1 [Name 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 filmmagnetic head used in a disk storage device. In particular, the
invention relates to a thin filmmagneti.c head that achieves a |ow flying
hei ght suitable for high-density recor&'ng with 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

perfornanc?N%& o2 e PR yggggegﬁé@i@yg dgyel opments of a thin filmmagnetic

head excel I'e i BTwWrCe racteristics. At present, a head using an M

(Magnetore gs%gégérgko T%d%héaéﬁfqﬂﬁina%alm et%5%§h%t|ve) el enent, both

of which a achievin i'gh read S used as a read
head. In addition, a TMR (Tunnelin netore5|st|ve) el ement capable of
Ingetrgrian

achi evi ng ﬁP&ﬁéﬂlP§a93§€ﬁ§Rﬁ¥ﬂnt?fl nddP@loped as the read head. On
t he ot her ?%B%l]a conventional inductive thin filmmagneticec head exploiting

[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
achieveé 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 £ilm 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 headp On‘the other hand, a

éonventional inductive thin f£ilm magnetic head exploiting



2 the electromagnetic 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 filmnagnetic head. (0003]
As shown in Fig. 6 of Patent Docunent 1, the conventional read/wite thin
filmmagnetic head is obtained by forn}ng a lower shield 111, a read
element 113, and a md shield 112 serving as an upper shield and a | ower
pole piece on a substrate 103, and then formng a wite gap 102a, a thin
filmcoil 106, an upper pole piece 114, and other components on the md

shi el d 112¢nE0kh QRedoR¥gRBRE ENEnBbER10AN1 8l HEEAALET At @Sk kaNnERRM 115.
However, as disclosed in Patent Docunent 1, since a nmagnetic domain of the

m d shi el datgpdsthe BEo¢HaRARE:BHeENGeaRPhbGAt hAR AE1BeWhbEA aclITent to
have an effect on the read elenment, the read output is fluctuated thereby

to be |iablgnheneausatBObas- ma%ﬁ@fﬁ&oﬁgadatSOHQtGégﬁaﬁgrﬁn'§n95899§€§ whi ch
reduces noise 1n read output by dividing the md shield into an upper

shield 4 agga?/bgwgg prakig hgﬁemggﬁgggcaﬁgaaeparated from each other with a
non- nagnetlc ayer 4a as shown 1 n Figs. and 4 of Patent Docunent 1 so as

to reduce & ﬁange in magnetic domain of t he upper shield caused by the
wite operatlon This counternmeasure 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 elemént 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 f£ilm 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 [00041 [Patent Document 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 nmediumand 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 problemwi th a phenonenon known as the thermal protrusion.
This is a protrusion occurring due to thernal expansion of the air bearing
surface of[bB$4qagnetic head when a di sk storage device is used in hot
environment. Thé thermal protrusion is caused when the nmetal portion having

a high coefftﬁggg%t pEchhen ey jexpansi on and organi c substances such as a
resist of a infirlmmgnetic head thermally expand in hot environnment to

pr ot rude above thﬁﬁgghgggo?gt?ﬁ§uﬂé §at enfﬁéﬂegoﬁi-f439§lTiC or the like

havi ng a | ow coef I ent ermal expansion at the air bearing surface.
If a pronigggg thermal protrusion occurs, it is possible that a tip of the
magneti ¢ hea c&nes in contact with the recording nediumthereby to wear

down or danagﬁrgﬂlg%sggfbe Solved by the Invention]

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 organic substances such as a
resist of a thin f£ilm magnetic head thgrmally expand in hot
environment to protrude above the height of a substrate
formed of Al,0;-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 danmage to the nedium In an actual device, since a
flying height at roomtenperature is 4 set to arelatively great value in
order to prevent the contact.in hot environnment, wite/read characteristics
tend to be deteriorated at roomtenperature or in hot environnent, which
makes it very difficult to increase recording density. Thus, in order to
realize a disk storage device with high recording density, the thermal
protrusion nust be prevented. [0006] In the conventional thin filmmgnetic
heads, particularly those shown in Figs. 1 and 4 of Patent Docunment 1
wher ei n t heetippera meghetieeShi SFeR ol Hotln fathie W RIRV e Sol e pi ece,
NiFe alloy films containing mainly 80 ww% N, i.e., pernmalloy filnms, are
typi cal |y tRRERChsimERPEt eV HRWPERF s YortateathditTac il icsi R t he
magnetic materials have a | ow coercive force and a | ow_ nagnetostriction
coef fici ent® Phefeterliertied| §t userM deMRfiFHe % Hatet it for the magnetic
shield. However, the materials have a coefficient of thermal expansion
(about 12e@virqmneprk) Wkkeh|makes gkt foah AHRIqQUAY to fnwagsef A 2MB-Tic
typically used for the substrate and A1203 used for a protection film
Ther ef or e, TeCHRGHRY | @R &V d FhUF . A PTEEEFmMtRagRatii@ehdadiwiferein 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 film. Therefore, a magnetic shield of a
thin film 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



is used as the magnetic shield material protrudes above the height of, the
substrate at the air bearing surface in the direction of the nediumin hot
environment. The height of 5. the thermal protrusion is as small as about 1
nm per 10C, but the change of 1 nmin the flying height has a significant
i nfluence on the wite/record characteri stics of the magnetic storage
device with high recording density. Accordingly, 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 der abtredehetingl apretripibheisWakt eshaeddachavacteli shi ger Thefefore, it
is possible to reduce the flying height at roomtenperature by reducing
t he t her mabupr eheushangevefi sl hghihythéhelebygrrebgkabhys anprovi ng the
wite/read characteristics. [0007] [Means for Solving the Problen] In order
to sol ve. thenabovenpr ohfFeusnaadonetheewtbee/tbeormal chaphectsraptiasnagnetic
material having a |ow coefficient of thernal expansion is used for a
magneti c &Hi ehd inaghbeipr ssephgendeniceonwitRONBYh| heabraspgctientitre
present invention, a magnetic mnmaterial that has a coefficient of therma
expansi on hewBtdingly, 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 Solving 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 wt®% 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 expansi.on as conpared with that of the 80 wt% N Fe
alloy, 6 and a conposition of 46 wt% 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 é magnetic shield. Therefore, it is
possi ble to reduce the thernmal protru5|on of athin film magnetic head

wher ein paa%aogﬁ c‘MPn%lg%nt 1o%h%fm?1%”%tt'°CNi?“' eggoivi]d]:a?r 0eq oL %‘e%@?iclg?%“e“ ¢

mat eri al . in another as present i nvéntion
consi st ng o ek °§fﬁér 5%9%9%1?%&%?1?8 “g%%m@' Eg‘?ﬂfoykiﬁé HFyer for med
this case g 1 e %ﬁaﬁa‘@%gm%‘“ ﬁl‘c’l‘éﬁ*ﬁ‘&%‘ BkgPridct gL, 1o
of GFEE?nQT't&%pt R s%&eéﬁisg?iﬁ%‘%%cae?’i‘éﬁ J'f-%f‘.' ?%%h”%?éﬁ%&e 4€8Gescri bed

shove, 105,80 oS00 G AR S SEOR L b MO ke,

the other haar}: omplvgheolteheon‘:n%%%etmlagnetlc 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 wt#%
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 having the low coefficient of thermal expansion is
disposed remote from the read element. As 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



materi al 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 N Fe alloy is high in coercivity and
magnetostriction coefficient as conpared with the 80 wt% Ni Fe alloy. If the
mat eri al having high coercivity and a Righ magnetostriction 7 coefficient
is used for the nagnetic shield, an abnormal nagnetic domain structure is
|iable to be produced. More specifically, the magnetic domain structure is
changed due to a magnetic field that flows into the magnetic shield when a
wite curreegffitciopti b 9ed Heohedifetiadnfdad SAhiehl. mikedPReT82Lli n read
output liable to occur. In order to prevent such phenonenon, one |ayer of

t he magnetM@gRetb¢ dlomaj ket el § chiRelefehtbe PFfweea f r dlAkche 80 Wt %
NiFe film and the other layer is formed fromthe nmagnetic material having
the | ow coepé¢¢Eibprlby. t Hee maonxpehsiomrin FiRIctyre siposkanyedtduer event
the occurrence of noise in read output and to reduce the thernal

pr ot r usi onto [@0onagnahkc pk eakht thaly eptovimh Witq tHe aiagieteic pehiekdri bed in
nore details through enbodi nents thereof. 8 [0011] [Mde for Carryi ng out
the InventWlee} a write current is applied to 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 :ead 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.



[ Enbodinent 1] Fig. 1 is a cross-sectional viewof a thin film magnetic
head of a first enbodinent. On a substrate 1 forned froma non-nagnetic
material, a base alumna 2 is. applied so as to provide surface snobot hness
and electrical insulation properties. Alower shield 3 forned froma
magnetic material having a | ow coefficient of thermal expansion is provided
on the base alumna 2 in order to inprove read resolution and to elimnate
i nfluences of external magnetic fields. A read gap 4 formed of a non-
magneti c iTsuIating material is provided on the lower shield 3. A read

el ement 5 18PA2d of an MR elenent or a GWR el ement is di sposed in the read

gap. On the read gap 4, an upper shield 6 forned froma nmagnetic nateri al
havi ng | ow[¥68ef fereRBIEV IRHePHAI tBRpAREEBRIPR ] provi ded. A separation |ayer
7 that is formed froma non-magnetic material is provided on the upper

shield 6 t dEp@oddEgntod] 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 Biga loheraperessrgetionnl &igv of & thigrfhbre back end
| ayer 10, a wite gap 11, an upper pole front end |ayer 12, an upper pole
back end | @penetic headoafmaghest PRBORAMEDRA- | Hera 19ubsteie U5 a coil 9
i nsul ation |ayer 16, an upper pole piece 17, and a

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 resolution 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



protection layer 18. [0012] In wite operation, a wite current is applied
to the coil 15 to induce a magnetic flux in the upper pole piece 17, the
upper pole back end | ayer 13, the |lower pole back end |ayer 10, the | ower
pole piece 8, the lower pole front end |ayer 9, and the upper pole front
end layer 12, and a wite magnetic figld is generated fromthe wite gap
11 so that signal nagnetization is witten on a recording nedium 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 anot her

enbodi nent, of .t r i;nvent | I r..shield, 3 nﬁf | ower shield

| ower | ayelrn%léLafhcg‘ro%egL%%%rEonll%af nr%{g%gjtqe% ﬁgﬁ“\eg?ipée%avlﬁn’g a o%v coefficient of

t her nmal eépaQ§iqp(9nq_a Iowﬁ{ shield upper layer 3b forned froman 80 w %
oWn i A

Ni Fe al | oy as s §¥5%."2A. In addition, an upper shield 6 has an upper

shield upmﬁblffer 6a formed froma nmagnetic material having a | ow
coefficie o & her mal expansi on and an upper shield | ower |ayer 6b forned

froma 80 w3 N e alloy. [ 014l Heal, deformations of, the Ly i/ m magnetic

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 80 wt% NiFe alloy 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



the present enbodi nent (shown in Fig. 1) and the conventional thin magnetic
head were calculated to determ ne those thernmal protrusions. The head of
the present enbodinent has the | ower shield 3 and the upper shield 6, both
of which are formed fromthe magnetic material having a | ow coefficient of
t hermal expansion. On the other hand, the conventional head has the | ower
shield 3 and the upper shield 6, both 3 which are formed fromthe 80 wt%
Ni Fe alloy. In addition, the thermal protrusion of the thin film nagnetic
head (shown in Fig. 2A) having the nmagnetic shields each of which is the

stack of |€‘M§r?re§9ﬂ§' shbBaiREntheshays" 1ﬁ?fFig gjgaﬁ_&i gnguterial having a
| ow coefficient of thermal expansion and the 80 % N Fe alloy |ayer was

al so deter€bH§9nt£QQé§]tﬂ?ﬁeﬁhéhétﬂéeﬁeggswégg £97PERSRLS ebher than the

magneti c shields were as the substrate 1 was ormed from

A2103-Ti C 4 QH@rtHBEQ ?BSEﬁaﬁ p£8%rh§¥8§elm¥ﬁ%fﬂégﬁ sadjayer 9, the

| ower pole end [ayer e upper front end |l ayer 12, the upper

pol e back §ﬁ eh%yg&béﬁﬁmépg hO§ vRRet oBg §Hi8§8 %7 ﬂﬁrﬁPéoﬁgggrfrO”‘46

wt % Ni Fe; read separation p 11, and the

protection #gg WELg fgragg %rggéA%ggéeg %pgmcg L %g §@§ Lorned from Cu;

8
and the cor nsu%atlon ayer orme Fom phot Or 8sT S Properties of

the 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
80 wt% NiFe alloy. In addition, the thermal protrusion of
the thin f£ilm magnetic head (shown in Fig. 2A) 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,lo;3;-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,;los;
the coil 15 was formed from Cu; and the coil insulation

layer 16 was formed from photoresist. Properties of the



11 rmaterials are shown in Table 1. [0016] Table 1 WMaterial 12 M.4
~tvic.." (,u Wu nK) (Gpa) (10.6/K) A2103-TiC 20 390 0.22 7.1 A1203 1.3
410 0.25 7.1 SOM %Ni Fe 35 200 0.3 12.8 46wt %\i Fe 35 144 0.3 8.5

Photoresist 0.5 3.7 0.35 30 Cu. 403 110 0.3 16.2 [00171 The thernal
protrusion per 10CO of tenperature risell at each of the |ower shields was
cal cul ated under the above-described conditions. The cal cul ati ons are shown
in Table 2. 13 [0018] Table 2 Head Conventional Exanple 1 Exanple 2
Exanple 3 Structure Exanple | ower shield 80 wt% Ni Fe 46 wt % 46 Wt % 46 W %

materials are shown in Table 1.

[0016]

Table 1

Material




| ower |layer NiFe NiFe NNFe material thickness (p.m 2.1 2.1 0.7 1.4 |ower

shield - - 80 wt% 80 w % upper layer NiFe NN Fe material thickness(pm 1.4
0.7 upper shield 80 w% Ni Fe 46 Wt % 80 wt % 80 wt% |ower |ayer N Fe N Fe
Ni Fe material thickness(pnm) 1.3 1.3 0.9 0.4 upper shield - - 46 W% 46 W %

upper layer NiFe NiFe material thickness 0.9 protrusion 0.63 0.27 0.53
0.40 protrusion 1 0.43 0.84 0.63 ratio 60019] As shown in Table 2, the
thermal protrusion of the thin filgk gget c head of Exanple 1 wherei n 46
W% N Fe is used in place of 80 wt %N for form ng the magnetic shield
is less than half that of the conventngai Q?@nple Al so, the thernal
protrusion of Exanple 2 wherein about a total thickness of each of
the upper shield and the

ok BER YoUE | RT7Y | RIERRE
(1t W/ 2 K} (Gpa) (10°6/K)

" Ajloy-TiC 20 390 0.22 7.1
Al203 1.3 410 0.25 7.1
80wt%NiFe 35 200 0.3 12.8
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.



| ower shield is replaced by 46 wt% Ni Fe is reduced to about 80% of that of

t he conventi onal
3 wherein about 70% of a 14
t he | ower
that of the conventi onal
effective in reducing the flying
i nprovi ng the
t he out put noise ratio.

magneti ¢ head. Further,

.t ot al

the t

her na

shield is replaced by 46 wt% N Fe is reduced to about 60%

he

wite/read characteristics,

magneti c head.

Thus,
at

t
ig
part

he present

icularly,

i nvention

it is

apparent tihatigjt he effective reduction of 15%or nore in the thernal

protrusion can be realized by setting the ratio of the

protrusi on of Exanple
t hi ckness of each of the upper shield and

of
is

roomtenperature and | argely
t he resol ution
[ 0020] According to the above results,

and

t hi ckness of the

magnetic material |ayer having a | owgwefficient of thermal expansion to
the sumof the thicknesses of the |ower and upper shields to 30%or nore.
I n the presentHeadodi mgnEonvémt Miel b&swdpdld dy| iExampsled 2oy Bwgmmgfe ah
exanpl e of tSheuwwagret i c| raE&amallehaving a | ow coefficient |of thernal
expansi on.1oweef IdnGiear s| @b withename expaspswon of Nifewbased abkoyssare
listed i n@r 14vLEk3 On page 342 of | "Hapgbgook of Magpetic|Mat gifal s" [which
was publiished il lf§75. The coefficient of thernpl expansion decreases
graduallytﬂ;@ﬁdééz(mkncontenQ'gf 100% 2.1 0.7 1.4

lower shield - - 80 wt3 80 wt%

upper layer NiFe NiFe

material

thickness (pm) 1.4 0.7

upper shield 80 wt% NiFe 46 wt% 80 wt3 80 wt¥%

lower layer NiFe NiFe NiFe

material

Ehickness(pm) 1.3 1.3 0.9 0.4

upper shield - - 46 wt? 46 wt%

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 0.63

ratio

[0019]

As shown in Table 2,

the thermal protrusion of the

thin film 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 protrusion 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 conventional magnetic head.

Further,

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



to reach 11.5 x 10-6/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
10-6/ K when 15 the Ni content is less than 30% Accordingly, the therma
protrusion is largely reduced by the use of the NNFe alloy having the N
content of 30 to 55 wt% as the nagneticl mat eri al having a | ow coefficient
of thermal expansion of the present enbodi nent in accordance with the sane
calcul ations as those used in Table 2. If the material having the

coef 11 ¢l enf ol Lpgt gﬁnesxpgf%gch%fléhé tpRB: SHield HRRCHHELpbfEs | i, ane

upper shield IS "pOSSi real’rze |ve Feduction of 15% or

inth t Lth,th t head.
The* 1506 r oRULEHBnF EEHEPRRR BY oRPugE SN ob?a?ﬁ GRPEaT o BonE Rl cul ar' on
used for ob alnlp % results %homn |n ﬁ g ffect of 15%
reduction ?h FRRFn8 g?ﬁt?BEVSH lPEa%u@ﬂgPﬁ %ct 82 hermiis THER9US|on in the

conventional exanple of Table 2 %aus bX C.of tengerature rise is
reduced byPEHS&RtOIBVARTIPR éﬁd?? BRt LV Re PhE?ﬂﬁFlng BRuEFEREN the
conventi onal  exanp Ie of Table 3 is reduced by_about 0.7 nm_Table 3 will be
descri bed Pgight Pﬁ RS Eﬁ@E?FFEHtPoﬁndlﬁaﬁgééY {BPFeYdtee the thi ckness of

the protection film_ for exanple, on the surface_of 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 ratib 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 10°°/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



head by about 0.5 to 0.7 nmfor the purpose of reducing the 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] Wile the
magnetic material having a Iom1coeff|0|ent of thermal expansion is used for
both of the upper shield and the |owerlshield in Exanple 1, it is possible
to reduce the thermal protrusion by using the magnetic material for either
one of the shields. Al so, while the upper shield and the |ower shield of

each of Exeplgs Zoabdnd s5e1686Ncnihesst ackhlodaprsy, Wik gaRslst s of

the layer of the nagnetlc mat eri al having a fi'cient of thermal

expan5|on ggtggglgg &QEE@%%'£8&ut@aeﬁy thel s °§f'9ﬁﬁ Nife ref the

t her mal tru3|on y u3|ng t stac | ayers for either one o he

shi el ds. Ah§5£H§t95§ fL Lbecshacksofol ayess ofsthe MFesbasefloall oy having

.a low coefficie erna expansion and t y having a

i gh coe flichepl, oTnLDPLIRL | SYPasken. 1én€°5f'£ﬂa£m 1L Geblits ap-Layered

structure ree- ayeéer ed S ructure or a layer ure

consisting f t?reenﬁa Hg glm rfnogcg%g agggegigﬂlgﬁe Sg%glng di fferent

coeff|C|ent Cob*THE f xpan% n—-can
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.



achieve a reduction in thermal protrusion simlar to those described above.
Shown in Fig. 2B is a nmagnetic head having a lower shield and an upper
shiel d each of which has a four-layered structure. Mre specifically, each
of the I ower shield and the upper shield is a stack of |ayers consisting of
17 nmagnetic material |ayers 3a and 6a ggving a low coefficient of thernal
expansi on and 80 wt% N Fe al |l oy | ayers and 6b. [ Enbodi nent 2] Ther nal
protrusions of a conventional magnetic head and thin film magnetic heads of
t he present enbodi mrent were evaluated. The thin fil mmagnetic head of the
present empgdiyent shown in Fig. 2A was prototyped to evaluate the thernal
protrusion theréof. The conventional nagnetic head was manufactured such

that it h th t t . i.n. Fi 3 +~Shield
(hat I s e SHE,5LLUE A B85 LAt BARK DL O o afesoper: sh ol
f th di ) t d h _th i i I I

O ek he, B R EMNYILTEAL e TRULaGE U0 e ENahel LypkacLidgs go | over

| over shi elgluBRET LAKer Re1dl 180:4ApMLFS altoyhaxbag,d.t ibcknagscof 10

m an upper “shiel d 'ower Tayer Fe~a aving a Pckness
?Le?ﬁglgg}g gﬂ%ggﬁ%% eég%%&%%qPﬁ2%§rug§¥8rtg% %Egné i@t%sﬁéﬁﬁai'%8¥- The

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



magneti ¢ heads was eval uated by optically neasuring changes in shape of an
air bearing surface caused by increases in anbient tenperature. Results of
the evaluation are shown in Table 3. 18 [0022] Table 3 Head Conventi onal
Exanple 4 Exanple 5 Structure Exanple |lower shield 80 wt % Ni Fe 46 wt % Ni Fe
46 wt% Ni Fe [ower material thickness n) 2.1 2.1 1.1 Ilower shield - - 80
wt % Ni Fe upper material thickness(pm 1.0 upper shield 80 wt % Nl Fe 46 wt %
Ni Fe 80 % NiFe lower nmaterial thickness(n) 1.3 1.3 0.5 upper shield - -
46 Wt % Ni Fe upper material thickness (lim) 0.8

magnetic material layers 3a and 6a 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 £ilm magnetic heads of the present embodiment were
evaluated. The thin film magnetic head of the present
embodiment shown in Fig. 2A was prototyped to evaluate the
thermal protrusion thereof. 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 £ilm hagnétic 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 of 1.1 um, a lower shield upper layer 3b
of 80 wt® NiFe alloy having a thickness of 1.0 um, an upper
shield lowér layer 6b of 80 wt?® NiFe alloy having a
thickness of 0.5 um, 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.



protrusion 0.9 0.40 0.65 anount (nm1OC) protrusion 1 0.44 0.72 ratio
pass rate in 97.8 87.5 100 noise after witing test (% [0023] As shown in
Table 3, the thermal protrusi.on of the thin filmnmagnetic head of Exanple 4
wherein 46 ww% NiFe is used in place of 80 w% Ni Fe for form ng the upper
and |ower shields is reduced to about éO@bof that of the conventi onal
magneti ¢ head. The thermal protrusion d Exanpl e 5 wherein 46 wt % Ni Fe of
an amount corresponding to 19 55% of the total thickness of the upper and

| ower shields is used in place of 80 wt% Ni Fe is reduced to about 70% of
that of thpoepmyentional magnetic head. The |ower pole front end | ayer 9,
the | ower pole back end |l ayer 10, the upper pole front end |ayer 12, and

t he upper pole back end |ayer 13 ofpggeh of the experinmental thin film
magnetic _heads are forned from CoNi Fe alloy.  Therefore the deternjned

val ues of| the dimuhts of | pforvestnghopn iExample 4 Example 5
Structure Example

lower shield 80 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
protrusion 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 protrusion of the
thin f£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



Table 3 are slightly larger than the cal cul ated val ues of the anmounts of
protrusion shown in Table 2. However, the relationship between the film
thickness ratio of the 46 ww% Ni Fe alloy |layer to the whole nagnetic shield
and the height of protrusion due to the thermal protrusion in the

cal cul ated values is alnost identical wigh that in the nmeasured values. In
addition, it was confirned that the reduction in thermal protrusion was
achi eved by using the nagnetic material having a | ow coefficient of thermnal
expansion for the magnetic shield in place of 80 w.% Ni Fe having a high
coefficientssd dfhehealtogpandiieknes@024] tWet hppegakthd A owee pheedrds on of
increase in noise in read output, that is, another object of the present

invention, inpiiRed AroWiRde \WE @0ORMONGHRS 1187 raidude® tW idb®utop@ratdfon was
measured. Noise in read out may occur due to the magnetic shield. This

noi se of t eR HRAC WS tHC Rdni@in tAGnauheR gaewriict Bedld.r enhel $orBR! bedeto a coil,
a read magnetic flux flows into the nmagnetic shield to change a nmagnetic

domai n st ruGidHe &fa g dragnetine Abivekd gbh%r BRYKC WA NGiyidie 10101ty in the
shape of a spike, in the read elenment. Such phenonenon’is referred to as

"noi se af t fppy tJdig' FrdrithendPneseM 13peahld ealdl Appel pdenhdq ava uate

the noise after witi ng, a nol se after witi ng test was carri ed out
layer 13 of each of the experimental thin film magnetic
heads are formed from CoNiFe alloy. Therefore, the
determined values of the amounts of protrusion shown in
Table 3 are slightly larger than the calculated wvalues of
the amounts of protrusion shown in Table 2. However, the
relationship between the film thickness ratio of the 46 wt3
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
reduction 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 6f 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



in such a manner that a magnetic head in which noise of 100 V or higher
occurred 10 tines or nore after 5,000 tines of application of the wite
current was rejected so as to detect pass rates of the nagnetic heads.
Results of the test are shown in Table 3. Referring to Table 3, the thin
fil mmagnetic head of Exanpl e 4 having 4the nmagnetic shield forned from 46
wt.% N Fe has a |ower pass rate as conpared wth the conventional exanple;
however, the thin film nagnetic head of Exanple 5 having the magnetic
shiel ds each of which is the stack of |ayers consisting of the 80 w.%

Ni Fe al | oywhewes whité heudbemt . 26 Napel dédioyol ayevihasaarepdssagaéeidi gher
than that of the conventional thin film nagnetic head. The reason for the

hi gh pass rate heswsointbeehe chaghéted, shukldttodScpargenadmbbattibe stack of
| ayers makes the magnetic domain structure less liable to change, thereby

maki ng theaprase @ftecturétdnothespagheble §RiOCEUtherdbydesarihgdtrbove,
the present invention provides the thin filmmagnetic head that is capable

of reduci ngoibe, ther eBé Hapdr&f rasspikandihhendorsgaatlienetitidigsh [ 0025]
In addition, the NiFe alloy mainly conprising 80 wft% N and the all oy

mainly conphéisbméndl W % dkcpr&qUssdafornoibe gxe8tnatienngn thergabodi ments
of the present invention. Each of the conpositions of these alloys nmay
probably bgresent 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
uwV 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 conventional example; however, the thin film
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 film
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



changed in the range of about 3 wt% however, if changed, the same effect
w Il be provided. [0026] Apart fromthe crystal alloys such as the N Fe

al | oys, anorphous alloys are usable for form ng the magnetic shield.
Exanpl es of the anorphous all oys nmay be CoTazZr, CoNbZr, and like alloys,
each of which may have a |ow coefficie®l of thermal expansion dependi ng on
the conposition thereof. However, it has been reported that the use of
these materials increases the noise after witing in some cases. In

addi tion, because of |ow thermal conductivity, these materials are not

al ways pr efpaiotedhsfilcemarniche het andpel alftefr Wha tieducti on in thernal
protrusion. [0027] The present invention is basically applicable to the
head structigoesghown in Fig. 1 wherein the upper shield is separated from
the |l ower pole piece. In the head structure having the integrated upper

shield and | ower pgl gaRi€¢6n, tHE NOF&CaBLbQrmMLhiyNgohprEsihg @6CHESI T the
46 Wt % Nl Fe 22 alloy is used as the shield naterial, because the wite

flux flows\di L6t hel BhA dyN@aTRIRetbaptiisehng U@ Ghanes bLhe uaRrgNebic domain
structure. [0028] The application of Phe présent invention is not
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 froﬁ
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 wt% NiFe



limted by structures, such as a read el enent structure, a |ower pole
structure, and an upper pole structure, but the nagnetic shield structure
descri bed above. For exanple,- while Fig. 1 shows the thin film magnetic
‘head including the lower pole front end |ayer 9, the | ower pole back end

| ayer 10, the upper pole front end Iayei 12, and the upper pole back end

| ayer 13, the present invention is appllcable to the following thin film
magneti c heads. One is that a |ower pole front end layer 9 and a | ower pole
back end layer 10 are omtted and a | ower pole front end is joined to an

upper pol eafroptiendséayes whéhsaividtmagepidl spesedusé henebetneen. Anot her
is that a thin filmmagnetic head in which a coil 15 is di sposed between a

| ower pol er &Nt &hsl diﬁé!@fl? 2Rto ath&Wes g ROt £c baigke BAdLb ayRENGE and an
upper pole piece 17 has a flat surface. Yet another is that a Iower pole

front end jayestiled @odadR YppeEt@pLe back end layer 13 are omtted, a coi
15 is disposed between a lower pole front end layer 9 and a | ower pole back

end |ayer { 9@28Fnd a front end of a flat upper pole piece is joined to a
| ower pole front end |layer with the upper pole piece being 23 disposed on a

write gap which i dliaaaeesh bRlyesn She sGIn: DAL RS Anhdie | over pol e

pi ece. The present invention 1Is effectively applicable to the thin film

magneti c heads: . payi, NgrLheraboye- desribed weihee sLadgt UsfSucture, a

lower pole structure, and an upper pole structure, but the
magnetic shield structure described above. For example,
while-Fig. 1 shows the thin film 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 f£ilm magnetic heads. One is. that a
lower pole front end layer 9 and a lower pole back end
layer 10 are omitted 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 f£ilm 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 is 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



[00291 In the thin fil mnmagnetic heads of the present invention, 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 piece 17 of each of the
wite elenents of the first and second enbodi nents. Wien the 80 w % N Fe
alloy is used in place of the 46 mﬁ@bNiEf alloy for formng the |ower pole
pi ece 8 having a thickness of 2 m the™thermal protrusion of the | ower
magnetic shield is 0.2 nmper 10CO of tenperature rise, in accordance with
the heat deformation calculation described in the first enbodi nment.
Further, ifiispesdppen pokeipeegeplwhhaui ng aispbselnpeswekn2thenupsetor ned
fromthe 80 wt.% N Fe alloy, the thermal protrusion of the protection film

18 i aneaS@élebEi@cé amapehel@cWeef pbeapghatyl € The o d et thevderdrl
protrusion of the | ower magnetic shield remains unchanged. Thus, in order

to reduce iB?eEE@E%&be@&ongiheablbttbSthb”ﬁﬁihaﬁilﬁpma§ﬁeth@ HBgastic
material having a |ow coefficient of thermal expansion for formng the

wite el eqROing! thieSaBe9sl-bkeckenBaOVEdeet BerhBtArEEl m magnetic head with
decreased thermal protrusion by using the 46 w% 24 N Fe alloy having a | ow

coefficiengpghgotthermal expansion for the lower pole piece 8 and the upper
pol e piece 17. [0030]
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

pm, 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 um is formed from the 80 wt.% NiFe alloy,

the thermal protrusion of the protection film 18 increases
by 0.2 nm per 10C° of temperature rise while the thermal
protrﬁsién 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%



In the thin filmmagnetic head of the enbodinents, the wite elenent is
descri bed as using the conventional |ongitudinal recording type el enent as
shown in Fig. 1; however, if a vertical recording type wite elenent is
used as the wite elenment as shown in Fig. 3 to wite and read data on and
fromthe vertical nmedium it is possibl24to achi eve the sane effects as

t hose of the enbodi nents by adopting the above-described configuration to
the vertical recording type wite elenment. In the case of using the
vertical wite element shown in Fig. 3, the magnetic shields, the read

el enent andir8easepqar nkvongl ayesw wbéthicagrtdenotiesrhyl rekpagscennuneral s 1
to 7, are the sane as those described above, while the | ower pole piece 8

is used asoANtRYXLbWBFYpPOLEpPLEEesantdt tike MehPePOpE1Pi LEcR11YS provi ded
in place of the upper pole front end |ayer, thereby witing data on the
vertical regesding nmedium by wuse of the main pole piece. [0031] In
addition, It is possible to use a conventional CIP (read current

I'ongi tudi nal applifaihOntd P& 1MRhafpl BN the s UYR @leBioaahs C P (read
current vertical application type) GWR as the read elenment in the 25

enbodi ment $nel §r20¥ ONEmEL+! NESE SLBIBEESaL Subshd B8 tb6nvERRdoghEMENL, it
IS unnecessary to change the configuration

longitudinal recording type element as shown in Fig. 1;
however, if a vertical 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
adoptiné 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 of 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



of the head elenent to achieve the sane effect. Further, the present
invention is applicable to a side shield type thin film nmagnetic head
wherein each of sides extending along the direction of the track w dth of
the read elenment is provided with a shield as shown in Fig. 4. Shown in
Fig. 4 is the read element and the nagné®ic shields as viewed fromthe air
bearing surface. In the present enbodi nent, the TMR el enent or the CPP GWR
element is used as the read elenent, and the read current is vertically
applied to the read elenent. Therefore, the upper and | ower shields serve
al so as el evtboddesrter. t 1€ apgdorkeaEnthése Dehenentt HyiR22ussdams i tisell at i on

| ayer for the upper and | ower shields. It is possible to inprove the read
resol uti on dead ke adigract iian i sofunineaels swirgt kobyhpnoei dhegceachgafrathensi des
of the read element with the side shield 23. If the lam nated film

consi stingoH thee HeayEre l@imente toagRetiletemher isameha¥ifegta Fewcgoef ficient
of thermal expansion and the 80 wo NiFe alloy layer is used for the

magneti ¢ shirgl §rddxdnte ipreseilbon q@a%bm&hblthomg@e_ubc sthieghd tiypedi sposed
in such a manner that the 80 w.%alloy |ayer faces the read elenent in

the same maMigl faSin Maddn@ti2AheAddhslersliar agendeyi gedesi eetbhaihgin film

magneti c head of the present invention can achieve the low flying 26

hei ght owi RQ dny R TRGSHIN i0F ther Fladkr Gticesl 6% thBe€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 to the
read element. Therefore, the upper and lower shields servé
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



present invention is particularly effective in ensuring reliability of a
di sk storage device, in hot environnent, which achieves a high recording
density and a low flying height. In this case, the low flying height is a
mechani cal flying height of 20 nmor less froma surface of an extrenely
thin protection filmusually formed on2an air bearing surface of a magnetic
head to the respective surfaces of an extrenely thin protection filmand a
| ubricant |ayer, both of which are usually fornmed on a surface of a
recording medium [0032] [Effect of the Invention] As described above, it
i s possi bleeight cdutegthe théeradlicpien rimidretmalisprgtrheiomgndtiec materi a
having a |ow coefficient of thernmal expansion of 11.5 x 10-6/K or |less for
t he magnet presént| dnvénthent hs npait iewhgnky | ef feadive Fum téesyringi s possi bl e
to provide the thin fil'mmagnetic head achieving reduced thermal protrusion
and reducedebbaselitftef ardiskgshyrage ndeaidanm imatkeot féhvicomsest j ng of the
80 % N Fe alloy layer and the | ayer of the magnetic nmaterial having the
| ow coeffigheth athikecsnh kxpanseoordimg ddresimagnetd cashowel fllyiBgi ef
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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 f£ilm usually formed on an air

bearing surface of a magnetic head to the respective

surfaces of an extremely thin protection f£ilm 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 magnetic material having a

low coefficient of thermal expansion of 11.5 x 10°%/K or

less for the magnetic shield of the thin film 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 f£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. 1 is a cross-sectional view of a thin filmmagnetic head of the present
invention. [Fig. 2] Fig. 2Ais a cross-sectional view of a nultilayered
magnetic shield of the thin filmnagnetic head of the present invention.
Fig. 2B is a cross-sectional view of a multilayered nagnetic shield of the
thin fil mnmagnetic head of the present2invention. [Fig. 3] Fig. 3 is a
cross-sectional viewof a thin film magnetic head according to anot her
enbodi mrent of the present invention. [Fig. 4 Fig. 4 is a plan view show ng
a magnetic shield and a read elenent of an thin filmnmagnetic head
according to andier enbod nemesofsediel pradsentew mierd i dnin [Hefrer ence
Nuneral s] 1. substrate, 2: base alumna, 3: lower shield, 3a |ower shield
| ower | ayemagBbtitoheadshfektdeuppesehayenyedtionead gap, 5: read el enent, 6:
upper shield, 6a: upper shield upper |ayer, 6b: upper shield | ower |ayer,
7: separatifgidayey, 8: lower pole piece, 9: lower pole front end |ayer,
10: lower pole back end |ayer, 11: read gap |ayer, 12: upper pole front end
| ayer, 13: upper moye dmcks 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



28 end layer, 14: non-magnetic insulation layer, 15: coil, 16: coi
insulation layer, 17: upper pole piece, 18: protection |ayer, 19: air
beari ng surface, 20: recording nedium -21: nmain pole piece, 22: insulation
| ayer, and 23: side shield. 29 What is clainmed is: 1. Athin filmnmagnetic
head conprising: a read unit, forned aB8ve a substrate, having a |ower
shield, a read el enent and an upper shield; and a wite unit having a | ower
pol e pi ece, an upper pole piece, and a coil placed between said | ower pole
pi ece and said upper pole piece, said read unit and said wite unit being
separ at ed FPOmlag&ch dttie PR PRIZCHORA- ARGHERFLCRatBYPEl : 1RhieFELA -at blreast
one of said | ower shield and upper_ shield has a first |layer and a second

| ayer for mS@idr dmsutdddeni daygter iLdl ; "RREFePALEhR1EE6f f iL8i e REOFR A Ml
expansion of said first layer is different fromthe coefficient of therma
expansi on 8RY&di.d 1fecdd Pep&ELNIWREFERRCL héOcoERPFPELRERE BRALMEY. MBIl :expansi on
of said first layer is larger than the coefficient of thermal expansion of
sai d seconidiay@oleamdediser @2n dasdlpition layer.i snfloRfedsbéewsdiedsi.d
second



| ayer and said read elenent. 2. Athin filmmgnetic head according to claim
1, wherein said second layer is a crystalline magnetic alloy. 3. Athin
filmmagnetic head according to claim1l, wherein said second |layer is a

Ni Fe all oy having a conmposition conprising 30 to 55w %N . 4. Athin film
magnetic head according to claim1, wh&rein said first layer is forned from
a NiFe alloy having a conposition mainly conprising 80 wt % N, said 80 wt
% Ni Fe al oy, I.asyecr afi%%idngst_o said read elenment. 30 5. Athin filmnagnetic
head accordihg to oA 4, "Wiherein said second layer is a crystalline
magnetic alloy. 6. Athin fil mnmagnetic head according to claim4, wherein
said second layer is.a NLFe alloy having a conposition conprising 30 to 55
w %N. 7. Athifh ?PI”Pn hhﬁ%&%geeﬁéadh%%%o%&ipﬁstliigc| aim1l, wherein aratio
of a thickness 20f resd dusecondotmyer abéva sumubetribé cknesses af 1saied | ower
shi el d and sai hield is 0% or nore n filmmgnetic head

accordi ng ?kble&%a? pg‘?agvﬁfeer“@“ﬁ Eﬁgda%e‘iﬁﬂﬁf Isgﬁ'g}dﬁs"’t”gé crystalline nmagnetic
alloy. 9. A thiah fiite maginet hevhenda acenedi pgréopekaem &an uppereigyisai d
second layer s & N Fe all oy havino, 2 composiiion,, comprising 30 19,85 wk %
N . !
said upper pole piece,
said read unit and said write unit being separated from
each other with a non-magnetic material;
wherein at least one of said lower shield and upper
shield has a first layer and a second layer formed from
magnetic material;
wherein the coefficient of thermal expansion of said
first layer 1is different from the coefficient of thermal
expansion of said second layer;
wherein the coefficient of thermal expansion of said
first layer 1s larger than the coefficient of thermal
expansion of said second layer; and

wherein said first layer is formed between said second

layer and said read element.

2. A thin film magnetic head according to claim 1,

wherein said second layer is a crystalline magnetic alloy.

3. A thin film magnetic head according to claim 1,
wherein said second layer is a NiFe alloy having a composition

comprising 30 to 55 wt % Ni.

4. A thin film magnetic head according to claim 1,
wherein said first layer is formed from a NiFe alloy having a
composition mainly comprising 80 wt % Ni, said 80 wt % NiFe

alloy layer facing to said read element.



10. Athin filmmgnetic head according to claim11, wherein the coefficient
of thermal expansion of said second layer is 11.5x10-6/K or less. 11. A
thin filmnmagnetic head according to claiml1l, wherein said first |ayer and
said second | ayer are nmagnetically connected. 12. A disk storage device
conprising: a recording nmedium a dri3fe notor for driving said recording
medi um a magnetic head for reading and witing data fromand on said

recordi ng medi um Sltl ng_mechani sm f oni ng sai ghetic
noad: 310 a i et i BRAr: SPT ORRPSPE OB | MU o oLy i el um sai d
drive not ehersahdsdmageicdoadheage r aind aSatrgdstHOSid adighg tirechanyynm and a
second circuit systemfor supplying a wite signal to said magnetic head
and processing a read signal fromsaid nagnetic head; wherein said magnetic

head conprisess.a xeathiuni £i1d omagdeab@veleadsu@@écrzaimg hayi nglaan oner
shi el d, aé&gad elengyt and an u nd a wjte unit having a | ower

er
SIS VU R P SR RO L AR g gl e L

pi ece and comprising 30 to 55 wt % Ni.

7. A thin film magnetic head according to claim 1,
wherein a ratio of a thickness of said second layer to a sum
of thicknesses of said lower shield and said upper shield is

30% or more.

8. A thin film magnetic head according to claim 7,

wherein said second layer is a crystalline magnetic alloy.

9. A thin film magnetic head according to claim 7,
wherein said second layer is a NiFe alloy having a composition

comprising 30 to 55 wt % Ni.

10. A thin film magnetic head according to claim 1,
wherein the coefficient of thermal expansion of said second

layer is 11.5x107%/K or less.

11. A thin film magnetic head according to claim 1,
wherein said first layer and said second layer are

magnetically connected.

12. A disk storage device comprising:

a recording medium;

a drive motor for driving said recording medium;

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

a positioning mechanism for positioning said magnetic

head;



sai d upper pole piece, said read unit and said wite unit being separated
from each other with a non-magnetic material; wherein at | east one of said
| ower shield and upper shield has a first |layer and a second | ayer forned
from magnetic material; wherein the coefficient of thermal expansion of
said first layer is different fromthHd coefficient of thernal expansion of
sai d second | ayer; wherein the coefficient of thermal expansion of said
first layer is larger than the coefficient of thermal expansion of said
second | ayer; &andiiater ef W EHi FYTE™ | &9%r PELESHHEY beéthderresardiRécond

| ayer andpgaidnf eash®] enBilve 1lRotdy di Haist OhagRe€EYI QR RCCORGUNYskaqcl aim
12, wherein the coefficient of thernmal expansion of said second |ayer is
11. 5. 10- 6PRSsF1PE MEFRapigRskand or age devi ce according to claim 12,

wherein said &i kstohayelrant sy Secyd dgyeriageampgneti gabhyr €onnected.

said magnetic head and processing a read signal from said
magnetic head;

wherein said magnetic head comprises:

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 said lower pole piece and
said upper pole piece,

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

wherein at 1least one of said lower shield and upper
shield has a first layer and a second layer formed from
magnetic material;

wherein the coefficient of thermal expansion of said
first layer 1s different from the coefficient of thermal
expansion of said second layer;

wherein the coefficient of thermal expansion of said
first layer is larger than the <coefficient of thermal
expansion of said second layer; and

wherein said first layer is formed between said second

layer and said read element.

13. A disk storage device according to claim 12, wherein
the coefficient of thermal expansion of said second layer is

11.5x107%/K or less.

14. A disk storage device according to claim 12, wherein

said first layer and said second layer are magnetically

connected.





