1 [Nanme of Docunent] Specification [Title of the Invention] Thin Film
Magnetic Head [Detail ed Description of the Invention] [0001] [ Techni cal
Filed to which the Invention Pertains] The present invention relates to a
thin fil mnmagnetic head used in a disk storage device. In particular, the
i nvention relates to a thin filn1nagnetgp head that achieves a |ow flying

hei ght suitable for high-density recording wiwth a high degree of
reliability. [0002] [Prior Art] In recent years, an increase in recording
density of a disk storage device has raised denmands for inprovenments in

perfornanCﬁg%%e?ﬁ&ﬁP%%% @%qyugﬁggf%ggé%g%%!opnents of a thin filmmgnetic

head excel I'te/rea aracteristics. At present, a head using an
MR (Magnetor.esi stiv el.ement_.or .a d.ant, Magnet orgesistive) el enent,
both of Whi[g'PrEé eO@a%‘rﬁ é[né’fentdzﬁﬂ]ey% %lﬁf"ghiargé‘% lé’ut}%ﬁtd,s is used as a
read head. In addition, ‘a TMR (Tunneling Magnetoresistive) el enmen—- '
capabl e of [Reffpdiedg DRisgrdp tiead ofertdiet ilvieptii®mdei ng devel oped as the
read head. On the other hand, a conventional inductive thin filmnagnetic
head expl oil0PAg ]

[Technical Filed to which the Invention Pertains]
The present invention relates to a thin film
magnetic head used in a disk storage device. In particular,
the invention relates to a thin film magnetic head that
achieves a low flying height suitable for high-density
recording with a high degree of reliability.
[0002]
[Prior Art]
In recent years, an increase in recording density of
a disk storage device has raised demands for improvements

in performance of a recording medium and developments of a

thin film magnetic head excellent in write/read
characteristics. At present, a head using an MR
(Magnetoresistive) element or a GMR (Giant
Magnetoresistive) element, both of which are capable of
achieving a high read output, is used as a read head. 1In
addition, a TMR (Tunneling Magnetoresistive) element
capable of achieving higher read sensitivity is being
developed as the read head. On the other hand, a

conventional inductive thin film magnetic head exploiting



2 the el ectromagnetic induction is used as a wite head. Al so, the
above-nentioned read head and wite head are conbined into one nagnetic
head to be used as an integrated read/wite thin filmmagnetic head.

[0003] As shown in Fig. 6 of Patent Document 1, the conventional

read/ wite thin filmmagnetic head is gbtained by formng a |ower shield
111, a read elenent 113, and a mid shield 112 serving as an upper shield
and a |ower pole piece on a substrate 103, and then forming a wite gap
102a, a thin filmcoil 106, an upper pole piece 114, and other conponents

e e B S M a8
;:ﬁgn%g(rjngﬁqei‘rtlg“? > g‘r‘gtgbacgﬂa \Mﬁ%}f?:acd 48& goc? s;f‘ Usy reaadcgorﬁilprﬁ:[egoryatcﬁ%i di ng
separ at ed F9af Wiekleh U}’r{g&e’:ﬁr“f ;‘S{"eiﬁer}?o ?nger%fl cor\ﬁ;efozg g!se(s:ﬁoant ihﬁt F?ég. 1
and 4 of Patent Docunent 1 so as to reduce the change in magnetic domain

of the uppe?9&hi el d caused by the wite operation. This counterneasure is

currently put to
As shown in Fig. 6 of Patent Document 1, the

conventional read/write thin film magnetic head is obtained
by forming a lower shield 111, a read element 113, and a
mid shield 112 serving as an upper shield and a lower pole
piece on a substrate 103, and then forming a write gap 102a,
a thin film coil 106, an upper pole piece 114, and other
components on the mid shield 112, followed by coating with
an alumina protection film 115. However., as disclosed in
Patent Document 1, since a magnetic domain of the mid
shield tends to be changed by the application of a write
current to have an effect on the read element, the read
output is fluctuated thereby to be liable to cause noise.
Therefore, a countermeasure is proposed which reduces noise
in read output by dividing the mid shield into an upper
shield 4 and a lower pole piece 5 that are separated from
each other with a non-magnetic layer 4a as shown in Figs. 1
and 4 of Patent Document 1 so as to reduce the change in
magnetic domain of the upper shield caused by the write
operation. This countermeasure is currently put to

practical use.



practical use. 3 [0004] [Patent Docunment 1] Japanese Patent Lai d-open No.
2001-176031 [0005] [Problemto be Solved by the Invention] In recent
years, a.reduction in gap between a recording nediumand an air bearing
surface of a magnetic head, i.e., a reduction in flying height, has been
attained in order to inprove the recording density, but the reduction in
flying height has introduced a problen1%ﬁth a phenonenon known as the
thermal protrusion. This is a protrusion occurring due to thernal
expansion of the air bearing surface of the nagnetic head when a di sk
storage dd¥08dJis used in hot environment. The thermal protrusion is
caused when the netal portion having a high coefficient of thernal
expansi on anfP8fgafi PosuMebintds such as a resist of a thin filmmgnetic
head thermally expand in hot environment to protrude_above the height of a
substrate fornmedJapPapesesPatensrLepd-pPPRE Navi AQ0A-LdfPEdefficient of
thermal expansion at the air bearing surface. If a prom nent thermal
protrusi on[@®@@%ls, it is possible that a tip of the magnetic head cones

[
contact with the recording nmediumthereby to wear down or damage in itse
[Problem to be Solved by the Invention]

n
f

In recent years, a reduction in gap between a
recording medium and an air bearing surface of a magnetic
head, i.e., a reduction in flying height, has been attained
in order to improve the recording density, but the
reduction in flying height has introduced a problem with a
phenomenon known as the thermal protrusion. This is a
protrusion occurring due to thermal expansion of the air
bearing surface ¢of the magnetic head when a disk storage
device is used in hot environment. The thermal protrusion
is caused when the metal portion having a high coefficient
of thermal expansion and c¢crganic substances such as a
resist of a thin f£ilm magnetic head thermally expand in hot
environment to protrude above the height of a substrate
formed of Al;05;-TiC or the like having a low coefficient of
thermal expansion at the air bearing surface. If a
prominent thermal protrusion occurs, it is possible that a
tip of the magnetic head comes in contact with the
recording medium thereby to wear down or damage in itself
or to wear down or cause damage to the medium. In an

actual device, since a flying height at room temperature is



or to wear down or cause danage to the nmedium In an actual device, since
a flying height at roomtenperature is 4 set to a relatively great value in
order to prevent the contact in hot environnent, wite/read
characteristics tend to be deteriorated at roomtenperature or in hot
environment, which makes it very difficult to increase recording density.
Thus, in order to realize a disk stora@e device with high recording
density, the thermal protrusion nust be prevented. [0006] In the
conventional thin filmmagnetic heads, particularly those shown in Figs. 1
and 4 of Pakeénto Bocelamntivélwyhgreah vhktuepperordgnetocpséveht tbes not
double as the |l ower pole piece, NiFe alloy filnms containing mainly 80 wt %
Ni, i.e., penfakloynfhbmsenaieohmpntal Wyitiefdeadschagaeteristlesi akrdf or
the magnetic shield. Since the nagnetic materials have a | ow coercive
force and aol bew dergmebeatedchtonoomnetémpeératuréhey anehstitably used as
magnetic nmaterials for the nagnetic shield. However, the materials have a

coef fi ci enenofirbhseml eKpansmaRetahOUrerE2dBrRid@16/Kp iheteasel arger than
that (7.1 x 10-6/K) of A1203-Tic typically used for the substrate and

A1203 usedreteraang’ akastiiton fThus, herefqane, t@ rageid a dis d of a thin
filmmagnetic head wherein an 80 wt% Ni Fe alloy film
storage device with high recording density, the thermal
protrusion must be prevented.
[0006]
In the conventional thin film magnetic heads,
particularly those shown in Figs. 1 and 4 of Patent
Document 1 wherein the upper magnetic shield does not
double as the lower pole piece, NiFe alloy films containing
mainly 80 wt% Ni, i.e., permalloy films, are typically used
as magnetic materials for the magnetic shield. Since the

magnetic materials have a low coercive force and a low
magnetostriction coefficient, they are suitably used as
magnetic materials for the magnetic shield. However, the
materials have a coefficient of thermal expansion (about
12.8 x 107°/K) that is larger than that (7.1 x 107°/K) of
Al,0;-Tic typically used for the substrate and Al,0; used
for a protection f£ilm. Therefore, a magnetic shield of a
thin f£ilm magnetic head wherein an 80 wt% NiFe alloy film
is used as the magnetic shield material protrudes above the
height of the substrate at the air bearing surface in the

direction of the medium in hot environment. The height of



I's used as the magnetic shield material protrudes above the height of, the
substrate at the air bearing surface in the direction of the nmediumin hot
environment. The height of 5 the thermal protrusion is as snmall as about 1
nm per 10C, but the change of 1 nmin the flying height has a significant
I nfluence on the wite/record characteristics of the magnetic storage
device with high recording density. Ad%ordingly, the increase in flying
hei ght at room tenperature to conpensate for the anount of protrusion due
to the tenperature rise fromthe roomtenperature to about 60C |leads to a

consi derabl e d %erioration In.the. wite/read_characteristics. % .efore,
it is possF@Fé% SrmP&dgggtnglppyﬁﬁgaﬁef&ﬁﬁiaﬁsr %ﬁﬁte&p@ﬁhpﬁFéI gfreducing
the therna rQtrusi v | i aght.ly B%h ﬁ r r b&& i_mproving the
mmite/read%angégtérlg?%cg% Fobgﬁ%h F a%g$ %P Egﬁgﬁﬁg %ﬁeaProblen] In
order to sql.ve.. t.h bov robl e r th t hermal ,protrusion, a
magneti c n%ﬁgﬁﬁgﬁ géiﬁﬁ%% e%%e g@e?ﬁ%o?%%EEZFeF 5Pna a§?5§%§F3ﬁlF§ used
for a nagne?i shield,i.n the present .invention. 000%% l.n_an aspect of the
resent in n%P nMagnet ﬁe?ﬁ@rp e egﬂthgﬁEhaglgkc53 F&i8%: SPStHdrma

P .
expansi on 5%%%&dingly, the increase in flying height at room

temperature to compensate for the amount of protrusion due

to the temperature rise from the room temperature to about

60C° leads to a considerable deterioration in the

write/read characteristics. Therefore, it is possible to

reduce the flying height at room temperature by reducing

the thermal protrusion even slightly, thereby remarkably

improving the write/read characteristics.

[0007])

[Means for Sclving the Problem]

In order to solve. the above problems and reduce the

thermal protrusion, a magnetic material having a low

coefficient of thermal expansion is used for a magnetic
shield in the present invention.
[0008]

In an aspect of the present invention, a magnetic
material that has a coefficient of thermal expansion lower
than that of an 80 wit% NiFe alloy ié used for forming part
or whole of a magnetic shield. A NiFe alloy containing 30
to 55 wt? of Ni has a reduced coefficient of thermal

expansion as compared with that of the 80 wt% NiFe alloy,



than that of an 80 wt% N Fe alloy is used for formng part or whole of a
magnetic shield. A N Fe alloy containing 30 to 55 wt% of N has a reduced
coefficient of thernmal expansion as conpared with that of the 80 wt % NlFe
all oy, b and a conposition of 46 W% Ni Fe provides a | ow coefficient of

t hermal expansion of about 8.5 x 10-6/K,_ Al so, the nmagnetic material has a
soft magnetic property suitable for t he magnetic shield. Therefore, it is
possible to reduce the thermal protrusion of a thin filmnmgnetic head
wherein part or whol e of the nagnetic shield is_forne fron1%£e .magnetic
materi al . @06091compgeifden P ARoVh&Er NAERRFOBId¢Red ptR¥efiPe %Sﬁ?Pgn, at
| east one of a lower shield and an upper shield is a lanmnated film

consi sti ngodf thelrmpdr ekpamsdonr ofh abgotwBod i F& "dKl-oyAbHd athayer fornmed
froma magnetic material having a | ow coefficient of thermal expansion. In
this casemagnetigyepterialehss at sKEFBagResyci BTAPSHEEcf i baPLgcECE read
el ement while the |ayer of the magnetic material having the | ow

coef f i ci entthef malgaevdlc shigddi-onTherefrEposkll FemAT ¥R theroddee el enent .
As described above, the 80 wt.% N Fe alloy is characterized by |ow,

coer ci vi t y thea thewmadgpaedsusiieni 6f aothincfahn magaehhceRear| Whersan:

magneti c property. On the other hand, while the nagnetic
part or whole of the magnetic shield is formed from the

magnetic material.
[0009]

Further, in another aspect of the present invention,
at least one of a lower shield and an upper shield is a
laminated film consisting of a layer formed from a 80 wtd
NiFe alloy and a layer formed from a magnetic material
having a low coefficient of thermal expansion. In this
case, the layer of the 80 wt% NiFe alloy is disposed to
face a read element while the layer of the magnetic
material havina the low coefficient of thermal expansion is
disposed remote from the read element. 2As described above,
the 80 wt.% NiFe alloy is characterized by low coercivity,
a low magnetostriction coefficient, and an excellent soft
magnetic property. On the other hand, while the magnetic
material having a low coefficient of thermal expansion such
as the NiFe alloy having a composition mainly comprising 46
wt% Ni is used for forming a pole piece of the head, the
NiFe alloy is high in coercivity and magnetostriction
coefficient as compared with the 80 wt% NiFe alloy. If the

material having high coercivity and a high magnetostriction



material having a | ow coefficient of thermal expansion such as the N Fe
all oy having a conposition mainly conprising 46 WwW%N is used for formng
a pole piece of the head, the. NNFe alloy is high in coercivity and
magnetostriction coefficient as conpared with the 80 wt% Ni Fe alloy. If
the material having high coercivity ang a high magnetostriction
coefficient is used for the magnetic shield, an abnormal magnetic domain
structure is liable to be produced. More specifically, the nagnetic donain
structure is changed due to a magnetic field that flows into the magnetic
shield wheaefificieatciasr vaedi fonpphectagnethe ahjnddi caheabinowmadh nakes
noi se in read output liable to occur. In order to prevent such phenonenon,
one | ayer vAgnhsipadameis shrurbgurediacéhebie thebeendodhemdnt Meréor ned
fromthe 80 wt* NNFe film and the other layer is forned fromthe nagnetic
mat eri al hapensgfipellyw tbef mpghehicofiomhennatregpunsi ba. ch@inged iduei s
possible to prevent the occurrence of noise in read output and to reduce

t he t her makopromagsetac fdeld] tratk piewenintavehei vagnekiichehdeddfter be
described in nore details through enbodi nents thereof. S [0011] [Mode for
Carryi ng owhenhs wmisst conFenftEwrbodbpbhedlfo the magnetic head, which

makes noise in read output liable to occur. In order to
prevent such phenomenon, one layer of the magnetic shield
adjacent to the read element is formed from the 80 wt% NiFe
film, and the other layer is formed from the magnetic
material having the low coefficient of thermal expansion.
Thus, it is possible to prevent the occurrence of noise in
read output and to reduce the thermal protrusion.
[0010]

The present invention will hereinafter be described

in more details through embodiments thereof.



Fig. 1 is a cross-sectional viewof a thin film magnetic head of a first
enbodi nent. On a substrate 1 fornmed froma non-magnetic material, a base
alumina 2 is applied so as to provide surface snoot hness and el ectri cal
i nsul ation properties. A lower shield 3 formed froma nagnetic materi al
having a | ow coefficient of thermal expansion is provided on the base
alumna 2 in order to inprove read resolution and to elimnate influences
of external magnetic fields. A read gap 4 formed of a non- nagnetic
insulating material is provided on the lower shield 3. Aread element 5
formed of dPNRklenment or a G\R el enent is disposed in the read gap. On
the read gap 4, an upper shield 6 formed froma magnetic material having
| ow coef fi diMasie dfor Kaygrinex parisitdwe iIavenddiiosddd. A separation |ayer 7
that is formed froma non-magnetic material is provided on the upper
shield 6 tdEmbagiaernftorl] separating a wite head froma read head. A wite
unit is formed on the separation layer 7. The wite unit 7 includes a
| ower pol e piece &iga Rowerapokestreactional ayeew 6f a tbhhmr £pdine back end
| ayer 10, a write gap 11, an upper pole front end |layer 12, an upper pole
back end | anpgmelt3ic heatbmimggfdtdst iembelditmeon .| afpralgubatrateé 15, a coil 9
I nsul ation | ayer 16, an upper pole piece 17, and a protection |ayer 18.

formed from a non-magnetic material, a base alumina 2 is

applied so as to provide surface smoothness and electrical

insulation properties. A lower shield 3 formed from a

magnetic material having a low coefficient of thermal

expansion is provided on the base alumina 2 in order to

improve read resclution and to eliminate influences of

external magnetic fields. A& read gap 4 formed of a non-

magnetic insulating material is provided on the lower

shield 3. A read element 5 formed of an MR element or a

GMR element- is disposed in the read gap. On the read gap 4,

an upper shield 6 formed from a magnetic material having

low coefficient of thermal expansion is provided. A

separation layer 7 that is formed from a non-magnetic

material is provided on the upper shield 6 to be used for

separating a write head from a read head. A write unit is

formed on the separation'layer 7. The write unit 7

includes a lower pole piece 8, a lower pole front end layer

9, a lower pole back end layer 10, a write gap 11, an upper

pole front end layer 12, an upper pole back end layer 13, a

non-magnetic insulation layer 14, a coil 15, a coil



[00121 In wite operation, a wite current is applied to the coil 15 to

I nduce a nmagnetic flux in the upper pole piece 17, the upper pole back end
| ayer 13, the |lower pole back end |ayer 10, the |l ower pole piece 8, the

| ower pole front end |ayer 9, and the upper pole front end layer 12, and
a wite magnetic field is generated fr the wite gap 11 so that signal
magneti zation is witten on a recordin medi um 20 that rotates with a
flying height being nmintained as a space between the recordi ng nedi um 20
and an air bearing surface 19. [0013] In another enbodi nent of the present
invention, a |lower shield 3 has a |ower shield | ower layer 3a formed from
a magnet i ciRBREATAPDhAAYRE &6t oA cBRPEF cPRhe Bieffeldnl 2BRpénsi on and a

| ower shield upper layer 3b formed froman 80 W% N Fe alloy as shown in
Fig. 2A. |Barafectien, lagdrupPer shield 6 has an upper shield upper |ayer 6a
formed froma nmagnetic material having a | ow coefficient of thernal
expansi on &B813ah upper shield |ower |ayer 6b formed froma 80 w % Ni Fe
alloy. [0014] Heat deformations of the thin filmnagnetic head of 10 the
present enbodi menkn (Whdkn dnerRgion,) anrilie current is applied to

the coil 15 to induce a magnetic flux in the upper pole
piece 17, the upper pole back end layer 13, the lower pole
back end layer 10, the lower pole piece 8, the lower pole
front end layer 9, and the upper pole front end layer 12,
and a write magnetic field is generated from the write gap
11 so that signal magnetization is written on a recording
medium 20 that rotates with a flying height being
maintained as a space between the recording medium 20 and
an air bearing surface 19.

[0013]

In another embodiment of the present invention, a
lower shield 3 has a lower shield lower layer 3a formed
from a magnetic material having a low coefficient of
thermal expansion and a lower shield upper layer 3b formed
from an B0 wt% NiFe allcoy as shown in Fig. 2A. In addition,
an upper shield 6 has an upper shield upper layer 6a formed
from a magnetic material having a low coefficient of
thermal expansion and an upper shield lower layer 6b formed
from a 80 wt% NiFe alloy.

[0014]

Heat deformations of the thin film magnetic head of



conventional thin magnetic head were calculated to determ ne those thernmnal
protrusions. The head of the present enbodi nrent has the | ower shield 3 and
the upper shield 6. both of which are formed fromthe magnetic nateri al
having a | ow coefficient of thermal expansion. On the other hand, the
conventional head has the lower shield 3 and the upper shield 6, both of
which are forned fromthe 80 wt% N Fe aldl oy. In addition, the thermnal
protrusion of the thin fil mnmagnetic head (shown in Fig. 2A) having the
magneti c shields each of which is the stack of layers consisting of the

| ayer of the magneti al _ha .coef.ficient  of thermal

expansi on ﬁ'& P% g‘\/\ﬁ?{qﬁdﬁ@ g:I (6;3‘%| B i :%&sg ‘al’do a&‘gé-thrﬁ ned. [0015]

Mat erial s used for conponent s qt her than the _nagnetic shields were as
fol I ove: tl'?é’né’&Bétthé"‘tan Fhis mAG9RTIE PG KEFS3 CRIETIARE der pol e pi aco
8, the lower pole front en ayer 9, the |ower pole ba k nd | ayer 10,

t he upper E@I@rﬂﬁ8ﬁt &%@Pﬁ% 5 DERd T ﬁﬁﬂgpspolg BabR2 n8 th€er 13, and
the upper pole piece 17 were formed from 46 wt % Ni Fe; the read gap 4, the
separ at i on PERypENty enpodifente hagafhe loyied she-edidote @dh H N MRPEER wer e
formed from A2103; the coil 15 was fornmed from Cu; and the coil insulation

| ayer 16 m@iﬁétdrré ot SHottieh ere Fogped ifgemofthendagnetic

material having a low coefficient of thermal expansion. On
the other hand, the conventional head has the lower shield
3 and the upper shield 6, both of which are formed from the
B0 wt% NiFe alloy. In addition, the thermal protrusion of
the thin film magnetic head (shown in Fig. 23A) having the
magnetic shields each of which is the stack of layers
consisting of the layer of the magnetic material having a
low coefficient of thermal expansion and the 80 wt% NiFe
alloy layer was also determined.

[0015]

Materials used for the components other than the
magnetic shields were as follows: the substrate 1 was
formed from A,10,;-TiC; the lower pole piece 8, the lower
pole front end layer 9, the lower pole back end layer 10,
the upper pole front end layer 12, the upper pole back end
layer 13, and the upper pole piece 17 were formed from 46
wt% NiFe; the read gap 4. the separation layer 7, the write
gap 11, and the protection layer 18 were formed from A;lo;;
the coil 15 was formed from Cu: and the coil insulation

layer 16 was formed from photoresist. Properties of the



materials are shown in Table 1. [0016] Table 1 Material 12 "Table, 1 (u W
a nK) (Gpa) (10' 6/ K) A2103- Ti C203900. 227. 1 A1z031. 34100. 257. 1

80wt ¥0Ni Fe352000. 312. 8 46w %N Fe351440. 38. 5 Phot oresi st 0. 53. 70. 3530

Cu. 4031100. 316.2 (0017] The thermal protrusion per 10C of tenperature rise
at each of the | ower shields was calculﬁfed under the above-described
conditions. The calculations are shown in Table 2. 13 [0018) Table 2
HeadConvent i onal Exanpl e | Exanpl e 2Exanpl e 3 Struct ureExanpl e | ower shi el d80
Wt % Ni Fe46 wt %16 wt %46 wt % | ower | ayer Ni FeNi FeN Fe

materials are shown in Table 1.
[001l6]

Table 1

Material




mat eri al thickness (dun)2.12.10.71.4 |ower shield--80 w%80 wt % upper

| ayer Nl FeNi Fe material thickness (!unm)1.40.7 upper shiel d80 wt % N Fe46

w %80 wt %80 W % | ower | ayer Nl FeNi FeNi Fe mat eri al thickness

([un) 1. 31.30.90.4 upper shield-46 wt %16 w % upper |ayer Nl FeN Fe materi al

t hi ckness (dun)O0.40.9 protrusion0.630.27q2530.40 protrusi onl0. 430. 840. 63

ratio [0019] As shown in Table 2, the thermal protrusion of the thin film

magneti ¢ head of Exanple 1 wherein qu\\g/i% i Fe is wused in place of 80 wm %
I

“| ess than half that of the

Ni Fe for form ng the magnetic shie
conventional exanple. Also, the therrrﬁI r‘otLusi on of Exanple 2 wherein
about 30% of a total thickness of each®of'the upper shield and the | ower
shield is replaced by 46 ww% N Fe is reduced to about

ME HIER Youg | R7Y ot | RBEERE
(o W/ 12 mED (Gpa) (109/K)

" Aslos-TiC 20 390 0.22 7.1
ALO3 1.3 410 0.25 7.1

80wt%NiFe 35 200 0.3 128
46wt%NiFe 35 144 0.3 8.5
' Photoresist 0.5 3.7 0.35 30

Cu, 403 110 0.3 16.2

[0017]

The thermal protrusion per 10C° of temperature rise
at each of the lower shields was calculated under the
above-described conditions. The calculations are shown in

Table 2.



80% of that of the conventional nmagnetic head. Further, the thernal
protrusion of Exanple 3 wherein about 70% of a 14 total thickness of each
of the upper shield and the lower shield is replaced by 46 % N Fe is
reduced to about 60% of that of the conventional magnetic head. Thus, the
present invention is effective in reducing the flying height at room
tenperature and largely inproving the JPBite/read characteristics,
particularly, the resolution and the output noise ratio. (0020] According
to the above results, it is apparent that the effective reduction of 15%
or nore in éhi éhernal protrusion can be realized by setting the ratio of
the thickf8948df the magnetic material |ayer having a | ow coefficient of
t hermal expansion to the sumof the thicknesses of the | ower and upper
shields to 30%or nore. In the presef@®fddi nent, the Ni Fe-based alloy is

used by y T Fxamliec divdrite SN P EkdamPd eCh! ahx%\s'l%g 24| EXiifiple 3
nggfhggg Egbn%bggl expaE§hHB;BCbeff|C|ents of thernal =xpanS|on 01
= J AaAlrrtTyu a C ‘F 1 KJ.II UU
Magnetic M PgﬁFéFQ&e@ﬁlc §%pﬁﬁrﬁshed¢¢ﬁwﬁ%75 ] g 5 £f Ht g?
t her mal =}BHﬁ§|&ﬁY8§breases gradual |y frishi&@he N dbhE@nt )f 18888 to

reach 11. 5mategigAK wherl the Ni contept is 55% and then
thlckness(m) 2.1 2.1 0.7 1.4
lower shield - - 80 wt3 80 wtd
upper layer NiFe NiFe
material
thickness (um) 1.4 0.7
upper shield 80 wt¥%¥ NiFe 46 wtd 80 wti 80 wt%
lower layer NiFe NiFe NiFe
material
thickness(m) 1.3 1.3 0.9 0.4
upper shield - - 46 wt3 46 wtd
upper layer NiFe NiFe
material
thickness (um) 0.4 0.9
protrusion 0.63 0.27 0.53 0.40
protrusion 1 0.43 0.84 0D.63
ratio
[0019])

As shown in Table 2, the thermal protrusion of the
thin £ilm magnetic head of Example 1 wherein 46 wt% NiFe is
used in place of 80 wt%¥ NiFe for forming the magnetic
shield is less than half that of the conventional example.
Also, the thermal protrusiocn of Example 2 wherein about 30%
of a total thickness of each of the upper shield and the
lower shield is replaced by 46 wt% NiFe is reduced to about
80% of that of the conventicnal magnetic head. Further,

the thermal protrusion of Example 3 wherein about 70% of a



It decreases sharply with. reduction in Ni content. The coefficient of
thermal expansion starts to increase when the Ni content is 25% and then
exceeds 11.5 x 10-6/ K when 15 .the Ni content is less than 30% Accordingly,
the thermal protrusion is largely reduced by the use of the N Fe alloy
having the Ni content of 30 to 55 W% as the nmagnetic material having a | ow
coefficient of thermal expansion of thd4present enbodi ment in accordance
wi th the sane calculations as those used in Table 2. If the materi al
having the coefficient of thermal expansion of 11.5 x 10-6/K is used for

t he | ower and upper. shields, it is possible to realize the effective
reducti on bPta5oEBACHBRES] HftﬁéFﬁaP 5 PQ?FGnsgéeégnﬁgpeﬁhﬁ|QHWFﬁe
conventional  magnetic head. . The 15% reduction in thermal protrusion is

obt ai nabl eSP#8 PﬁeréﬁﬂéﬁﬁgtP§n4ﬁs¥&%fHFF8bF§|ﬁFﬁ&cﬁﬁetPe§GPP§ §Adwn in
Tabl e 2. The effect of 15% reduction_in thermal protrusion is such that
the ther maPfpFBRFuUSEoRDPN CPRESREAPEAL BRANCtdLaRBRE - of THABI etBe caused by
50C of tenperature rise is reduced by about 0.5 nm In addition, the

t her mal pPB?F9§Fothﬁnﬁﬁéncéﬁv@ﬁ?ﬁ&ﬁéweekﬁnﬁﬁéuéﬂnyaEpé £1y3ngr educed by
about 0.7 nm Table 3 will be described later in this specification. In
order to rhadgbtt B rRPEKk{eBPesRture 39dolésordl AMPEFPVABE &R&nple, on the

surface of the head by about 0.5 to 0.7 nmfor the purpose of reducing the
write/read characteristics, particularly, the resolution

and the output noise ratio.
[0020]

According to the abové results, it is apparent that
the effective reduction of 15% or more in the thermal
protrusion can be realized by setting the ratio of the
thickness of the magnetié material layer having a low
coefficient of thermal expansion to the sum of the
thicknesses of the lower and upper shields to 30% or more.

In the present embodiment, the NiFe-based alloy is
used by way of an example of the magnetic material having a
low coefficient of thermal expansion. Coefficients of
thermal expansion of NiFe-based alloys are listed in Fig.
7-113 on page 342 of "Handbook of Magnetic Materials” which
was published in 1975. The coefficient of thermal
expansion decreases gradually from the Ni content of 100%
to reach 11.5 x 107®/K when the Ni content is 55% and then
it decreases sharply with reduction in Ni content. The

coefficient of thermal expansion starts to increase when

the Ni content is 25% and then exceeds 11.5 x 10°%/K when



flying height, it is necessary to carry out very difficult technol ogy
devel opnents. Therefore, the reduction in thermal protrusion described
above is significantly effective in reducing the flying height. 16 [0021]
While the nmagnetic material having a | ow coefficient of thermal expansion
I's used for both of the upper shield and the |ower shield in Exanple 1, it
IS possible to reduce the thermal protdfision by using the magnetic
material for either one.of the shields. A so, while the upper shield and
t he | ower shield of each of Exanples 2 and 3 are each the stack of |ayers,

whi ch f th t t . h

Lo, SO Ng] cbREehe 5 ARk ey IRE LML Al TGS, ey
bl t d th h t t I

s s R R AR

Ni Fe-based alloy having a Iom1co fficien an5|on and the
Ni Fe- basedP&VE8§ ﬁg9 NG SOR SHtCBSfPPCt % %h@? L ﬁﬁﬁgFSn i s not
limted to the two-layered structure. A thr ee- nore | ayered structure
or a |ayer B@t8Fiadt GPéflné?oﬁsnlé’{"l aegileFrF-BE 8f ﬁBPémF‘éyéP‘QaBFlRIPFﬁ based
al I oys haV|ng different coefficients of thermal expansion can achieve a
reduction ithet REPRERtpEBPPAIMEAtsERI REFOTHaPRBsHIth the same

calculations as those used in Table 2. If the material
having the coefficient of thermal expansion of 11.5 x 107%/K
is used for the lower and upper shields, it is possible to
realize the effective reduction of 15% or more in thermal
protrusion as compared with the conventional magnetic head.
The 15% reduction in thermal protrusion is obtainable from
the calculation used for obtaining the results shown in
Table 2. The effect of 15% reduction in thermal protrusion
is such that the thermal protrusion in the conventional
example of Table 2 caused by 50C° of temperature rise is
reduced by about 0.5 nm. In addition, the thermal
protrusion in the conventional example of Table 3 is
reduced by about 0.7 nm. Table 3 will be described later
in this specification. In order to reduce the thickness of
the protection film, for example, on the surface of the
head by about 0.5 to 0.7 nm for the purpose of reducing the
flying height., it is necessary to carry out very difficult
technology developments. Therefore, the reduction in
thermal protrusion described above is significantly

effective in reducing the flying height.



descri bed above. Shown in Fig. 2B is a magnetic head having a |ower shield
and an upper shield each of which has a four-layered structure. More
specifically, each of the lower shield and the upper shield is a stack of

| ayers consisting of 17 nagnetic material |ayers 3a and 6a having a | ow
coefficient of thermal expansion and 8q W% Ni Fe alloy |ayers 3b and 6b.

[ Embodi ment 2] Thermal protrusions of a éonventional magneti c head and
thin fil mnmagnetic heads of the present enbodi mrent were evaluated. The
thin filmmgnetic head of the present enbodi nent shown in Fig. 2A was

pr ot ot yped ngﬁ aluate the thermal protrusion thereof. The conventi onal
magneti c hé s manufactured such that it has the sane structure as

h h [ F 1 h d | el d
R e R L
fact d h t t | ud f 46 %
ot actur g, such LIS e 081 4055.2 ter AL bt Layer gl 40

80 wt% Ni Fe al | oy havi ng |ckne s of Etm uppe shi el d Iomer
| ayer b ofnfo they RHes 5%%%; a& th&ckﬁ§s§soP°§s%%&ﬁ;t&n&echﬁpper

shield upper | ayer 6a of 46 mﬁ@bNIFe allo The t rnal rotr si.on of each
of the nmad é Rﬁ%&r@F&P@aFaa“ﬁ&népﬁPéaWPﬁnﬁS ;ng

either one of the shields. Also, while the upper shield
and the lower shield of each of Examples 2 and 3 are each
the stack of layers, which consists of the layer of the
magnetic material having a low coefficient of thermal
expansion and the 80 wt% NiFe alloy layer, it is possible
to reduce the thermal protrusion by using the stack of
layers for either one of the shields.

A structure of the stack of layers of the NiFe-based
alloy having a low coefficient of thermal expansion and the
NiFe-based alloy having a high coefficient of thermal
expansion is not limited to the two-layered structure. A
three- or more layered structure or a layered structure
consisting of three or more layers of NiFe-based alloys
having different coefficients of thermal expansion can
achieve a reduction in thermal protrusion similar to those
described above.

Shown in Fig. 2B is a magnetic head having a lower
shield and an upper shield each of which has a four-layered
structure. More specifically, each of the lower shield and

the upper shield is a stack of layers consisting of



I n shape of an air bearing surface caused by increases in anbient
tenperature. Results of the evaluation are showmn in Table 3. 18 [00221
Tabl e 3 HeadConventi onal Exanpl e 4Exanpl e 5 StructureExanpl e | ower shiel d80
wt % Ni Fe46 wt % Ni Fe46 wt % Ni Fe | ower material thickness(pnm2.12.11.1 | ower
shield--80 wt% N Fe upper material thickness(pnm) 1.0 upper shiel d80 wt %

Ni Fe46 wt % Ni Fe80 wt % Ni Fe | ower naterildl t hi ckness(ltm 1. 31. 30. 5 upper
shield--46 w % Ni Fe upper material thickness(pm 0.8 protrusion0.90.400. 65

magnetic material layers 3a and éa having a low coefficient
of thermal expansion and 80 wt% NiFe alloy layers 3b and 6b.
[Embodiment 2]

Thermal protrusions of a conventional magnetic head
and'thin film magnetic heads of the present embodiment were
evaluated. The thin film magnetic head of the present
embodiment shown in Fig. 22 was prototyped to evaluate the
thermal protrusion thereocf. The conventional magnetic head
was manufactured such that it has the same structure as
that shown in Fig. 1 and an upper shield and a lower shield
are formed from 80 wt% NiFe. A thin film magnetic head of
the present embodiment was manufactured such that it
includes a lower shield lower layer 3a of 46 wt% NiFe alloy
having a thickness eof 1.1 um, a lower shield upper layer 3b
of 80 wt% NiFe alloy having a thickness of 1.0 pm, an upper
shield lower layer 6b of 80 wt¥% NiFe alloy having a
thickness of 0.5 pm, and an upper shield upper layer 6a of
46 wt% NiFe alloy. The thermal protrusion of each of the
magnetic heads was evaluated by optically measuring changes
in shape of an air bearing surface caused by increases in
ambient temperature. Results of the evaluation are shown

in Table 3.



anount (nm 10C) protrusionl0.440.72 ratio pass rate in97.887.5100 noi se
after witing test (%9 As shown in Table 3, the thermal protrusion of the
thin filmmgnetic head of Exanple 4 wherein 46 ww% NiFe is wused in place
of 80 wt % Ni Fe for form ng the upper and |ower shields is reduced to about
40% of that of the conventional magnetic head. The thermal protrusion of
Exanpl e 5 wherein 46 w % Ni Fe of an amd8nt corresponding to 19 55% of the
total thickness of the upper and |lower shields is used in place of 80 w %
Ni Fe is reduced to about 70% of that of the conventional magnetic head.
The | ower PQ6§2 front end layer 9, the | ower pole back end | ayer 10, the
upper pole ronl end | ayer 12, and the upper pole back end |ayer 13 of
each of the experinental thin filn1n?ggggi§ heads are forned from CoN Fe
alloy. Therefore, the determ ned valUeS of the amounts of protrusion shown

in Tabl ef 3 areushaghtl y| | esgeenthamal he cacimateed val uesx@hpiéhs apounts
of protrusi ogtgaeuirien Tabl e gZanigawever| the
lower shield B0 wt?% NiFe 46 wt% NiFe 46 wt% NiFe
lower
material
thickness(um) 2.1 2.1 1.1
lower shield - - 80 wt% NiFe
upper
material
thickness (um) 1.0
upper shield 80 wt% NiFe 46 wt% NiFe 80 wt% NiFe
lower
material
thickness (um) 1.3 1.3 0.5
upper shield - - 46 wt% NiFe
upper
material
thickness{um) 0.8
protrusicn 0.9 0.40 0.65
amount
(nm/10C°%)
protrusion 1 0.44 0.72
ratio
pass rate in 97.8 ' 87.5 100
noise after :
writing test
(%)

[0023]

As shown in Table 3, the thermal protrusien of the
thin film magnetic head of Example 4 wherein 46 wt% NiFe is
used in place of 80 wt% NiFe for forming the upper and
lower shields is reduced to about 40% of that of the
conventional magnetic head. The thermal protrusion of

Example 5 wherein 46 wt% NiFe of an amount corresponding to



rel ati onship between the filmthickness ratio of the 46 w% N Fe all oy

| ayer to the whole magnetic shield and the height of protrusion due to the
thermal protrusion in the calculated values is alnost identical with that
in the measured values. In addition, it was confirned that the reduction
in thermal protrusion was achi eved by using the magnetic material having a
| ow coefficient of thermal expansion fdP the magnetic shield in place of
80 wt.% Ni Fe having a high coefficient of thermal expansion. [0024] Wth
regard to the prevention of increase in noise in read output, that is,

anot her object of the present . inventiaqgn, noise in,output waveform
occurring §f5[%er°fat5&£| ttotady SRa 8T mEREUPEREINGNSe L%y STe SR 36 Sray
occur due to the nmagnetic shield. This noise often occurs such that 20
when a wi i dfecedt iPdagspafed ytd Hadfe, 18 redycedyde igPowy Bo% 19%us into
t he magnetic shield to change a magnetic domain structure of the nmagnetic
shi el d t her®AF efudiheg comyentgiosal maongdishhgadof ZhepiREer RodRke read

el ement. Such phenonenon is referred to as "noise after witing” in the
present spd@omitcgmdbpdaver §r.ddhet dowes pele PREknGnge layfererl Qv ithieng, a

noi se after witing test was carried out in such a manner that a nagnetic
head in \mnmpeﬁfoi%geoffrm eRG davkRirghar éaduthed upper medeobaak enalt er

5,000 tines of
layer 13 of each of the experimental thin film magnetic

heads are formed from CoNiFe alloy. Therefore, the
determined wvalues of the amounts of protrusion shown in
Table 3 are slightly larger than the calculated values of
the amcunts of protrusion shown in Table 2. However, the
relationship between the f£ilm thickness ratio of the 46 wt#%
NiFe alloy layer to the whole magnetic shield and the
height of protrusion due to the thermal protrusion in the
calculated values is almost identical with that in the
measured values. In addition, it was confirmed that the
reducticn in thermal protrusion was achieved by using the
magnetic material having a low coefficient of thermal
expansion for the magnetic shield in place of 80 wt.% NiFe
having a high coefficient of thermal expansion.

[0024]

With regard to the prevention of increase in noise
in read output., that is, another object of the present
invention, noise in output waveform occurring after a write
operation was measured. Noise in read out may occur due to

the magnetic shield. This noise often occurs such that



application of the wite current was rejected so as to detect pass rates
of the magnetic heads. Results of the test are shown in Table 3. Referring
to Table-3, the thin filmmagnetic head of Exanple 4 having the magnetic
shield fornmed from46 wt.% N Fe has a | ower pass rate as conpared wth
t he conventional exanple; however, the thin film nagnetic head of Exanple
5 having the nmagnetic shields each of which is the stack of | ayers
consisting of the 80 wt.% .N Fe alloy layer and the 46 wt.% N Fe al |l oy
| ayer has a pass rate higher than that of the conventional thin film
magneti c heﬁd. The tﬁason for the high_pass rate hﬁf not been clarified,

i & R8st

but it is PPERBufted*thEt CERECEtadR BPPLAGEr &© Ra hé REGHeMeEnGsHE n
structure | ess |iable to change, thereby nmaking the noise after witing
| ess |iabl 8188 §L0WE. 1nAL HBEcPREBATAROTBIeLHe thr £58RTS By ARSNGT IS ovi des
the thin filmmagnetic head that is capable of reducing the thermal 21
rot rusi on@aRBIRhELREFEETS PEr thei PrAgeticosbield ABErebyn causdng tdey) | oy

P e . : T
mai nly conprising 80 w% N and the alloy mainly conprising 46 w% N are
used for PR&SBxafndPPoflPRet RE anBbdkAents &het Keagr edemenitnyeburbn,
Each of the conpositions of these alloys may probably be changed in the
range of aBb&RomeRey ifoReferreff tehafgenoisehafge watitdag "willn the
provi ded. '

present specification. In order to evaluate the noise

after writing, a noise after writing test was carried out

in such a manner that a magnetic head in which noise of 100

LV or higher occurred 10 times or more after 5,000 times of

application of the write current was rejected so as to

detect pass rates of the magnetic heads. Results of the

test are shown in Table 3. Referring to Table 3, the thin

film magnetic head of Example 4 having the magnetic shield

formed from 46 wt.% NiFe has a lower pass rate as compared

with the conventicnal example; however, the thin f£ilm

magnetic head of Example 5 having the magnetic shields each

of which is the stack of layers consisting of the 80 wt.%

.NiFe alloy layer and the 46 wt.% NiFe alloy layer has a

pass rate higher than that of the conventional thin £ilm

magnetic head. The reason for the high pass rate has not

been clarified, but it is presumed that the stack of layers

makes the magnetic domain structure less liable to change,

thereby making the noise after writing less liable to occur.

As described above, the present invention provides the thin

film magnetic head that is capable of reducing the thermal



[0026] Apart fromthe crystal alloys such as the NiFe alloys, anorphous
all oys are usable for formng the nmagnetic shield. Exanples of the
anor phous all oys may be CoTaZr, CoNbZr, and |i ke alloys, each of which may
have a |ow coefficient of thermal expansion depending on the conposition
t hereof . However, it has been reported tjjat the use of these materials
I ncreases the noise after witing in s cases. In addition, because of
| ow t hermal conductivity, these materials are not always preferred from
t he standpoint of the reduction in thermal protrusion. [00271 The present
i nvention is basically applicable to the head structure shown in Fig. 1
wherei n t hergipasion end ithe deggrLartdd e ¥Fth®9-oner pole piece. In the
head structure having the integrated upper shield and | ower pole piece,
the noise aPP&5lwiting tends to occur if the 46 w% Ni Fe 22 alloy is used
as the shield material, because the wite flux flows directly into the
magneti-c shiel d t&nchddgeiene thegheFecaddari nasniYiceoPBripdngagpoTHE?
application of the present invention is not limted by structures, such as
a read el ehdntanst rihet wldovamaliodar qoolpa istingc tér @t tahd aveupsed foire
structure, but the
the examination in the embodiments of the present invention.
Each of the compositions of these alloys may probably be

changed in the range of about *#3 wt%; however, if changed,
the same effect will be provided.
[0026]

Apart from the crystal alloys such as the NiFe
alloys, amorphous alloys are usable for forming the
magnetic shield. Examples of the amorphous alloys may be
CoTaZr, CoNbZr, and like alloys, each of which may have a
low coefficient of thermal expansion depending on the
composition thereof. However, it has been reported that
the use of these materials increases the noise after
writing in some cases. In addition, because of low thermal
conductivity, these materials are not always preferred from
the standpoint of the reduction in thermal protrusion.
[0027]

The present invention is basically applicable to the
head structure shown in Fig. 1 wherein the upper shield is
separated from the lower pole piece. In the head structure
having the integrated upper shield and lower pole piece,

the noise after writing tends to occur if the 46 wi% NiFe



magneti c shield structure descri bed above. For exanple, while Fig. 1 shows
the thin fil mnmagnetic head including the |Iower pole front end | ayer 9,
the | ower pole back end |ayer 10, the upper pole front end |ayer 12, and
the upper pole back end layer 13, the present invention is applicable to
the followng thin filmnmagnetic heads. One is that a |ower pole front end
| ayer 9 and a | ower pole back end |aye210 are omtted and a | ower pole
front end is joined to an upper pole front end |layer with a wite gap

di sposed therebetween. Another is that a thin filmmagnetic head in which
a coil 15 is_disposed between a Iom?r ole frgnt end Ia¥§r 9 and a | ower
pol e back ®hHOYay8rugedafd ZReuppir dpﬁ?ﬁeﬁ?@ e R9CAUECA T PRAF TPt ace. Yet
another is that _a lower pole front end |ayer 12 and_an_ upper pol e _back end
| ayer 13 aftusnfiewa, ddresfrily1ints BP%p@@@HeBéFméBheédlGﬁeghaﬁgﬁetPPont end
| ayer 9 and a | ower pole back end layer 10, and a front end of a flat
upper pol enpyrebi¢sdpBphbdstsugturéwer pole front end layer with the upper
pol e pi ece being 23 disposed on a wite gap which is disposed between the
upper pol EOp28te and the | ower pole piece. The present invention is
effectively applicable to the thin filmmagnetic heads having the
above-descri bed Whe eeppliceties. of UM |preseme inventiom hagheti c heads of

t he present
limited by structures, such as a read element structure, a

lower pole structure, and an upper pole structure, but the
magnetic shield structure described above. For example,
while-Fig. 1 shows the thin f£ilm magnetic head including
the lower pole front end layer 9, the lower pole back end
layer 10, the upper pole front end layer 12, and the upper
pole back end layer 13, the present invention is applicable
to the following thin film magnetic heads. One is that a
lower pole front end layer 9 and a lower pole back end
layer 10 are oﬁitted and a lower pole front end is joined
to an upper pole front end layer with a write gap disposed
therebetween. Another is that a thin film magnetic head in
which a coil 15 is disposed between a lower pole front end
layer 9 and a lower pole back end layer 10 and an upper
pole piece 17 has a flat surface. Yet another 1s that a
lower pole front end layer 12 and an upper pole back end
layer 13 are omitted, a coil 15 is disposed between a lower
pole front end layer 9 and a lower pole back end layer 10,
and a front end of a flat upper pole piece is joined to a

lower pole front end layer with the upper pole piece being



i nvention, the 46 wt% Ni Fe all oy having a | ow coefficient of thermal
expansion is used for formng the | ower pole piece 8 and the upper pole
pi ece 17 of each of the wite elenents of the first and second
enbodi ments. Wien the 80 W% Ni Fe alloy is used in place of the 46 wt %
Ni Fe alloy for formng the |ower pole piece 8 having a thickness of 2 m
the thermal protrusion of the | ower nmagnétic shield is 0.2 nmper 10CO of
tenperature rise, in accordance with the heat defornmation cal cul ation
described in the first enbodinment. Further, if the upper pole piece 17
having a thickness of 2 .tmis forned fromthe 80 w.% N Fe alloy, the
thermal pr GLERSISER AN Eh&Hrtdt &R ohich hs1gisposess betwaer theyMpper 10CO
of tenperature rise while the thermal protrusion of the | ower magnetic
shi el d ren@Pd¢ Weenged thEhdowem relgedieger-edlbe presehsr dnvepkdenusi on,
it is inmportant to use the magnetic material having a |ow coefficient of
t hermal exp&nsifdedtavelar Moy itdad har ittce thel didmt £ilm maguedsichheads provi de
the thin filmmagnetic head with decreased thernmal protrusion by using the
46 wt % 24 Navdng |tdwe edogveg e g bede Wiriidiee stt rofe tiiressal  expansi on for the
| ower pole piece 8 and the upper pole piece 17. [0030] In the thin film
magneti ¢ héd®@26f1 t he enbodi ments, the wite elenent is described as using
t he conventi onal

In the thin film magnetic heads of the present

invention, the 46 wt% NiFe alloy having a low coefficient
of thermal expansion is used for forming the lower pole
piece 8 and the upper pole piece 17 of each of the write
elements of the first and second embodiments. When the 80
wt?% NiFe alloy is used in place of the 46 wt% NiFe alloy
for forming the lower pole piece 8 having a thickness of 2
um, the thermal protrusion of the lower magnetic shield is

0.2 nm per 10C° of temperature rise, in accordance with the

heat deformation calculation described in the first
embodiment. Further, if the upper pole piece 17 having a
thickness of 2 yum is formed from the 80 wt.% NiFe alloy,
the thermal protrusion of the protection f£ilm 18 increases
by 0.2 nm per 10C° of temperature rise while the thermal
protrusion of the lower magnetic shield remains unchanged.
Thus, in order to reduce the thermal protrusion, it is
important to use the magnetic material having a low
coefficient of thermal expansion for forming the write
element. It is possible to provide the thin f£ilm magnetic

head with decreased thermal protrusion by using the 46 wt%



| ongi tudi nal recording type elenment as shown in Fig. 1; however, if a
vertical recording type wite elenent is used as the wite elenent as
shown in Fig. 3 to wite and read data on and fromthe vertical nedium it
IS possible to achieve the sane effects as those of the enbodi nents by
adopting the above-descri bed configuration to the vertical recording type
wite elenent. In the case of using the24vertical wite el enment shown in
Fig. 3, the magnetic shields, the read el ement and the separation |ayer,
which are denoted by reference nunerals 1 to 7, are the sane as those
descri bed above, while the |ower pole piece 8 is used as an auxiliary pole
pi ece and NAEematdogohevingdcé 2ovi soeftdrigad rA phasmads exRangipd pol e
front end |l ayer, thereby witing data on the vertical recording medi um by
use of thefedi fhgolevgrepele pdstE BnaadditheodpPer PelpoPdelee /e use a
conventional CIP (read current |ongitudinal application type) GWR
el ement, alPRROd| enent, and a CIP (read current vertical application type)
GWR as the read elenent in the 25 enbodi nents. |f any one of these el enents
is used as the retadtheehrhn,K fiimjmagnatieskery o thangmbofigmenhsi gurati on
of the head elenent to achieve the sane effect. Further, the present
i nventi on itbeappliitealelementaisi desshriibed vgpesing the conventional

longitudinal recording type element as shown in Fig. 1;

however, if a wvertical recording type write element is used

as the write element as shown in Fig. 3 to write and read

data on and from the vertical medium, it is possible to

achieve the same effects as those of the embodiments by

adopting the above-described configuration to the vertical

recording type write element. In the case of using the

vertical write element shown in Fig. 3, the magnetic

shields, the read element and the separation layer, which

are denoted by reference numerals 1 to 7, are the same as

those described above, while the lower pole piece 8 is used

as an auxiliary pole piece and the main pole piece 21 is

provided in place of the upper pole front end layer,

thereby writing data on the vertical recording medium by

use ¢f the main pole piece.

[0031]

In addition, it is possible to use a conventional
CIP (read current longitudinal application type) GMR

element, a TMR element, and a CIP (read current vertical

application type) GMR as the read element in the



thin fil mmagnetic head wherein each of sides extending along the
direction of the track width of the read elenent is provided with a shield
as shown-in Fig. 4. Shown in Fig. 4 is the read elenent and the magnetic
shields as viewed fromthe air bearing surface. In the present enbodi nent,
the TMR el ement or the CPP GWR el enent iggused as the read elenent, and
the read current is vertically applied to the read elenent. Therefore, the
upper and | ower shields serve also as electrodes for the read el ement 5.
Denoted by 22 is an insulation |ayer for the upper and | ower shields. It

I's possible to inprove the read resolutjon in_the direction ack wi dth

of t

by providi §§ Nt helE ABE BOLAE fBATS EREMERESWAThUBRE &F dEPEhi ol d
23. If the lamnated film consisting of the |ayer of the nagnetic nmaterial
having a &#% SdEmedttentltofls AR SS8Fan % FhaRg et Pf@%@oxﬂtfgbgl‘dirﬁé?mé’i | oy
| ayer is used for the magnetic shield in the present enbodinent, the
magneti c skifelthg headpdementy uarhdevieniher sepgt effecdo WwuvsiaeFoy | ayer
faces the read elenment in the same manner as in Fig. 2A A disk storage
devi ce usi e prasant finvantdgietisc anpddgable fe g 6d&e shdeds: ita®ecan
achieve the low flying 26 height owi ng to the reduction in thermnal
pr ot r usi on.titme £ighme saand e drdash whenedm ieg@haofy sdgdesc epkenddngnsur i ng
reliability of a disk storage device, in hot environnent,

along the direction of the track width of the read element

is provided with a shield as shown in Fig. 4. Shown in Fig.

4 is the read element and the magnetic shields as viewed

from the air bearing surface. In the present embodiment,

the TMR element or the CPP GMR element is used as the read

element, and the read current is vertically applied teo the

read element. Therefore, the upper and lower shields serve

also as electrodes for the read element 5. Denoted by 22

is an insulation layer for the upper and lower shields. It

is possible to improve the read resolution in the direction

of track width by providing each of the sides of the read

element with the side shield 23. If the laminated film

consisting of the layer of the magnetic material having a

low coefficient of thermal expansion and the 80 wt% NiFe

alloy layer is used for the magnetic shield in the present

embodiment, the magnetic shield is disposed in such a

manner that the 80 wt.% alloy layer faces the read element

in the same manner as in Fig. 2A.

A disk storage device using the thin film magnetic

head of the present invention can achieve the low flying



whi ch achi eves a high recording density and a low flying height. In this
case, the low flying height is a nechanical flying height of 20 nmor |ess
froma surface of an extrenmely thin protection filmusually formed on an
air bearing surface of a magnetic head to the respective surfaces of an
extrenely thin protection filmand a Iﬁgricant | ayer, both of which are
usual ly formed on a surface of a recordéfng nmedium (0032] (Effect of the
I nvention] As described above, it is possible to reduce the thermnal
pratrusion by using the magnetic material having a |ow coefficient of
t hermal ex n of. 11. | ess,far. the neti.c_shigld of the
thin f||ﬁ1§§g%h% o ngdt% é rthedthg 1BO§EFEP8Et8r8?EVF&8nthe fin film
magneti c head a hlev I ng .reduced .t her rotrusi on and reduced noise
TheedierEERRS

after wit®Prg=6y u§PH§ 1Ot aPEE P meE d8s B 18F tHe *BE "IN Fe al | oy
I dth of t al_havying the coefficient of
tﬁgsaa?nex ﬁ&l%ﬁilF r°FE§-5§% eFF8r§ﬁ|e58V1FBrléh %8§CFPB ?éﬁmSPt;h;

Dr awi ngs] 8%& g+ .27 Fi gn SS-S ctlonal view of a thin film
magnetic h c eapés plg éﬁFPE ing en51ty and a low flying

height. In this case, the low flying height is a

mechanical flying height of 20 nm or less from a surface of
an extremely thin protection £ilm usually formed on an air
bearing surface of a magnetic head to the respective
surfaces of an exXtremely thin protection film and a
lubricant layer, both of which are usually formed on a
surface of a recording medium.
[0032]

[Effect of the Invention])

As described above, it is possible to reduce the
thermal protrusion by using the magne?ic material having a
low coefficient of thermal expansion of 11.5 x 104/K or
less for the magnetic shield of the thin f£ilm magnetic head.
Further, it is possible to.provide the thin film magnetic
head achieving reduced thermal protrusion and reduced noise
after writing by using a laminated £ilm consisting of the
80 wt% NiFe alloy layer and the layer of the magnetic
material having the low coefficient of thermal expansion
for the magnetic shield.

[Brief Description of the Drawings]

[Fig. 1]



[Fig. 2] Fig. 2Ais a cross-sectional viewof a nultilayered nmagnetic
shield of the thin filmmagnetic head of the present invention. Fig. 2B is
a cross-sectional view of a nultilayered magnetic shield of the thin film
magneti c head of the present invention. [Fig. 31 Fig. 3 is a
cross-sectional viewof a thin film nagnetic head according to anot her
enbodi nent of the present invention. g 4 Fig. 4 is a plan view
showi ng a magnetic shield and a read elenent of an thin filmnagnetic head
according to another enbodi ment of the present i nvention. [Reference
Nuner al s] 1: subs rate 2. base alum na, | opwer shield, 3a__lower shield
| over | ayer, bder sﬁ?e?dcﬁﬁﬁﬁrs?%§e?na%-Vl?%aﬂfg%pthsm £ el enent,

6: upper shleld 6a; per. .shield upper |ayer, 6b: upper shield | ower
layer, 7: MBgR&LAL § ﬁaﬁa9§rth§ PF&@@B p&PEeBtéEQ 9: |ower pole front end
| ayer, 10: |ower pole back end | ayer, 11: read gap |ayer, 12: upper pole
front end IaD%%g 131 upper pole back 28 end | ayer, 14: non-nmagnetic

i nsul ation |ayer, 15: coil, 16:
Fig. 2A is a cross-sectional view of a multilayered

magnetic shield of the thin film magnetic head of the
present invention.

Fig. 2B is a cross-sectional view of a multilayered
magnetic shield of the thin film magnetic head of the
present invention.

[Fig. 3]

Fig. 3 is a cross-sectional view of a thin film
magnetic head according to another embodiment of the
present invention.

(Fig. 4]

Fig. 4 is a plan view showing a magnetic shield and
a read element of an thin film magnetic head according to
another embodiment of the present invention.

[Reference Numerals]

1: substrate, 2: base alumina, 3: lower shield, 3a
lower shield lower layer, 3b: lower shield upper layer, 4:
read gap, 5: read element, 6: upper shield, 6a: upper
shield upper layer, 6b: upper shield lower layer, 7:
separation layer, 8: lower pole piece, 9: lower pole front
end layer, 10: lower pole back end layer, 11: read gap

layer, 12: upper pole front end layer, 13: upper pole back



coil insulation layer, 17: upper pole piece, 18: protection layer, 19: air
bearing surface, 20: recording nedium 21: main pole piece, 22: insulation
| ayer, and 23: side shield. 29 [What is clained is] [Caiml1l] Athin film
magneti c head conprising: a read unit, forned above a substrate, having a

| ower shield, a read el enent and an upgﬁ{ shield; and a wite unit having
a | ower pole piece, an upper pole piece;® and a coil placed between the

| ower pole piece and the upper pole piece, the read unit and the wite
unit being separated fromeach other with a non-nagnetic nmaterial; wherein
a magnetic rial_having a | ow cqeffi.cient  .of thermal .expansion of 11.5
x 10-6/K or essafesr'ugledd' %loorn'"facﬂnrﬁ AP SR P ARVt He | SRl shi®1d or

t he upper shilel.d. L{lCI aim %] The thin filmmagnetic head according to claim
1, wherei £ ITEEH LB | dvigr "PRSE #Oh%u PCeupdd RAnt@tiIQn a

| am nated filmconsjsting of a |layer formed fromthe magnetic materi al

havi ng t he %aé{ﬁ%oglfi:i cq’e‘%tbe(?frmt%mgc&cpgﬁs'i Fecarding Apdiumyr il from a

Ni Fe alloy . . .
main pole piece, 22: insulation layer, and 23: side shield.



havi ng a conposition mainly conprising 80 wt% N, the 80 w%N Fe alloy
| ayer facing to the read elenent. 30 aim31 The thin fil mnagnetic head
according to claiml or 2, wherein a ratio of a thickness of the magnetic
material having the | ow coefficient of thermal expansion to a sum of

t hi cknesses of the |ower shield and the 4ipper shield is 30% or nore.
[Cdaim41l The thin fil mnmagnetic head a%cordi ng to any one of <clains | to
3. wherein the magnetic material having the | ow coefficient of thernmal
expansion is a crystalline magnetic alloy. [Caim5] The thin filmnagnetic
head according to any one of <clains | to 4, wherein the nagnetic materi al
havi ng the | ow coefficient of thermal expansion is a NiFe alloy having a
conposi ti ogWthnp_gi ehA9mal 9155 W% Ni. [Caim6] The thin film magnetic
head according to any one of 'clains | to 5 wherein the nagnetic nmateri al

having the | pwcagfficient of

A thin f£ilm magnetic head comprising:

a read unit, formed above a substrate, having a
lowér shield, a read element and an upper shield; and

a write unit having a lower pole piece, an upper
pole piece, and a coil placed between the lower pole piece
and the upper pole piece,

the read unit and the write unit being separated
from each other with a non-magnetic material;

wherein a magnetic material having a low coefficient
of thermal expansion of 11.5 X 10°%/K or less is used for
forming at least part of the lower shield or the upper
shield.

[Claim 2]

The thin film magnetic head according to claim 1,
wherein

at least one of the lower shield and the upper
shield is a laminated film consisting of a layer formed
from the magnetic material having the low coefficient of
thermal expansion and a layer formed from a NiFe alloy
having a composition mainly comprising 80 wt% Ni, the 80

wt% NiFe alloy layer facing to the read element.



t hermal expansion is a NiFe alloy having a conposition nainly conprising
46 wtt NN. [Cdaim71 31 Athin filmmagnetic head conprising: a read unit,
formed on a substrate, having a |ower shield, a read elenent, and an upper
shield; and a wite unit having a | ower pole piece, an upper pole piece,
and a coil placed between the | ower pqh? pi ece and the upper pole piece,
the read unit and the wite unit being separated fromeach other with a
non- magneti c nmaterial; wherein each of the | ower shield and the upper
shield has a structure of a nmultilayer, at |east one |layer of the

mul til ayer b@?ﬂ@hﬁ | Fe all oy layer having a conposition conprising 30 to
55 % Ni. [dam8]” The thin filmnmagnetic head according to claim7,

wherein the Ni F ' .th
Mt ayer except | GyREENh e 7 s Re el YOS Platbof i min
filmmagne icwﬁgggiﬁonprising: a read unit, formed above a substrate,

havi ng a ower "shiéld, a read elenent, and an upper shield; and

a ratio of a thickness of the magnetic material
having the low coefficient of thermal expansion to a sum of
thicknesses of the lower shield and the upper shield is 30%
or more.

[Claim 4]

The thin £film magnetic head according to any one of
claims 1 to 3, wherein

the magnetic material having the low coefficient of
thermal expansion is a crystalline magnetic alloy.

{Claim 5]

The thin film magnetic head according to any one of
claims 1 to 4, wherein

the magnetic material having the low coefficient of
thermal expansion is a NiFe alloy having a composition
comprising 30 to 55 wt% Ni.

[Claim 6]

The thin film magnetic head according to any one of
claims 1 to 5, wherein

the magnetic material having the low coefficient of
thermal expansion is a NiFe alloy having a composition
mainly comprising 46 wt?% Ni.

[Claim 7]



a wite unit having a | ower pole piece, an upper pole piece, and a coi

pl aced between the | ower pole piece and the upper pole piece, the read unit
and the wite unit being separated fromeach other with a non-magnetic 32
material; wherein a side shield is provided on each side of the read

el enent, the side shield having a stru§hgre of a multilayer including at

| east one Ni Fe alloy |ayer having a osition conprising 30 to 55 w %
Ni. [aim1l01 Athin filmmgnetic head conprising: a read unit, fornmed
above a substrate, having a |ower shield, a read elenment, and an upper

shield; and a VWAtﬁlihﬁ“flﬂﬂVmélgné‘ti@V‘ﬁéaﬂobémBk§§§n an upper pole piece,
and a c0|I pl aced between the | ower pole piece and t%e upper pol e pi ece,

the read unit ands tACadtih e Untbrheon SaPaLBLEAatL! OMRERAY 8l NGHoY t 2
non-magnetic material; wherein a side shield s provi e on each side of the

read elenegﬁleﬂartaOEehﬁeeibﬂ§n§h'Qhﬁ Qﬁ'n%PeQIQEQe&EQ magnet i ¢

material having a [ow coefficient of ther expansion of 11.5 x 10-6/K or

less. [Caim11] é\&¥§ge569{@9ﬁagfﬁé0§ £ORBEI 818" piece, an upper

pole piece, and a coil placed between the lower pole piece
and-the upper pole piece,

the read unit and the write unit being separated
from each other with a non-magnetic material;

wherein each of the lower shield and the upper
shield has a structure of a multilayer, at least one layer
of the multilayer being a NiFe alloy layer having a
composition comprising 30 to 55 wt$% Ni.

[Claim 8]

The thin film magnetic head according to claim 7,
wherein

the NiFe alloy layer is used as a layer or layers of
the multilayer except a layer closest to the read element.

[Claim 9]

A thin film magnetic head comprising:

a read unit, formed above a substrate, having a
lower shield, a read element, and an upper shield; and

a write unit having a lower pole piece, an upper
pole piece, and a coil placed between the lower pole piece
and the upper pole piece, the read unit and the write unit

being separated from each other with a non-magnetic



a recording medium a drive notor for driving the recording nedium a
magneti c head for reading and witing data from and on the recording
medi um .a positioning mechani smfor positioning the magnetic 33 head; a
first circuit systemfor controlling the recording nedium the drive
notor, the magnetic head, and the positioning nmechanism and a second
circuit systemfor supplying a wite stgnal to the magnetic head and
processing a read signal fromthe nmagnetic head; wherein at |east one thin
filmmagnetic head according to any one of clains 1 to 7 is provided as
the magnetic head, and a flying height froman air bearing surface to the
recor di ng W& EHETSs 20 nmor | ess.

wherein a side shield is provided on each side of
the read element, the side shield having a structure of a
multilayer including at least one NiFe alloy layer having a
composition comprising 30 to 55 wt% Ni.

[Claim 10]

A thin £ilm magnetic head comprising:

a read unit, formed above a substrate, having a
lower shield, a read element, and an upper shield: and

a write unit having a lower pole piece, an upper
pole piece, and a coil placed between the lower pole piece
and the upper pole piece,

the read unit and the write unit being separated
from each other with a non-magnetic material;

wherein a side shield is provide on each side of the
read element, part of the side shield being formed from a
magnetic material having a low coefficient of thermal
expansion of 11.5 x 10°%/K or less.

[Claim 11}

A disk storage device comprising:

a recording medium;

a drive motor for driving the recording medium;

a magnetic head for reading and writing data from
and on the recording medium;

a positioning mechanism for positioning the magnetic



33

head;

a first circuit system for controlling the recording
medium, the drive motor, the magnetic head, and the
positioning mechanism; and

| a second circuit system for supplying a write signal
t¢ the magnetic head and preocessing a read signal from the
magnetic head; |

wherein at least one thin film magnetic head
according to any one of claims 1 to 7 is provided as the
magnetic head, and

a flying height from an air bearing surface to the

recording medium is 20 nm or less.



