relates jd nagnetic storage apparatus capable of both high-density
recordi Mg and hi gh-speed transfer of data at a time, and particularly 5 to
one in which a high areal recording dens+t¥ ean be achi eved by suppressing
the attenuation of the magnetic field intensity at high recording
frequenci es. The induction-type thin-film mgnetic head nounted on the
conventi onal MMAGHETICdISTIORAGEAARPARANYS 10 its nmagnetic poles made of a
Ni Fe alloy thin filmof about 3 [err] in thickness. Since the resistivity
of this NNFe alloy filmis as low as around 16 [err]-cm the eddy-current
|l oss is increased at high frequencies so that the recording nagnetic field

Lﬁéﬁgiht Nith Eﬁgﬂﬁégevﬁﬁ e P Rk, {02 D uence or thie o
As
ﬁﬁ A 58- 5‘;2232"??1 ani ch TRebeheghft R 2RRaPer 65 abbar 8 EbRMHR cuy e
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way as to reducC requency per neabi pro uction

characteristi C?ﬁ.gﬁﬂéhéé&' Eﬁngﬁéegofoaaeat atnaduﬁscaaﬁ& 9£rwea§a919bl ens,
the recording fréquency at which the N Fe all oy thin-filnm head can

5 to one in which a high areal recording density can be
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achieved by suppressing the attenuation of the magnetic
field intensity at high recording frequencies.

The induction-type thin-film magnetic head
mounted on the conventional magnetic disk apparatus has

10 its magnetic poles made of a NiFe alloy thin film of
about 3 um in thickness. Since the resistivity of this
NiFe alloy film is as low as around 16 pQ-cm, the
eddy-current loss is increased at high frequencies so
that the recording magnetic field intensity is reduced.

15 The amount of writing blur or overwrite value is changed
with the recording frequency under the influence of this
eddy-current loss. As a conventional example, there is,
for example, JP-A-58-115612 in which it is described
that the generation of eddy current affects the low-

20 resistivity permalloy (such as NiFe alloy) in such a way
as to reduce its high-frequency permeability, thus good
reproduction characteristic (sensitivity) being not
obtained.:.Because of these problems, the recording
frequency'at which the NiFe alloy thin-film head can

25 operate is limited to about 30 MHz. On the other hand,



25 operate is limted to about 30 MHiz. -On the ot her hand, -2- the
storage capacity of the magnetic di sk apparatus has been steadily increased
year after year, up to the extent that the now avail able 3.5-inch disk

st orage apparatus has an areal recording dehstty of 350 Mo/[err], 5

maxi mum The data recording frequency at which this apparatus can record is
around 27 Mtz W BtoragscanpaCitniqf dgthe magnekia idbiek \arpraxatus has

magnetic head ysing NNFe alloy thin film SU RY OF THE | NVENTI ON 10
It is an obj ect*SFT t$hFF TS XAde af 1R IR par at us

i i ¢ heads f.qr_high-speed ac i gh- fer with
Changi ng T he. RGN AT Pt T e o THIEN GOt T T uency
h . 15 ' | hoping th
i chness, s PRRAASPS, s A ARk SHeERAY FERELO ST '™
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prevent the witing r overwite v ing as the recording
20 frequency GEppaietusHhPhSRIREtidGhidithd R MipL WificH is near the

limit of the induction-type thin-film magnetic head

using NiFe alloy thin film.

SUMMARY OF THE INVENTION

io It is an object of the invention to provide a
magnetic storage apparatus using magnetic heads for
high-speed access and'high-speed transfei without
changing the writing blur or overwrite value as the
recording frequency changes.

15 The above object can be achieved by designing
the thickness, resistivity and relative permeability
considéring the eddy current loss in the magnetic pole
film of the recording head so as to prevent the writing
blur or overwrite value from varying as the recording

20 frequency changes, and by selecting the data recording
frequency to be high and fast rotating the magnetic disk
which is suited for the above head.

In other words, according to the first
invention, there are provided:

25 (1)' a mgénetic storage apparatus having means for
achievin&fa medialdata rafe 6f 15 megabytes per sec. or

above and an areal data-recording density of 500



frequency to be high and fast rotating the magnetic disk which is suited
for the above head. In other words, according to the first invention, there
are provided: 25 (1) a nmgnetic storage apparatus havi ng neans for
achieving a nmedia data rate of 15 negabytes$ per sec. or above and an areal
data-recordi ng density of 500 -3- negabits per square inch or above; (2)
a magnetic stomggabippaparusquazer dneh or abewegl), wherein when
information is recorded on a magnetic disk of 3.5-inch diameter or bel ow,
this disk i s réadted QﬁgaeSlFaFg°6ﬁ9$0GDPP§#F@P asspEding: ke item (1),
recording/reproﬁuctLon ﬁgde.agd the_recordin% fre uenc¥ Is selected to be
45 MHz or abov¥Rergin,vhen,iptorwakion. ig, rerorded, op,pyPagnesic: ghsky) |

wh ' | e, fil.mhavi i ye.f . b
' Tormed on R RagRePch samsiesobel pRigws, s HiBKsg rorghan. A3 ¢
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according to iL8Ak(4hd the recording frequency is selected to be 45
MHz or above;
(3) a magnetic storage apparatus according to item (1),
wherein a metal magnetic film having a coercive force of

10 2 kOe or above is formed on the magnetic disk used;

(4) a magnetic storage apparatus according to item (1),
wherein the rise time of the recording current is
selected to be 5 nanosecond (ns) or below;

(5) a magnetic storage apparatus according to item (4),

15 wherein the recording coil of an induction type magnetic
head used for recording information on the magnetic disk
medium is formed by a thin-film process and has three
terminals, and the inductance between the terminals is
one microhenry (puH) or below;

20 (6) a magnetic storage apparatus according to item (5),
wherein the recording coil of the induction type
magnetic head used for recording information on.the
magnetic disk medium has a double-layer structure in
which the first layer coil and the second layer coil

25 have an equal number of turns but are wound in opposite
directions to each other; and
(7) a magnetic storage apparatus according to item (5),

wherein the recording coil of the induction type



15 wherein the recording coil of an induction type magnetic head used for
‘recording information on the magnetic disk nmediumis fornmed by a thin-film
process and has three termnals, and the inductance between the termnals
is one microhenry ([err]H or below, 20 ¢6% & nagnetic storage apparatus
according to item(5), wherein the recording coil of the induction type
magneti ¢ head Wagnetse headrusag faroraserdangninfermagioni endtbe nmedi um

has a doubl e-l1ayer structure in which the first |ayer coil and the second
|l ayer coil 25 MagRehhcediigk medbum Bpst fr fingle-Ap¥eRofhaurkusBpdsite

directions to each other; and (7). a nagnetic storage apparatus .according to
o (5 whor BRRCROER, LREEaRRG kbR DOERE, Lo rRYBRL, oF FopBected,SEat of ¢

head d f ' ' ' he ' i Sk di .

cingl o ayer sPESCPEHE; (EARPERwBRR, BBehnEar Ty B8 (87 et nt bl Bafhect ea
e 0 . ! . g .

cor esponds 1 PRENF EREFERpIfAR BB haffCEnbltorhh) plibeR Bejen-l8 B .

flow ng betweepnghgoli ¢ "hhal & cGrréft ERowifigOBaLRkbR tHePBatmihaig current

Howng (c) and (a) is opposite in phase to a current flowing
between the terminals (c¢) and (b).
According to fhe second invention, there are
10 provided:
(8) a magnetic storage apparatus having means for
causing a relation of ud?/p < 500 to be satisfied where d
(um) is the thickness of a magnetic film which forms the
recording magnetic poles of a magnetic head for
15 recording data or for recording/reproduction of data, o
(uQ-cm) is the resistivity, and p is the relative
permeability in a low-frequency region;
(9) a magnetic storage apparatus according to item (8),
wherein at least part of the recording magnetic poles of
20 the magnetic head for recording data or for recording/
reproduction of data has a multi-layered structure of
alternate magnetic layer and insulating layer and the
thickness of the multi-layered film is 2.7 um or below;
(10) a magnetic storage apparatus according to item
25 (8), wherein at least part of the recording magnetic
poles of the magnetic head for :écdrding data or for
recording/reproduction of data is made of Co-based

amorphous alloy or Fe-based amorphous alloy;



between the termnals (c) and (b). According to the second invention, there
are 10 provided: (8) a nmagnetic storage apparatus having neans for causing
a relation of [err]/p [err] 500 to be satisfied where d ([err]n) is the

t hi ckness of a magnetic filmwhich fornms-the-recordi ng magnetic poles of a
magneti c head for 15 recording data or for recording/reproduction of data,
p ([err]-cm i6llhe & dvagneieystorrge apParatyuscaecerrding perkbe®ility in
a lowfrequency region; (9) a magnetic storage apparatus according to item

(8), wherﬁi nda 8) edhexnin atf 1925t R2FHi 9F FaQrEererdbngmagnebice

net i f dj dat f di ducti d h
Zaimfth ) ﬁ§2L ESE irgé?«ip‘eé‘ﬁfo |‘?é$£f&?§‘;?£’g%g‘5?%3?€?’r§$ SSoriiag attacStayor
and the thic t he. | - ' | . - (10
magneti c stor2§%§aﬁ%%?%?ﬁ@gé%%%ﬁéﬁﬁéﬁé%ﬁ:%gzéégg(%?gn%ﬁé?gfégéﬁ_feaétapart
of ‘the recar difon JBIRELL £oR W £8L LIt EFORINCY | fobERhdghet £¢Or ding data or

for recording/reproduction of data I's nm ased” anor phous al |l oy or
Fe- based anmor phowstshéQy: (11) a nmgnetic storage apparatus according to
item :

(12) a magnetic storage apparatus according to item
(11), wherein the recording magnetic pole material of
the magnetic head has oxygen-rich particles mixed of
10 which the size is in a range between 0.5 nm and 5 nm
inclusive;
(13) a magnetic storage apparatus according to item
(11), wherein the oxygen-rich particles nixed in the
recording magnetic pole material of the magnetic head
15 contain at least one of the élements 2r, ¥, Ti, Hf, Al
and Si;
(14) a magnetic storage apparatus according to item (8),
wherein the magnetomotive force of the recording head
for recording data or foi recording/reproduction of
20 data, or the product of the recording current and the
number of turns of coil of the head is selected to be
0.5 ampereeturn (AT) or above;
(15) a magnetic storage apparatus according to item
(8), wherein at least part of the recording magnetic
25 poles of the magnetic head for recording data or for
recording/reproduqtion of data has a resistivity of 40
uQ-cm or above and a relative permeability of 500 or

above;



(8), wherein at |east part of the recording nmagnetic pole material of the
magneti c head for recording data or for recording/reproduction of data has
an oxygen 5 concentration distribution in a nmetal magnetic substance; (12)
a magnetic storage apparatus according to &tem (11), wherein the recording

magnetic pole material of the magnetic head has oxygen-rich particles m xed
of 10 which tlH® )i Ao MAInSELc SEQRAIR IARRAT RS UF _%ﬂ@%rﬁ‘?n’c‘l‘%ive; (13)

[ i di | . erein the,
oxygen-r1 oh’ pdEcMEERLL Y GRS B drhd i FRAGTA S PERAEFISI of ¢ he
ma_gnetlc head ]o ecsorg I eat a{%aéséi rheeaoci f&re elce ({us Y’ox;r' or.’ Al and
Si; (14) a magfn I"c Stor gé“agppara us accordi'hg e a(t‘éﬁ wherein the
magnet onot i ve Ifeg;&%lq{r?é%ypz%&ﬁgﬂ&g Jp%gé)rhdase@rl?gft%ﬂgéa or for

recordi ng/ reproducti o data, or the product o cording current
and the ”Uﬂberpé}fmédﬁirlsiﬁ?} SPidoPlort e Rrhiid = atasifd ¢ b anpere
turn (AT) or above; (15) "a magnetic storage apparatus according to item

(8), wherein gipdandr low¥ the recording magnetic 25 poles of the
magneti c head for recording data or for recording/reproduction of data has

a resistivity (@7%0a magnetic storage apparatus according to item

(8), wherein the rise time of recording current is 5
nanosecond (ns) or below.

10 (18) a magnetic storage apparatus according to item
(17), wherein the recording coil of an induction type
magnetic head for recording information on a magnetic
disk medium is formed by a thin film process and has
three terminals, and the inductance between the

15 terminals is one microhenry (uH) or below;

(19) a magnetic storage apparatus according to item
(18), wherein the recording coil of the induction type
magnetic head for recording information on the magnetic
disk medium has a double-layer structure in which the

20 first layer coil and the second layer coil have an equal.
number  of turns but are wound in opposite directions to
each other;

(20) a magnetic storage apparatus according to item
(18), wherein the recordihg coil of the induction type

25 magnetic head used to record information on the magnetic
disk medium has a_single~layer structure in which an
intermediafe-pbint terﬁinal is connected at a mid point

(c) between both coil ends (a), (b) which mid point



[érr]-bn1or above and a relative perneability of 500 or above; -6- (16)
a magnetic storage apparatus according to item (8), wherein at |east part

of the recording magnetic poles of the magnetic head for

rec

ordi ng data or

for recording/reproduction of data has a-rélative 5 perneability of 500 or

bel ow and a resistivity_ of 40 [er
appar at us accdPRFFRSPENGS che (b3 lE Raectatakenpmber

i s 5 nanosecond s) or below. 10 18 magneti c,  stora
according to i?%éf(lﬁ?é ﬁh%VEFﬁHFh§£?§%ﬂggkﬁ58€%PltB? t4

st orage apparatus accordrng n

r]-cmor bel ow (17%Ea magneti c_ st orage
t PEetvrngcedr §hAg current

e appar at us
AP hﬂﬁggibﬁ)tyPe d
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by a thin 111 ol ELe4rOPRaE £ T PRRRF Ep R "GREEERE FAGELREnce bet veon
the 15 term SwbSn © enlg%@fﬁ€%%1%%g;é&%%&géfb§+§mg (19) a nmgnetic

e recording coil of the

| nduction isype( SRONeS | fiadiRgll £ 0552508 Capal 4LRE TBELOR PRt B8 TRaReti C di sk

medi um has a doubl e-layef structure

(8), wherein a recording/reproduction separation type

head is provided which uses a magneto-resistive element,

spin-valve element or giant magneto-resistive element

for reproduction of information.

10 If the high-frequency loss (tan §) in the

magnetic film is due to only the eddy current loss, it

can be expressed by

tan §

M"/M'

R/oL

p.o;mdzf/Cp (1)

where u’ and p" are the real part and imaginary part of

the complex permeability, C is a constant depending on

15 the film shape, and p; is the permeability of vacuum. By

substituting the relative permeability u, thickness d

and resistivity p peculiar to the magnetic film into

Equation (1), it is possible to estimate the eddy

current loss, tan § at a frequency f. Since it can be

20 considered that the change of head efficiency (effi-

ciency for conduction of magnetic flux) to frequency is

proportianal to thei?héﬁgéiof the real part of the

complex permeability, the frequency dependency of the



20 first layer coil and the second | ayer coil have an equal nunber of
turns but are wound in opposite directions to each other; (20) a nmagnetic
storage apparatus according to item (18), wherein the recording coil of the
i nduction type 25 magnetic head used to-r8cerd information on the magnetic
di sk medi um has a single | ayer structure in which an internediate-point
ternminal is cohﬁé'éteé ieigngydcpsi be eserimatedefirp®Bt kheorprsingsofathe( b)
whi ch m d point corresponds tqg half the_ total nunber of turns of the

coil, and a cuﬁrﬂhfchlbﬁnﬁﬁlﬁé@ﬁéﬁﬁ frem Eappkarr (4)- an@hEﬁ)lﬁs &PBosi te

1 Dhase Lo RUEACThet LOMhaD DRt S S b s by (20

record|ng/reprg€ % segaratlo .type head is prOV|ded whi ch uses a
pEfet B

magnet o-r esi st | ,gsSﬂHa é elenment or giant nmagneto-resistive
“el enent for reproduction of information. 10 If the
hi gh-frequency loss (tan 6) in the nagnetic filmis due to only the eddy
current loss, it can be %Xpre%ﬁﬁ&cp¥an(uopnd2f/cp)] (2)

5 Thus, the head efficiency 4 at a giveﬂ frequency f can
be extrapolated from the value pd?/p in Equation (2)
where p is the relative permeability, d is the thickness
and p is the resistivity,.peculiar to the magnetic film.

If this head is combined with a magnetic disk
10 of a metal magnetic film which has small writing blur or
overwrite value variation at the time of high frequency
recording and of which the coercive force is 2 kOe 6r
above, it is possible to provide a high-performance
magnetic storage apparatus capaﬁle of operating at an
15 areal recording density of 500 Mb/in? or above, recording
frequency of 45 MHz or above and media data rate of 15
MB/s or above.
Fig. 7 shows the relation between the cost of
input/output unit and the transfer speed per magnetic
20 disk storage'apparatus which constitutes the input/
output unit, in which case a data bus of two-byte width
Fast and Wide SCSI (Small Computer System Interface) is
used for the input/oﬁtéut-(I/O) interface. From Fig. 7,

it will be seen that when the data bus of two-byte width



tan [err] = Jerr]"/[err]" = R [err]L = [err]f/Cp (1) where [err]' and
[err]" are the real part and inaginary part of the conplex perneability, C
is a constant depending on 15 the filmshape, and [err] is the
perneability of vacuum By substituting the-relative perneability [err],
thickness d and resistivity eculiar to the magnetic filminto Equation
(1), it is po¥F&sh and Wiglg r&% tintexf@ce is afied o fata frgnsfer gam
frequency f. Since jt can be 20 consideredl}hat t he change of head

he _c| J

efficiency (ef® Mad&Aly & Maxignm Qs AP B/ fgndtt thig0e8%y iledthdicy is
proportional to the change of the real .parj, Qf the conplex perneabiljgy,
the frequency HfEF mag—“?-tltﬁaé‘{fsg? bRt a(%ﬁ?‘%et%tjﬁmf[%d
fromthe cosiﬂixy ] i ' | < t ). That
is, the head eTTi ci% ngay %ree:’r ]t\ﬁ%t (ég)aécﬁ éﬁé&ﬁlﬁc@%ggﬁg}é&g%réeﬁge by the
fol |l ow ng gquaty 'e%ﬁﬁr] =cos [are tan([err]f/Cp)] (2) 5 Thus, the
head effiC|encyﬁﬁgr at a given frequency f can be extrapolated fromthe
value [err]/p in Equati ¢fbdedver, if the capacity per disk unit is 550

MB, it is possible to handle 0S (Operation Software)

such as Windows or Workplace. In order to realize this

capacity by a single 3.5-inch magnetic disk, it is

10 necessary that the areal data-recording density be

selected to be 500 Mb/in? or above.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a graph showing measured results of
the frequency-dependent recording magnetic field which
15 changes with electric characteristics and magnetid
characteristics of magnetic pole materials of thin-film
magnetic heads, and calculated results of the head
efficiency; |
Fig. 2 is a graph showing the relation between
20 the amount of attenuation of recording magnetic field
and head performance index £ at a recording frequency of
45 MHz;
Figs. 3A and 3B are a plan view of a magnetic
disk storage apparatus according to this invention, and
25 a cross-sectibnal view taken along a line of arrows
ITIA-IITIA ih Fié. 3A, respectively;

Fig. 4 is.a schematic view of the recording/



where [err] is.the relative perneability, d is the thickness and p is the
resistivity, peculiar to the magnetic film If this head is conbined with a
magnetic disk 10 of a netal magnetic filmwhich has small witing blur or
overwite value variation at the tinme of- i@h-frequency recording and of

whi ch the coercive force is 2 kCe or above, it is possible to provide a

hi gh- per f or ranEEPRAGREELONS EEPRYRLAPR AL PR heagamrangedoplr &heng at an 15

areal recording_density . of 500 Md/in[err] or above, recording.frequency of
25 W or aboviATRACHEIALekaBEOTasE BEDREARRPoaGrOsISRE. B GRIP <hows I he
rel ation betmeenv§h§.§ st of input/output unit and the transfer speed per
magnetic 20 di ERVERSH §é appar atus which constitutes the input/ output

it, in which daga b - ] i N
Computer System i ntorf acio7 S, E8at SFabho=TRRne, She, FaipFept, ReEvebRe”
FromFig. % 'Ehé‘kis?etiﬁén?ihﬁécﬁ@&@nghEg?ﬁéﬁtbaﬁdoBvb%Qi?¥he w dth

-9- Fast and Wde SCSI interface Is use ata transfer can be nade at a

maxi mum of 20 dBhgactBribtscCastuekf the transfer speed per magnetic di sk
storage apparatus is 15

Fig. 6 is a graph showing the relation between
the inductance of éoil and the rise time of recording
current; and

10 Fig. 7 is a graph showing the relation of
input/output unit cost with respect to the transfer

speed per magnetic disk apparatus.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
(First embodiment)

15 ' Three different induction-type thin-film
magnetic heads were prepared which use magnetic poles of
different resistivity p, film thickness d, and relative
permeabiiity . The frequency-dependency of the
recording magnetic field intensity of each sample was

20 measured by use of the electron beam tomography method.
The results are shown in Fig. 1. Table 1 lists the
magnetic materials used for each head, magnetic pole
thickness d, resistivity p, and relative permeability n
in a low-frequency range of 1 MHz or below.

25 The head A has its magnetic poles made of an
Ni-Fe single-layer film of 3 pm in thickness. The head

B has its poles made of a multi-layer of 2.2-pum thick



MB/s or above, the cost of input/output unit can be 5 reduced. Mreover,
I f the capacity per disk unit is 550 MB, it is possible to handle CS
(Operation Software) such as Wndows or Wbrkplace. In order to realize this
capacity by a single 3.5-inch magnetic disdd 4t is 10 necessary that the
areal data-recording density be selected to be 500 Md/in2 or above. BRIEF
DESCRI PTI ON OFCoriicRavEidms rwithiaj 9. 3-ymaphiskohntgrmeddated layesl t s of
t he frequency-dependent recordi netic field which 15 changes with
el ectric charal éﬁi%PF@§PQﬁ&dn§§%€gg twRgNact & “§Ui6§eoF Lekngss
materials of thin:film net.i ¢. heads, .and calcul ated results.of the head
ef ficiency; Fiﬁ# Eﬂ?spafggaﬁﬁ ghbﬁﬁﬁﬁthésrgrétFﬂn bngggﬁ ?ngﬁéaﬁxﬁﬁnt of
attenuation of oLdi AY_FRIpLY i,el dyand _he ertor index Jferr] at
a recording frgéglgnég gg ﬁ ﬁﬁﬁéﬁ? ﬁ( gr?d g_gegl_r rer}% g’ﬁg‘%ﬁ\ﬁ%\% )étf[a '
magnetic digk Eﬁefé‘ﬂﬁ?i‘ﬁpé{ai‘ﬁﬂ%@cf gl 29 5Oo7t Hhsoicnxg%éonthé”ga%é 6£
cross-sgctlonaIIV|em/.a en along a line of arrows 111 TIIVA In Fig. 3A
respectively; gtflendat$on S£NEHB!mEgHbeYcOEibha 1REBHEEEY reaches 10%

or above at a recording frequency of 45 MHz, and hence

the writing blur, or overwrite value is changed with

recording frequency. Therefore, in this embodiment, the

10 thickness'of the single Co-Ni-Fe film is selected to be

2.2 pm. The head C has its magnetic poles made of a

3-um thick Co-Ta-Zr amorphous single-layer film of which

the resistivity is 90 uQ-cm.

Table 1. The characteristic values of.materials of heads

15

Magnetic Pole Resis~ Relative
mate- thick- tivity Permea-~
rials ness p bility

d(im) | (uR-cm) M
For Head NiFe 3.0 16 1000
comp. A '
CoNiFe
Embodi- B multi- 2.2 16 1000
ments layer _
Cc CoTaZr 3.0 90 1000

Fig. 1 shows the measured results of the

frequency dependency of normalized recording magnetic

field intensity, and the calculated results of head

efficiency n'from'Equétién (2). From Fig. 1, it will be




- 10 - reproduction separation-type head nounted on the magnetic disk

st orage apparatus according to this invention; Fig. 5 is a graph showng
the relation between 5 the rise tine of recording current and overwite
characteristic value; Fig. 6 is a graph-sHhH®v-ng the rel ati on between the

I nductance of coil and the rise tinme of recording current; and 10

Fig. 7is a gra@ﬁnshhatngsthe theahead Af ofnNitFeusponglenilayevstibmt h
respect to the transfer eed magnetic di sk apparatus. DESCRI PTI ON OF
THE PREFERRED mwm eFi Fge sapendingt field intensity IRree different
I nduction-type thin-filmmagnetic heads were prepared which use nagnetlc

pol es of dlffe¢%ﬁ¥e?§§¢s?Fv pyMHz PFIﬁP?H?cﬂﬁ@s§eE°h§ﬁdsp§I8F|P§ ow,
PPt o 5o e B SRR AR ol Srd PR car
o 5hy gl e bbbt R, BeTHD sip Tlos] Uit b
current loss is remarkably decreased since the films
Co-Ni-Fe are multilayered with the Al,0; insulating layer
interposed therebetween, though the permeability and
resistivity of the Co-Ni-Fe film are equivalent to those
10 of NiFe film of head A. The attenuation of field
intensity at 100 MHz, of this head B is about 20%, or
its frequency characteristic is improved. As to the
head C, the freqﬁency characteristic is excellent since
the attenuation of field intensity at 100 MHz is
15 substantially zero. The constant C in Equation (2) is a
parameter depending on the shape of magnetic poles. If
C=14, the calculated reéults can be made well coincident
with the experimental results.
' Here, the head performance index £ for
20 indicating the degree of deterioration of the frequency
characteristic of head recording field can be defined as
follows.
E = nd/p (3)
Thus, the performance index £ of each head
25 1listed in Table 1 can be calculated from Equation (3) as
follows.
- Head A;’E=552.5_':£
Heaa B; E=302;5 | -



t hi ckness d, resistivity p, and relative perneability [err] in a _

| ow-frequency range of 1 MHz or below 25 The head A has its
magneti c pol es nade of an Ni-Fe single-layer filmof 3 [err]min thickness.
The head B has its poles nmade of a multi=lXyer of 2.2-[err]mthick
Co-Ni-Fe films with a 0.1-[eran1thick intermedi ate |ayer [err] interposed
t her ebet ween. Thus, Head €at &F1PAi ckness of the poles of this head is 4.5
[err]m In the multi-layer filmof Co-Ni-Fe/[err]/Co-N -Fe, when the

thi ckness of 5 the singFédco2nphew thenppasured zepplts, ofpshe, the rate

Pl orhot Cokled U EERRGR 48 RohBRSRRLH, FECRISIL RGBS
veL e el LOcEEERLHIS DHRREISK. p SEELAN EReboBeTTRINET
The head Cﬁ?asvg_s 8?99ei?%g%?hﬁﬂPgﬁd?ﬁOEaﬁg§éE?BE]?hEHnglﬁgﬁg?héEic

anor phous si ng .rayer fi the reSistivity i's 9 -cm Table
1. The charactgehdti Givnl He3cbtelPyEFiBLE QfrRe2dAtMogDELCoF thal €

Resi s- Rel ative mate- t hi ck- tivity Pernmea- rials ness

P bilitythickness, resistivity and relative permeability of

magnetic poles. From Fig. 2, it will be understood that
the attenuation of field intensity at a recording
10 frequency of 45 MHz can be kept at 10% or below under
the condition of £<500.
(Second embodiment)
A description will be made of a magnetic
storage apparatus using thin-film magnetic heads
15 produced according to this embodiment. A magnetic disk
apparatus of this embodiment is schematiéally shown in
"Figs. 3A and 3B. In Figs. 3A and 3B, there are shown a
magnetic head 10, a magnetic disk ll.of about 3.5 inch
in outer diameter, a spindle 12 fdr rotating the disk, a
20 positioning mechanism 13 for the magnetic head, and a
housing 14. The magnetic head 10 is a self-recording/
reproduction type head formed of iﬁduction-type elements
for recording and reproduction, and it has a track width
of 5.0 um. The magnetic poles of the head are made of
25 Co-Ta-2r amorphous alloy thin film which has a
saturation f;ux density of 1.3 Tesla, a resistivity p of
90 uR-cm, a relative permeability u of 1000, and a

thickness d of 3 ym. The gap length of the head is 0.4



d([errlm  ([err]-cm For Head N Fe 3.0 16 1
conp. A CoN Fe Enbodi - B mul ti - 2.2 16 100
ment s | ayer C CoTazr 3.0 ' 90 1000 Fig.

shows the neas
recordi ng magn
efficiency [er

ured results of the 15 fregubhcy dependency of nornalized
etic field intensity, and the calculated results of head
. f r heEpodesorf( 2he headnmRygbelmade wifl other - 12 -

that as to the head A_of N -Fe single-layer filmmagnetic pole, the
recordi ng fiel Batpréadpt fhpn geclazdEdamerphons; adioxhdhdnadd lmgadexs 60%
or below, at 100 , as low as_the iﬁéensity in.the | owfrequency 5

regi on. On t he®¥eRBLenaRl, aBSTPHOPRe2

remar kabl y dec
A1203 insul ati
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. . Q4 Bhippdidgafectrfdnt podsh s
R EC R BRR . B aeB s e AT et AL
£105 G- Moo FLl/MM 265 RANIY AL b MoK Hagf N Fe fil
containing particles 2r0O,, Y,0;, TiO,, HfO,, Al,0; or §io,
of 2 nm to 3 nm in diameter. In either case, the same
effect as in this embodiment can be achieved. It is
experimentally confirmed that when particles of an oxide
are mixed in the magnetic film, it is desirable to
select a diameter of 0.5 nm to 5 nm. The reason is that
in this range of particle size, only the resistivity of
magnetic film can be increased without remarkable
reduction of saturation flux density or soft magnetic
characteristic. Althougﬁ the resistivity of an Ni-Fe
film containing particles Zr0,, Y,0,, TiO,, HfO,, Al,0; or
Si0, of 2 nm to 3 nm size is increased up to about 40
uQ-cm, the relative permeability is around 1000, or it
exhibits good soft magnetic characteristic. When the
poles of the magnetic head are made of an NiFe thin film
containing no such oxide, the high-frequency character-
istic can be improved by decreasing the relative
permeability up to 500 or below. In this case, however,
it is necessary that the recording magnetomotive force
of the head be selected to be 0.5 AT or above.

The recording iayer of the.magnetic disk 11 is
made of CoCrTa (the amouﬁt of Cr to be added is 16

atom.%) which has a coercive force of 2100 Oe in the

000

0

1

seen

and
m of



intensity at 100 MHz, of this head B is about 20% or its frequency
characteristic is inproved. As to the head C, the frequency characteristic
is excellent since the attenuation of field intensity at 100 MHz is 15

- substantially zero. The constant Cin Egualbon (2) is a paraneter depending
on the shape of magnetic poles. If C=14, the calculated results can be nade
wel | coi nci denregerdinge bdtpdiirestion eadulat coexsive tfioadee ot igatiadiimance
index [err] for 20 indicating the degree of deterioration of the frequency
characteristi crdtiRe8d Aeor dThg Fesp@ense-Fhiginessd produst oy § dny ] =
[err]/p .(3) Thus, the performance index [err] of each head 25
listed in Tabl éhigc;;{'ﬁgﬂét&& gr}ls é§ ﬁggmGE#H'at i &a; Lse of thisSows. Head A
[err] =562.5 Head B, J.err]=302.5,. .- 13 - .Head C .lerr]=1 Fi,g. 2 _show t he
measur ed resuIF§08Fd%H8 AU & B dEWBEF S ehf?bﬁh@Fi i %ﬂﬁiQEthtensity

and 5 recording density characteristic and greatly reduce the
medium noise in the high linear recording density
region. If the coercive force of the medium is 2000
Oe[Oersted] or below, the bit error rate is reduced so
that the storage apparatus cannot operate.
10 _ At the time of recording and reproduction, the

spindle is rotated at a rate of 4491 rpm (rounds per
minute), and at this time the head at the outermost
periphery of the data-stored region is floated 0.05 um
above the magnetic disk. The recording frequency is so

15 selected that the linear recording density on each track
is equal over the range froﬁ the innermost periphery to
outermost periphery of the data storing region. The
recording frequency at the outermost periphery is 67.5
MHz.

20 ~ In the magnetic disk storage apparatus of this
embodiment, the linear data-recording density on each
track is 144 kBPI (kilo Bits Per Inch), the track
density is 5 kTPI (kilo Tracks Per Inch), and the areal
recording density is 720 megabits per square inch. 1In

25 'this embodiment, four magnetic disks are used, the
fbrmqﬁted Capacity'of the apparatus is 2.8 gigabytes,
énd theidata transfer speed is 15 megabytes per sec.

Although this embodiment makes data recording by use of



head performance index [err] at a recording frequency of 45 5 Mz, of a
| ar ge nunber of sanples of thin-filmmgnetic heads with sel ected vari ous
di fferent values of the thickness, resistivity and relative perneability of
magnetic poles. FromFig. 2, it will be-urderstood that the attenuation of
field intensity at a recording 10 frequency of 45 MHz can be kept at 10% or
bel ow under thé/ﬂoﬂG¢eiodab& nayr bsogecpsdednbyendedofiehty RLueasr ipti on
w |l be made of a magnetic storage_ apparatus_using thin-filmmagnetic heads
15 produced acEB?dPﬁ§°¥anﬁisl§nﬁbﬁ?geﬁ?$eAFhﬁgﬁé@PcP8F§9r§@B§PaP§sle this
embodi nent is schenat'c&[lg shown Ln F%Es. 3A and 3B, .In Figs. 3A and 3B
there are showh4® _EtBenEgaR oPe 2GR AR dteKktRis FagFe oYK nch i n
outer diameter ' e 12§ rotating,the..di sk, a 20 positioning
mechani sm 13 f%?gtﬁgéﬁgéﬁggiErﬁégﬁgcgnﬁga4%oﬁthg 14. The magnetic head 10
Is a self-rgecording/ rep t hoR. e a I pdyet Lpp-type
el enment s féf recordi ng a%ggyép?ogﬁ%¥?oﬁﬁgaggggigﬁggego#$a§E %ﬁgth of 5.0
[err]m The nagg&ﬁ' : PO t r 8 s COahBadk r phous
alloy thin film Ghe€LBLESrage Bfplfatud ﬁ?gggﬁéﬁgygg%g%éﬁ?éé ]
resistivity p of 90 [err]-cm a relative perneability [err] of 1000, and a
thickness d of 3 [err]m The gap length of the head is 0.4

Table 2. Specifications of 3.5-inch apparatus

Storage capacity at formatting 2.8 GB
Number of disks | 4
Number of data surfaces 8
Number o£ heads 8
Track number/disk surface | 4427
Maximum linear recording density 144 kBPI
Track density 5 kTPI
Rotational speed : 4491 RPM
Recording frequency - 67.5 MHz
Transfer speed (to/from Media) 15 MB/sec

(Third embodiment)
A description will be made of the results of
combining 2.5-inch, 1.8-inch and 1.3-inch magnetic disks
10 with the magnetic heads of the invention in order to
construct a(magneficﬁst?rage apparatus. The magnetic
heads and ﬁagnetic disks used in this embodiment are the

same as in the second embodiment, the linear data-



- 14 - [err]m The poles of the head may be made of other materials than
Co- Ta- Zr anorphous alloy thin film for exanple, an anorphous alloy thin
filmFe-B-Si-C which has a saturation flux density of 1.6 T or a
multi-layer 5 filmof Co-Ni-Fe/[err]/Co=Nt7Fe or an Ni-Fe film contai ning
particles ZrQ2, [err] [err]ﬁ&grr] [err] or [err] of 2 nmto 3 nmin

di anet er. | n sPEREAipgsdensitys omeeachetragk if dits X8Rfad@Pghithean be

achieved. It is experinentally _confirmed.that en part.icles of xi de 10
are nixed in EKBCKaGRESLEY: LfnP i dgéisf’abltgn Fatdon Fage, Sf 0.5

5 The . ' h ' hi f i.cl | Z &, h
osi stivity ofPHRGIE AE POl ACIZTIEE RAFodte: WA PhsS s 4k ct i on
of saturation .l xﬂQeaikﬁgF%%ts E%mgﬁg&eggpIES te&%§kj-s Al t hough the
- Fe Tt err] |

resistivity 0P1§n mcontal ning particles [err] err] [err]

Lerr] of [ bnBbadndhel 0ad 1% ikf 13 W thes Hbddihd enitollinetit [ Walthr cm

the relative pernea Ity 1s around 1000, or 1t exhibits good soft nagnetic

characteri sti gayhen Ak rddddPyensdl dfehEnrivichdivadlane mria ofiran Ni Fe
thin filmcontaining no such oxi de, the high-frequency character- _
which case the same performance as in this embodiment
can be obtained. 1In this case, the recording frequency

is 45 MHz. Tables 3 to 5 list the specifications of

10 each apparatus.

Table 3. Specifications of 2.5-inch apparatus

Storage capacity at formatting 1.8 GB
Number of disks _ 4
Number of data surfaces - 8
Number of heads _ 8
Track number/disk surface 2951
Maximum linear recording density 144 kBPI
Track density 5 kTPI_
Rotational speed 6736 RPM
Recording frequency 67.5 MHz
Transfer speed (to/from Media) 15 MB/sec




I stic can be inproved by decreasing the relative perneability up to 500 or
below. In this case, however, it is necessary that the recording

magnet onoti ve force 25 of the head be selected to be 0.5 AT or above. The
recording | ayer of the magnetic disk 11 4 st8rede of CoCrTa (the amount of Cr
to be added is 16 atom % which has a coercive force of 2100 Ce in the -
15 - recording bit Fakk]idn SRPfdsatdians of de Sringh ARPRAYAEMS 0 of 1. 2.
The remanence-thickness product  Br [err] in this magnefic disk is 300

Glerr]m By use|@tdrige '@t L HdtRdtitinky POSSi bl toyigpgeve fhe

| i near 5 recordi densitv characteristic and dreatlyv duce _the nedium

A

noise in the hig g%rcgagﬂ{sqgéﬁg density region. If the coercive f@rce of

the mediumis 20 or below the bit error rate is _reduceéd so
that the storage ot . 10 At t time|of
recordi ng and repro uce?itc% he sspln (%Isles rotated at a rate of 4491|rpm
(rounds per m nuf g@lm‘b%r}:d & o idssti ne the head at the ohterm)%t peri phery
of the data-stored region’is oated 0.05 [err] m above k he magnetic di sk.
The recording freqlengy | 3uid/disk surface 2213

Maximum linear recording density 144 kBPI

Track density 5 kTPI

Rotational speed 8982 RPM

Recording frequency - 67.5 MHz

Transfer speed (to/from Media) 15 MB/sec

Table 5. Specifications of 1.3-inch apparatus

Storage capacity _ 0.9 GB
Number of disks | 4
Number of data surfaces 8
Number of heads 8
Track number/disk surface 1475
Maximum linear recording density 144 kBPI
Track density 5 kTPI
Rotational speed 13473 RPM
Recording frequency 67.5 MHz
Transfer speed (to/from Media) 15 MB/sec




15 selected that the linear recording density on each track is equal over
the range fromthe innernost periphery to outernost periphery of the data
storing region. The recording frequency at the outernost periphery is 67.5
MHz. 20 In the magnetic di sk-st®rage apparatus of this

enbodi nent, the |inear data-recording density on each track is 144 kBP
(kilo Bits Per (Fragkh embodimertdensity is 5 kTPl (kilo Tracks Per I|nch),

and the areal recording density is_ 720 neggﬁits per square inch. In 25 this
enbodi ment, four nagneti RLENOKGh,the Bagnetic FEoraGe. PPAFALUSy ofr thee

soe. Al though EAFECoRBodPIEA SHERALTRALE ABEJRIen]TBYChIonsFYEe 16 0 o T
FRRP IR s A L Y A S PR
e R e Y S
enbodi nent. Tabkgi3tiveeehbnedltsONMROb13mentBGh FARP#ERuction may be
used to construct the magnetic storage apparatus with
the same performance. Fig. 4 shows the structure of the
recording/reproduction separation-type head used in this
10 embodiment. In Fig. 4, there are shown a recording
magnetic pole 20 and an upper shield layer 21 which also
serves as the other recording magnetic pole. These
magnetic poles are made of an Co-Ni-Fe/Alé%/Co;Ni-Fe
multi-layered film of which the single Co-Ni-Fe layer
15 has a thickness of 2.2 um. The thickness of the Al,0,
intermediate layer is 0.1 pum, and the track width of the
recording magnetic pole 20 is 3 - pm. A lower shield
layer 22 is 1-um thick and made of Ni-Fe alloy. .A
magneto-resistive element 23 is 15 nm thick and made of
20 Ni-Fe alloy. This element 23 is driven by soft film -
biasing. The magneto-resistive element 23 may be made
of other materials than Ni-Fe alloy} For example, it
may be a spin-valve type element formed of Ni-Fe layer,
Cu layer, Co layer and an Ni-O based, Fe-Mn based or
25 Cr-Mn based antiferromagnetic film or an alloy-based
giéht magheto-resistivévelement of Co-Ag, Co-Au,
NiFe-Ag, Co-Cu, Fe-Ag or the like or a Co/Cr-, Fe/Cr- or

Co/Cu-based multi-layered giant magneto-resistive



Storage capacity at formatting 2.8 GB Nunber of disks

4 Nunber of data surfaces 8 Nunber of heads

8 Track nunber/di sk surface 4427 Maxi mum | i near recording
density 144 kBPlI Track density - 20 - 5 kTPI
Rot ati onal speed : 4491 RPM Recordi ng frequency

67.5 MHz Trans€éemepted (to/from Medi a) 15 MB/sec (Third

enbodi ment) A description will be nade of the results of caonbining

2.5-inch, 1.8-inch and 11B-Figh Aagkbei ZegioRsPebwern: B PREIn®dneti c heads

f the i ti ' d t t ti t . Th
magneti ¢ heads SRECRRORE: 28 GPERESBEBIS] Kot RTE SRBSORRENLOR FLERY same as

L0 Le Second GHRLIRR 15! UBybBRE s oblvs p bl iy ST TRRRLY 00
oot " ShEBb et fg2Roasl oGhedehinhe 19 LaCEy/ 6 Sasela'to sadh dhek o
a 20-turn coil 25, thereby recording arbitrary informa-

tion on a recording medium, or magnetic layer. In the

reproduction mode, a DC current of 8 mA is caused to

flow in the lead wire 24, and detection is made of a
10 leaking field from the magnetic medium layer.

This magnetic head is combined with a 3.5-inch
magnetic disk in order to construct a magnetic étorage
apparatus. This disk has a recording layer of CoCrTa
(the amount of Cr added is 16 atom.%). The coercive

15 force of this layer in the recording bit direction is
2100 Oersted, and the coercive force orientation ratio
is 1.2. The remanence-thickness product Bre& of the
recording layer of the magnetic disk used here is 100

Geum. Table 6 lists the specifications of the magnetic

20 storage apparatus according to this embodiment..



5 enbodinent, as is simlar to the second enbodi nent, data nmay be recorded
by use of the conventional 1-7 RLL, in which case the same performance as
in this enbodi mrent can be obtained. In this case, the recording frequency
is 45 MHz. Tables 3 to 5 l'ist the specift+cdtions of 10 each apparatus.
Tabl e 3. Specifications of 2.5-inch apparatus _Storage capacity at

formatting Table 6.3 Epeqificatdrng @fs3.5-inch apparatus using
4 Number of data surfaces recordlng/reproductlgnNﬁﬁE@Faggowbéage head
8 Track nunber/disk surface 2951 Maximim linear recordi ng
density Igotdgd Jddpaki enedt Yformattin 5.5 GB |5 KTPI
Rot ati onal speed PN 6736 I&’%\ARe(‘O'di ng frequendy
67.5 Mz Transfer ﬁﬁﬁgg&(éfﬁ&igmghkdla) ' 15 MBfsec 4- 18 - Table
4. Specificationd of 1.8-inch apparatus Storage capacity at forpatting
1.4 GB Nunber of |qhsliSer of data surfaces 4 Nunber of data
surfaces %
Number of heads ' 8
Track number/disk surface 7378
Maximum recording density 170 kBPI
Track density 8.3 kTPI
Rotational speed 4491 RPM
Recording frequency 80.0 MHz
Transfer speed (to/from Media) 18 MB/sec

- (Fifth embodiment)
| A description will be made of the results of
examining the effect of the risé-time of the recording
current in the coil of the recording head on the
5 recording characteristics. Fig. 5 is a graph showing
measured overwrite values with respect to rise time in a
range from 2 ns to 10 ns. 1In this case, after a high
density, 144 kFCI, signal is overwritten on a low
density, 23 kFCI, signal, the amount of the erased part
10 of the low density signal is measured. The recording
medium used for the measurement is a CoCrTa-based
spattered médium which has a coercive force of 2000

Oe[Oersted]. From the results, it will be seen that if



Nunbei of heads 8 Track nunber/di sk surface

2213 Maxi mum | i near recording density 144 kBPI Track density

5 kTPl Rotational speed 8982 RPM Recording
frequency : o 67.5 MH» ZR2amsfer speed (to/from Media)

15 MB/sec Table 5. Specifications of 1.3-inch apparatus Storage capacity
0.9 GB Nunber tdfe gtigies time of the recording current figgfkeciad e

sur faces ' 8 Nunber of heﬁgs L.

8 Track nunberd d@sie% hekty good overwrite chagagteElstifnFahe® recording
density 144 kBPI_ Track densit. . . kTPI
Rot ati onal sp&Rfained. 1In this exPerflmerl%'M%h’fiﬁ/I‘i%’c%r%ﬁﬂbl?arlesqu%en%g

bl nent “AAREE it A RIE L prag, cimg 98 R SiSomatiy ([t
enbodi ment g i nglude,d NYGd B {y RS below. Fig. 6 is a graph showing
the relation of the rise time of recording current to
the inductance of each coil. From Fig. 6, it will be
obvious that the inductance of each coil is required to
be 1 pH (microhenry) or below in order for the rise time
10 of recording current to be 5 ns or below.

Accordin§ to this invention, since it is
possible to use the magnetic head in which the recording
field intensity is not attenuated even if the recording
frequency exceeds 45 MHz, the magnetic storage apparatus

15 can rotate the disk at high speed, thereby achieving
high speed transfer of data, reduction of access time

and increase of storage capacity at a time.



sel f-recordi ng/ reproduction heads, recording/ 5 reproduction
séparation-type heads havi ng nmagneto- resistive elenents (MR el enents) for
reproduction may be used to construct the magnetic storagmll."l;ml “I Ili\"
the sane performance. Fig. 4 shows the str2iture of the

recordi ng/ reproducti on segaratlon type head used in this 10 énmbodi hent. “In
Fig. 4, there WHATSRSWRLAIMEBPoL8iEng magnetic pole 20 and an upper shield

| ayer 21 which_al so serves-as the other recordi ng magnetic pole. These
magnetic pol estare nade éfméﬁnEElﬂlsF@FF@Fr?PEBINF“Felﬁﬁﬂ?ﬂlpgygpéﬁsf|In1of
whi ch the singlLe_Co-N.-Fe | a err

e
t hi ckness of th8TARS §evﬁPgr éﬁ@ aaggrrP eo°¥ ;gr HFbXﬁ% rtP&Ek
W dth of the rg Oéﬂkggngﬁg B'grggé_ggga ?egorﬁﬁhé”heﬁ Efsgbﬁld | ayer

22 is 1-[err]mtThrc e al |st|ve el enent

23 is 15 nm t hjf ngg;iaq: Zé)e hY &pg__ant 23 is driven by
soft’ f|In1b|aS|ng Th% gnO% e5|§f|ve e h&ggﬁhay be made of ot her
materials thanali -Fe allﬂYmagﬂétﬁéagﬁbﬁagét PQXrHEuQ aBBriahye tbype

el enent formed of N -Fe laye | ayer yer and an Ni -O"based, Fe-MWn

based or 25 O chMaikasgdwhstrbifir iArBeMatient i EMretozbedl bm’abﬁ&gﬁeﬁh&nt
magnet o-resi stive el enent of Co-Ag, Co-Au, N Fe-Ag, Co-Cu, Fe-Ag or the
like or a Cb/CulskafCB-SoinGh/Gh-béied il dialmeyergdsgidnimagnetic
magnet o-resi sti ve

disk is rotated at a rate of 4000 rpm or above in the

recording/reproduction mode, and the recording frequency
is selected to be 45 MHz or above.

3. A magnetic storage apparatus according to
claim 1, wherein said magnetic disk is formed of a metal
magnetic film with a coercive force of 2 kOe or above.
4. A magnetic storage épparatus according to
claim 1, wherein the rise time of recording current is 5
nanosecond (ns) or beiow.

5. A magnetic storage apparatus according to
claim 4, wherein the recording'coil of an induction type
magnetic head used to record information on said
magnetic disk medium is formed by a thin film process,
and has three terminals and an inductance of one
microhenry (uH) or below between said terminals.

6. A magnetic storage apparatus according to
claim 5, wherein the recording coil of said induction
type magnetlc head used to record information on said
magnetic disk medium has a double-layer structure in

which the first layer coil and the second layer coil



-.20 - elenent. In Fig. 4, the region between a pair of-électrod

corresponds to the reproduction track width and is sel ect
of 2 [errm Inthe 5 recording node, current of 15 mA

T

flowin a 20-turn coil 25, thereby recordi®4 arbitrary informa- tion on-a
recordi ng medium or magnetic layer. In the reproduction node, a DC current
of 8 MA is caubeyet anf lea@naln numberef Wuzns2 butyeredmoand dm ioppasddef a
10 leaking field fromthe magnetic_nediumlayer. This magnetic head is
combi ned wi th iFestions ey oFh&T i n order to construct a magnetic
storage apparatus. This disk has,a r cordingﬁ%&yer of CoCrTg (the amount of

O added is 16’atom % . Ph S ELPragS,
di bit di ti s 2100 t ed dth A
oo o1 s THESL e ehBEat S EechmsinG: B & P

AFR LS SACRFALNG, Yhe

f.orce arientation

Yooy ng
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specification
enbodi nent .

st or age apparatus accor

magnetic disk medium has a single—laYer structure in

which an intermediate-point terminal is connected at a

mid point (c¢) between both coil ends (a), (b) which mid

point corresponds to half the total number of turns of

said coil, and a current flowing between said terminals

(c) and (a) is opposite in phase to a current flowing

between said términals (c) and (b).

8. A magnetic storage apparatus including means

for causing a relation of pd?/p < 500 to be satisfied

where d (pum) is the thickness of a magnetic

film which

forms the recording magnetic poles of a magnetic head

for recording data or for recording/reproduction of

data, p (uR-~cm) is the resistivity, and p is the

relative permeability in a low-frequency region.

9. - A magnetic storage apparatus according to

claim 8, wherein at least part of said recording

magnetic poles of said magnetic head for recording data

or for recording/reproduction of data has a

malti-

layered structure of alternate magnetic layer and

insulating layer and the thickness of said multi-layered

film is 2.7 pm or below.

10. A ﬁagnetic_storage.apparatus according to

‘claim 8, wherein at least part of said recording



-
21 - Table 6. Specifications of 3.5-inch apparatus usi

r dcor di ng/ reproducti on separation type head Storage capac|m‘\“ﬂ“‘“‘“““““\“\

formatti ng) 5.5 @B Nunber of disks

Nunber of data surfaces - 25 8 Number of hekds"

8 Track nunber/di sk surface 7378 Naxi mum recor di ng
densi ty magnetic P?i@SkB¢|S?ﬂabnwwEW%ﬁnpyhead for recording data
8.3 kTPl Rotation 4491 RPM Recordi ng
frequency 02" For ge°°rdlng/rﬁﬁr@dﬁﬂfl?Paﬁ§fQPt§pé€H“F¥¥HF¥%n1N@dla)

L8 VBl sec (7L LA SRS Unhud° AT 2 pl bl TRdE A h e kel of
Rt R e R
(0 70m 3l e 41 188 A8 s il o4 (P
erased part 1O0maghethe peWedfBtehYall dF¥alsalid HRAANEE neke gogcor di ng
recording data or for recording/reproduction of data has
an oxygen concentration distribution in a metal magnetic
substance. |
12. . A magnetic storage apparatus according to
claim 11, wherein said recording magnetic pole material
of said magnetic head has oxygen-rich particles mixed of
which the size is in a range between 0.5 nm and 5 nm
inclusive.
13. A magnetic storage apparatus according to
claim 11, wherein said oxygen-rich particles mixed in
said recording magnetic pole material of said magnetic
~head contain at least one of the elements Zr, Y, Ti, HE,
Al and Si.
14. A magnetic storage apparatus according to
claim 8, wherein the magnetomotive force of said
recording head for recording data or for recording/
reproduction of data,.or the product of the recording
current and the number of turns of coil of said head is
selected to be 0.5 amperesturn (AT) or above.
15. A magnetic.storage apparatus according to
claim 8, wherein at least part of said recording

magnetic poles of said magnetic head for recording data



medi um used for the measurement is a CoCr Ta- based spattered nmedi um which—

has a coercive force of 2000 Oe[ Cersted]. Fromthe resurtﬂl ' ' n
that if - 22 - the rise tine of the recording current mmmn!‘bmclnm
5 ns or below, good overwite characteri=st2& €an be obtain&d.clr thss .
experiment, three coil termnals were required in order for the rise tine
of the recordi g Eorciprerdipg/sepsoducsiopepndatpi jascaj Fegigtiynty¥howi ng

the relation of .the rise tinme of recordin urrent to the inductance of
each coil . FroﬂfFﬁ@.“@TCWtoﬁﬁP ope 689iBuge&ﬁéﬁvﬁhBeFHSGPP;ﬁEX 8% éﬁ@h coi

I's required to_be % %err]H (m crohenry) or belowin order for the rise tine
10 of recordinﬁrcﬁ PEfAt to be 5 ns or bel ow. According to this invention,

T PoTR L E o bl BreBOBE Ehae APy bRk Be0sE 10, 5

e oS e AR PARERLYS, 10 BBl BhELCoREdhobotbutid coeel,

i ncrease of stgagHetEaPpehbY 8F 8atiliMagnetic head for recording data
of for recording/reprdduction of data has a relative
permeability of 500 or below and a resistivity of 40
p2-cm or below.
17. A magnetic storage apparatus according to
claim 8, wherein the rise time of recording current is 5
nanosecond (ns) or below.
18. A magnetic storage apparatus according to
claim 17, wherein the recording coil of an induction
type magnetic head for recording information on a
magnetic disk medium is formed by a thin film process
and has three terminals, and the inductance between said
terminals is one microhenry (uH) or below.
19. A magnetic storage apparatus according to
claim 18, wherein the recording coil of said induction
type magnetic head for recording information on said
magnetic disk medium has a double—layer structure in
which the first layer coil and the second layer coil
have an equal number of turns but are wound in oppoéite
directions to each other.
20. A mégnetic storage apparatus according to
claim 18, wherein the re&ording coil of said induction

type magnetic head used to record information on said



.. 23 - WHAT IS CLAIMED IS 1. A magnetic storage apparatus
i icl udi ng means for achieving a media data rate of 15 meﬁmmm Lu'l“wﬁﬂlllor
above and an areal data recording density of 500 M/ [ernr]|ik . '

square inch) or above. 2. A magnet i27 st or age appar at us accor disng to

claim1l1, wherein information is recorded on a magnetic disk of 3.5 inch or
bel ow i n di anetagnetie ddislmeediuni basias singledlayen sttrecbrd008 rpm or
above in the recordi ng/reproduction node, and the recording frequency is
sel ected to bevliichien ointgoyedigte~-point permimeli issconnagete@patadus
according to claim1, wherein said magnetic disk is formed of a netal
magnetic fil mMd PeLRbele) VRetipeRr BPth geklendgola)  4(P) whichmidgnetic

Curront 1575 ROTRECERFTRegRds R ate cPhe Eofal uphE, of Tupacet
ope mgneti ¢ Heid eREh B RS T rAOF RS CRoburth it e BRI i U
iofs ‘;grem?d by a&flidnd ! | &) PLESS0s £ES NRSphREE LS o4 "eRRESn @ 1801 hgduct ance
‘ between said terminals (c) and (b).
21. A magnetic storage apparatus according to
claim 8, wherein a recording/reproduction separation
type head is provided which uses a magneto-resistive

element, spin-valve element or giant magneto-resistive

element for reproduction of information.



m crohenry ([err]H) or bel ow between said ternminals. 6. A magnetic
storage apparatus according to claim5, wherein the recording coil of said
i nduction type magnetic head used to record inforimation on said nagnetic
di sk medi um has a doubl e-l ayer structure in which the first layer coil and
t he second | ayer coil - 24 - have.ag/gﬁpal nunber of turns but are wound
in opposite directions to each other. A magneti c storage
apparatus according to claim5, wherein the recording coil of said

i nduction type magnetic head used to record information on said magnetic
di sk medi um has a single-layer structure in which an internedi ate-poi nt
termnal is connected at a md point ( gegmexn both coil ends (a), (b)
whi ch m d point corresponds to half thé t 1. nunber of turns of said coil
and a current flow ng between said termnals (c) and (a) is opp05|te in

phase to a current flow ng between said termnals (c) and (b). 8. A
~magnetic storage apparatus ingluding means f.01 causing.a.nalafion of [err]
[err] 500 to be satisfied whefe d ([err]m is the thickness of a magnetic
fi.l m which > |oo# b - -}
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forms the recordi ng magnetic poles of a magnetic head for recording data or
for recordi ng/reproduction of data, p ([err]-cm) is the resistivity, and
[err] is the relative perneability in a | owfrequency region. 9. A
magnetic storage apparatus according to claim8, wherein at |east part of
sai d recordi ng magnetic pol es of saidégig etic head for recording data or
for recordi ng/reproduction of data ha lti- layered structure of
alternate magnetic layer and insulating |ayer and the thickness of said
multi-layered filmis 2.7 pmor below 10. A magnetic storage
apparatus according to claim8, wherein at |east part of said recording
-25 - magnetic poles of said magnetic head for recording data or for
recordi ng/ reproduction of data is nade of Co-based anorphous alloy or

Fe- based anorphous alloy. 11. A magneti c storage apparatus accordi ng
to claim8, wherein at |east part of Eﬂi&yr egﬂi ng magnetic pole material
of said nagnetic head for recordi ng 8ata™or recor di ng/ reproduction of
data has an oxygen concentration distribution in a netal magnetic '

/|4 //H//IO
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FIG. 3B




substance. 12. A magneti c storage apparatus according to claim11,
wherein said recordi ng.magnetic pole material of said nmagnetic head has
oxygen-rich particles m xed of which the size is in a range between 0.5 nm
and 5 nmincl usive. 13. A magneti c storage apparatus according to .
claim 11, wherein said oxygen-rich paﬁivq%es m xed in said recording
magnetic pole material of said magnetit’head contain at |east one of the
elenents Zr, Y, Ti, H, A and Si. 14. A magnetic storage apparatus.
according to claim8, wherein the nagnetonotive force of said recording
head for recording data or. for recording/ reproduction of data, or the
product of the recording current and the nunmber of turns of coil of said -

head is selected to be 0.5 anpere.turn (AT) or above. 15. A magnetic
storage apparatus according to claim 1 ergdn at | east part of said.
recordi ng nmagnetic poles of said magneti C "head for recording data - 26
- or for recording/reproduction of data has a resistivity
20 25
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of 40 [err]-cmor above and a relative perneability of 500 or above. 16.

A magnetic storage apparatus according to claim8, wherein at least part of
sai d recordi ng magnetic pol es of said nagnetic head for recording data or
for recording/reproduction of data has a relative perneability of 500 or

bel ow and a resistivity of 40 [err]-cghgj.belomL 17. " A magnetic
storage apparatus according to claim 8] mHErein the rise tine of recording
current is 5 nanosecond (ns) or below 18. A magnetic storage .

apparatus according to claim 17, wherein the recording coil of an induction
type magnetic head for recording information on a magnetic disk nediumis
formed by a thinfilmprocess and has three term nals, and the inductance
between said terminals is one'nicroggirct([QS{]FD or below. 19. A
magneti c storage apparatus accordin oWl aiwh 18, wherein the recording
coil of said induction type magnetic head for recording information on said
magneti ¢ di sk medi um has a doubl e-layer structure in which the first |ayer
coil and the second | ayer coil have an equal nunber of turns but are wound
in opposite directions to dach other. 20. A magnetic storage

apparatus according to
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claim 18, wherein the recording coil of said induction type nagnetic head
used to record information on said - 27 magnetic di sk nmedium has a
single-layer structure in which an internedi ate-point termnal is connected
at a md point (c) between both coil ends (a), (b) which md point

corresponds to half the total nunber of turns of said coil, and a current
flowi ng bet weeABSIRACTe OF FHEs DISLLASUREa) is opposite in phasgrigo 13
current flow ng between said termnals (c) and (b). 21. A magnetic

storage apparatus according to claim8, wherein a recording/reproduction

separation typNAaug¢1tssqogxbﬁeﬂpﬂﬁkgaugses a magnet o-resi stive el enent,
spi n-val ve el enent or giant nagneto-resrstive elenent for reproduction of
i nf or mati on.

»

The proposed magnetic storage appératus has
the followinévfeatures. The frequency at which data is
recérded'is selected to be 45 MHz. The thickness,
resistivity and relative permeability of the magnetic
film of which the magnetic poles of the magnetic head
used in the apparatus are made are designed considering
the eddy current loss. Also, the relation of ud?/p < 500
is satisfied where d (um) is the thickness of the
magnetic film of which the magnetic polés of the
magnetic head are made, p (uQ-cm) is the resistivity,
and u is the relative permeability in a low-frequency
range. Under these conditions, the amount of
attenuation of recording magnetic field is reduced to
10% or below, and problems of writing blur and overwrite
value variation which occur as the recording frequency
changes can be solved. Moreover, the media data rate is
15 megabytes per sec., and the areal data-recording

density is 500 megabits per square inch or more.



