AP et .
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In recent years, magnetic recording is made at a high density,
and a high recording density system, e.g., an HDD having 1 Gb/inch?2,
has become commercially practical. And a higher recording density-
is being demanded increasingly. ‘As a reproducing head for such
a high recording density system, attention is being given to a
magnetoresistance effect head (hereinafter called "MR head“)
making use of a magnetoresistance effect in which an electrical

| resistance of amagnetic film, a magnetic muitilayered. film or the
like is varied by an external magnetic field from the viewpoint
of improvement of a reproducing sensitivity.

Fig. 6 shows the configuration of a typical shield type MR
head. 1In the drawing, reference numeral 1 denotes.a substrate fnade
of Al,03- TiC or the like. On the substrate 1 is formed a lower
magnetic shielding layer 3 which is a crystaliine soft magnetic.
film of sendust, permalloy or the like or an amorphous soft magnetic
film of CoZxNb alley or the like with an insulating layer 2 made
of Alp03 or the like intervened between them.

_ A magnetore51stance effect fllm (MR £film) S is formed on the
.. lower: magnetlc shielding layer 3 with an insulating film 4, which
forms a lower reproducing magnetic gap, formed between them, and

a pair of leads 6 are formed on both ends of the MR film 5 to form



forms a Iower reprodum ng . magnetl 2t'ween -t he of
| eads 6 are fornmed on both -ends o 5 to form = 2-a
magnet or esi st ance effect el enent (I\/R.-el enent-)- 7 Onthe MR elenment 7 is
forned an upper magnetic shielding layer-9 which is nade of a soft magnetic
filmsimlar to the Iower magnetic shielding layer 3 with an insulating
film8, which forns an upper reproduci ng nagnetic gap, fornmed between them

To detect a signal gnetlc fielLd of such a shield.t %%g head, for
exanpl e, aas@ﬁgee*&tar? thFQCﬁ%’aﬁe%r%eme%e%%l?l Pehdl- 6 0makder MR MR
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magnet or esi stance effect {hereinafter called "GVR') having a

magnet or esi ayapcEwihange inauiatiig £hangs wiaddlo ) odtasnadd aipgeanr8feoducing
Especially, attention is directed to a spin-valve type GWR filmwhich has a
sandwi ch fibagnetin dgaper fgnmgdebetweennthemrmgnet ic fi | m ferromagnetic film
structure. The spin-valve type GWR fil m obtai ns y st acki ng one of the
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exchange ngg InQOrple:QQIIn{)]ge n’aé:jnetl téurrent 1s flown through the pair of

""a pair

leads 6, and the MR film 5 is measured for ‘its change in electrical
resistance involved with a éhange in average magnetization
direction.

Meanwhile, the MR film is proceeding toward practical ‘
utilization provided with a giant magnetoresistance e.ffe'ct
{hereinafter called "GMR") having a magnetoresistance change ratio
(MR change ratio) of more than 3%. Especially, attention is
directed to a spin-valve type GMR film which has a sandwich film
with a ferromagnetic film/nonmagnetic film/ferromagnetic film
structure. The spin-valve type GMR film obtains GMR by stacking
one of the ferromagnetic films on an antiferromagnetic film or the
like to make exchange coupling, pinning magnetization of the
ferromagnetic film, and changing the magnetization direction of
the other ferromagnetic £ilm by an external magnetic field (signal
magnetic field).

The GMR film described above, however, has a drawback that

| its properties are easily deteriorated due to the surface roughness
of an under layer because the respective films have a thin thickness
of about a few nm. Especially, where a crystalline soft magnetic
film of senduét, permalloy or the like, which is mainly used. for

the existing MR head, is used as the magnetic shielding layer, there



fetromagnetic film and changing’t he e ect “of
ferromagnetic filmby an external nagneti-c. d (signal . magretic field).
The GWR film described above, however, has a drawback that its properties
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described gbwercs viettbBE4 8 of the GMR film in a direction of the axis of
hard magnetization becomes high due to the surface roughness of
the under layer, deteriorating the soft magnetic characteristics.
The deterioration in soft magnétic characteristics of the GMR film
causes Barkhausen noise.

The roughness of the under layer described above is reflected
in the surface roughness of the'respecti've component films of the
GMR film and increases their roughness. Thus, magnetostatic
coupling is enhanced by a shape effect of the interfacial roughness
in the GMR film, and an interlayer coupling field Hjp is increased.
The increase of the interlayer coupling field Hip leads in a
disadvantage that the MR head does not operate stably.

As described above, the MR film of a spin-valve type is highly
expected in obtaining a high MR change ratio structurally, but where
the crystalline soft magnetic film of sendust, permalloy or the
like which is mainly used for the existing MR head is used as the
magnetic shielding layer, it is hard to decrease the surface
roughness. Consequently, there are drawbacks that the GMR film
is deteriorated in view of soft magnetic characteristics, and its
interlayer coupling field is increased, resulting in degrading its
performance as the GMR head.

Accordingly, a GMR head having a crystalline soft magnetic

ion di ‘the other”



in*the Surface roughness of the. reée: onent - fi'l'ms "of ‘the GWR film
and i ncreases their roughness. Thus B ‘ostati.c coupling i-s enhanced by
a shape effect of the interfacial roughness in the GWR film and an
interlayer coupling field Hin is increased. The increase of the interlayer
coupling field Hn leads in a disadvantage that the MR head does not
operate stably. As described above, thét MR filmof a spi n-val ve type is
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characteristics, and its interlayer coupling IS 1 ncreased, resu
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reproduci bility by making it possible to suppress the soft magneti smof the
G\R fil mfi&m BBPARG ddYefiorated and the interlayer coupling field from.
bei ng i ncreased even when the GVR fil mhas a | arge surface roughness on

Summary of the Invention

The present invention has been completed to remedy the
drawbacks described above and aims to provide a magnetoresistance
effect head having operation characteristics improved and the soft
magnetic characteristics pr'evehtéd frombeing deteriorated and the
interlayer.coupling field prevented from being increased when a
crystalline soft magnefic film having a large surface roughness
is used as a magnetic shielding layer.

The magnetoresistance effect head of the invention is a
magnetoresistance effect head comprising a giant
magnetoresistance effect film, apair of leads to supply an electric
current to the giant magnetofesistance effect head, and upper and
lower magnetic shielding layers made of a crystalline soft maghetic
film and disposed to hold the giant magnetoresistance effect film
therebetween with a magnetic gap film intervened, wherein the
surface of an under layer in contact with the giant
magnetoresistance effect film has a center period L of the surface
roughness satisfying L > 70 nm.

A magnetic shielding layer made of the crystalline soft
magnetic film is very hard to have the surface roughness made small.

The surface roughness can be relieved to some extent by forming




its under layer. Summary of the |nvertion-The present ‘invention has been
conpl eted to renmedy the drawbacks descr.i'bed above and ains to-provide a
magnet oresi stance effect head havi ng operati on characteristics inproved and
the soft magnetic characteristics prevented from being deteriorated and the
interlayer coupling field prevented from being increased when a crystalline
soft magnetic filmhaving a | arge surfa%ze roughness is used as a magnetic
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specifically by extending the center period L of the roughness
period to L > 70 nm. Thus, it becomes possible to prevent the soft
magnetic characteristics of the giant magnetoresistance effect
film from being deteriorated and the interlayer coupling field Hip
from being increased.

Embodiments to practice the invention will be described with
reference to the accompanying drawings.

Fig. 1 is a sectional view showing the structure of a
magnétoresistance effect head (GMR head) showing an giant
magnetoresistance effect according to one embodiment of the
invention. In this drawing, reference numeral 11 denotes a
substrate made of Al203- TiC or the like, and a lower magnetic
shiélding layer 13 made of a crystalline soft magnetic film is
formed on the Al,03- TiC substrate 11 with an insulating layer 12
made of Al1703 or the like intervened between them. The crystalline
soft magnetic film forming the lower magnetic shielding layer 13
is an Fe-Al-Si based alloy film (sendust or the like), an Fe-Ni
based alloy film (permalloy or the like) or the like.

A giant magnetoresistance effect film (GMR film) 15 having
a desired shape is formed on the lower magnetic shielding 1§yer

13 with a lower magnetic gap film 14 made of an A1703 film intervened

between them. The GMR film 15 may be a spin-valve film which has



5 a magnetic gap filmon the magnet i “layer,’ “a‘surface
roughness - of Rmax > 5 nm.is inevitably: forped on the surface-of the under

| ayer of the giant magnetoresistance effect film Even when the under |ayer
surface has a |large Rmax, the effects of respective roughness on the giant
magnet or esi'stance effect filmcan be decreased by increasing the period of
the surface roughness, specifically byéextending the center period L of the
roughness period to L > 70 nm Thus, it becones possible to prevent the
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frombeing_deteriorated and.the.interlayer coupling field Hn from_being
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" In the GMR head in this embodiment, the surface of the lower
magnetic gap film 14 forms the under layer of the GMR film 15, and
the center period L of the surface roughness period of this under
layer is determined to be L. > 70 nm. Thus, even when the surface
roughness Rpy;x of the under layer of the GMR film 15 is more than
5 nm, by extending the period of the surface roughness, specifically
by making the center period L larger than 70 nm, an adverse effect
of the surface roughness on the GMR film 15 can be reduced. In
other words, since the effects of indiyidual roughness on the GMR
film 15 can be reduced by extending the period of the surface
roughness of the under layer, it is possible to prevent the soft
magnetic characteristic of the GMR £ilm 15 from being deteriorated
and the interlayer coupling field from being increased.

As described above, the adverse effects on the GMR film 15
can be reduced by controlling the center period L of the surface’
roughness period of the under layer to more than 70 nm. But, if
the surface roughness Rpyx is excessively large, the adverse
effects on the GMR film 15 cannot be prevented even if the roughness

period is extended. Therefore, the surface roughness Rpzx is



A??gi ant magnetoresi stance effect film (GR f]

'n) 15 having a desired shape
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determining from the measured range by an ordinary method.

The center period L was determined by the following method.
The measured range is analyzed for a frequency with respect to a
roughness period (L'). A distribution curve is drawn up as shown
in, for example, Fig. 4 from the frequency (roughness period L')
and a spectrum density indicating an existence probability with
respect to the frequency. And, the frequency where the spectrum
density becomes maximum, namely the roughness period L', is
determined as the center period L of the invention.

The surface roughness (Rpayx) of the under layer of the GMR
film 15 and its period (center period L) are basically formed on
the basis of the surface roughness of the lower magnetic shielding
layer 13 made of a crystalline soft magnetic film.

By forming the lower magnetic gap film 14 én the lower magnetic
shielding film 13, the surface roughness may be relieved to some
extent. But, roughness is basically caused on the surface of the
lower magnetic gap film 14, namely the surface of the under layer
of the GMR film 15, by reflecting the surface roughness of the lower

~magnetic shielding layer 13.
Fig.' 5A is a conceptual diagram showing the surface roughness

of the spin-valve film formed on the under layer having the surface

6 a sandwich filmforned of a



other wbrds, since the efféct$ dffindijt i ughness .on 't he GVR film1s =
can be reduced by extending the period .of the:surface roughness of the
under layer, it is possible to prevent the soft magnetic characteristic of
the GWR film 15 from being deteriorated and the interlayer coupling field
from being increased. As described above, the adverse effects on the GWR
film15 can be reduced by controlling 8he center period L of the surface
roughness per.i e under_la : . I ha | f e
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frequency respect to a
invention and the state of magnetization in the respective magnetic

layers.

In other words, in the case that the surface roughness périod
of the under layer is short, as shown in Fig. 5B, the magnetization
in the ferromagnetic layers 151, 153 can not follow in the
undulation of surface roughness. Thus, magnetic poles generate
on the surface of the ferromagnetic layers, thereby the magnetic
coupling Between the upper ferromagnetic layer 151 and the under
ferromagnetic layer 153 being produced.

on the other hand, in the case that the surface roughness
‘period is long, as shown in Fig. 2A, the magnetization of the
ferromagnetic layers 151, 153 arrange along the surface thereof.
Thus, magnetic polés do not generate.

Based on the above view, it is seen that the invention
determines the period of the surface roughness to exceed 70 nm,
so that the soft magnetic characteristic of the GMR film 15 can
be preventéd from being deteriorated and the interlayer coupling
field can be prevented from being increased. |

The period of the surface roughness.of the lower magnetic
shielding layer 13 is basically determined by controlling the

conditions for forming the lower magnetic shielding layer 13. By



roughnéss period (L'). A distribution i's drawn.up as sk . for
exanple, Fig. 4 fromthe frequency "(rotghness periodL') and a spectrum
density indicating an existence probability with respect to the frequency.
And, the frequency where the spectrum density becones maxi nrum nanely the
roughness- period L', is determ ned as ¢ he center period L of the invention.
The surface roughness (Rmax) of the under |layer of the GVR film15 and its
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| ayer 13. Fig. 5A is a conceptual diagram show ng the surface roughness of
the spin-vatve filmformed on the under |ayer having the surface 8
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Inventlon'magnetic gap film 14 and the GMR film 15, the same effect can be
obtained by determining the center period L of the éurface roughness
of the layer as the direct lower layer of the MGR film 15 to have
the same range as described above. |

A hard magnetic film 16 made of a CoPt alloy or the like to
give a bias magnetic field to the GMR film 15 is formed on both
ends of the GMR film 15 in its breadth direction. And a pair of
leads 17 made of Cu or the like, which is electrically connected
to both ends of the GMR film 15 through the hard magnetic film 16,
is formed as an electrode on the formed hard magnetic films 16.
A sense current is supplied to the GMR film 15 through the pair
of leads 1%.

Thus, the GMR film 15, the hard magnetic film 16 and the pair
of leads 17 constitute a GMR element 18.

And, the hard magnetic film 16 which gives a bias magnetic
field to the GMR film 15 may be formed in advance into a desired
shape, namelyla shape corresponding to a magnetic field response
portion, on the lower reproducinglnagnetic gap film 14. To do so,
the GMR film 15 is formed on the lower reproducing magnetic gap
film 14 and the pair of hard magnetic films 16 as well, and the
pair of leads 17 is formed thereon. |

On the GMR element 18 is formed an upper reproducing magnetic




MeanwhiTe, Fig. 5B is a conceptual di-agf owi ng the sur:face roughness of
the-spin-valve filmformed on the under-idyer ‘havi ng.the sane: surface
roughness (Rmax 7 nn) but its period (center period L) of 50 nm which
exceeds the specified range of the present invention and the state of
magneti zation in the respective nagneéi& | ayers. In other words, in the
case that the surface roughness period of the under |ayer is short, as
shown in Fig. Ak et.i zat] ; LG 53
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' thickness of less than 1 ym, a magnetic shielding effect might not

be obtained satisfactorily. BAnd if it exceeds 4 pm, the |
manufacturiﬁg process becomes difficult.

A GMR film (spin-valve GMR film) 15 made of a spin-valve film
shown in Fig. 2 will be described in detail. A sandwich film formed
of a ferromagnetic film 151, a nonmagnetic film 152 and a
ferromagnetic film 153 is formed on a lower reproducing magnetic -
gap film 14. And an antiferromagnetic film 15;1 is stacked on the
upper ferromagnetic £ilm 153. Thus, an éxchange coupling film is
constituted. |

The upper ferromagnetic film 153 is a so-called pinned layer
whose magnétization is fixed by the exchange coupling described
above. Meanwhile, the lower ferromagnetic film 151 is a so-called

- free layer which has the direction of magnetization varied by a
signal magnetic field (external magnetic field). The pinned layer
and the free layer may bé positioned conversely.

The ferromagnetic films 151, 153 may be made of Fe, Co, Ni
or an alloy tﬁereof. Especially, an Fe-Ni based alloy such as
permalloy, and a Co based magnetic alloy having Co added with Fe,

Ni and other elements are preferably used.



9 determning the surface roughness. (Rmax)y and its period (centér period’ L) -

of the | ower magnetic shielding | ayer~ 13 to an appropriate range, the '
center period L of the roughness period of the surface of the under |ayer
of the GWR film 15 can be nade | arger than 70 nm Were an additional |ayer
is intervened between the | ower magnetigigap film14 and the GWR film 15,
the sane effect can be obtained by determ ning the center period L of the

surface roughne t.he | ayer the d|re of, .t fi n115
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a CoPt all gysy ﬁxQ@nle'tIi@ 591&5»%@ B'raﬁwéfﬁﬁ“ﬁbh:é dighshio hhe ARodi 1A

is formed on both énds of the GWR film15 in its breadth direction. And a

pair of |eads ¢i#, n@de 1af, RN, ®u,t-be émdxel,f i O uSed! eadycake prommemed to
both ends of the GWR film 15 through the hard nmagnetic film 16, is fornmed
as an el eceddgd dn @neamonpbdrangiingafret it ta SPsatl. Alsentermmagmtic
supplied taq the GNR film 15 through the pair. of leads 17. Thus, the GWR
film15, tKé1RS §2haghet Meybed ieméﬁatﬁﬁeﬁplaf} fosmef iy starkingsat tirasta

GWR eIenenEw%8. p@% %h%er%o%ag @?E'%13%£U116 whi ch gives a bias nagnetic

The nonmagnetic £ilm 152 intervened between the ferromagnetic
films 151, 153 may be various types of conductive nonmagnetic
materials but preferably Cu with high spin-dependent scattering.
The anti-ferromagnetic film 154 which is used in combination with
the 'upper ferromagnetic £film 153 to form an exchange coupling film
is, for example, an FeMn based alloy, an IrMn based al_loy or the
like.

Aslshown in Fig. 3, a magnetic or nonmagnetic under layer 155
may be formed just under the ferromagnetic film 151. The under
layer 155 may be formed as a part of the spin-valve GMR film 15.
The under layer 155 may be made of one kind of magnetic film or
nonmagnetic film, or a lafninated film of a magnetic film and a
nonmagnetic £film, or a laminated filmof different kinds of magnetic
films.

The magnetic under layer is an amorphous soft magnetic
material or a soft magneticmaterial having an fcc crystal structure,
e.g., an NiFe alloy, an NiFeCo alloy, or a magnetic alloy having
various types of additive elements added thereto. And, the -
nonmagnetic under_ layer is a nonmagnetic metal film of Ta, Zr or
the like to improve an orientation.

The GMR head 21 of the embodiment described above has the

crystalline soft magnetic film for the magnetic shielding layers



fidld to the GVR film 15 ‘may be forned i'n-advance into a-desired shape,
nanely a shape correspondi ng to a magnetic field response portion, on the
| ower reproducing magnetic gap film114. To do so, the GWR film 15 is forned
on the | ower reproducing nagnetic gap film 14 and the pair of hard nagnetic
films 16 as well, and the pair of leads 17 is fornmed thereon. On the GWR
element 18 is forned an upper reproducing nmagnetic 10 gap film 19 which

i s made of ngpnmagpetic. materjal _such as Al [err rr]. And,.,an upper
mgnet | ¢ shiel 80ng TERARETE winEre TeE T £ BBhERES sura e YOPRF 1 Agetofiie
magnetic fj t LC; shiel i ' I

thoreon. TR Eageht P8 RoPERRRELE UR (LKL DU o R A 4T 15 bd Rl
reproduci ngagad 5 ns inerfitgbled. Biits bagaekendiali thelprgibdyef shéFuaamde
of the crystalline soft magnetic material have preferably a thickness of

t he order ebughhes$,[ ermpiy hikihg ttegreniterspeeliddn layges tilsan 20 have a
thickness of less than 1 pm a magnetic shielding effect mght not be

obt ai ned sani 8f¥ersei ¢Hfedn@fi Fhetswxkamisongheespnpnihe fadmuld mpn
process becomes diffjcult. A GWR film(spin-valve GVWR film 15 nmade of a
spi n-val vePPi FREFSM in Fig. 2 will be described in detail. A sandwich

filmforned of & ferrqmaanetis LLEMdaherd NAUBANELI G BELG2 B0 A in

15 can be prevented from being deteriorated, and the interlayer
coupling field Hjp between the pinned layer and the free layer of
the GMR film 15 can be prevented from being increased due to the
surface roughness of the lower magnetic shielding layer 13.

Since the GMR film 15 has a good soft magnetic characteristic
and an appropriate interlayer coupling field, the GMR head 12 of
this embodiment can have a stable operation characteristic, and
Barkhausen noise can be suppressed. Thus, the operation
characteristics can be improved.

In addition, the MR change ratio can also be improved by
extending the period of the surface roughness. In other word_s,
the sensitivity of the GMR head 21 can be improved. As will be
apparent from the embodiments to be described afterward, the
effects of improving the sensitivity can be obtained more
satisfactorily by determining the center period L of the surface

roughness to 150 nm < L < 300 nm.

Brief T . o f the Drawi
Fig. 1 is a sectional view showing the. structure of a GMR head
according to one embodiment of the invention;

Fig. 2 is a sectional view showing a structural example of



ferronsgnetic film153 is forned o g rimgnetic gap f|Im g
14. And an antiferromagnetic fil m:154 i st acked on the upper ferromagnetic
film153. Thus, an exchange coupling filmis constituted. The upper
ferromagnetic f|In1153 is a so-called pinned | ayer whose magneti zation is
fi'xed by the exchange coupling described above. Meanwhile, the |ower
ferromagnetic film151 is a so-called figee layer which has the direction of
nagnetlzatl n by a si gnal na netic fijeld (external nagnetic field).
é?&a%a b -

The pinned® lﬂhéppﬁéédlﬁ9eF Fray " BE" pbT1 i oned conversely The
ferroma netlc f 153 ey o] of .
Especi algl Y, &: N| ased'seacltq%)éa?uc}{*:@"(z’ais%h%gull;l l%)thé\l} u%gub al %Xéﬂé%gt I C

al | oy haviaq @Qea@@@dquhh Ellg@ ggdtgéhﬁﬁv@ﬁ@ﬂﬁp;s are preferably used.
In addition to the elenents e and NI to be added to the Co based magnetic

al oy, one or twigord s e grlapiesticw g thasréshlvsipfAsnalmiziky a Freqibneiry,
Gs and Hf can be used. They are preferably added in an anount ranging from
5 to 50 at%f the sarfesggmenphnessneflan, under ayee in |Bxampiedl fof nthe
formed by stacking at |east two types of ferromagnetic filns. The
nonnagnetlénVFPﬁﬁ%ﬁz i ntervened between the ferromagnetic filns 151, 153

nmay be various tFXGeSSZQLnacﬂ%U%é Xge%%%@%%r%%tall diagrams showing the surface

roughness of the GMR film formed on an under layer; Fig. 5A showing

one according to the present inventioh, while Fig. SB'showing one

not in the scope of the invention; and |
Fig. 6 is a perspective view showing the structure of a typical

shield type MR head.

C N ¢ the Pref | Embodim
Specific examples of the invention will be described with

reference to the accompanying drawings.

Example 1, Comparative Example 1

As shown in Fig. 1, an Fegq_1Rlg_ 2Sig 7 crystalline soft

magnetic film héving a thickness of 2.0 um was formed as a lower
magnetic shielding layer 13 on an Al203 - TiC substrate 11 with an
Al703 insﬁlating layer 12 intervened between them. A spin-valve
GMR film 15 was formed on the lower magnetic shielding layer 13
with a lower magnetic gap film 14 made of an Alp03 film having a
thickness of 100 nm intervened between them. The spin-valve GMR
film 15 comprises Ta(5 nm)/NiggFeg(7 nm)/Cu(3 nm)/NiggFezq (7

nm) /Fes5oMngg (10 nm) . The spin-valve GMR film 15 was heat-treated

appropriately.




materials but preferably Cu with high spi ependent scattering. The
anti-ferromagnetic film 154 which i'sused. i.n-conbination with the upper
ferromagnetic film 153 to form an exchange coupling filmis, for exanple,
an Fewvn based alloy, an IrM based alloy or the like. As shown in Fig. 3, a
magneti c or nonmagnetic under |ayer 155 may be fornmed just under the
ferromagnetic film 151. The under |ayé# 155 may be fornmed as a part of the

spi m-val ve GV filryde, The under | oyt 153 e wds gl Jynd of

magnetic filmor non a l'am nate magnetic film

and a nonnpgetLesdy! groolsa. | am %@L%@e&iihgh%sdg&%g&gga KLpdsp0f pagnetic

films. The gnetic ayer is an anorphous so gnetic materral or a

sof t rragneﬁ)@tﬂaiﬁm]'; akamayl W B Jo&@ .Cr X887 a Spowst Wehs &t W -waAEiNdE to
all oy, an Ni FeCo alloy, or a magnetic alloy having various types of

addi tive edepemtenadaeddiierakori1And A tdee ivangagnNbE | tneinstesed akain ivheh
nonmagnetic netal filmof Ta, Zr or the like to inprove an orientation. The
G\R head 2uhefpewer cdgiodi herts desgidased -abdy Iaa LIRS Wrs dtaf |date rygined
magnetic filmf % éhe magneti c shiel ding layers 12 13, 20. Therefore,
the surfack®r ug neds of the under |ayer (the

In Comparative Example 1 for comparison with the present
invehtion, the films up to the spin-valve GMR film 15 were formed
in the same manner excepting 'that the Ar gas pressure was changed
to 1.33 Pa to form the Fegyq_1Alg_ 2Sig 7 film by the RF magnetron
sputtering process.

Accordingly, the 'period of surface roughness of the under
layer of the spin-valve GMR film 15 was controlled by controlling
the film forming conditions such as the Ar gas pressure (see Table
1), heating of the substrate, impurity (O2) concentration in the
gas for forming the Fegq_ 1Alg_.2Sig_ 7 film.

In Example 1 and Comparative Example 1, the Fegyg 1Alg_ 2Sig 7
film was examined by X-ray diffraction method. As a résult, a
strong diffraction peak based on a (110) plane was found, thereby
the formation of a crystalline substance being confirmed.

A hard magnetic film 16 made of a CoPt alloy was formed on
both sides of the spin-valve GMR film 15 in its breadth direction,
and a pair of leads 17 made of Cu was further formed thereon. An

upper magnetic gap film 19 made of an A1,03 film was formed to cover
the pair of leads and the spin valve GMR film 15, and an upper
magnetic shielding layer 20 made of an Fegq _1Alg 2Sig 7 filmhaving
a thickness of 3.0 pm was formed on the upper magnetic gap film

19 to produce a shield type GMR head 21. - The same steps were



surface of the | ower magnetic gap fiFm14)
> 5 nminevitably. But, by extending the period of the surface roughness,
nanmely making the center period L larger than 70 nm an adverse effect of

t he surface roughness on the GWR film 15 can be reduced. Accordingly, the
soft magnetic characteristic of the GVR film15 can be prevented from being
deteriorated, and the interlayer couplinbﬁfield H n between the pinned

| ayer and the free | ayer of the GVR film 15 can be prevented from bei ng

i ncreased 88&fogmesk 1y Gompa raddgitnExemeilet Be | ower nagnetic shi el di ng

| ayer 13.- Since. the GWR filmd5 has oad ft,r etic cteristi.c and
anyappropri ate iIr?t S’lhleafé:repcsoﬁ%’lri ﬁ’&- . uézqui”fJ Fﬁg &@ﬂgggaéyﬂicé&ﬁ{ tar}ﬁaé’ 21 'ih .
embodi ment pean Have &t AR ARG A %@gaﬁlﬁa@aqt ethat Lgrs A0 ; Wq’ I se

hav .
can be suppresgé . "Thus, thé operation characferistics can roved. In

addi tion, mbasMRechdygavavhenC8Real 8Qebana s ome dydyy fexihendiwgs tHermed | od
of the surface roughness. In other words, the sensitivity of the GVWR head
21 can be Anpinyke swaspiind cbeenpiarreedsiremtdrgeabddimentyery beseping
described afterward, the effects of inproving the sensitivity can be

obt ai ned nEP¥eFgd & AeMorrRgehyandt ERf aYRIhealdint &f pbli DeeeP IS Heas

f h to 150 nm < L < 300 i ef, Description of the Drawi
g, 115 ASTRETRERG A A1 REANY Thacaiibet uhe gredr e ReRu EecHRaFng Lo

one enbodi %Qtly‘%fedt ?gri ?¥§8&E98ies, and the distribution curves were drawn

up in view of a spectrumdensity indicating an existence probability
with respect to the frequency (period L' of surface roughness) .
The obtained results are shown in Fig. 4. It is seen that
- Example 1 and Comparative Example 1 have a normal distribution curve.
The center period L of the surface roughness was determined from
Fig. 4 as a frequency at which the spectrum density becomes maxiinum,
namely a period L' of surface roughness. The center period L of
the surface foughness was 80 nm in Example 1 and 45 nm in Comparati§e
Example 1. And, the surface roughness Rpgx was 6.0 nm when
determined from the same measured range. By varying the conditions
for forming the Fegyg 1Alg, 2Sig_ 7 film, the period of the surface
roughness (center period L) can be controlled even when the surface
roughness Rpax is the same.
As to the shield type GMR head 21 in Example 1 and Cdmparative
Example 1 described above, an interlayer coupling field Hin- of the

spin-valve GMR film 15, a coercive force Hcp of the axis of hard

magnetization of a free layer, and an MR change ratio were
determined by measuring an R-H curve by a. four-terminal method.

As a result, the interlayer coupling field Hj, was 20 Oe in

Comparative Example 1, while it was improved to 11.5 Oe in E‘.xarhple

he GWR film15 becomes Rmax



Fig. 21s a sectional view show ng: “alexanple.’of . - 13 the GWR
filmapplied to the invention; Fig: 37%§:& sectional view show ng anot her
structural ‘exanple of the GWR filmapplied to the invention; Fig. 4 is a
graph. showi ng the results of analyzing a frequency of the surface roughness
of .an under layer in Exanple 1 of the invention; Fig. 5A and Fig. 5B are
conceptual diagrams showi ng the surfaceléoughness of the GVWR filmforned on
an under |ayer . g A | r di - he. ' At L QF
while Fi g o Oy tnReSRRh 0 a0 b Rt P B halHLe T s B n, ¢
a perspecti.y | | ty f 73! I |t hgad.
Descri pti or?%f%‘ﬁ\é\f%%},\%r e%h%n%olﬁedé{e? %&)@i f§i ‘gé g%r%lme?egf %“Eg ?ﬁ\e/eﬁtéi on
will be dessHdhgs watiorwier anseoved tivoracn@spary3ngsdr awi ngs. Exanple 1,
Conparative Exanple 1 As shown in Fig. 1, an Fe84 1Al 6.2Si 9.7 crystalline
soft magnetic filmhaving a thickness of 2.0 [err]mwas fornmed as a | ower
magnetic shielding layer 13 on an Al[err]Jerr] TiC substrate 11 with an
Al [err] O efanmses a%i"h’@dl %yer- 12 intervened between them A spi'n-valve

GMR heads were produced in the same way as in Example 1

excepting that the conditions for forming the Fegy_ jAlg_ 2Sig_7
film in Example 1 were varied so that the surface roughness Rpgx
of the lower magnetic gap film 14 was 10.0 nm and the center period
L of the roughness period was 180 nm (Example 2), and Rpax was 8.0
nm and L.was 450 nm (Example 3) .l The surface roughness Rpax and
the center period L were determined in the same way as in Example
1. |

The inte'rl_ayer coupling field Hjp, the coercive force Hgp of
the axis of hard magnetization of the free layer and the MR change
ratio of the GMR heads were determined in the same way as in Example
1. In Example 2, Hj, was 10.0 Oe and Hoh was 0.2 Oe, and in Example
3, Hip was 9.0 Oe and Hch was 0.2 Oe. And, the MR change ratio
in Example 2 was 4.0% which was larger than in Example 1.

Thus, sensitivify of the GMR head can be improved by
appropriately selecting the period of the surface roughness

(center period L)} of the under layer of the spin-valve GMR film.

Examples 4 through 18, Comparative Examples 2 through 6
GMR heads were produced in the same way as in Examples 1 through
3 and Comparative Example 1 excepting that the GMR films have the

structures as shown in Table 1. The surface roughness Rpayx and

the center period L were determined in the same way as in Example




13 with a

GWR film 15 was formed on the | ower - magt “shieldi'ng ‘| ayér. 13"
| oner magnetic gap film 14 made of:van A'lierf] J.err][ filmhaving a .

t hi ckness of 100 nm i ntervened between them The spin-valve GWR film 15
conprises Ta(5 nnm)/ N 80Fe20(7 nm/ Cu(-:3 nnm)/ N 80Fe20(7 nm) /Fe50Mh50 (10
nm... The spin-valve GWR film 15 was heat-treated appropriately. 14 The
Fe84.1 Al 62Si 9.7 filmwas fornmed by a nagﬁgtron sputtering process. RF

tteri ed h but DC_sputteri I b d.. And,
power - denaittySREsCRFAEUE ol 9 FAHRLING Fophiiien ATHIESR Bek ot L hand
i ncreased 1 Ntk d [ i S c e
e eased Sy BTpI AV AERCUSOR dad 2 IESL8BREve ModaP L oSE N MR8
present | NYenhiol nbBfieklLuRibA b {hEe ARlI1WREE GHR {he MRl LiflR frafTRd
in the sane manner excepting that the Ar gas pressure was changed to 1.33

Pa to formyehe RREAIAMREIN the iddmdwalynasRinmagaspblen1spurkersigained
process. Accordingly, the period of surface roughness of the under |ayer of

t he spi n- vaksalER and mhkemwas dartlreolll.ed by controlling the fil'm form ng
conditions such as the Ar gas pressure (see Table 11, heating of the
substrat e, inpuﬂﬁtVaGCF@Pﬁa)t%%#mﬁﬁnﬁ%nﬁkn$ﬁ raggd alloy film is effective

as the magnetic shielding layer even if its components vary to some
extent, and the same effects can be obtained even when Cr or the

like is added to improve a corrosion resistance.




gas for formng the Fe84l'Al16.2Si 9.7 fil'm In Exanple 1 and Conparative
Exanpl e 1, the Fe84.1A1 6.2Si 9.7 fil mwas exanmi ned by X-ray diffraction
net.hod....As a result, a strong diffraction peak based on a (110) plane was
found, thereby the formation of a crystalline substance being confirned. A
hard magnetic film 16 made of a CoPt alloy was formed on both sides of the
spin-valve GVR film 15 in its breadth direction, and a pai'r of |eads 17
made of Cu was further forned thereon. An upper nagnetic gap film 19 nmade
of an Alferr]Qerr] filmwas formed to cover the pair of |eads and the
spin valve GWR film 15, and an upper magnetic shielding | ayer 20 nmade of an
Fe84. A16.2Sig97 filmhaving a thicknegg of 3.0 pmwas forned on the upper
magnetic gap film19 to produce a shield type GWR head 21. The sane steps
wer e 15 perforned in Conparative Exanple 1. In the steps for producing
the shield type GW\R head 21 in Exanpf@Xe dnd Conparative Exanple 1, the
surface roughness was neasured by AFM when the | ower nmagnetic gap film 14

was formed. A single sweeping covers to neasure a range of 1 [err]m Every
sweepi ng fover ed | @emeveir ahgjent anfletonesiatspeaesnval Rmaef | Wl |swBegs ngs wad
determ nefl as the¢smeasur efeff@Sutitm The neas|patod P&t t 5(0apr efraaal lyaghashel pr
frequenci s, and|teheuigl Stfibution curves wefge @hnapn layer | ratio
condition {Ce) (%)
Ar
Pressure
(Pa)
Example 0.93 | Ta(5nm)/Ni8OFe20(7rm)/ 80 6.0{11.5{ 0.3 3.5
1 Qu(3nm) /Ni80Fe20 (7rm) /
Example 0.67 Fe50MnS50 (10rsn) 180 [10.0|10.0} 0.2 | 4.0
2
Example 0.27 : 450 8.0|.9.0} 0.2 3.2
3
Compara-— 1.33 45 6.0120.0] 2.0 3.0
Example
1 , _
Example 0.93 | Ta(5rm)/NiBOFe20{7mm)/ 90 7.0| 8.0 0.5 5.7
4 Co (1rm) /Ca{3nm) /Co(3rm) /
Example 0.67 FeS0MnS0 (10nm) 200 |10.7}11.0| 0.7 6.3
5 .
Example 0.27 370 8.3| 8.0} 0.4 5.5
6
Compara—- 1.33 50 7.0124.0 2.5 5.4
tive '
Example
2
Example 0.93 Ta (Srm) /Ni80Fe20 ( 6rm) / 75 7.9 7.0 0.7 6.2
7 Co90Fe10 (3nm) /Cu(3nm) / '
Example 0.67 Co90Fe10 (2rm) / 250 |10.0| 6.0} 0.5 7.2
8 Fe50MnS0 (15rm)
Example | 0.27 ' 390 7.0{10.0| 0.9 6.3
9
Compara- 1.33 ) 55 7.9/18.0] 3.0 6.0
tive
Example
3




up*in view of a spectrum density indicating an existence ‘probability with"
respect to the frequency (period L' of surface roughness). 'The obt ai ned
results are shown in Fig. 4. It is ‘seen that Exanple 1 and Conparative
Exanple 1 have a nornal distribution curve. The center period L of the
surface roughness was determned fromFig. 4 as a frequency at which the
spectrum density becones maxi num nanely a period L' of surface roughness.
The center period L of the surface roughness was 80 nmin Exanple 1 and 45
- nmin Conparative Exanple 1. And, the surface roughness Rmax was 6.0 nm
- when determned fromthe sane neasureqdfwme. By varying the conditions for
formng the Fe84 1AI6.2S19.7 film the period of the surface roughness
(center period L) can be contralled even when the surface roughness Rmax is

the sane. AT IR TNe SHTE T YOG (AR08 /2L T TodXprglss 3 gnd (CRmarg Ve
Eﬁﬁgpb:laegggérlb?d above G%B?ﬁ@@ﬁﬁlﬁgf%”ﬁﬁjp'i”9 field HII Ef Eke
= IV 11 fllInJ.;) aAa I LTl I ] Al .U

magnet i zat”[",:z(()aﬁaoef a fraé | 41§°e‘?’3‘“9é‘ﬁ§" aﬁ(@ changéeo r aﬁ '?(V\/I;Or'tg debt'gr"m' ned by
measur i ngrar—R-Hreurve—by{a four-term nal npthet+As—a—+estHH—the
interl ayef 2885 iing %P8l d|H n was 20 Ce in Cofpar ht'ide Exganloe';l, vihif e] i t
was inmprojsdl-to 11.5 Ce i Exanple 16 1. FAnd—the cloerciive forlce Hchl of
the axis pfpard|nadnéti zation 53 | 6.5 118.0f 2.7 | 6.2

tive

Example 4 1 .

Example 0.93 Co872x5.5M07 .5 (10nm) / 80 8.0115.0| 0.2 7.2

13 Ni80Fe20 (2nm) /

Example 0.67 Co90Fel0(3nm) /Cu(3rm)/ | 190 |11.4| 2.4 0.3 8.1

14 Co90Fel0 (2nm) /

Example 0.27 Ir25Mn75 (6nm) 420 7.31 1.5} 0.2 7.4

15

Compara- 1.33 35 8.0| 3.5 3.2 7.0

tive

Example

5 .

Example 0.93 CoB872r5.5Mb7. 5 (10mm) / 80 6.0 1.9] 0.2 6.8

16 Ni80Fe20 (2rm) /

Exanple 0.67 | CoS0Fel0{3mm)/Cu(3m)/ 210 {12.0{ 3.6 0.2 7.6

17 _ Co90Fe10 (2rm) /

Example 0.27 FeS0MnS50 (15rm) "390 7.5] 3.3 0.1 7.0

18 ] _ _

Compara- 1.33 40 6.01{19.0{ 2.3 6.5

tive

Example

6

Example 19, Comparative Example 7

As shown in Fig. 1, NiggFepq crystalline soft magnetic film’

having a thickness of 2.0 pmwas formed as a lower magnetic shielding

layer 13 on an BAlp03- TiC substrate 11 with an Aly03 insulating
layer 12 intervened between them. A spin-valve GMR film 15 was

formed on the lower magnetic shielding 1-a-yér 13 with a lower

magnetic gap film 14 made of an Alp03 film having a thickness of

100 nm intervened between them. The spin-valve GMR film 15 was



of "t he free | ayer was inproved fro 6..3 Ce. And' the MR change ratio
was inproved from3.0%to 3.5% Exanples:2 nd 3 GVR heads- - were produced in
the same way as in Exanple 1 excepting that the conditions for form.ng the
Fe84 1AI6 2Si9.7 filmin Exanple 1 were varied so that the surface
roughness Rmax of the | ower magnetic gap film 14 was 10.0 nm and the center
period L of the roughness period was 380 nm (Exanple 2), and Rmax was 8.0
nm and L was 450 nm (Exanple 3). The surface roughness Rmax and the center
peri od L weomstéterefingd thet hamsaweyway b Exen®dangl-e 1. The interlayer

A T T e
tore deter 0L AEfl Dol NG SAE Y DR U kol EYOTBY Qo s
0.2 Ce. A ' ] Y% '

0120 0t DEC MR SIANAS £ QoL EAFEBLE: PSS 606 Which ot g

appropri atebyfsahetié Nt Inhe pepeedoaf cihees Unfcaea sedughar sehdrt aleebow@d od
L) of the under |ayer of the spin-valve GWR film Exanples 4 through 18, -
Conpar at i véeEsahpl e d2ateamegh 6AGMR S eads sneeey s citcathingdt be Gtk Paay as
i n Exanples 1 through 3 and Conparative Exanple 1 excepting that the GWR
films have the §RrteTRREStA¥CSREAMPLR TabP L . comparsish M4&8 £H8gRAESEMRax

and the ceqter, PELh Ot ke Y5 I5HCLT 168 2oL 051 SR B 18015 L RP T e

in the same manner excepting that the Ar gas pressure was changed

to 1.33 Pa to form the NiggFepg £ilm by the RF magnetron sputtering
process.
Thus, a period of surface roughness of the under layer of the

" spin-valve GMR film 15 was controlled by controlling the film
forming conditions of the NngFezo film. In Example 19 and

Comparative Example 7, the NiggFepq film was examined by X-ray
diffraction. A strong diffraction peak based on a (111) plane was
found. Thus, -the formation of a crystalline substance Qas
confirmed. |

A hard magnetic film 16 made of a CoPt alloy was formed on
both sides of the spin-valve GMR film 15 in its breadth direction,
and a pair of leads 17 made of Cu were further formed thereon. An
upper magnetic gap film 19 made of an Al1903 film was formed to cover
the pair of leads 17 and the spin valvé GMR film 15, and an upper
magnetic shielding layer 20 made of an NiggFepg film having a
thickness of 3.0 um was formed on the upper magnetic gap film 19
to produce a shield type GMR head 21. The same steps were performed
in Comparative Example 7.

In the steps for producing the shield type GMR head 21 in




17+1, and the interlayer coupling field FHn between a free layer and a
pi nned | ayer of the GWR head, the. coercive force Hch of the axis of hard
magneti zation of the free layer, and the MR change ratio were detern ned
the sane way as in Exanple 1. The obtained results are shown in Table 1.
was found that an Fe-Al -Si based alloy filmis effective as the magnetic
shiel ding | ayer even if its conponents dlary to some extent, and the sanme

ffect b bt ai ned even when.Cr gor the Ijke.is added to i nprove a
Corrosion FESMEEndd and tenpaprbiyerbxafels 7. dhsslrari fredintanats
Center - (R%éas}j'&%)d bf}}r_‘gxlg‘bdotihgh@ﬁfglél F&wer magr?étfiecmga%' k[ﬂm 14 was formed.

peri od orm ng

(nm aAnd, the sudfay® rouglinie@sCcBpdit bad the center period L of the
(Ce) (%9 Ar Pressure (Pa) _

roughness period were determined in the same way as in Example 1.

As a result, the center period L was 75 nm and Rpzx was 5.5 nm in
Example 19, and the center period L was 50 nm and Ryzx was 6.5 nm
in Comparative Example 7. Thus, a period (center period L) of
surface roughness can.be controlled by varying the conditions for
forming the Ni30Fe20 film. |

As to the shield type GMR head 21 in Example 19 and Comparative
Example 7, ‘the interlayer coupling field Hi,, between the free layer
and the pinned layer of the spin-valve GMR film 15, the coercive
force Heop of the axis of hard magnetization of the free layer and
the MR change ratio were determined in the same way as in Example
1. As a result, the interlayer coupling field Hin was 22 Oe in
Comparative Example 7, while it was improved to 11.5 Oe in EXamplé
19. And, the coercive force Hcp of the axis of hard magnetization
of the free layer was improved from 2.5 Oe to 0.3 Oe. And the MR

change ratio was improved from 2.9% to 3.3%.

Examples 20, 21

GMR heads were produced in the same way as in Example 19
excepting that the conditions for forming the NiggFepg film in
Example 19 were varied so that the surface roughness Rpgx of the
lower magnetic gap film 14 was 9.5 nm and the center period L of

the roughness period was 175 nm (Example 20), and Rpax was 8.5 nm

and the center period L was 480 nm (Example 21). The surface

roughness Rypax and the center period L were determined in the same

3



Exdnpl e

0.93 Ta(5nn') |/ Ni 80Fe20 (- 80 6.0 115 0.3

3. 51 - : Cu( 3nm)/ Ni.80Fe20(7nm). / Exanple . 0. 67
Fe50Wn50( 10m : ' 180 ~ 10.0 10. O 0.2 4.0 2 Exanple
0.27 . : _ , ' 450 8.0 .9.0 0.2 ~ 3.2 3
Conpar a- 1.33 45 6.0 20.0 2.0
3.0 ti ve Exarrpl e Exarrpl e 0.93 T4 5nm) / Ni 80Fe20( 7nn) / 90
7.0 Co(1nm)/ Cu (3nm/ Co(3nm/
Exanp o O wayjagin Ex a"%o]l\%éO( 10nm) 200  10.7 11.0 0.7
5 Exanple The @nZérlayer coupllng field Hj between tBéOfree layer3and8. 0
0 4 5.5 6 Conpara- 50
7.0 24.0 the pinned jayey vvef EklénﬁMB QeEQan‘f)lP% coerCJOfegiorce Heh of the
Ta(5nm) / Ni 80Fe20( 6nmn) / 75 6.2 7
Co90Fe10( 3%#809%:«11%@} megagpLeation qf tb? freeda@n#éf@ézﬁm MR change ratl°25o
éga(r)rpl e6 0of 6?\e2gMR heads7wer2e 8determ1ned in the sag%wggoaltvgiloxb(zl 0
9 6.

3 $xample 20, the interlayer coupllng field Hj, was 9.5 Oe and

the coercive force Hcp was 0.2 Oe, and in Example 21, Hijp was 9.0

Oe and Hch was 0.2 Oe. And, the MR change ratio in Example 20 was

3.8% which was larger than in Example 19. Thus, sensitivity of
the GMR head can be improved by appropriately selecting the period
of the surface roughness (center period L) of the under layer of

the spin-valve GMR film even when the NigpFepp £ilm is used as the

magnetic shielding layer.

Examples 22 through 36, Comparative Examples 8 through 12

GMR heads were produced in the same way as in Examples 19
through 21 and Comparative Example 7 excepting that the GMR fiims
were constituted as shown in Table 2. The surface roughnéss Rmax
and the center period L were determined in the same way as in Example
1. And, the interlayer coupling field Hj, between the free layer
and the pin layer of the GMR head, the coercive force Hcp of the
axis of hard magnetization of the free layer and the MR change ratio
were determined in the same way as in Exarﬁple 1. The results

obtained are shown in Table 2.




Conpara: 1.33

19 Exanple -

6.0 tive Exanple 3 ) L0793 Ta (5nrr) /N| 80Fe20 (6nrr) /
100 . 6.5 9.0 0.6 6.4 10 -7 Co90Fel10 (3nm) "/ Cu
(3nm /- Exanpl e 0. 67 Co(2nm /Ir 25|\/h75( 6nm 220 11.0 10.0
0.6. 7.0 Exanple 0. 27 410 7.0
6.0 0.4 6.6 12 Conpar a- 1.23
53 6.5 18.0 2.7 6 2 t| ve 1E>§§npl2e 4 Exanpl e 0. 93
Co87Zr 5. 5Nb7. 5(10nmn) / 7.2 13
Ni 80Fe20 (2nm/ Exanple 0. 67 Co90Fe10 (3nn) /[Cu (3nm/ 190
11.4 2.4___ 0.3 3.1 14 90FEe10 (2nm / Exanple
0.27 r 25Mn74M8BoFe20 | Giant .magnetd@@istancg :aCentar, bRmax0) | Hin | Hch of7| MR 15
Conpar a- 1. 3Fiim effect film peri@b| (nm)8./Qce) 3.Bee 3| change
7.0 tive Exanpl e | gorming L (rm) layer | ratio
condition (Ce) (%)
o :
Pressure
(Pa)
Example 0.80 Ta (5nm) /Ni80Fe20 (7rm) / 75 5.5 |11.6 0.3 3.3
19 Cu(3nm) /Ni80Fe20 (7rm) /
Example 0.40 Fe50MnS0 (10nm) 175 8.5 8.5 0.2 3.8
20 '
Example 0.13 480 | 8.5 | 9.0 0.2 3.4
21 '
Compara-— 1.33 50 6.5 | 22.0 2.5 2.9
tive '
Example
-
Example 0.80 Ta (5nm) /Ni80Fe20 (7rm) / 85 6.5 1 7.5 0.5 5.6
22 Co(1rm) /Cu{3rm) /Co(3nm) /
Example 0.40 FeS0Mn50 (10nm) 1590 9.0 {10.0 0.5 6.2
23
Example 0.13 ' 390 8.4 | 9.0 0.4 5.6
24
Compara- 1.33 55 | 7.3 {24.0] 2.5 5.6
tive
Example
8
Exanmple 0.80 Ta (5rm) /Ni80Fe20 (6rm) / 80 8.0 7.5 0.7 6.1
25 Co90Fel0 (3nm) /Cu (3nm) /
Example 0.40 Co90Fe10 (2rm) / 220 10.5 6.0 0.5 7.3
26 _ Fe50Mn50 (15mn)
Example 0.13 410 7.0{11.0! 0.9 6.3
27
Campara-— 1.33 50 7.8 }117.5 2.8 6.0
tive
Example
9




5 iExarrﬁT e

0.93  C087Zi 5. 5Nb7: 5( 10

6.8 16 . - - -Ni-'80Fe20:(2nn). F-Exanpl e . 67
Co90Fe10(3nm / Cu(3nm/ 210 12.0 3. 6 0.2 7. 6 17
Co90Fel0 (2nm / Exanple 0. 27 Fe50Mn50 (15nm 390
7.5 3.3 0.1 7.0 18 conpar a- 1.33°
40 6.0 19.0 2.3 ° 6.5 tive anple 6 Exanple 19, Conparative
Exanple 7 As shown in Fig. 1, N 80Fe20 crystalline soft magnetic film
having a thickness of 2.0 [err]mwas forned as a | ower nagneti c shiel di ng
| ayer 13 ¢mxapldl [ er o] &) er f fa(skiy@vmoieteatle 11 wpo h |ams.AL2@35i nsulsat | ng. 4
| ayer 12 ifpgervened betweelciddgdo (DmSRh3al VE GWR flil m 15 was} formef on
t he | ower I'iC SR g di hg, ' alo magnetli a idm I
lr)nalfle of ?ITZ gir] d] éﬁ] | %(ﬁggzﬁgﬂ?ﬁrﬂi ckhe?@ofq%ég_ n%'gi ﬁ_tde'rdvsne
et ween e—Therspin—yatye Il m was 20—genstHtutetd—+—t+he—sane
way as in|BX3mFe 1#brh3Ex1ane 19, the Ni80F9266§iln§;gs #b?qedjﬁ& h 63
magnet r on |30 | _ d

Compara- 1.33 45 6.0{17.0| 2.6 6.0

tive '

Exanple

10

Example 0.80 Co872x5.5N07.5 (10rm) / 85 8.5[16.0| 0.2 7.3

31 Ni80Fe20 (2rm) /

Exanple 0.40 Co90Fel0 (3nm) /Cu(3nm) / 205 i2.04 3.0 0.3 8.0

32 Co90Fel0 (2rm) /

Example 0.13 Ir25Mn75 (6nm) 430 7.41 1.5 0.3 7.5

33

Compara- 1.33 40 8.21 4.0 3.5 7.0

tive

Example

11

Example 0.80 CoB72r5.5Nb7.5 (10rm) / 15 5.7 1.6 0.2 6.6

34 Ni80Fe20 (2rm) /

Example 0.40 Co%0Fel0 (3nm) /Cu(3nm) / 205 11.5] 3.5 0.1 7.4

35 Co90Fel0 (2rm) /

Example 0.13 FeSOMNS0 (15nm) 380 7.2 3.0 0.1 6.8

36 _

Compara- 1.33 45 5.8 |18.0 2.1 6.4

tive

Example

112

It is apparent from Table 1 and Table 2 that the center period
L of the under layer of the spin-valve GMR film is preferably
determined to be 150 nm < L < 300 nm in order to improve the MR
change ratio too.

As described above, the magnetoresistance effect head of the
invention can improve the film characteriétics such as the soft

magnetic characteristics and the interlayer coupling field of a




sputterlng process. Although DC sput er
al so be used. Apowerdensitywas fixed to, 1. .VVcn{err] to formthe film A
peri od can be increased even when the pomer -density is decreased. Ar gas
pressure was determined to 0.80 Pa. In Conparative Exanple 7 to be conpared
wi'th the present invention, the filns gg to the spin-valve GWR film 15 were
farmed in the sanme manner excepting th the Ar gas pressure was changed to .

1.33 Pa to formthe N 80Fe20 film b t he . gnetrolg S utt r| n J,tr)[ir]‘é)ress.
Thus, a periagt 6*?9§@ltpéf@§lrsc‘}@d1ﬁ?e§§ BFTt "hﬁ& ISR %f

GWR film 15 was con trolled b 0 | I t f

the N 80Fe12?d’€f'7|’?ﬁ P anprEsSelhnie calBs BhobetE L e“%ﬁ?fﬁﬁ A HR0
filmwas exarng di fffgact {Jr@Rd stliahteachhAfe PEAK @a@&d on
a (111) pI ane was ?%u‘#ldﬁg%ﬁ A e%‘%]r?eﬁ%%oe} of a crystall anesu%s%ance was
confirmed.;Asdhasé fmﬁgﬁ@pég,f |A¢ad16dma@tey,of11a {oRiosadilldye was praviieid an bot h
sides of the spin-valve GWR film15 in its breadth direction, and a pair of
| eads 17 nmdmefofsiwtentar ehfectohaad eheﬁééhngAwnﬂﬁﬁ#atﬁﬂﬂmﬁﬁ% gap film
19 made of an A1203 filmwas fornmed to cover the pair of |eads 17 and the
spin val veedR tivhta5characharippéFSmgneti c shiel ding | ayer 20 made of an
Ni 80Fe20 fil m having a thickness of 3.0 pmwas fornmed on the upper nagnetic
gap film19 to produce a shield type GWhead 21. The sane steps were:
performed in Conparative Exanple 7.

s enpl oyed, RE sputt 'eri‘n'g"‘é'an'



In*the steps for produ0|ng the shleld type GWR- head 21 n
and Conparative Exanple 7, the surface roughhess was nmeasured by AFM when
the | ower nagnetic gap film 14 was forned. And, the surface roughness Rmax
and the center -period L of 'the roughness peri od wer e d\eg m me
way as in Exanple 1. As a result, the center period L mw m-‘mwl F
was 5.5 nmin Exanple 19, and the center pfiod L was 50 nmfand RYax® was
6.5 nmin ConparatigieAlanple 7. Thus, a period (center period L) of
surface roughness can be controll ed by varying the conditions for form ng
the Ni80Fe20 fiim Mé@é%%&&%éé’@f% head %emhelgxﬂgpée ignend
Conparative Exanple 7 he interlayer coupling field H n be mee% tﬂe free

| ayer and gidwndtsresli s axtee @ff fiche spim; uaaier 6RebdkbolSupp headAliedttd c
force Hch of the axis of hard nagnetization of the free |ayer and the MR
change r atdwrmemte mteengmedtimaqﬁet@mmi&mn%eifﬁeékarqﬂé andAspperegd t
the interlayer coupling field H n_was 22 in Conparative Exanple 7, while
it was i npkRETegnetis %kl?hdex%ﬁwerfgna%efétﬁéye%%#%s%?@e%w

Lo 0.3 QoL i DHLORREERARGES T ) i oF R ol s TBoREE o 5O5% S e

20, 21 therebetween with a magnetic gap film intervened, wherein:

the surface of an under layer in contact with the giant
magnetoresistance effect film has a center period L of the surface

roughness of more than 70 nm.

2. The magnetoresistance effect head as set forth in claim
1, wherein the center period-L of the surface roughness is a value

satisfying 150 nm < L < 300 nm.

3. The magnetoresistance effect head as set forth in claim
1, wherein the crystalline soft magnetic £ilm is made of an Fe-A1-Si

based alloy.

4. The magnetoresistance effect head as set forth in claim
1, wherein the crystalline soft magnetic film is made of an NiFe

alloy.

5. The magnetoresistance effect head as set forth in claim
1, wherein the giant magnetoresistance effect film is a sandwich
film formed of a ferromagnetic film, a nonmagnetic film, and a

ferromagnetic film.

21 Exarrpl e 19



GVR hedds were pr oduced in the sare’ nay: as: “xanmpl e 19 excepting that the
conditions for forming the Ni80Fe20 fillmin Exarrple 19 were varied so that
the surface roughness Rmax of the |ower magnetic “u Hu Im 5 nm and
the center period L of the roughness period was 1%'1 “Il mf ), and
Rmax was 8.5 nmand the center period L_was 480 nm*( Exanpl € 2F). * The
surface roughness Rrax and the center Béri od L were determned in the sane

22 way as in Exanpl, e%ha%rbeet@ﬁ @Xﬁé%%dwﬂeBheég o Datesn &msﬁnr ee

| ayer and the pi nne ead, the coercive force Hch of the
axi s of hard MRgrati 2ald A Fhdded nee hager aagerhefMhehgigetratio of the
GWVR heads Wwere determined in the same way as in Exanple 1. In Exanple 20,

t he int er hagere tongsiistgnideckd feich faimonds G SaFdacRer e¥eRReYe Fwnc®THEA was
0.2 Ce, and in Exanple 21, Hn was 9.0 Ce and Hch was 0.2 OCe. And, the MR
change ranimo dm el e 20 was 3. 8% which was |arger than in Exarrpl e 19.
Thus, sensitivity of the GWR head can be inproved by appropriately
selectlng the period of the surface roughness (center period L) of the

under l-ayer of fhe, g}gdl nég{at\{gr% g@%a@c;sl\gggﬁggptﬁl ifmcisiwsed

as the magneti c ‘shi aye 2 t hrough 36, Conparative
Exanpl es & t RpUinldhe surface of the under layer of the giant

magnetoresistance effect film has a surface roughness Ryax of over

5 nm.



GNR heads wer e produced in the sane way as in Exanples 19 through 21 and
Cbnparatlve Exanpl e 7 excepting that-the GVR films were constituted as
~shown in Table 2. The surface roughness Rmax and the center period L were
determned in the sane way as in Exanple 1. And, the interlayer coupling
field Hn between the free layer and the pign | ayer of the GWR head, the
coercive force Hch of the axis of hard magnetization of the free | ayer and
the MR change ratio were de#86FRAE&d in the sane way as in Exanple 1. The

results obtained are shown in Table 2. 23 Table 2 Ni 80Fe20 G ant
nmagnet or esi st anc MAGEETORE S IBRTANCEHERFECHCERQD MR film effect film
period (nm (Ce) free change form ng L

(nm ma r?é’t% { érpc Wk ddiOhead compris '

(G)  (w A B AR aey ST iR Copprdess & §98Mo( 7nm /

75 5.5 majg]neﬁzoré)sl%tance ef@e@t]ﬁlm, a pair of leads to%g{@l’!mm/éﬂle%QEQ@

(7nm/ Exanple 0.40 Fe50Mh50( 10nm)

0.2 A& et to the giant magnetoresistance effect head, and upper and
lower magnetic shielding layers made of a crystalline soft magnetic
film and disposed to hold the giant magnetoresistance effect film
therebetween with a magnetic gap film intervened, wherein the
surface roughness of an under layer of the giant magnetoresistance

effect film is determined so that a center period L of the surface

roughness satisfies L > 70 nm.
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24 Exarple  0.80  Ta(5nm))/Ni80Fe20(6nm/ 90 6.3 8.5 0.5

6.4 28 : - Co90Fel0 (3nm. /Cu (3nm/ Exanple . 0.40
Co(2nm) /1 r 25Mn75(6nm 210 10.0 9.0 0.6 6.8 29 Exanple 0.13
400 6.8 5.8 0.4 6.9 30 Conpara- 1.33
45 6.0 17.0 2.6 6.0 tive Exanple 10 Exanpl e 0. 80
Co87Zr5. 5Nb7. 5(10nm / 85 8.5 16.0 0.2 7.3 31
Ni 80Fe20(2nm/ Exanpl e 0. 40 Co9UFHAL0(3nm) / Cu (3nm)/ 205 12.0
3.0 0.3 8.0 32 Co90Fel0(2nm/ Exanpl e 0. 13
| r 25Mn75(6nm 430 7.4 1.5 0.3 7.5 33 Conpar a- 1.33
40 8.2 4.0 3.5 7.0 tive Exanple 11 Exanple . 0.80
Co87Zr5. 5No7. 5(10nm) / 75 . 5.7 1.6 0.2 6.6 34
Ni 80Fe20(2nm)/ 8
o
T 100
s Ll
(o) pd
< Q %
i 1€ =
1 Q
i x
. Ll
— . O —
P ] ES
3
o~ .
~ L
O
— - Q
N 1S
1 @
< 1 W
g a
Eﬁ -
_1
=
1 1 1 ! ! I _
~ © 0 < Mm . - O

ALISN3d WNH123dS”

FIG. 4



Exanple 0. 40 C090F610(3nn')/Cu(3nn’)- 205 11.5 3.5 0.1 - 7.4
35 Co90Fel0(2nnm) )/ Exanple ... 0.13 Fe50Mh50( 15nm)

380 7.2 3.0 0.1 6.8 36 Conpar a- 1.33

45 5.8 18.0 2.1 6.4 tive Exanple 12 It is apparent from Table 1
and Table 2 that the center period L of the under |ayer of the spin-valve
GWR filmis preferably determned to be 150 nm< L < 300 nmin order to
improve the MR change ratio too. As dgggribed above, the magnetoresistance
effect head of the invention can inprove the filmcharacteristics such as
the soft magnetic characteristiccs and the interlayer coupling field of a
25 gi ant magnetoresi stance effect filmeven on the nmagnetic shielding |ayer
made of a crystalline soft magnetic film having a | arge surface roughness.

And, the nagnetoresi stance change ratio can ingly,
it is possible to provide a nagnetoresistanczégq$ggpdHggngggeﬁﬁﬁﬂgﬁ

oper ation and SG[LSI tivi ty characteri it Iét?onm)

MAGNETIZATION

FIG. SA

Rmax L (50nm) I5(SPIN-VALVE FILM)

MAGNETIZATION

FIG. 5B



26 CLAIMS 1. A mmgnetoresistance effect head conprising a giant

magnet or esi st anceeffect film a pair of 1-€ads to supply an eltectric current
to the giant magnetoresi stance effect head, and upper and | ower magnetic
shielding layers made of a crystalline soft nmagnetic filmand di sposed to
hol d the gi ant magnetoresi stance effect filmtherebetween with a magnetic
gap filmintervened, wherein: the surface of an under layer in contact with
t he gi ant nagnetoresi stance effect filmhas a center period L of the
surface roughness of nore than 70 nm 2. The nagnetoresi stance effect head
as set forth in claim1, wherein the4¢dnter period L of the surface
roughness is a value satisfying 150 nm< L < 300 nm 3. The
magnet or esi stance effect head as set forth in claim1, wherein the
crystalline soft magnetic filmis nade of an Fe-Al -Si based alloy. 4. The
magnet or esi stance effect head as set forth in claim1, wherein the
crystalline soft magnetic filmis made of an NiFe alloy. 5. The
magnet or esi stance effect head as set forth in claim1l, wherein the giant
magnet or esi stance effect filmis a sandw ch




filmformed of a ferromagnetic film a nonmagnetic film and a
ferromagnetic film 27 6. The magnetoresistance effect head as set forth
in claim1, wherein the surface of the under layer of the giant

magnet or esi stance effect filmhas a surface roughness Rmax of 50 nm or

| ess. 7. The magnetoresi stance effect hgad as set forth in claim6, wherein
the surface of the under |ayer of the giant nagnetoresistance effect film
has a surface roughness RMXT®AChver 5 nm

MAGNETORESISTANCE EFFECT HEAD

A magnetoresistance efféct head comprises a giant
magnetoresisfanceeffectfihm a pair of leads to supply anelectric
current to the giant magnetcresistance effect head, and upper and
lowernmgneticshieldinglayersmadeofa<nqmtallinesoftmagnetic
film and disposed to hold the giant magnetoresistance effect film
therebetween with a magnetic gap film intervened, wherein the
surface roughness of an under layer of the giant magnetoresistance
effect film is determined so that a center period L of the surface

roughness satisfies L > 70 nm.

FIGURE 1
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