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MAGNETO-RESISTANCE EFFECT. ELEMENT AND MAGNETIC HEAD

.Bagkgrgund of the Inﬁehtign

1. Field of thé-Invention

fhe present iqvention relates to a magneto-resistance’
effect eiément having a §pin valvé film and a magnetic'head
uéing fhereof. J |
2.  Description of the Related Art

Résponding to a fécent trend towards down-sizing and
high capacity of a magnetic recording medium, an éxpectation
for a magnetic head (MR head) taking advantage of magneto— |
resistance effect (MR) which enable to extract a large output
is growihg high. An MR head has a magneto—resistancé effect
element (MR element) taking advantage of a magneto-resistance
effect film. |

In a conventioﬁal magneto-resistance effect film, a
ferroﬁagnetic material such as a Ni-Fe alloy and the like
which shows an anisotropic magneto-resistance effect (AMR)
has been used. However, since a magneto-resistance chénge
rate (MR change rate) of an AMR film is at most only aboﬁt 3%,
it is insufficient for a down-sized/high capacity magnetic
recording mediumn. fherefore, a magneto-resistance effect
film showing much high sensitivity in the magneto-resistance
effect is demanded.

Responding to such a demand, a multi-layer film su;h as
an Fe/Cr or a Co/Cu in which a ferromagnetic metal film and a
non-magnetic metal film are alternately stacked under a

certain condition and the neighboring ferromagnetic metal
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films are.coupled anti-ferromagnetically, namely a so-called
artificial lattice film, is ascertained to show a giant
magneto-resistance effect. In an artificial lattice film, an

MR change rate at most exceeding 100% is reported(refer to

Phys.: Rev. Lett., Vol.6l, 2474(1988), Phys. Rev. Lett.,

.‘Vol.64, 2304(1990)). However, -since the artificial lattice

film is high in its saturation magnetization, it is not
suitable -for an MR head. |

On the contrary, in a magnetic multi-layer film of a
sandwich structure of a ferromagnetic layer/a non-magnetlc
layer/a ferromagnetic layer, even when the ferromagnetic
layers do not form antl—ferromagnetlc coupling, there is

reported an example that materialized a large magneto-

. resistance effect. That is, while, in one ferromagnetic

layer among those which are interposed by the non-magnetic
layer, an exchange bias is exerted to pin down magnetization,
the other ferromagnetic layer is reversed in its
magnetization through an external magnetic field. Thereby
changing a relative angle between directions of the
magnetization of two ferromagnetic layers disposed being
interposed by the non-magnetic layer, a large magneto-
resistance effect can be obtained.

Such a type of multi-layer film is called as a spin
valve film(refer to Phys. Rev. B., Vol.45, 806(1992), J. Appl.
Phys., Vol.69, 4774(1991) and the like). Although the change
rate of the MR of a spin valve film is not so large as that
of an artificial lattice film, but it reaches about 10% and

is enough large when compared with a conventional AMR film.
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Further, a spin valve fllm can be saturated in its
magnetlzatlon at a low magnetlc field, therefore adequate for
an MR head;”fIn an MR head’ whlch-uses=suchha:sp1n~valve-fllm,
a large expectatlon 1s mounted from a. practlcal p01nt of view.

Now, when an MR element is utlllzed, for example, in-a

' 'magnetlc head, it is known that magnetostrlctlon constant of

an MR film should be ‘made as small as posslhle. That is,
when'the~nagnetostriction constant is large, due to stress

Qurinﬁ head processing or thermal distribution or temperature

variation during operation, Barkhausen noise, popcorn noise,

snapcrackle noise can occur. Therefore, magnetostriction
constant of a spin valve film is preferred to be 1X10°¢ or
less.

A spin valve film is also being discussed to be applied
in a magnetic recording device such as a magneto-resistance
effect memory(MRAM). Even in an MRAM which uses a spin valve
film, Barkhausen noise occurs when the magnetostriction
constant is large. -This causes an error during playback.
Therefore, the magnetostriction constant of a spin valve film
is preferable to be set at 1X107° or less.

Besides, it is desirable to employ a material as large
as possible in its MR change rate in a spin valve film. A
spin valve film utilizing a ferromagnetic material containing
Co is known to have a large MR chanée rate. However, the
magnetostriction constant of a Co based magnetic alloy is
almost without fail around 1X10™® and it is said that the
magnetostriction constant is difficult to be reduced below 1

X10™® with the Co based magnetic alloy only. Although, by



adding a small q&antity df elementete"a Co based magnetic

‘: alloy; the magnetostriction constant_can be reduced, such
addltlon of a small quantlty of element 1nduces a’ decrease of
| ts MR change rate. - |

When an MR element is employed in a magnetlc head to '
ulmprove sen51t1v1ty of a magnetlc head, anlsotroplc magnetlc.
-field H, and coercive force H; of an MR film are preferable_
to be small. When H¢ and H¢ ef an MR film are small, a larger
output can’be obtained at low magnetic field, and an MR -head
!can be improved in its sensitivity. -However, both of Hy and
H, of a Co based.magnetic alloy are 10 Oe or more in almost
case without fail. Therefore, in a spin valve film utilizing
a Co based magnetic alloy, coexistence of a large MR change
rate and an excellent soft magnetic-property can be
materialized only with difficulty.

Further, upon imbroving sensitivity of an MR head, a
spin valve film is required to be increased in its MR change
rate. However, only with control of constitutional material
or its composition of a spin valve film, further increase of

its MR change rate is considered to be very difficult.

Summary of the Invention
Therefore, an objective of the present invention is to
provide, while maintaining a large MR change rate of a spin
valve film, a magneto-resistance effect element which enables
to satisfy the magnetostriction constant of, fer example, 1X
10"® or less. Another objective of the present invention is

to provide a magneto-resistance effect element comprising a



spih'valfe-ffim which conc&rrén;ly“saéisfies a large MR

" change rate and an excellent soft magnetic property. Still
ariother objéctive of tﬁélﬁreseﬁf iﬁ%éntién'isifﬁ'ﬁfovide a 1
magneté—reéistancé effect elemeﬁg-fﬁrﬁhef improved in it§§Mﬁg
chahge_ratefbf a spin valve fiim.'wIn éd@ition; it ié still
aﬁ;ther.ébjeétive té prévide ammagnégié héad combéisihg.éuqh'
a magneto-resistance effect element.

A még#eto—iesistance éffect'element of the present
invention comprises a spin valve film including a first
magnetic layer, a second magnetic layer, and a non—mégnetic
layer interposed between the first and the second magnetic
layer, and a pair of electrodes which supply a sense éurrent
to the spin valve film, wherein at least one magnetic layer
of the first and the second magnetic layer is characterized
in that the close;packed faces of crystal grains which
constitute the magnetic layer are isotropically dispersed.

Another magneto-resistance effect element of the
présent invention comprises a spin valve film including a

first magnetic layer, a second magnetic layer, a non-
magnetic layer being interposed between the first magnetic
.layer and the second magnetic layer, and an under layer
which possesses a crystal structure identical as that of the
first magnetic layer and on the surface of which the first
magnetic layer is formed, wherein-a spin valve film is
provided with an under layer of a thickness of é.Onm or less,
and a pair of electrodes which supply a sense current to the
spin valve film. |

A magnetic head of the present invention is



;ﬁcharacteriéed in comprising é;io&e£f§ide magnetic shield
igyer; an above described magngtg-résiétanqe effﬁgt e}ement
of “the present inventioﬁ-formed“thétedn through a lower side
reprodu01ng magnetlc gap, and an upper- 51de magnetic shleld
.layer formed on the magneto—re51stance effect element: through
an uppgr s1de reproduc1ng magnetic gap; .

In the present invention, for at least one magnétici”
layer of.a first and a second magnetic layer(a spin val%e
magnetic layer), a magnetic layer of which close-packed faces
of the crystal grains are isotropically dispersed is employed.
Here, a state where the close-packed faces of the crystal
grains are isotropically dispersed is a state where, as shown
in Fig.1l, the close-packed face CF of each crystal grain
(grain) Gl, G2, G3 -* which constitutes a magnetic layer M
forms.various angles with respect to a surface of the
substrate S respectively, and this magnetic layer M can be
said to be in no particular orientation state. In other
words, at least one magnetic layer among'the first and the
second magnetic layer is. a magnetic layer in which each
crystal grain is provided with fluctuation in its orientation
tendency(direction of orientation).

The magnitude of the magnetostriction constant of a
magnetic material depends on its crystalline direction and
its sign also varies in either of plus or minus. .In such a
material system, by giving a fluctuation in its direction of
orientation of each crystal grain, each magnetostriction can
be cancelled each other by different magnetostriction due to

crystalline orientation. Thereby, a spin valve magnetic



" layer as a whole can be reduced_inﬂits magnetostriction
constant. | |

For example, in a spin valve fiiﬁ which utilizeé a Co
based magnetic aiioy obtainable a -large MR change rate; its
linear magnétostriction constgnté A and A, are different
in their sign. Thérgfore, by giving fluctuation in |
‘orientation tendency of eéach érystai grain which constitutes
a spin valve magnetic layer to disperse its crystél-face
roughly uniformly, A ,q éna A4, are can be made to cancel out
each other. With such a spin valve magnetic layer, a 19w. |
magnetostriction can be reélized with stability.

Further, a main cause to deteriorate a soft magnetic
property of a spin valve film is a crystalline magnetic
anisotropy. A crystalline magnetic anisotropy is different
depending on its crystal orientation and has in most cases a
diad or more symmetry axis. In such a material system, by
giving a fluctuation in its orientation tendency of each
crystal grain, the crystalline magnetic anisotropy can be
cancelled out each other. Thereby, the crystalline magnetic
anisotropy of a spin valve magnetic layer as a whole can be
reducedf Further, naturally, by heat treating in a magnetic
field, an appropriate magnitude $f an induced magnetic
anisotropy can be giveﬂ. o

As to a coercive force H. of a spin valve magnetic
layer, if the crystal orientation varies with a period of
20nm or more, since it becomes a pinning site in a Bloch wall,
a coercive force H, tends to increase. Besides, in a crystal

grain not greater than 10nm or less in its grain diameter, if



the crystal faces are dispersed in an isotropid manner,'

- potential variation of long period which Bloch wall feels
becomes small. Therefore, since the'Bloqh wall is n§t_pinned.
down and can move smoothly,_the cdercive force H; decreases.

In addition, as to an MR change rate of the spin valve
film, it has been considered thaf,lgenerally, as an
orientation tendency decreases, lattice coherency'éf a
crystal grain deteriorates and dislocation increases to
reduée a mean free path of spin as a whole, thus the MR
-change rate also decreases. However, as a-result of detailed
discussion and many experiments on a relationship between the
crystal orientation tehdency and the MR chahge rate of the
spin valve film, the present'inventors found that the MR
change rate rather increases in a no-orientation film. Still
furfher, when a crystal grain (main-grain) is constituted of
a plurality of sub-grains (sub—grain), particularly large MR
change rate can be obtained.

In another magneto-resistance effect element of the
present invention, thickness of-an under layer which has an
identical crystal structure as that of the spin valve
magnetic layer is 2.0nm or less. By making the thickness of
the qnder layer such very thin as 2.0nm or less; the close-
packed faces of crystal grains constituting it can be
dispersed isotropically with reproducibility. In a spin
valve magnetic layer formed on a main surface of such an
under layer, the close-packed faces of ‘the crystal grains can
disperse isotropically with reproducibility. Therefore, low

‘magnetostriction and an excellent soft magnetic property of a



' spin valve film can be materialized with reproducibility.
"The thickness of the under layer is.preferable to be 1l.5nm or
léss.

An under layer of the present invention can be given a
function as a seed layer which promotes excellent prysfal
growth of the ferromagnetic layer to be fofmed theréon, the
non-magnetic 1éyer on the surface thereof, the ferromagnetic
layer on the non-magnetic layer, and the anti-ferromagnetic
layer. |

A magnetic head of the present invenfion can be applied
in, for example, a magnetic recording/reproducing head as a
reproducing head. The magnetic recording/reproducing head
comprises a reproducing head having, for example, an above
described magnetic head of the present invention, a lower
side magnetic pole which is made common with a lower side
magnetic shield layer of the magnetic head, a recording
magnetic gap formed on the  lower side magnetic pole, an upper
side magnetic pole disposed on the recording magnetic gap,
and a.recording coil for supplying a recording magnetic field
to the lower side magnetic pole and the upper side magnetic
pole.

Further, a magnetic recording/reproducing head can be
moﬁnted on a magnetic recording device such as a magnetic
disc unit. The magnetic recording device comprises, for
example, a magnefic recording medium and a head slider where
signal is written in the magnetic recording medium fhrough
magnetic field and the signal is read out through the

magnetic field generated from the magnetic recording medium.
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Fig.1l is a diagram schematically showing a state of a
magnétic layer in which crystal close-packed faces are
isotropically dispersed.

Fig.2 .is a sectional view shoﬁing a structure of'én
essential portion of one embodiment of a magnetOrresistaﬁce
effect element of the present invention. -

Fig.3 is a sectional view showing one modification
example of a magneto-resistance effect eleﬁeht shown in Fig.2.

Fig.4 is a sectional view showing anotﬁer modification
example of a magneto-resistance éffect element shown in Fig.2.

Fig.5 is a diagram schematically showing one example of
a micro-crystalline structure of a spin valve magnetic laygr
in a magneto-resistance effect element of the present
_invention. |

Fig.6 is a sectional view showing one example of a
constitution of a magnetic recording/reproducing separation
type head in which a magneto-resistance effect element of the
present invention is used in a reproducing head portion.

Fig.7 is a perspective view showing one example of a
constitution of a maénetic disc unitlusing a magnetic head of
the present invention. |

Fig.8 is a sectional view showing one example of a
constitution of an MRAM using almagneto—resistance effect
element of the bresent invention. |

Fig.9 is a diagram showing a relationship between film

thickness .of a NiFe under layer and its (111) peak strength
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obtained by x-ray diffractometry in the Embodiment 1 of'the
present invention.

Fié;lo is a diagram showing a relationéhip between film
thickness of a NiFe under layer and magnetostiiction of a
-spin valve film containiﬁg thereof in the Embodiment 1 of the
present invention.

Fig.1ll is a diagram showing a_felationship between
thickness of a NiFe under layer and_numbei of defective
magnetic head in which a spin vélve film containihg it is

used in Embodiment .1 of the present invention.

L ipti f the Pref | Embodi :

- In the following, embodiments for implementing the
present invention Qill be described with reference to the
drawings.

Fig.2 is a sectional view showing an essential
construction of one embodiment of a magneto-resistance effect
element (MR element)of the present invention. In the same
figure, numeral 1 is a first magnetic layer, numeral 2 is a
second magnetic layer. These the first and the second
magnetic layers 1,2 are stacked through a non-magnetic layer
3. The first and the second magnetic layers 1,2 are not
cdupled anti—ferromagnetiéally to constitute a non-coupled
type magnetic multi-layer film. The film thicknesses of the
first and second magnetic layer are preferable to be set in
the rangé of from 1 to 30nm where a large MR change rate is_
obtained and the occurrence of Barkhausen noise can be

suppressed.
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The first and the second magnetic layer 1,2 are
constituted of a ferromagnetic material cbntaining_Co such as
Co alone or a Co alloy. The magnetic layers 1,2 can be
constituted by sucﬁ as a NiFe alloy. Among them, a Co alloy
with wﬁich, in particular, a large bulk effect and an
interface effect can be obtained, and, with which a large MR
change rate can be obtained, can be preferably employed..

In a Co.based magnetic alloy such as a CoFe alloy,
signs of the linear magnetostriction constants Ay, A, are
different, and both of A, and A, -are difficult to make
such small as 107 order. Therefore, in a film high in its
orientation tendency, the magnetostriction fluctuates due to
a subtle decrease of the orientation tendency to be difficult
to materialize a magnetostriction of 107 order with
stability. Thus, the present invention is paiticularly
effective for a spin valvé film which utilizes a Co based
magnetic alloy difficﬁlt in reduction of its magnetostriction
by control of its material composition.

As a Co alloy making up the magnetic la}ers 1,2, an
alloy obtained by adding one kind or two or more kinds of
elements selected from a group of Fe, Ni, Au, Ag, Cu, Pd, Pt,
Ir, Rh, Ru, Os, Hf to Co can be used. An addition quantity
of the element is preferable to be in the range of from 5 to
50 atomic %, further preferable to be in the range of from 8
to 20 atomic %. This is because, if.the addition quantity of
the element is too small, the bulk effect can not be
increased enough, on the contrary, if the addition_quantity

of the element is too much, the interface effect is likely to
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decrease. To obtain a large MR change rate, Fe is
particularly preferable among the addition elements.

In addition, even thouéh a ferromagnetic material such
as a NiFe alloy can be made low in magnetpstfiction value by
contfolling its composition, as will be described in detail
later, by giving fluctuation:in orientation tendency of
crystal grains, the magnetostriction can be made further
small in its value. From these; the present invention is
also efféctive in a spin valve film.utilizing a NiFe alloy
and the like. -

Among a first and a second magnetic layer 1,2, the
lower side first magnetic layer 1 is formed on a main surface
of an under layer 4. When a Co based magnéetic alloy is used
for the first magnetic layer 1, the under layer 4 is made up
of a metal material having a fcc crystal structﬁre identical
with that of the Co based magnetic alloy. As a metal
material having a fcc crystal structure, a magnetic metal
material such as Ni, NiFe alloy, NiFeCo alloy, or a non-
magnetic metal material such as Cu, Au, Ag, Pt and an alloy
formed thérebetween can be used. The magnetic metal
materials having a fcc crystal structure or the non-magnetic
metal materials can be alloys in which resistance is
heightened by addition of element of such as Ti, V, Cr, Mn,
Nb, Mo, Tc, Hf, Ta, W, Re.

Further, even when a NiFe alloy is used in the first
magnetic layer, an under layer 4 made up of the magnetic
metal material or the non-magnetic metal material haviqg an

identical fcc crystal structure can be used.
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The added amount of the additional elements referred to
in claim 22 is preferaﬁle to be 10 at% or less. While
heightening of the reéistance of the under layer due to added
element satgrates at 10 at%, if more than 10 at% is added,
the added element diffuses to the magnetic layer or'fhe like
to reduce the resistance value of the magnetic layer or .
induce.inconvenience to c:ystallinity of the magnetic layer,
or to induce ferromagnetism or anti-ferromagnetism to-the
non-magnetic layer itself.

The first magnetic layer 1 is a sensér layer
(magnetization free layer) in which its direction of
magnetization varies according to an external magnetic field.
Besides, on the second magnetic layer 2, an anti- |
ferromagﬁetic layer 5 consisting of such as IrMn, PtMn, FeMn,
NiO is formed. The second magnetic layer 2 is provided with a
bias maghetic field from an anti-ferromagnetic layef 5 to pin
down its magnetization. The second magnetic layer 2 is a
magnetization pinning layer(magnetization pin layer).

As a constitutional material of a non-magnetic layer 3
- disposed between the first and thé second magnetic layer 1,2,
Cu, Au, Ag, or a paramagnetic alloy containing preceding
element and magnetic element, Pd, Pt, and alioy containing
them as a main component can be cited. The film thickness of
the non-magnetic layer 3 is preferably set at about from 2 to
Snm. If the film thickness of the non-magnetic layer 3
exceeds 5nm, enough resistance change sensitivity can not be
obtained, and if it is less than 2nm, exchange coupling

between the magnetic layers 1,2 is difficult to make enough
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small.

A spin valve film 6 is made up of the above described
respective layer. Each 1a§er making up a spin valve film 6
-is ‘stacked in sequential manner on a main surfacé of a
substrate 7. With such a spin valve film 6 and a pair of
electrodes 16 supplying a.sense éurrent to the spin valve
film 6, an MR element 8 is made up.

An MR element 8 can:further possess a bias magnetic
field inputting film consiéting of a hard magnetic- film or an
anti—ferromagnetic film which iﬁputs a biés.magnetic field to
the first magnetic layer 1 serving as a magnetization free
layer. In this case, the bias magnetic field is preferable
to have a direction nearly orthogonal to the direction of
magnetization of the second magnetic layer 2 which serves as
a magnetization pinning layer.

In an MR element having a spin valve film 6, although
the magnetization of the second magnetic layer 2 is pinned
down, the direction of the magnetization of the first
magnetic layer 1 is rotated by an external magnetic field._
By thus varying the relative angle of the directions of the
magnetization of two magnetic layers 1,2 disposed pinching
the non-magnetic layer 3, the magneto-resistance effect can
be obtained.

In an MR element having such a spin valve film 6, at
_leést one member among the first and the second magnetic
layers 1,2, is made up of a magnetic layer in which the
close-packed faces of the constituent crystal grains are

isotropically dispersed. In this case, it may be well if the
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close-packed faces of phe crystallgrains are isotropically
dispersed in the first magnetic layer 1 servihg as a
magnetiiation free layer. From practical pbint_of view,lit
is_preferéble that.both of the first and the éecond magnetic
layer.1;2 are made up of the magnetic layers which
érystalline closed—packed faqes are dispersed isotropically.

An isotropic dispersion state of the close-packed faces
of the crystal grains constituting the magnetic 1#yer 1,2 can
be confirmed from x-ray diffraction peak of the close-packed
faées of the crystal grains. For example,.when the magnetic
layers 1,2 are formed of a Co based magnetic alloy having the
fcc crystal structure, it can be confirmed from the x-ray
diffraction peak of (111) face which is the close-packed face
of the crystal grain. If fhe (111) faces are dispersed
isotropically, (111) diffraction peak doés hérdly appear in
the x-ray diffraction pattern. The magnetic layers 1,2 being
in a crystalline state can be ascertained with x-ray
" diffraction or a high resolution section TEM.

An isotropic dispersion state of close-packed faces of
the crystal grains can be confirmed by observing.a sectiénal_
view obfained by a high resolution section TEM. By observing
a section with a high resolution section TEM, for a portion
where an atomic imagé can be identified, the direction of the
close-packed face can be determined. In that case, whether
the close-packed faces are dispersed isotropically or not can
be ascertained with a statistical method.

That is, when observed from a certain direction, in

some part the atomic image can be observed and, in some other
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part, the atomic image can not be observed. Then, let us put
points on the TEM photograph with a definite spacing. When a
lattice image can be observed at one point, the close-packed
direction(a direction in which a number of atoms per unit -
iength is most dense)at this point is determined and an angle
between that direction and the_éurface of the substrate can
be obtained. The thainéd angle is sorted out into one
direction among ten directions of each 18° obtained by
dividing the angle of from 0° to 180° .. Now, put a
probability being in a certain angle.L as‘Pm(L). The
theoretical probability should be

pP,(L) = 1/100
when being isotropically dispersed. Therefore, when a number
of points of which orientations can be determined is N,

statistic quantity of x?test of goodness—-of-fit is expressed

by
3{ P,(L) * N - N/10 }?
L

X2 (N)= ——————mm— e e - ().
N/10

For example, when the direétions were determined for 100
points, since X245 (N) = 22 (N) = 27%,,(N) and x?,,5(100)=
129.56 and %%, (100)= 99.3?;4, if the x? (100) value is
within these values, it can be said that it is sufficiently
probable in having an isotropic dispersion.

That is, from N points where the anglé L of the
magnetic layers 1,2 or the under layer 4 can be determined,

based on the equation (1), x? (N) value is determined. If

the value of X2 (N) is more than that of %%, (N) and less
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than that of %2, (N) of x? distribution tablé, the magnetic
layers 1,2 and the under layer 4 of the present invehtion
can be said to be isotropically dispersed. Thereby, an
effect of the. present invention can be exerted.

The nﬁmbef of measurement points is not necessarily to
be 100 points and a method for de£érmining the measurement
pointé can be other one. Howefer,-an area to be covered by
the measurement should be enough large. It_is preferabie to
measure in a'fi;m'plane direction an area 10 times and more
the total film thickness of the spin valve'film 6 and more
preferable to measure an area 50 times or more the film
thicknéss. Further, it is desirable to set the spacing of
measurement at larger than the total film thickness of the
spin valve film 6.

Further, when a section obéervation is done with a high
resolution section TEM, an trénsmission electron diffraction
pattern image can be obtained at the same time. In this case,
when the close-packed faces are dispersed isotropically, the
obtained Debye-Scherrer ring becomes an image having
concentric and uniform intensity. If there is a face having
an orientation, the Debye-Scherrer ring has an intensity
distribution. For example, wheh the (111) face is aligned
predominantly with respect to the substrate surface, the
transmission electron diffraction image of a section has a
spots strong in the direction of the orientation éxis.
Further, when a distribution exists in its orientation axis,
the diffraction pattern has an arc like pattern instead of

the spots. When being dispersed isotropically, although the
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Debye-Scherrer ring does not necessarlly form a completely
unlform image, a dlffractlon pattern homogeneous for a full
.circle can be obtained. When DebyefScherrer r1ng does not
fluctuate in its brightness 5 times or more along its full
_circle;_én excellent property can be obtained. In other

~ words, if the maximum value of the intensity of the observed
Debye-Scherrer ring pattéfn-is 5 times or less that of the
minimum value, it can be said to be in enough no orientation
étate. In particular, when the brightnesg does not fluctuate
2 times or more, a more excelient property can be obtained.

Whether the magnetic layers 1,2 are in crystalline
state or in an amorphous state can be also judged from the
transmission electron diffraction pattern. That is, when it
is in a crystalline state, the Debye-Scherrer ring becomes
concentric, but, when it is in.an amorphous state, the ring
blurs and forms a hallow pattern. Further, strictly sééaking,
whether being in an amorphoué state or in a micro—cryséélline
state can be determined by analyzing a radial direction
-distribution.

15 the above described method, it is necessary for an
area whefe the electron beam hits to contain a sufficiently
many crystal grains. Therefore, an area to be measured is
preferable to be 1x1072 um® or ﬁore.

Further, in the above measurement, the analyzing'method
is not necessarily restricted to the transmission electron
diffraction method, but, the other diffraction method *
employing such as a reflection high energy electron

diffraction (RHEED) can be also employed for analysis.
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Further, a method employing the above described diffraction
pattern is not necessarily restricted to a method that
émployS'an eélectron beam, but also with a method. utilizing x-
ray, the identical judgemént can be done. |

.The hégnetostriction constants of a magnetic material
are different. according to their crystalline diréctions, and,
in many cases, their signs can be opposite in plus and minus.
In a Co based magnetic alloy such as a CoFe alloy, the signs
of its linear magnetostriction conétants Ajo0r A1, are
different as mentioned above. In such a material system,
when the close-packed faces of the crystal grains of the
magnetic layer 1,2 are dispersed isotropically, respective
crystal face, that is, (100) faceland (111).face_are almost
ﬁniformly dispersed. Therefore, A,y and A,,, opposite in their
signs are cancelled Qut each other to result in a small
magnetostriction constant as a'spin valve film 1,2 as a whole.

Thus, by utiliziné the spin valve magnetic.layers 1,2
in which the orientation tendency of each crystal grain
(direction of orientation)is provided with flucfuation, in
particular, by utilizing the magnetic layer 1 as a
magnetization free layer, a spin valve film 6 can be made low
in its magnetization constant in a stable and excellent
manner.

Further, by isofropically dispersing the close-packed
faces of the crystal grains of the magnetic layer 1, 2]
crystalline magnetic anisotropy different according to the
crystal directions can be cancelled out each other. Thus,

the crystalline magnetic anisotropy as a spin valve magnetic
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-1ayér as a whole can be feduééd. In addition, without
| éﬁeétion,.by executing a heat treatment in a magnetic field,
an appropriate induced magnetic anisotropy-can be given.

When spin valve magnetic layers 1,.2 have crystal
grains of 10nm orlless in their grain @iametei, by’
isotropicélly dispersing the- close-packed faces of thé'
crystal grains, a . potential variation of a long period whiqh
Bloch wall feels becomes small. Therefore, the Bloch wall
can move smoothly without beiné pinned down. Thus, by
isotropically dispersing the close-packed.faces of_the
crystal grains of the spin valve magnetic layers 1,2, the
coercive force H, can be reduced.

Thus, by_reducing the crystalline magnetic anisotropy

‘of the spin valve magnetic layers 1, 2 aﬁd b§~reducing the
coercive force H.,, the soft magnetic préperty of the spin
valve film 6 can be enhanqed. The improvement of the soft
magnetic property of the. spin valve film 6 contributes
greatly in improving the sensitivity of a magnetic head using
thereof.

The above described magnetic layers 1,2 in which the
close-packed faces of the crystal grains are isotropicaliy
dispersed, in other words, the magnetic layers 1,2 in which
orientation tendency of each crystal grain is provided with
fluctuation, can be obtained with reproducibility by
isotropically dispersing the close-packed faces of the
crystal grains of the uﬁder layer 4 which has an identical -
crystal structure with the magnetic layers 1, 2.

Since each crystal grain of the first magnetic layer 1
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-'grgstaccordihg-to each éiystai grain of the under layer 4,
i;if:thé close-packed faces of the crystal grains of the under
layer 4 are disbeféé&*isétropically,.the_élosé-packéd faces
:of the crystal grains-of tﬁe firsﬁgmagnétic layef 1 disperse
‘isotropically in aﬁ-idéntical-manner. Therefore, when each

Eontacting crystal.grain is viewed'separétely, the close-
packed f&ces of the crystal grains of thg first magnetic
layer 1 are preferable to grow in nearly parallel with
respect to the close-packed faces of the crystal grains of .
the under layer 4. .

Thus, since the first magnetic layer 1 accepts a
dispersion state of the close-packed faces of the crystal
graihs of the under layer 4, by dispersing isotropically the
close-packed faces of the crystal grains of.the under layer 4,
the close-packed faces of the crystal grains of the first
magnetic layer 1 can be dispersed isotropically Qith
reproducibility. Further, by forming films of the non-
magnetic 1éyer 3 and a second magnetic layer 2 in turn on the
first magnetie layer 1, the close-packed faces of the crystal
grains thereof also can be dispersed isotropically.

According to such a spin valve film 6, excellent low
magnetostriction or soft magnetic property, further a'large
MR change rate can be maﬁérialized with reproducibility,

Iﬁ order to disperse isotropically the close-packed
faces of the crystal grains constituting the under layer 4,
it may be as well to make such thin its thickness as é.Onm or
less, for example. That is, when the film tﬁickness of the

under layer is such thin as 2.0nm or less(not including Onm),
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" the close—oacked races‘of the crystsl grains can be dispersed
nlsotroplcally in an excellent manner. When forming film with
a conventlonal sputterlng method if the fllm ‘thickness of
the under 1ayer 4 exceeds 2. Onm, the orlentatlon tendency of
: the crystal gralns becomes remarkably strong durlng fllm
growing step, thus it becomes difficult to obta1n an
isotropically dispersed film of .the close-packed. faces. 'When
the thickness of the under layer 4 is made 1.5nm or less, the
crystal's'orientation tendency in particular can-be decreased
and the close-packed faces can be isotroplcally dispersed
with reproducibility. The thickness of the under layer 4 is
desirable particularly to be 1.5nm or less.

However, by controlling the conditions during film
-formation, even if the film thickness of the under layer 4 is
2.0nm or more, the isotropic dispersion of the close-packed
faces of the crystal grains can be attained. For example,
when a bias sputtering method is employed for formation of
the under layer 4, even when the film thickness exceeds 2.0nm,
- an isotropically dispersed film of the close—packed faces of -
the crystal grains can be obtained. Even when such a film
formation method is applied, if the film thickness of the
under layer 4 is too thick, since the orlentatlon tendency of
the crystal grain becomes strong, the thlckness of the under
layer 4 is set at 5nm or less.

. As a preyenting_method of the orientation of the .-
crystal grains of.the under layer‘4, es'shown-ln fig.él'it”fs
effective to dispose an amorphous magnetic material.layer S

adjacent to the under layer as a second under layer. As an
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aﬁgrpﬁaus magnétié ﬁaterial layei 9,'ah amorbhous soft
:magpq;ic matg;ial_éqgh‘astCoNbl CoZr, CoZrNb,.CoB, CoFeB,
'CoFéBSiﬂbén'béfuéed‘breferably;. B |

6n such_an amorphous~magnétic matefiél-layef=9,_by
forming the first under layer 4 idedticé;iin its brjstal
s£ructuré:as that of the'magﬁgtic iayeré_l,é,-the ciose—
fpacked faces of the érystal grains of the under layer 4 can
be isotropically dispersed with fufthef,reproducibility. Tﬁe
amorphous magnetic material layer 9 also contributes to
improving soft magnetic property of a spinfvalve film 6. In
addition, since the amorphous magnetic material layer 9 is
high in its resistance, decrease of the.MR chahge rate due to
a shunt current of the sénse current can be suppressed.

For the second under layer, instead of the above
described amorphous magnetic material léyer 9, a crystalline
material large in its mismatch of the lattice constant from
“the firsf under layer 4 can be used. As such a crystalline
material, such materials obtained by adding Ru, Os, Rh, In,
Pd, Pt, Ag, Au to a NiFe'alioy can be cited.

Further, when, while preventing the orientation of the
crystal grains of the first magnetic layer 1, the close-
packed faces of the crystal grains are dispersed |
isotropically, as shown in Fig.4, at the interface between
the under layer 4 and the first magnetic layer 1, a compound
layer 10 comprising at least one kind compound selected from
an oxide, a nitride, and a fluoride as a main component can
be effectively disposed. By interposing such a compound

layer 10, the under layer 4 and the first magnetic layer 1
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are'diSCOntiﬁuéd with respectzfo'ﬁhéir“crystal structure.
fherefore, the close—ﬁacked faces of the crystal grainé'of
the first magnetic layer 1 can be dis?ersed isotrdpiéally.
Since, if the thickness of the compbﬁhd lafer 10 is too thick,
it is likely to lose the effect of the under layer 4, the
-thickness of the compound layer 10 is preferably set at 2mm -
or less.

" .The above deécribed compound layer 10 also works as a
barrier layer for préventing thermal.difquion of atoms.
Therefore, the ﬁutual diffusion of atoms between the under
layer 4 and the first.mﬁgﬂetic‘layer 1 can be suppressed
during heat treatment ééeration, thus heat resistance of the
spin vaive film 6 can be enhanced. That is to say, by
forming a'compound layer 10, deterioration of the magneto-
resistance effect due to thermal diffusion can be suppressed
and stability of the MR element can be improved.

As é constituent material of the compound layer 10, an
oxide, a nitride, a boride, a fluoride can be employed. Tﬁey
can be used without festricting in single, but also can be in
a mixture or a complex compound. Among these, an auto-
oxidation film, a surface-oxidation film, a passivation film
and the-like particularly easy in formation can be preferably
used. The compound layer 10, after férmation of the under
layer 4, can be formed by exposing onée its surface to the
air, or by exposing to an atmosphere containing oxygen,
nitrogen, fluorine, and boron. Further, it can be formed
with an ion implantation method or by exposing to plasma.

The compound layer 10 can be deviated from its strict
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stoichiometrical composition. In addition, there is no need
of formlng a fine crystal 1att1ce and 1t can be an amorphous
state. Still further, the morphology of the compound layer
10 is not necessarily requlred to cover the,surface of the
under layer 4 uniformly but oén be formed in a discrete state
such as a state where pin holes exist, or a state where the -
compound ex1sts island-like.

Further, by applying the under layer 4 the close—packed
faces of the crystal grains of which are 1sotrop1cally
dispersed, the first magnetic layer 1 having a sub-grain
structure can be obtained relatively easily. The sub—grein
structure is, as shown in Fig.5, a strugture'where a
plnrality of sub-grains SG exist in one main-grain MG. By
forming the first magnetic layer 1 on the under layer 4 which
is in no-orientation state and relatively large in its
internal stress, a sub-grain structure can be obtained
relatively easily.

Distinction between a sub-grain SG and a main grain MG
can be determined through observation of a section TEM
pattern. That is, when section TEM observation is executed,
since, at the grain boundaty of the main grains, a relatively
large unevenness occurs, as shown in Fig.5, on the surface of
the spin valve film 6, an unevenness corresponding to the
size of the main grain occurs. In addition, since an angle
which the directions of the close-packed atomic faces form
between the main grains MG generally have an angle of 10° or
more, the contrast of the grain boundary is strong and clear.

On the contrary, the sub-grains SG exist with periods
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shorter thén the unevenness of the surface and in the range
clearly discernable as one méinzéfain MG frbm the unevenness
of the surface. Further, an éngie\ﬁhich the directions of
the close-packed atomic faces form between sub-grains SG'is
such smhll‘as 10° or less, theféf@;e; when compared with-tﬁe
grain boundary of the.main grains MG, the contrast-is weak
and not clear.

'from these, -in a spih valvevfilm which'does not haQe a
sub-grain structure, the unevenness -of the surface and' the
grain boundary'correspOnd relatively cleérly, the distinction
of . the crystal grains is clear. On the contrary, in a spin
valve film which has the sub-grain structure, the unevenness
of the surface and the grain boundary do not correspond |
clearly, the distinction of the crystal grains is not clear.
Now, when such an observation is executed, the sample is
required to be processed as thin as possible. It is
desirable to observe a place of which thickness is thinner
than the total thickness of a spih valve film (the film
thickness from the under layer to the protective layer).

Further, when, by reducing a diameter of an electron
beam to a degree of the size of a main grain?with a nano-beam
diffraction method (micro-beam diffraction method), an
electron diffraction pattern is observed on one main grain,
in a spin valve film which does not have a sub-grain
structure, point—like diffractibn spots can be observed and
thereby it can be judged to be a single crystal. On the
contrary, in a spin valve film which has a sub-grain

structure, a diffraction pattern obtained by superposing
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diffraction patterns f;om.a'plurality of single crystals is
observed. |

Although an MR change -rate of a spin valve film 6 has
been generaliy considered to decrease as the origntation
tendency décreaées, the MR change rate rather increases when
‘the spin valve magnetic layers ‘1,2 are used in their no-
orientation state. Further, when a spin valve magnetic |
layers 1,2 have such-a sub-grain structure as described above,
a particulariy large MR chgnge rate can be obtained.

Although the sub-grain structure is.not necessarily
required to be observed in all main grains, it is dewsirable
for more than 50% of main grains to have sub-grains. In that
case, an MR change rate increases. Further, the sub-grains
. are desirable to exist even after annealing at the
temperature range of from 200°C to 400°C is executed for
from 1 to 10 houré. In a device morphology such as a head or
an MRAM, it is desirable that the sub-grain exists.

In érdér tq obtain a large MR change rate; the sub-
grain structure éf the spin valve magnetic layers 1,2 is
preferred to have a larger average number of sub-~grains SG
within.iﬁ its film plane direction than in the perpendicular
direction to the film plane. That is, the sub-grains SG are,
as shown in Fig.$, preferable to exist so as to align in the
film piane direction. In addition, the average grain
diameters of the spin valve magnetic laYers 1,2 are
preferable to 5e 20nm or less as an average grain diameter of
the main grains MG. If the average crystal grain diameter of

the main grains MG exceeds 20nm, since the crystalline
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magnetic anisotropy of the respective crystal grain can not
be a?eraged out to appeaf, Hy and H. becéme prone to be large.

The MR elementiof each embodiment above described can -
be used as, for example, an MR glement portion of a

reproducing MR head of a magnetic recording/reproduéing

.device. Further, without restricting to the MR head, it can

-be also used in an MRAM and the like.

Fig.6 is a diagram-showing_an example of a.étructure of
a magnetic recording/reproducing separatiqﬁ type.head in
which the MR head of the above described embodiment is
applied in a reproducing portion. - Here, in a magnetic
recording/reproducing separation type head in which a
recording head portion is stacked on the reproducing head
portion, the MR element of the reproducing portion is placed
under stress by stacking the recording head portion thereon
or thereunder. Since this stress increases the
magnetostriction constant, the present invention exerts an
excellent effect even in a magnetic recording/reproducing
separation type head.

In Fig.6, the numeral 11 shows a substrate, and, for
the substrate 11, an Al,0,/TiC substrate having an Al,0, layer
can be used. On one main surface of the subsfrate 11, a
lower side magnetic shield layer 12 consisting of a soft
magnetic material such as a NiFe alloy, an FeSiAl alloy, an
amorpﬁous CoZrNb alloy is formed. On the lower side magnetic

shield layer 12, the spin valve film (spin valve GMR £ilm) 14

_shown in the above described embodiment is formed through a

lower side reproducing magnetic gap 13 consisting of a non-
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magnetic insulation material such as AlO,.

Between the spin valve GMR film 14 and the lower side
reproducing magnetic gap i3,-bias magnetic field inputting
films 15,15, which input the bias magnetic field to the spin
valve GMR.film 14, are respecfively disposed oﬁtside*both_
edge pbrtions.bf the reproducing track of the spin valve GMR
film 14. On the spin valve GMR film 14, a pair of electrpdes
16 consisting of such as Cu, Au, Zr, Ta are forméd, and the
pair of electrodes 16 supply a sensé current to the spin
val&e GMR film 14. These nmember .of a spin.valve GMR film‘14,
- a bias magnetic field inphtting_film 15 and a pair of
electrodes 16 constitute a GMR element portion 17.

On the GMR element portion 17, through an upper side
reproducing magnetic gap 18 consisting of a non-magnetic
insulation material identical with the lower side reproducing
- magnetic gap 13, an upper side magnetic shield layer 19
consisting of a soft magnetic material identical with the
lower side magnetic shield layer 12 is formed. With these
- constituent elements, a shield type GMR head 20 as a
reproducing head portion is constituted. |

On the shield type GMR head 20, a thin film magnetic
head 21 is formed as a recording head portion. A lower side
recording magnetic pole of the thin film magnetic head 21 is
formed of a magnetic layer identical with the upper side
magnetic shield layer 19. That is, the uppér side magnetic
shield layer 19 of the.shield type MR head 20 concurrently
serves as a lower side recording magnetic pole of the thin

film magnetic head 21. On the lower side recording magnetic
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'boi¢:19 concurrently serving as the upper side maghétiﬁﬁ
shield layer, a recording magﬁetic'gap 22 consiéfingibf a
non-magnétic'insulation ma#erial such. as Al0;, and an upper
side recording magnetic pole 23 are formed in sequentiall
manner to constitute a thin film magnetic head 21 as a
recofding head pprtioh.' -

' The abbve;described magnetic récofding/reproaucing'head
-i§-§§sembled in a head slider;_.A head slider possessing a
magnetic reco;diﬁg/féproducing head is mounted in;_for
example, é magnetic disc unit shown in Fi§.7. Fig.7 shows a
rough structure of a magnetic disc unit 30 employing a-roﬁary :
actuator. |

A magnetic disc-31'is assembled to a spindle 32 and is
rotated by a motor(not shown)responding to a control signal
from a drive unit controller(not shown). A head slider 33
recording/reproducing information while floating above the
magnetic disc 31 is attached at a tip end of a thin film like
suspension 34.

When the magnetic disq 31 rotates, an air bearing
surface (ABS)of the head-slider 33 is held with a
predetermined floating quantity d(from 0 to not more than
100nm) from the surface of the magnetic disc 31. The head
slider 33 possesses a magnetic recbrding/reproducing head of
the above described embodiment. |

The suspension 34 is connected to one edge of an
actuator arm 35 having a bobbin portion and the like holding
a not shown driving coil. At the other edge of the actuator

arm 35, a voice coil motor 36 which is one kind of a linear
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motor is disposed. The voice coil motor 36 is formed of .a

not shown driving coil, which is wound up to the bobbin

" portion of the actuator arm 35, and a magnetic circuit

consisting of a permanent magﬁet and a yoke oppositely
disposed each other so as to be interposed by the driv¥ing _
coil, | o | T

The actuator arm 35 is held by not shﬁWn bail_bearings
disposed at two places above and below the fixed axis 37 and
can rotate and slide'freely by the voice coil motor 36.

Fig.8 is a diagram showing one example of a sfructure
of an MRAM in which an MR element of the above described
embodiment is applied.

An MRAM 40 shown in the figure has a spin valve GMR
film 42 formed on a substrate 41 such as a glass substrate or
a Si substrate. The spin valve GMR film 42 is formed of a
épin valve f£ilm shown in the above described embodiment and
has an amorphous magnetic material layer 9, an under layer 4,
a first magnetic layer 1, a non-magnetic layer 3, a first
magnetic layer 1, a non-magnetic layer 3, a second magnetic
layer 2 and an anti-ferromagnetic layer 5 formed in a
sequential manner from the substrate 31 side.

On the above portion of the spin valve GMR film 42, a
writing electrode 44 is disposed through an insulation layer
43. In addition, on both edge portions of the spin valve GMR
film 42, a pair-of read electrodes 45 consisting of such as
Au are disposed. .In the'figure, numeral 46 show
complementary electrodes.

Next, some specific examples of the present invention
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and the evaluated data thereof will be described:
Embodiment 1 | |

First of all, as shown in Fig.3, ph_a thermally
oxidized Si substrate 7, a magnetic multi-layer film §f
CoZrkaSnm).Q/NiFe(dnm) 4/Cqu(3nm).1/Cu(3ﬁm) 3/CoFe (2nm)
2/IrMn(85m)-5/Ta(5nm) structure is formed in filmsiby a
ébutteriﬂg method. This magnétic multi-layer film is
patterned to produce an MR element.

Heré, after NiFe, is fofmed in film, the front surface
of this NiFe, is exposed to oxygen. Thereby, a thin oxidized
layer is formed but the film thickness d of the under layer 4
is obtained by subtracting the thickness of this oxidized
layer.

In this case, a plurality of samples are prepared by
varying the film thickness d of the under layer 4 between
from 0.5nm to 4nm, wherein the under layer 4 has a fcc
crystal structure consisting of a NiFe alloy. Here, Ta is
formed as a protective film. With the respective sample, the
(111) diffraction peak of the NiFe alloy film as an under

layer 4 is observed with an X-ray 6-260 diffraction method.

The results are shown in Fig.9. The peak intensity decreases

‘as the decrease of the film thickness and no peak is observed

at 1.5nm or less.

In addition, when orientation tendency is confirmed by
a high resolutién sectionsTEM method, it is found that,-in
samples the film thickness of a NiFe alloy film of which are
large, the (111) face, which is a close-packed face of a

crystal, is aligned predominantly with respect to the surface
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of the substrate. .On thetcontrapy, in samples which film
thiékness of a.ﬂiFe alloy film'is,l-Shm or less, it is
confirmed that the (111) face of eacp_ﬁrain is'dispersed'
nearly unifofmly.

Next, (111) diffraction peak of a_CoFe,alloy film
formed on a NiEe-alloy film as a magnetic layer 1 is observéa
in an identical manner. According to tﬁe results, in samples
which fi'lm thickness of a NiFe alloy film is.1.5nm or less, |
as identical as in the case of the NiFe alloy film, the (111)
peak §f the CoFe alloy film.can not be obsérved completely.
'Further, when the crystalline orientation tendency is
confirmed with help of a high resqlution section TEM method,
it is ascertained Fhat, in samples where the film fhickness
of a NiFe alloy film is 1.5nm or less, the (111) faces of
- the crystal grains of the CoFe alloy film are dispersed
iéotropically.

Further, a CoFe alloy film of which film thickness of
the under layer is lnm is examined of the diréction of the
(111) faces of 100 crystal grains with a high resolution
section TEM, based on the result, %2 (100) value is
calculated. The value of %2 (100) was 122. That is, the %?
(100) value according to measurement of the present
embodiment was more than x205(100) value (=99.334) and less
than %2%,.,,(100) value (=129.56). Samples which have film
thickness of the under layer of 1.5nm or less had neafly
identical value. From these results, it is confirmed that,
in the CoFe alloy film of the embodiments, the (111) faces

are dispersed isotropically.
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Résult of magpetost;iéﬁion;constant obtained by
measuring each sample is 'shown in Fig.10.. Although, in the
case where the film thickness of the NiEe alloy fi}m is 2.5nm
or more , the magné;qstriqtionncénétant is 20>§10” 6r-moré;
in ‘the case where the film thickness - d bf-fhe NiFe alloy film
_ié 1.5nm or.leés, it is.confifmed that all samplés havé such
a low magnetostriction constant as -2X107.

Furtherf each sgmplg.is measured of its
ﬁagnetostriction constant -after. annealing at 543K for 100
hour. It is found that, eQen after this7ahnealing t:eatment,
each sample according to the embodiment where the film
thickness of the NiFe alloy film is 1.5nm or less does hardly
vary in its magneéostriction constant and is excellent in its
heat resistance.

An MR head is manufactured-experimentally with the
above described respective MR element. MR heads are
manufactured on an Al,0,/TiC substrate of.3 inch diameter ‘and
800 pieces of MR heads are obtained from one sﬁbstra;e. The
manufactured respective MR head is assembied in a real disc
dfive unit and a number of the head in which Barkhausen poise
occurs is confirmed. The result is shown in Fig.1l. o

In an MR head where an MR element of which film
thickness d of the NiFe alloy film is 1.5nm or less is used,
the defective number is such low as 5 pieces, thus about 1%

- of the percent defectivé is obtained. On the contrafy, among
MR heads using an MR element of which film thickness of the
NiFe alloy film is 2.5nm or more, Barkhausen noise is

observed in from 60 to 70 pieces of samples, the percent
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defective is such high as 10%.

From the above deséribed_embodimgnts and the
comparative_examples,'by controlling thé film thickness of
the NiFe alloy film as an under layer.4 at 1.5nm or less, the
close-packed faces ((111l) face) of the crystal grains which
constitute a spin valve magnetic layef can be disperged
isotropically. It is found that, thereby, the
magnetostriction constant of the spin valve film can be
reduced such low as about 1X10%°. And, by utilizing a spin-
valve film of such a low magnetostriction'dénstant, fhe
defect incidence, due to Barkhausen noise, of . the MR heads
using them can be remarkably reduced.

Embodiment 2

On a thermally oxidized Si substrate 7, a magnetic
multi-layer film of Ta(5nm) /Cu(lnm) /CoFe(3nm) /Cu(3nm)
/CoFe (2nm) /IrMn(8nm) /Ta(5nm) structure is formed by a bias
sputtering method. By patterning this magnetic multi—iayer
film, an MR element is manufactured. |

With the sample of the embodiment 2, the orientation
tendency of the crystal grains of the Cu film as an under
layer and'the CoFe film as a first magnetic layer_is
confirmed with a high resolution section TEM method. For
- each film, the direction of the (111) face is observed on 100
points with a high resolution section TEM and the x? (100)
value is calculated based on the result. According to the
i:eéult, thex? (100) value of the Cu film.was 110 and the %x?
(100) value of the CoFe film was 115. From these results,

both the Cu film as an under layer and the CoFe film as a
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first magnetic layer were confi:méd t0'bé;dispe;sed
isotropically in their (111) face.

From a high resolution section TEM photograph,'it is
confirmed that the CoFe film as a flrst magnetlc layer, as
shown in Flg S5, has a sub—graln structure in which a
plurality of sub-grains SG exist in one main grain MG.

The magnetostriction constant of the sample of
embodiment ‘2 .is cénfirmed to be such low as 2X107'. Further,
the magnetostriction censtant is measured after annealing at
543 K and for 100 hour. Even_after this énnealing, the
magnetostriction cohstant did hardly change and the heat
resistance was also excellent. _

Further, the soft magnetic property and the MR change
rate were measured of the samples of embodiment 2. According
to the results, 10% value of the MR change rate was able to
obtain. In addition, anneal heat resistanée of the MR film
was also improved, thus, even after annealing at 543 K and
for 1 hour, 9% value of the MR change rate was obtained.
Further, the Hy value was 5 Oe and H; value in an easy axis
direction such low as 3 Oe was obtained.

Embodiment 3

On a thermally oxidized Si substrate, a magnetic multi-
layered film of
Ta(5nm) /Ag (2nm) /CoFe (3nm) /Cu (3nm) /CoFe (2nm) /IxrMn (8nm) /Ta (5nm)
structure is formed in film with an ion-beam sputtering
method. During film formation, an assist by an Ar ion—beam
is employed. This magnetic multi—layerea film is patterned

to produce an MR element.
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With the sample of fhis embodimept 3, the orientation
tendehcy of the crystél grains is confirmed with a high
resolution section TEM methﬁd.- As the result, it is
confirmed that, in one grain, almosf-all crystal faces are
aligned from the seéd, Ag, layer.éo the irMn layer. The Ta
layer is confirmed to be amorphous.'-Théreafter, by taking
an electron beam diffraction pattern, if is confirmed that
the Debye-Scherrer ring is obtained in a pattérn concentric,
almost equal in its intensity, and isotropicall& dispersed of
the (111) face through all film thickness. Further, it is
also confirmed that the Debye-Scherrer ring becomes sharp and
concentric and be in a crystélline state.

It is confirmed that the sample of this embodiment 3 is:
such low as 1X107 in its magnetostriction constant. Further,
after annealing the sample at 543K for 100 hour, the
magnetostriction constant thereafter is measured. Even after
this annealing treatment, the magnetostriction constant does
hardly change to be excellent in its heat resistance.

Further, the soft magnetic property and thg MR change
rate of the sample of-this embodiment 3 are investigated. As
the result, the change rate of the MR is found to be 11%. In _
addition, the heat resistance of the MR film during annealing
is found to be improved to be as large as 10% in its MR
chénge rate even after annealing at 543K for 1 hour. Further,
a small H¢y as 5 Oe and a small Hc of the easy axis direction
as 3 Oe can be obtained.

Even when an MR element of the present invention is

employed in an MRAM, by making the spin valve film low in its
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magne;ostriction, such effects aé that occurrence of
Barkhausen noise can be_redu¢edlagd.read error can be reduced
can'be obtained.

Aé explained above, according toa magneto-resistance
effect element of the present invention, while maintaining a
large magnetd—resistaﬁce effect, such low'maghetostriétion as
.1X10™® or less can be obtained with reproducibility. Further,
an excellent soft magnetic property and a large MR change
rate can be obfained. When such a magneto-resistance effect
element is applied in, for example, a magnetic head, noise
occurrence such. as Barkhausen noise can be suppressed

effectively.
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What-ig qlaimed'is:
1. A magneto-resistance effect element, comprising:
a spin valve film including: |
a first magnetic layer,
a second magrnetic layer, and
a non-magnetic layer interposed between the.first
and thensecond magnetic layer:; and
a pair of electrodes which supply a sense current to
the spin valve film,
wherein-at least_one magnetic layer of the first ana
the second magnetic layers is characterized in that the
close-packed faces. of cfystal grains which constitute the
magnetic layer are isotropically dispersed. _
2. The magneto-resistance effect element as set forth in
claim.l;
wherein, in the magnetic layer where the close-packed
faces of the crystal grains are isotropically dispersed; when
ahgles 6f the close-packed faces are measured at N points and
the'obtained angles are sorted out into one direction among
ten directions from 0° to 180° , and when a probability in a
certain aﬁgle L is put as P, (L), %% (N) value obtained based
on the following equation isx?,, (N) value or more and y

(N) value or less.

Equation: - Z{ P (L) + N - N/10 }?
L

X2 (N)= —mmmmmm e
N/10

3. The magneto-resistance effect element as set forth in
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claim 1, further comprisihg:

. an under layer which has én identical crystal structure
as that of thé first magnetic layer and the first magnetic
;ayer formed thereon, wherein, close-packed faces of crystal
érains which constitute the.undef layer are isotropically
disbersed.

4, -The.magneto—fesistance effecﬁ element as set fé;th in
claim 3: |

.wherein the under layer has a thickness of'Snm or less.
5. The magnefo—resistance effect elémeﬁt as set fo;th in
claim 3: |

wherein, the under layer has a thickness of 1.5nm or

less.
6. The magneto-resistance effect element as set forth in
claim 3:

wherein, the under layer is formed of a magnetic metal
material and has an amorphous magnetic layer disposed
adjacent to the under layer.
7. The magneto-resistance effect element as set forth in
claim 3:

wherein, the under layer is formed of a noanagnetic
material.
8. The magneto-resistance effect element as set forth in
claim 3, further comprising:

a compound layer disposed at an interface between_the
under layer and the first magnetic layer, wherein, the
compound layer has one kind of compound selected from an

oxide, a nitride, a boride and a fluoride as a main component.
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- 9. - The magneto-ré#istance effect element as set forth in
" claim 3: |
ﬁhereiﬂ, the close-packed face of crystal grain of the
under layer and that of the first magnetic layer contacting
the under layer are nearly in parallel.
10. The magneto-resistance effect element as set forth in
claim 1:
wherein, in the mégnetic layer which close-packed faces
of the crystal gréins are isotropically dispersed, one main
grain is constituted of a plurality of sub-grains.
11. The magneto—resistaﬁce effect element as set forth in
claim 1:
wherein, the magnetic layer which close-packed faces of
the crystal grains are iSoterically dispersed has an average
grain diameter of 20nm or less.
12. The magneto-resistance effect element as set forth in
claim 1:
wherein, the magnetic layer which close-packed faces of
. the crystal grains are isotropically dispersed has a fcc
¢rystal structure.
13. The magneto-resistance effect element as set forth in
claim 1:
wherein, the magnetic layer which close-packed faces of
the crystal grains aré'isotropically dispersed is formed of
Co'or_a Co alloy.
14, The magneto-resistance effect element as set forth in
claim 1, further comprising:

an anti-ferromagnetic layer disposed adjacent to the
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second magnetic layer, wherein, the second magnetic layer is
pinned in its magnetization by the anti-ferromagnetic layer

and the first magnetic layer is reversed in its magnetization

by an external magnetic field.

15. The magneto-resistance effect element as set forth in
claim 14, further coﬁprising:
a bias magnetic field inpufting film for inputting a |
bias magnetic figld to the firsé magnetic layer, wherein, .
direction of the bias magnétic field is neérly orthogonal to
direction of maghetization pinhed to the second magnefic'
field.
16. A magneto-resistaﬁce effect element, comprising:
a spin valve film including:
a first magnetic layer,
a second magnetic layer,
o a noﬁ—magnetic layer being intérposed between the
first and the second magnetic layer; and
an under layer which crystal structure is identical
as that of the first magnetic layer and the first magnetic
layer is formed on the surface thereof, wherein, film
thickness of fhe under layer is 2.0nm or less: and
a pair of electrodes which supply a sense current to
the spin valve film.
17. The magneto-resistance effect element as set forth in
claim 16:
wherein, the under layer is formed_of a magnetic metal
material and, further, an amorphous magnetic layer is

disposed adjacent to the undef layer.
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18. The magneto-resistance effect elementtﬁs set forth in

claimllﬁ:' | | |
hhereip,_the'uﬁder layer is formed of a-non-magnetic

mate;iai. |

19. The magneto-resistance effect elemeht as set forth in

claim 16, furthér.comprising: |

.a compound layer disposéd-at an-interfacezbetﬁeen the

~under-iayer and the first magnetic iayer, wherein, the

compound layer has one kind of compound selected from an
oxide, a ﬁitride,'a boride and a fluoride as a main component.
20. The magneto-resistance effect element as set forth in
claim 7:

wherein, the under layer includes at least one kind
seiected from Cu, Au, Ag, Pt and alloys therebetween.
21. The magneto-résiétance effect element as set forth in
claim 20:

wherein, to the under layer, qt least one kind selected
from_Ti, vV, Cr, Mn, Nb, Mo, Tc, Hf, Ta, W, and Re is added.
22. The magneto-resistance effect element as set forth in
claim 20:

wherein, the under layer is disposed on a layer
comprising material A selected from Cr, Ti, Ta, W, Nb, Mo,
and the layer comprising material A selected from Cr, Ti, Ta,

W, Nb, Mo is disposed on an amorphous insulation material.

23. A magnetic head, comprising:

a lower side magnetic shield layer:;
a magneto-resistance effect element as set forth in

claim 1 formed on the lower side magnetic shield layer
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through a lower side. reproducing magnetic gap and; and
an upper side magnetic shield layer formed on the
- magneto-resistance effeét.element through an'uppér side

reproducing magnetic gap.



