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THI'N FI LM MAGNETI C HEAD FI ELD OF THE | NVENTI ON The pf@@%ﬁ?752.0
invention relates to a thin filmmagnetic head wth a recordnng track

wi dth capable for higher recordin densifty in magnetic medi uns such as
magnetic di sks. Tﬂi%@ﬁ%#MWM&QNﬁi%ﬂH@Eﬁ@LATED ART Due to the recent
demand for higher recording density in the magnetic medi uns, the recording
track width of the thin filmmgnetic head is becom ng increasingly
narrower. In _the near future,  a thin filmhead with a recording track

width of subtdbPK JiF I INENFLONss than one nicronmeter) order will be
certainly requested. I n general, magnetic pole |layers in a thin film
magnetic recor di et senthddyest 1oay yer toaghdthia i@ ppenaide dead
Ni Fe. This polycrystalline substance is organized by nqn% mcro
nmonocryst al B4 #hdecanding friagls vdididt glarsbiléntfan dighertpecorddag i f
the recording track width is w de enough in conparison with the size of
t he each nondemngsityl Qumasneddc meddnassi suchaesc magnsttiies ddskishe recordi ng
head will not be influenced by the crystal orientation of the each
nmonocrystal substance. However, in case the recording track width is
submi cron order, the size of the nonocrystal magnetic substance cannot be
DESCRIPTION OF THE RELATED ART
Due to the recent demand for higher recording density in
the magnetic mediums, the recording track width of the thin
film magnetic head is becoming increasingly narrower. In the
near future, a thin film head with a recording track width of
submicron (equal to or less than one micrometer) order will be
certainly requested.
In general, magnetic pole layers in a thin film magnetic
recording head is made of polycrystal magnetic material such as
NiFe. This polycrystalline substance is organized by many
micro monocrystal substances with various crystal orientations.
Therefore, if the recording track width is wide enough in

comparison with the size of the each monocrystal substance,
magnetic characteristics of the recording head will not be
influenced by the crystal orientation of the each monocrystal
substance. |

However, in case the recording track width is submicron

order, the size of the monocrystal magnetic substance cannot be



]

2 snegligible. Nanmely, the magnetic characteristics of the recording head
wll be greatly influenced by nagnetization direction due to the crystal
orientation of the each nopnocrystal magneti c substance and thus variations
in the recodinggldgidbiel.i t Wagielyhe theasaghkelt igccheractegUsvirRy Of THE
| NVENTI ON It is therefore an object of the present invention to
provi de a t hi mekokdimgghepdc widdd bewgeeabyyaisfibkeacedcbydnagnetapabiibint y
can be realized even when its recording track width 1is very narrow.
The present i dierciténnr duet &9 theacriysballi bmiengastion béadhei mekbdi ng a
recordi ng gap layer, and |l ower and upper magnetic pole |ayers nmade of
pol ycrystal | i menpagmetind malgeedncesubstieposi aed thusamdwiekiibhe dLrcohdi ng
gap layer. Particularly, according to the present invention, an average
particle sizerBcodfingr gapabidubst aficéheahebdawtlinoacnegi on of the upper
magnetic pole layer, near the recording gap |ayer with respect to a
recording track width Wis set to Dlerr]W 20. The average particle
size Din the nagnetic pole portion which actually concerns with the
magneti ¢ r ecosUMMARUPOFaTHBNINVENDEONNM ng snal | er in accordance with the
narrow ng recording track wdth W and thus the nunber of crystals aligned
between the trackiwi gdkhtherbfopt be 60js8%l bf fBeapreseht, invsneionnso
provide a thin film magnetic head, whereby a stable recording
capability can be realized even when its recording track width
is very narrow.
The present invention relates to a thin filw magnetic head
including a recording gap layer, and lower and upper magnetic

pole layers made of polycrystalline magnetic substances,
deposited to sandwich the recording gap layer. Particularly,
according to the present invention, an average particle size D
of crystal substances at least in a region of the upper
magnetic pole layer, near the recording gap layer with respect
to a recording track width W is set to D= W/20.

The average particle size D ih the magnetic pole portion
which actually concerns with the magnetic recording operation
is becomiﬁg smaller in accordance with the narrowing recording
track width W, and thus the number of crystals aligned between
the track width will not be so small. As a result, variations

in the magnetic characteristics due to the crystal orientation



in the magnetic characteristics due to the crystal orientation of

t he each nonocrystal magnetic substance can be di spersed, and thus
variations in the recoding capability of {the head can be prevented from
occurring. of thénecashenbadcepbtalamaguetigespbstanke sanebP diispeysedl,
substances at least in a region of the |ower magnetic pole |ayer, near the
recordi ng gapniayhuswhlpiaespast ihothberctedongi ngpabacktw ofh tWenagaliecan
al so set to D<W 20. I n anot her enbodi nent, an average particle size D
of crystal sebptaneasednfebhyodcueging.of the upper nagnetic pole |ayer,
near the recording gap layer with respect to a recording track width Wmay

be set to Dierr] Yh28n kmbbuikbet, eahodiveeate pArtaveeagezpabt oel ergsza1D
of crystal substances-in all region of the upper magnetic pole layer with

respect to tbgbhsegncdbngt teask vhdihr¥¢ney b skt Lowbhenapn¥t20.pole  An
average particle size D of crystal substances in all region of the |ower

magneti ¢ pol eayeyernehi-hthespesbréPngheapr E4PEHI RYthr nekputb dt Bo\VWHBY be set
to Derr] W20. In nmost case, the recording track width Wis set to

Werr] 1.5 ppecordingFHFABRT wPBLECH Smayth ady B8 ages £6 bhewppesent
invention wll be apparent fromthe foll ow ng description of the

preferred embodi meAt gn8tnéheehbyEMhERE, a8n | dA¥eS4EA S8t DelbesiBECONANYI NG
dr awi ngs.
crystal substances in only a region of the upper magnetic pole
layer, near the recording gap layef with respect to a recording
track width W may be set to D=W/20. In further embodiment, an
average particle size D of crystal substances in all region of
the upper magnetic pole layer with respect to the recording
track width W may be set to D W/20.
An average particle size D of crystal substances in all
region of the lower magnetic pole layer with respect to the
recording track width W may be set to D= W/20.
In most case, the recording track width W is set to
V= l.S;Lm‘I
Further objects and advantages of the present invention
will be apparent from the following description of the

preferred embodiments of the invention as illustrated in the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS



BRI EF DESCRI PTI ON OF THE DRAW NGS 4 Fig. 1 shows a sectional

view for schematically illustrating nultilayered structure of a preferred
enbodi ment of a thin filmnagnetic head ﬁccording to the present
i nventi on; Fig. 2 shows a seewibnaliviest fati aghamaeliatidpship

bet ween particle sizes of nonocrystal nmagnetic substances and a recording
track width Mlastirating Bugtilagboed secocdung oflaaaptrefestedsenbolibgent
magnetic head with respect to an average particle size of polycrystal

subst ances ioaf naghbincfpahembhgpet scohebtleaheadding DESCOREPIt&ENE THE
PREFERRED EMBCODI MENTS Fig. 1 schematically illustrate the

mul til ayeredigtventtione of a preferred enbodi nent of the thin filmmagnetic
head according to the present invention. In this enbodinment, the thin
filmmagnetic heaBligs 2 shopssateiéypeot hinlistrathagedi celheashéprped by

I ntegrating an inductive recording head part and a magnetoresistive (MR

reproduci ng heede@arparticle sizédieof i foiCeryefLl engendtIer @ibdPasleadt £5d aa
MR el ement of the MR head part, 11 denotes an insulating |ayer surrounding

the MR el emerécdPaidgd tenckesid@th oneramsdi el ding |ayer for the M el enent
10, 13 denotes an upper shielding |ayer for the MR
Fig. 38 shows recording characteristics of the magnetic
head with respect to an average particle size of polycrystal

substances in magnetic pole layers of the head.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Fig. 1 schematically illustrate the multilayered structure
of a preferred embodiment of the thin film magnetic head
according to the present invention. In this embodiment, the
thin film magnetic head is a composite type thin film magnetic
head formed by integrating an inductive recording head part and
a magneto;esistive (MR) reproducing head part.

In the figure, reference numeral 10 denotes a MR element
of the MR head part, 11 denotes an insulating layer surrounding
the MR element 10, 12 denotes a lower shielding layer for the
MR element 10, 13 denotes an upper shielding layer for the MR
element 10 and lower magnetic pole layer for the inductive head
part, 14 denotes a recording gap layer, and 15 denotes an upper

magnetic pole layer for the induetive head part, respectively.



elenment 10 and | ower magnetic pole layer for the inductive head part, 14
denotes a recording gap |layer, and 15 denotes an upper nagnetic pole |ayer
for the inductive head part, respectivelys

5 As such t hésnslchl &her salstidayewmed oft rukdusenpdsithe pp@oastitie tiyiplemthin
magnetic head is well-known in this technical field, detail description of
each layer i$idm mpgueitdict headspecwkildaknown in thilsn teleheieaiodiieddt,, t he
| ower shielding layer 12, the |ower magnetic pole |layer (upper shielding

| ayer) 13 andethdl dpperipddret of pekb Nayer 15 amdtpledt da tager s made of
pol ycrystal l i ne magnetic material such as N Fe. I nstead of N Fe,
these | ayerssp@cif3catdons can be fornmed by plated | ayers nade of anot her
pol ycrystalline nagnetic material of for exanple Fe-Co, Fe-Mwhere Mis
selected at | easinothisf eidbo@imBptSi thAl lower ZhjieTdinkf laWerand, Nbhe
Fe-Co- Mwhere Mis selected at least one of NN C, B, Si, A, Ti, Zr, Ta,

Hf, Mo and NbowEe- fagageiphpose EeydbkN(uppee h/hnsldethtLas*erat 1Beast one of
N C B, Si, A, Ti, Zr, Ta, H, M and Nb, Fe-M0O where Mis selected at

| east one ofubbeﬁ, mBgnSticAbolé'i layér, 18aardf p1doecantaibrsFaade- N where M
is selected at least one of N C, B, Si, A, Ti, Zr, Ta, H, M and Nb, or

Fe- Co- N. polpcepsthnyihe hhgBetrboflhbeAlalasusMensgriparticle size D of
t he pol ycrystal magnetic substances in a region of the upper
Instead of NiFe, these layers 12, 13 and 15 can be formed
by plated layers made of another polycrystalline magnetic
material of for example Fe-Co, Fe-M where M is selected at
least one of N, C, B, Si, Al, Ti, Zr, Ta, Hf, Mo and Nb, Fe-Co-
M where M is selected at least one of N, C, B, §i, Al, Ti, Zr,
Ta, Hf, Mo and Nb, Fe-Co amorphous, Fe-M-N where M is selected
at least one of N, C, B, Si, Al, Ti, Zr, Ta, Hf, Mo and Nb,
Fe-M-0 where M is selected at least one of N, C, B, 8i, Al, Ti,
Zr, Ta, Hf, Mo and Nb, Fe-Co-M-N where M is selected at least
one of N, C, B, Si, Al, Ti, Zr, Ta, Hf, Mo and Nb, or Fe-Co-N.
According to this embodiment, an average particle size D
of thé polycrystal magnetic substances in a region of the upper
magnetic pole layer 15, which located in contact with or close
to the recording gap layer 14 is set to D=W/20, where W is a
recording "track width. In other words, this region of the
magnetic pole layer 15 is formed by the polycrystalline

magnetic material with the average particle size of DS W/20.



magnetic pole | ayer 15, which located in contact with of close to the
recording gap layer 14 is set to Derr]W20, where Wis a recording track
width. In other words, this region of theg nmagnetic pole layer 15 is formed
by the pol ycryst ad igtownmagnati€. nat grd 3lc nyidta Ihiera\nergage: jxarid tod el i zeu f
D[err] W20. 6 As shown in Fig.
2, polycrysta INiITee negneinst MRitedd dy sty casipNidde nohoanaltdutsm sya ey
coupl ed nonocrystal substances wth different particle sizes. In case of a
recordi ng t mackh difltdreaft Wardt itz midde aver agsdat iClreciEdg itrack
defined to Derr]1.0 p m20=0.05 pm (500 Angstrons) according to the
present inwgritof Wheara gne, thHe e =@ @araficlke suppeD MagRifiigidiolt®

| ayer 15, which region is located in contact with or close to the

recordi ng gapsliayes ml4 ol 0dshys aGogalang sead@enNn S clodd infge toagRetdr@sent
recordi ng operation, twenty or nore nonocrystal magnetic substances wl|

be aligned @h@@%tﬁ@% i reededd ref, hﬂﬁth@r&%&ithbﬁ %heA%p®e&e%Mkhﬁtlc pole
variations in the magnetic characteristics due to the crystal orientation

of the each)afRRoamnyStkdli dHRGRlich J4b3bangedcan Rendiasrenset oxnd1bRYS to
variations in the recoding capability of the head can be prevented from

occurring. the re%b@dligsﬁ%ﬁﬁ1%§%§U&Qdahﬁs%hhsoﬁc%ﬁﬁQﬂ? @%n%@%h@c%gkhskh%s
of the magnetic head with respect to an average particle size

pol ycrystal m%%%tta'&c?'elc'&r'aﬁgl%eb'p%rﬁ?,ll%nl ax%ﬁtsﬁ ‘rhﬁor@eﬁ@n'é%'r%thﬁe

recording track width Was paraneters. In
magnetic substances will be aligned along the direction of the
track width W. As a result, variations in the magnetic
characteristics due to the crystal orientation of the each
monocrystal magnetic substance can be dispersed, and thus
variations in the recoding capability of the head can be
prevented from occurring.

Fig. 3 shows measured result of recording characteristics
of the magnetic head with respect to an average particle size
of the polycrystal substance in magnetic pole layers of the
head using the recording track width W as parameters. 1In the
figure, the horizontal axis indicates 0.1/D where D is the
average particle size with a unit of uxm, and the vertical axis
indicates variations of overwrite characteristics of the
recording head. The overwrite characteristics is well-known
électromagnetic characteristics representing recording

capability of the magnetic head. This overwrite



fi.gure, the horizontal axis indicates 0.1/D where Dis the average
particle size with a unit of p m and the vertical axis indicates
variations of overwite characteristics of the recording head. The

overw ite chghacietiestis¢d ciss cwal bek eba ineldebyr wmdgriee &FcHivoac Ferigsieiney )
representing recording capability of the magnetic head. This overwite

7 char act eri deitas ovatthie tobriisned bymagneithg mEdfbowaBdeyemepsurdaiga on
the tracks of a magnetic nmedia, and by neasuring attenuation of the LF
dat a when HFatHeghaEhiegueficghedafFadasa whent HR ¢HigheFseneencadkdawnat heut
DC erasing the LF data. The vertical axis therefore represents variations
of recordi ngwrdéapeabi bnt ghef stihe tegokti vihhadt BS Boaspagamheels, d¥td. 59 ThHe
1.0 mand 0.8 mare provided. In the nmeasurenent, the plated N Fe
magneti c pol eekrdyend amishtiettéoeat rapeeagetpavardheisnzesfwereotdingd by
changing the plating conditions and heat treatnent conditions. Wth
respect to reapatibgtheadsthet hathesécnhgadti cApofer| pgeameteespewtivelym,
overwite characteristics were nmeasured using the mnmagnetic nedia of 25000e

and 80Gy . To.oepmodndeot e neapedpdovdata.in the magnetic nmedia, a MR
element with a reproducing track width of 0.5 mwhich is narrower than the

recording track whdthe\Mivasutément, the pravedl| NDEcappghedicfl pone Figyess

in case of the recording track width of We1.5 m if 0.1/Dis equal to or

hi gher than with different average particle sizes were formed by changing
the platiﬁg conditions and heat treatment conditions. With
respect to recording heads with these magnetic pole layers
respectively, overwrite characteristics were measured using the
magnetic media of 25000e and 80Gu . To reproduce the recorded
data in the magnetic media, a MR element with a reproducing
track width of 0.5um which is narrower than the recording
track width W was used.

As will be apparent from Fig. 3, in case of the recording
track width of W=1.5um, if 0.1/D is equal to or higher than
about 1.3, the overwrite characteristics variations is
substantially saturates al a lower level. This saturated
region corresponds to a region in which the average particle
size of D=0.075um (=1.5um/20). In case of the recording
track width of W=1.0xm, if 0.1/D is equal to or higher than
about 2.0, the overwrite characteristics variations is

substantially saturates at a lower level. This saturated



about 1.3, the overwite characteristics variations is substantially
saturates at a lower level. This saturated region corresponds to a region
in which the average particle size of Dgerr]0.075 pm (=1.5p m20). In
case of thereedondcogrespaokdswitdt B oegWwalio phichf thbelaperagequartieler

hi gher than about 2.0, the overwite characteristics variations is

subst ant i al kyzeabdir 8t=£€ .86 aml ¢wer OlleméR0) Thi Inseaseaoédthe recording

8 region corresponds to a region in which the average particle size of

D err] 0. O5parbck. #igth20f. W=Pn8game OFf Ohé/Peisrdangl teaek higharothww 0.8
pm if 0.1/Dis equal to or higher than about 2.5, the overwite

char act eri sabostvar.bat thesovsrwsibst aharactyriaticat esraathonswes | evel .
This saturated region corresponds to a region in which the average
particle ssmbsthnbieldlljO0s@4upatésOaBganiadpr level. SiHoést hatuvatade
particle size D of the polycrystal magnetic substances with respect to the
recordi ng t raghow dbbréspohdsheomagnetionheadwhicketh® feerjpi¢ 2paratcdedi ng
to the present invention, variations of the overwite characteristics,

t herefore vaghigat b®np 00 .02gomdi( Y. 8apap2bdty of the magnetic head can be
reduced and thus stable recording performance can be obtained even if the
recording track wifdtB BREOHRErgaxkr paARtYcl8asiow Bsof otlselbpbLyenystaer .

In the af orenmenti oned enbodi nent, the average particle size D of the

pol ycryst al napgBetitCstvbghaBeeSwobhyréspébe to the recording track width W
of the magnetic head is set D=W/20, according to the present
invention, variations of the overwrite characteristics,
therefore variations of recording capability of the magnetic
head can be reduced and thus stable recording performance can
be obtainéd even if the recording track width becomes extremely
narrow as to submicron order.

In the aforementioned embodiment, the average particle
size D of the polycrystal magnetic substances only in the
region located in contact with or close to the recording gap
layer 14, of the upper magnetic pole layer 15, 1is set to
D W/20. However, according to the present invention, the
average particle size D of the polycrystal magnetic substances
in all the upper magnetic pole layer 15 may be set to D=W/20.

It is important to consider the average particle size D of
the polycrystal magnetic substances particularly in the upper

magnetic pole layer 15. This is because that recorded magnetic



region |ocated in contact with or close to the recording gap |ayer 14, of
t he upper magnetic pole layer 15, is set to Dlerr] W20. However,
according to the present invention, the qverage particle size D of the

pol ycrystal pagtetns sSobsédnogsthemaghethe wppeummignééterpohed! dgpenddng
may be set to Dierr]W20. It is inportant to consider the average
particle sizepbhohaghbeipotiarystalisngoetot shbstppeesnpguiét col poly LAykhe
upper nagnetic pole layer 15. This is because that recorded magnetic

9 patterns fDfpeshdonthée, npgneléelaely uih i sheetenpdsite deped daigne tiPONhead,
magneti c characteristics of the upper magnetic pole layer 15, and that,

particul arl ythée whetleooposhé eléwpe mEghnetic pebel, 1ayde 18 didh widéhethoner
magnetic pole layer 13 is wider than that of the upper magnetic pole |ayer

15 and therefipdie dBrges upees imdgnst Z& P514 NEay@YnES | LnG UtIsé POESEe | Dat fié b
| ower magnetic pole layer 13 will not so influence to variations in the

overwite chpdegierd sdi£s of tHe MeAtetic subdiRYES . iMOfh L Yohde RyEhSdfe
particle size D of the polycrystal magnetic substances only in the region

located in goNd acdydv tiB af1Cl Q86 1o ther TR dli 68 BaPi d @ysis 1 Sethe
| ower magnetic pole |ayer 13, can be set to Derr] W20, but also the

aver age par tdwd@esi 7€ hDfadher 1208 S Vst alndaEdi ¢ substances in all the

| ower magnetic pole |ayer 13 can be set to D err]W20.
However, not only the average particle size D of the

polycrystal magnetic subétances only in the region located in
contact with or close to the recording gap layer 14, of the
lower magnetic pole layer 13, can be set to D=W/20, but also
the average particle size D of the polycrystal magnetic
substances in all the lower magnetic pole layer 13 can be set
to D= W/20.

Many widely different embodiments of the present invention
may be constructed without departing from the spirit and scope
of the présent invention. It should be understood that the
present invention is not limited to the specific embodiments
described in the specification, except as defined in the

appended claims.



Many widely different enbodinents of the present invention nay be
constructed w thout departing fromthe spirit and scope of the present™

invention. It should be understood that tlge present inv

limted to tWEAEpESi CLAIMEDONS ments described in the spﬁmm)ﬂml"ummemmpt
as defined in the appended clains. 10 . A thrn ¢ilim magmetrc
head conpri si ng: a recording gap | ayer; and | ower and upper
magneti c pole | ayers made of polycrystalline nmagnetic substances,

deposi ted t ol sanddi thisaf tlm rseene iy hpgd layerrising: an average particle
size D of crystal substances at least in a region of said upper magnetic
pol e | ayer, near sarecoréimg dgayw Depedayard Wi th respect to a recording
track width W being set to Dlerr]W20. 2. The thin filmnmagnetic head

as clainmed in cl aiowdy avernepper amgnelriageqls tlater simaid of crystal
substances at least in a region of said |ower magnetic pole |ayer, near
sai d recor dipwly@saps t @yEinevndyiesie gubst dite g eciymb it dd aok sdrtiwi dN isaid
also set to Derr] W20.

recording gap layer,

an average particle size D of crystal substances at least
in a region of said upper magnetic pole layer, near said
recording gap layer with respect to a recording track width W

being set to D§W/20._

2. The thin film magnetic head as claimed in claim 1, wherein
an average particle size D of crystal substances at least in a
region of said lower magnetic pole layer, near said recording
gap layer with respect to the recording track width W is also

set to DS W/20.

3. The thin film magnetic head as claimed in claim 1, wherein
an average particle size D of crystal suustances in only a
region of said upper magnetic pole layer, near said recording
gap layer-with respect to a recording track width W is set to

D= W/20.

4. The thin film magnetic head as claimed in c¢laim 1, wherein



3. The thin fil mmgnetic head as claimed in claimi1, V\/neriumllﬂu u’ﬁ"m;mm
particle size D of crystal substances in only a region of c n R IR
magneti c pole layer, near said recordingitrgap |ayer with respect to a
recordi ng t aaclaveirdige Ward icde tsd zeDDeiorf] cnyadal substaneest Hion oflill megion
magnetic head as clainmed in claim1, wherein
11 an aver agd parid clppesi magDedfi ccppdieallaygys wirtde s espegit! toegihen regfo rshings
upper magnetic pole layer with respect to the recording track width Wis
set to D ertpacROwidths W isTisett ion DfE Wi2@agnetic head as clained in claim
1, wherein an average particle size D of crystal substances in all region
of said | ower magnetic pole layer with respect to the recording track
width Wis set to Derr] W 20. 6. The thin filmmagnetic head as
clained in glai nMThe whdmneifd 1mt hegnecdcdhegdt macichaildeld Wi ¢ledm flo Whemein
1.5 m

an average particle size D of crystal substances in all region

of said lower magnetic pole layer with respect to the recording

track width W is set to DZW/20.

6. The thin film magnetic head as claimed in claim 1, wherein

the recording track width W is set to W=1.5u m.



