein said nagnetic recording medium has a magnetic |ayer which
conpri ses Falyg .| éast soneramt avidtlemBpt ofelle@3edinf marm tdistaioeh onsheti ng of
Co, Fe and N as a primary conponent, at |east two elenents selected froma
second gr v esosdiadtd dy aferdiormdng WrinmNpg Throdgh Zhe wbe Pd, iPh, Rh, Ir
and Si, and _a least one 2 August 2002 kind of elenent selected froma
third grotylddmsi.stthfy RAE Retlted, pptc Nd Fumphegimormy, adnagnety code FEr,
Tm Yb, Luy, Bi, Sb, Pb,_ Sn, Ge and B. 15. A mmgnetic recordi ng and readi ng
devi ce acd&P@ithy 1o ofl FiSmHIY, \whEREINE i PN EER ekorafi kP nedf urhas a
magnet('i:c | ayer_ whi ch conprises_at |east_one netﬁlﬂgl enent selected fromthe
LE‘EEE 0

gr oupt LonSFsEPn Mot aCE Lif NUERS P Hr et ohent374t 2| east two

I t | ected f i st f.CQr, .M, V, Nb, Ta,
T R iRe TP AP & Ol £ Bl ErET LFLhEAT SBFRtRA From a
third LSt . Pr., Nd, Pm Sm Eu, Gd; Tb, , Ho, Er,
Trr: rYb?rE%ﬁzgg?ggggbgg,&éﬁ%a@@%%er&' 16. Amrragg]etig recordi ngDénd readirng
device according {0¢l hiPche MRt iald JRARELE Med, 192 PLOYI dgd Wi th a

gi ant magnetoresistive el ement or a tunnellng-magnetoresistive elehent,

wi th an ebheglicse 10hack oMt of i NEtw K € thad & By vy Sk apd peefmor ms the
readi ng of magnetic information at an areal density of not less than 5
Qo/inZ 1andAanEgnet ith @Gl F and rneadidly fevie® /6CPr dhng 19 §hd@i m 10,
wherein said nagnetic head is positioned by a rotary actuator nethod in at
| east twoast7ages 10NN icadrFse- 5 ¢ flimevingly earerd s sl 11 tend 8. 63.8uQAmmagaet i ¢
recordi ng and readi ng device according to claim 10, wherein said magnetic

r ecor di nganmgdilmmthdskaasegret ilc. 9 ayerwashi fohrmpohas sEs ahd | 2ast Aene net al

el enent selected fromthe group consisting of Co, Fe 49 _ ~ 2 August 2002
and N asshopri far ¥igonpénest tnacK asisitlsdlgctodd Of-ddmian saso b tgricgsl
consisting Nb, Ta, Ti, Zr, H, Pd, Pt, Rh, Ir and one el enent selected from
a third giBufheeWaler EatembysReipriand TRb 3 caton @ndph, Sn, Ge and B.

two el enments of &, M) W V, Si, and alt | east. consisting of La, Er, Tm
Yb,IﬁR B-yr;ﬁermore, a magnetic core length 1; of 33 um, a

?:ﬁf%;ﬁeréghéE'%'@JléATgﬂd%%f%Z”gf”@g,J@éj'gy?ﬁg%ldg¥45ﬁ$éjﬁ¥'Al{lY'Al'N
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%Si0,)
were obtained.
25 In a further embodiment shown in Figs. 8A and 8B,
a multilayer film, obtained by alternately depositing an

90Fe-5A1-5S1 film with a resistivity of 20 uQcm and a film

thickness of 0.1 um and a 10-nm thick ZrO, layer to form a
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obtained. After that, a permanent magnet of Co75-Nil5-
Pt10-5%Hf0, (12 nm) and an electrode film of Nb-T1l (90 mm)
were arranged on both ends of the pattern and a giant
magnetoresistive element with a track width of 0.41 pum,
25 which is determined by the spacing between electrodes, was
provided on a 2.1-um thick plated shielding film of Ni80-
Fe20 through the gap, thereby giving this structure to the

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



3
Y[ <_=!3"$109Z& ()-f!3"$10%& ()-fF3z#109%&& ()-f! F3z#10%& ()-f Yg#109%@& ()-!yY
g#lO%&' ()-3 vzodY:!Y&L0% ()- 10Z 10Z 10ZyS;

T109@& ()-M F7109@Z& ()-! 3+#109& () - F_! 3+#109%& ( ugus

CFH[<dY: 11 Yz#109%& ()-g' | Yz#10988& () “gPo%& () - f'" 10%38&' (% Avayst %&'%) y!o

0/ 11y, o A0 R ol WG ShGME ForrreBiene (ot ey <
109 () 011 "0 () GRENeELAdn0! GHI0HE f)eg it 1000ebhs @ 19900 () -eCn

ZXJ<1 10

10CC! 1#10%pG8 (Qxhd#d 0% (Rw I E 1P { 32 L XA#BOYENE) sch18E8%E bhroce@OME1! YZ
B109F& ()-MYZH100& ()- MMLOY& ()-1 " 100& ()-1! "100KX& () - LI [ 10%& () -
10CC&d? G AYA!R! B hiMAad G8SuAOSE8 on the integrated circuit

1088! ~F3#10088& () - 110%& ()- 1} " #1006 F& ()- | " #1098B& () -

Yz#10%' ()sUdPddsH on Kitta $} Subfdr 1986hé Yandde head. A signal

& () - gH10%& () -0l #10990& () -g5#10% & () - y! SH100& () -yl STO%& ()- $SWaomME

_=/1 10** st @eappEliF IR X ) sepd@ad D96 i8S €A1l ¢ w&#d 06B8E&hE) EEPRM type
formed by the scaledown processes for 0.25 and 0.2 um.
The following media of the same structure as
those shown in Fig. 1 were newly fabricated in addition to
10 the media shown in Table 1. An amorphous magnetic material,
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, Gd,
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,
AlN, 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
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fo()log?égtg%w_ -.%l%o%ﬁ'&'@g-l %90/‘??-(%60 36/&6&%"' 1%%%2%??%/ r
U #10% " &of) TE-Ti10, Mo-Crl0, W-Si5, Ta-—S:LS, Nb-2rl0, Ta-Cr5, Zr-
Hf10, Hf-Ti5, Ti-S8il0, Ge-Pt5, Si-Rull, Co-Cr30, C-N10, B-
5 N10, etc., noise decreases almost in proportion to the
square root of the total number of magnetic. Therefore,
this is more preferable.

This example is explained below in further
detail. A magnetic disk was fabricated by forming a non-

10 magnetic underlayer of SiN, Cr alloy, etc. on an Si disk
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 layvers
composed of dissimilar underlayvers in addition to SiN and
Cr. Thus, samples of different underlayer compositions

were prepared. The total film thickness of the underlayer
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TbFeCoBi, etc. was from 20 to 750 nm, and that of the
protective film was 8 nm. Compositions with a higher Fe

5 concentration than usual compositions used in magneto-
optic disks permit great saturation magnetization and
allow the film thickness of a medium to be relatively
reduced. Therefore, this was favorable in terms of
magnetic recording. Magnetic disks of the present

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

Table 2.
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3 |[FeCosTh,pSisPd; (350) Al,04(100) 0.5 150 perpendicular
4 |FeCosTh,BisTa,Cr; (20) Crv(30) 0.5 100 perpendicular
5 |FeCo;oTb;sNbsMo,; (270) Cr(20) 1.0 150 perpendicular
6 |[FeCo,5Dy15B15V,Ti;(450) [ZnS(30) 1.0 200 perpendicular
7 |FeCoioThsGesZr,Iry (570) [Wti(10) 2.0 50 perpendicular
8 |[FeCo;oNd;sPt,W, (370) MoSi(20) 2.0 200 perpendicular
9 |[FeCosDy gLiosRh,HE; (45)  |[NiCr({30) 5.0 50 perpendicular
10 |[FeCo;3Tb,6CesPt,;Tr, (350) |CoCr({20) 5.0 100 perpendicular
11 |FeCo;oTbh;5Pt,Ta; (270) TaCr (30) 0.2 150 perpendicular
12 [FeCo,Dy,sNds {350) MoCr (90) 0.2 175 perpendicular
13 [FeCo36Tb1¢Nd;13PEV3 (650) |TaCr (65) 0.5 150 perpendicular
14 |[FeCo4Nd,oPrsPt,Tis(750) |V (40) 0.5 181 perpendicular
15 |[FeCo;¢Tbh,sEusPt Pd, (750) |Nb(40) 1.0 124 perpendicular
16 [FeCo13Thy3Nb;W, (650) TiCr (50) 1.0 54 perpendicular
17 {FeCo19Thy0Pm3SiW, (590) - [WCr (50) 2.0 165 perpendicular
18 |[FeCo;5Dy15GdsIxr,W, (580) |TiTa{60) 2.0 65 perpendicular
19 |{FeCo;5Tb,y3RhyZ2x; (570) Tiv(50) 5.0 145 perpendicular
20 |[FeCo,0Nd;5Pd,51,(690) TiPt(50) 5.0 116 perpendicular
21 |[FeCo;,ThygIiosIr,Ti, TiPd(50) 10 195 perpendicular
(680)
22 {FeCo;oTbh;;ErsZr,V, (530) |TiNb(60) 10 121 perpendicular
23 |[FeCo10Tb;,TmsNb;Mo, (570) |SIN(60) 10 101 perpendicular
24 |[FeCo19Tby,¥bsCr,W, (480) |C(50) 1.0 95 perpendicular
25 [FeCo19Tby,Lus (500) Ge (50) 1.0 81 perpendicular

In all of the media of this example, the
maghetic 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. In media with a coercive squareness of not less
than 0.95, noise was especially low and this was
preferable. In all cases, the absolute value of normalized
10 noise coefficient per recording density was not more than

2.5 x 10-8 (uvrms) (inch) (um)©%-5/ (uvpp). Under the same
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intermediate layer, which is made of Cr, Mo, W, V, Nb, Ta,

5 Zr, Hf, Ti, Ge, Si, Co, Ni, C or B singly or Cr-Til0, Mo-
Crl0, W-Si5, Ta-Si5, Nb-zrl0, Ta-Cr5, 2r-Hf10, Hf-Ti5, Ti-
Sil10, Ge-Pt5, Si-Rull, Co-Cr30, C-N10, B-N10, S-N50, etc.
In all these media, noise decreased to the levels of from
65 to 75%. This was especially preferable.

10 To fabricate a magnetic disk device, 10 media
shown in Table 1 or Table 2 were mounted as 31 and 20
heads of each of the above embodiments were mounted 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
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10% (). 4096 0 U SEA0 G o LmaORBEb Oy 100 -
!I!O#lO%)H§dQ ‘Fnsities about twice the density in conventional
technology could be realized. More specifically, areal
5 densities of not less than 7 Gb/in? could be achieved at
50 MB/s for the media of the embodiments shown in Table 1
and areal densities of not less than 15 Gb/in? could be
achieved at 50 MB/s similarly for the media of the
embodiments shown in Table 2. In a device provided with
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
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ascertained by a computer simulation that it is important
to reduce not only the magnetic core length 1;, but also
the magnetic pole length 1, because eddy currents are
generated in the rear part of a magnetic pole. The R/W-IC
portion was separated from the signal processing portion
and formed by the scaledown process for not less than 0.35
pm. After that, this R/W-IC portion was mounted on the
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
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.
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
sputtering method, ECR sputtering method and helicon
sputtering method, for example. Furthermore, similar
effects are obtained form the obligue-evaporation method

in an oxygen atmosphere and the ionized cluster beam

(
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devices in which magnetic tapes, magnetic cards, magneto-
optic disks, etc., are used as the magnetic recording
media of the present ;nvention, 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.
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is reduced to be not moré than 65nH and whose magnetic
core is not more than 35 um 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 an insulating film;
and

a fast R/W-IC having a line width of not more
than 0.35 pm.
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 pm.
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
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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.
12l 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, P4, Pt, Rh, Ir and Si, and a least one
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La, Ce, Pr, Nd, Pm, Sm, Eu, G4, Tb, Dy, Ho, Er, Tm, Yb, Lu,
Bi, Sb, Pb, Sn, Ge and B.

15. A magnetic recording and reading device
according to claim 3, 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
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.

16. 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 um and performs the
reading of magnetic information at an areal density of not
less than 5 Gb/in?2,

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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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, Ir and Si, and at least
one element selected from a third group consisting of La,
Ce, Pr, N4, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Bi,

Sb, Pb, Sn, Ge and B.



