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MAGNE~O-RESI_STANCE E-FFECT. ELEME~T AND MAGNETIC· HEAD 

.Background of the Invention 

1. Field of the -Invention 

The J?resent invention relates to a magneto-resistance· 

effect element having a spin valve film and a magnetic· head 

using thereof. 

2. Description of the Relpted Art 

Responding to a recent tr.end towards down-sizing and 

high capacity of a magnetic recording medium,. an expectation 

for a magnetic head (MR head)taking.advantage of magneto­

resistance effect (MR) which enable· to extract a large output 

is growing high. An MR head has a magneto-resistance effect 

element (MR element) taking advantage of a magneto-resistance 

effect film. 

·· In a conventional magneto-resistance ef tect film, a 

ferromagnetic material such as a Ni-Fe alloy and the like 

which shows ari anisotropic magneto-resistance effect (AMR) 

has been used. However, since a magneto-resistance change 

rate (MR change rate) of an AMR film is at most only about 3%, 

it is insufficient for a down-sized/high capacity magnetic 

recording medium. Therefore, a magneto-resistance effect 

~ilm showing much high sensitivity in the magneto-resistance 

effect is demanded. 

Responding to such a demand, a multi-layer film such 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 ar"e .coupled ariti~ferromagnetically; namely ·a so-calied 

artificial lattice film, is ascertained to show a giant 

magneto-resistance effect. In an artificial lattic~ film, an 
· .. ;: 

MR_ change.rate at mos~ exceeding 100% is reported(refer to 

Phys •. · Rev. Lett., Vol.61, 2474(1988), Phy~ •. R~v.·Lett., 

.Vol. 64, 2304 (1~,90)). However, ·Si.nee the artificial latt.i,ce 

film is high in its saturatiop 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-magnetic 

layer/a ferromagnetic layer, even when the ferromagnetic 

layers do not form anti-ferromagnetic 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 reiative 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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Furthe·r, a spin 'valve film can be sat;u.i.ated in its 
.. 

magnetization at a low magnetic field,. therefore adequate for 
. . . : . .. .· ...... . ·.·:""': . .. .· ·. 

an .MR h~acf.··: In an MR head' which us~s :such-·~ ~~pin "·valve .. film,. 

a lai:::ge expectation is mounted from·a,practical point.of vie~. 
. ~ 

Now, ~hen an MR element ;i.~ utilized, ~for exa~ple;: ·in· a 

· magnetic head, it is known that magn~tost~iction constant of 
"'J-~. • :· 

an MR fi·lm should be made as small as possiJ:>,le. That is; 

when 'the·magnetostriction constant is large, duet~ stre$~ 
. . 

~uring 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 1X10-6 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 ~ses 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 1X10-6 or less. 

Besides, it is desi-rable 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 change rate. However, the 

magnetostriction con·stant of a Co based magnetic alloy is 

almost without fail around lXl0-6 and it is s_aid that the 

magnetostriction constant is difficult to be reduced below 1 

Xl0-6 with the Co based magnetic alloy only. Although, by 



-' 

. "'. 
4 

addi:ng a s~all quantity of element to .. a Co based magnetic 

alloy; __ . tbe ma9q.eto~t;:i;::i~ti_o~ -p<m~tan~ .. can be r~q-~c~.91 s~c;Jl 

additfo~ of· 'a_'·. small quantity· of, e"i~eril induc~s i( decr~ase of 

· -its MR chal)ge rate. · 
.. , 

When _an MR element ·is employed· in a fuagnetic' head·, to· 

improve sensitivity of a magnetic head, anisotropic magn~tic 

·f.ield HK and coercive· force He of ari MR film are preferable_· 

to· be small. When HK and He of an MR film are· small, a larger 

output can·be obtained at low magnetic field, and an MR he~d 

can be improved ~n its sensitivity. -However, .both of HK and 

He of a Co based. magne_tic 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. 

Furthe·r, upon improving 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 ~ate 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, for example, lX 

10-6 or less. Another objective of the present invention is 

to provide a magneto-resistance effect element comprising a 
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spin· valve· f°flm which concurrentiy···'sati·sfies a large MR 

9h~n9e. r~te and an exc.~~J.~.~t.,}~Of~ .magn~tic prol?e,z:ty •.. ~~il~ ... 

another objE!ct~ve· of the present iriv"ention ·is.tb' provide a 

magneto-resistance ·ef feet element further improved ir~.. i ts:·MR .. 

change. rate _.of a spin valve film_- · In ad~ition~ it is sti·11 . 

another o~jective to provide a magnetic head comprising s~~h 

a magneto-resistance effect element. 

A magneto-resistance ef fec~ element of the :pre.sent 

invention comprises a SE?in valve· film including a first 

magnetic layer, a s~cond magnetic layer, and a non-magnetic 

layer interposed between the first and the second 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 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 

present 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 2.0nm 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 
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..... 
,:·characterized in comprising a' iowe:t. ~.i-9.e magnetic shield 

. . 

layer, an above described magneto-resistance effect element 
.. .. . . . . ... .. . ;· ·... . . ... .:. . :: . . 

of ··the·· ·pre.sent i~vention ·formed ··.the'reon throqgh a· lower side 
.. 

reproducing magnetic gap, a~d an upper· side.magnetic ~hield 

. layer formed on the magneto-resistance· e.f feet element" th-rough 

an upper side reproducing magnetic gap. 

In the present. invention, for at. least one magnetic·.,: 

layer of a first and a second magnetic layer(a spin yalve 

magnet~c layer), a magnetic ~ayer 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.1, 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 magnet~c 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 
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layer as a whole can be reduced in its magnetost;iction 

constant·. 

For.example, in a spin valve film which utilizes a Co 

based magnetic al.loy obtainable a -large MR change rate, its 

linea-r magn·etostriction constants A. 100 and A 111 are different 

in their sign. Ther~fore, by giving fluctuation in· 

orientation tendency of each crystal grain which constitutes 

a spin valve magnetic layer to disperse its crystal-face 

roughly uniformly, A. 100 ana A. in. are can be made to cancel out 

each other. With such a spin valve magnetic layer, a low 

magnetostriction can be realized 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 

reduced. Further, naturally, by heat treating in a magnetic 

field, an appropriate magnitude of an induced magnetic 

anisotropy can be given. 

As to a coercive force He 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 coerci·ve force He tends to increase. Besides, in a crystal 

grain not greater than lOnm or less in its grain diameter, if 
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the crystal faces are dispersed in an isotropic manner, 

-potential variation of long period which Bloch wa.11 fe.els 

becomes small. Therefore, since the Blo?h wall is not. pinned 

down and·can move smoothly, the coercive force He decreases. 

In addition, as to an· MR cha~ge rate of the spin valve 

film, it· has been considered that,. generally, as an 

orientation tendency decreases, lattice coherency of a 

crystal grain deteriorates and dislocation increases to 

reduce 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 tendency and the MR change rate of the 

spin valve film, the present inventors found that the MR 

change rate rather increases in a no-orientation film. Still 

further, 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 under 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. The ref ore, low 

·magnetostriction and an excellent soft magnetic property of a 
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spin valve film can be materialized with reproducibility. 

The thickness of the under layer is.preferable to be l.Snm or 

less. 

An under layer of the present invention can be given a 

function as a seed layer which promotes excellent crystal 

growth of the ferromagnetic layer to be formed thereon, the 

non-magnetic layer on the surface thereof, the ferromagnetic 

layer on the non-magnetic layer, and the anti-ferromagnetic 

layer. 

A magnetic head of the present invention 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 

mounted on a magnetic recording device such as a magnetic 

disc unit. The magnetic recording device comprises, for 

example, a magnetic recording medium and a head slider where 

signal is written in the magnetic recording medium through 

magnetic field and the signal is read out through the 

magnetic field generated from the magnetic recording medium. 
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Brief Description of the_Drawjngs 

Fig~l is a diagram schematically showing a state of a 

magnetic layer in which crystai close-packed faces are 

isotropically dispersed. 

Fig.2.is a sectional view showing a structure of ·an 

essential portion o·f one embodiment of a magn~to:-resistance 

effect element of the present invention. · 

Fig.3 is a sectional view showing one modification 

example of a magneto-resistance effect element shown in Fig.2. 

Fig.4 is a sectional view showing another modification 

example of a magneto-resistance effect element shown in Fig.2. 

Fig.5 is a diagram schematically showing one example of 

a micro-crystalline structure of a spin valve magnetic layer 

in a magneto-resistance effect element of the present 

invention. 

Fig.6 is a s~ctional view showing one example of a 

constitution of a magnetic recording/reproducing separation 

type head in which a magneto-resistance ef·fect 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 magnetic disc unit using a magnetic head of 

the present invention. 

Fig.8 is a sectional view showing one example of a 

constitution of an MRAM using a magneto-resistance effect 

element of the present invention. 

Fig.9 is a diagram showing a relationship between film 

thickness -of a NiFe under layer and its {111) peak strength 



11 

obtained by x-ray diffractometry in the Embodiment 1 of the 

present invention. 

Fig.10 ~s a diagr~m. showing a relationship between "film 

thickness of a NiFe under layer and magnetost~iction of a 

·spin valve film containing thereof in the Embodiment 1 of the 

present invention. 

Fig.11 is a diagram showing a_ relationship between 

thickness of a·NiFe under layer and number of· defective 

magnetic head in which a ~pin valv~ film containing it is 

used in Embodiment.1 of the present invention. 

Description of the Preferred Embodiments 

· In the following, embodiments for implementing the 

present invention will 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 l~yer. 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 

coupled anti-ferromagnetically to constitute a non-coupled 

type magnetic multi-laye~ film. The film thicknesses of the 

first and second magnetic layer are preferable to be set in 

the range of from 1 to 30nm where a large MR change rate is 

obtained and the occurrence of Barkhausen noise can be 

suppressed. 



-------·-- - -------------------

12 

The first and the second magnetic layer 1,2 a+e 

constituted of a ferromagnetic material containin9 Co such as 

Co alone or a Co alloy. The magnetic layers 1,2 can be 

constituted by such as a N-iFe_ alloy. Among them, a Co alloy 

with which, in particular, a l~rge bu~k e_ffect 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 A. 100 , A. 111 are 

different, and both of ·A. 100 and A. 111 ·are difficult to make 

such small as 10-7 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 10~ order with 

stability. Thus, ~he present invention is particularly 

effective for a spin valve film which utilizes a Co based 

magnetic alloy difficult in reduction of its magnetostriction 

by control of its material composition. 

~s a Co alloy-making up the magnetic layers 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 

particul~rly preferable among the addition elements. 

ln addition, even though a ferromag~etic .material such 

as a NiFe alloy can be made low in magnet~striction value by 

controlling its composition, as will be described in detail 

later, by giving fluctuation .in orientation tendency of 

crystal grains, the magnetos~riction can be made further 

small in its value. From these, the present invention is 

also effective 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 magnetic alloy is used 

for the first magnetic layer 1, the under layer 4 is made up 

of a metal material having a f cc crystal structure identical 

with that of the Co based magnetic alloy. As a metal 

material having a fee crystal structure, a magnetic metal 

mat~rial such as Ni, NiFe alloy, NiFeCo alloy, or a non­

magnetic metal material such as Cu, Au, Ag, Pt and an alloy 

formed therebetween can be used. The magnetic metal 

materials having a fee 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 having an 

identical f cc crystal structure can be used. 



The added amount of the additional elements referred to 

·in claim 22 is preferable to be 10 at% or less. While 

heightening of the resistance of the under layer due to added 

element saturates at 10 at%, if more than 10 at% is added, 

the added element diffuses to the magnetic layer or· the like 

to reduce the resistance value of the magnetic layer or 

induce inconvenience to crystallinity of the magnetic·layer, 

or to induce ferromagnetism or anti-ferromagnetism to·the 

non-magnetic layer itself. 

The first magnetic layer 1 is a sensor 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

ferromagnetic layer 5 consisting of such as IrMn, PtMn, FeMn, 

NiO is formed. The second magnetic layer 2 is provided with a 

bias magnetic field from an anti-ferromagnetic layer 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 the second magnetic layer 1,2, 

Cu, Au, Ag, or a paramagnetic alloy containing preceding 

element and magnetic element, Pd, Pt, and alloy 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 Snm, 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 layer making up a spin valve film 6 

·is ·stacked in sequential.manner on a main surface of a 

substrate 7. With such a spin valve film 6 and a pair of 

electrodes 16 supplying a sense current 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 consisting of a·harci·magnetic· film or an 

anti-ferromagnetic film which inputs a bias.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 

least 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 the crystal grains are isotropically 

dispersed in the first magnetic layer 1 serving as a 

magnetization free layer. From practical point of view, it 

is_ preferable that both of the first and the second magnetic 

layer 1;2 are made up of the magnetic layers which 

crystalline closed-packed faces are dispersed isotrop~cally. 

~isotropic dispersion.state of the close-packed faces 

of the crystal grains constituting the magnetic layer 1,2 can 

be confirmed from x-ray diffraction peak of the close-packed 

faces of the crystal grains. For example, when the magnetic 

layers 1,2 are formed of a Co based magnetic alloy having the 

fee 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 the (111) faces are dispersed 

isotropically, (111) diffraction peak does hardly 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 sectional 

view obtained by a high resolution section TEM. By observing 

a section with a high resolution section TEM, for a portion 

where an atomic image 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 

J length is most dense)at this point is determined and an angle 

between that directi~n and the .surface of the substrate can 

be obtained. The obtained 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 

Pm (L) = 1/100 

when being isotropically dispersed. Therefore, when a number 

of points of which orientations can be determined is N, 

statistic quantity of X2 test of goodness-of-fit is expressed 

by 

L{ Pm(L) • N - N/10 }2 

L 
X2 (N}= -----------------------

N/10 
--- (1). 

For example, when the directions were determined for 100 

points, since X 2 
0 •5 (N) :S: X 2 (N) < X 2 

0 •25 (N) and X 2 
0 •25 (100) = 

129.56 and X2 
0.5 (100)= 99.334, if the X2 (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 angle L of the 

magnetic layers 1,2 or the under layer 4· can be determined, 

based on the equation (1), X2 (N) value is determined. If 

the value of x· 2 (N) is more than that of X 2 o.s (N) and less 
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than that of . X 2 
0 • 25 (N) of X 2 distribution table, the magnetic 

layers 1, 2 ·and the under layer 4 of the present invention 

can be said to be isotropically.dispersed •. Thereby, an 

effect of the.present invention can be exerted. 

The number of measurement points is not necessarily to 

be lOO_points and a method for determining the measurement 

points c~n be other one. However, ·an area to be covered by 

the measurement should be enough large. It.is preferable to 

' measure in a "film plane direction an area 10 times and·more 

the total film thickness of the spin valve film 6 and more 

P!eferable to measure an area 50 times or more the film 

thickness. 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 observation is done with a high 

resolution section TEM, an transmission electron diffraction 

pattern image can be obtained at the same time. In this case, 

when the close-packed faces are disper·sed 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, when 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 axis. 

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 necessarily form a complet~ly 

uniform image, a diffraction pattern homogeneous for a ··full 

. circle can be obtained. When Debye:-Scherrer ring does *1ot 

fluctuate in its brightness 5 times or more along its f,ull 

_circle, an excellent property can be obtained. In other 

words, if the maximum value of the intensity of the obs~rved 

Debye-Scherrer ring pattern-is 5 times or less that of the 

minimum value, it can be said to be in enough no orientation 

state. In particular, when the brightness. does not fluctuate 

2 times or more, a more excellent 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, wh~n 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 speaking, 

whether being in an amorphous state or in a micro-cryst~lline 

state can be determined by analyzing a radial direction 

-distribution. 

In t~e above described method, it is necessary for an 

area where the electron beam hits to contain a sufficiently 

many crystal grains. Therefore, an area to be measured" ··is 

preferable to be lx10-2 µm2 or more. 

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 ~loying the above described diffraction 

,pattern is not neces~arily restricted to a method that 

employs ·an electron beam, but also with a method. utilizing x­

ray, the identical judgement can be done • 

. The magnetostriction constants of a magnetic ~aterial 

are diffe~ent.according to their crystalline directions, and, 

i-n 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 constants A. 100, A. 111 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) face and (111) face are almost 

uniformly dispersed. The·refore, A. 100 and A. 111 opposite in their 

signs are cancelled out each other to result in a small 

magnetostriction constant as a spin valve film 1,2 as a whole. 

Thus, by utilizing the spin valve magnetic layers 1,2 

in which the orientation tendency of each crystal grain 

(direction of orientation)is provided with fluctuation, 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 isotropically 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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layer as a whole can be reduced. In addition, without 

question,.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 lQnm or less in·thei~ grai~ diameter, by· 

isotropically dispersing t~e·close-packed faces of the 

crystal grains, a .potential variation of a long period which 

Bloch wall feels becomes small. Therefore, the Bloch wall 

can move smoothly without being 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 He can be reduced. 

Thus, by red~c~ng t~~ cry~~~~iine magnetic ~nisotropy 

:of the spin valve magnetic layers 1, 2 and by ·reducing the 

coercive force He, the soft magnetic property of the spin 

valve film ·6 can be enhanced. 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 isotropically 

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 under layer 4 which has an identical · 

crystal structure with the magneti9 layers 1, 2. 

Since each crystal grain of the first magnetic layer 1 
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. grows- ·according to each crystal grain of the under layer 4, 

·.:i if. the close-p?tcked ... l~ce.$. · o! thc:;: ·.<?i:Ystal. grain~. ~f the under 

layer 4 are dlspers~d·· is~tropically, the close-packed faces 

·of the crystal grains of the first-magnetic layer 1 disperse 
. . . 

·isotropically in an identical· manner. Therefore, when each 

contacting crystal grain is viewed separately, the.close-

packed faces of the crystal grai~s of the 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 

grains 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 0£ the crystal grains of the first 

magnetic layer 1 can be dispersed isotropically with 

reproducibility. Further, by forming films of the non-

magnetic layer 3 and a second magnetic layer 2 in turn on the 

first magnetic 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 materialized with reproducibility. 

In 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 2.0nm or 

less, for example. That is, when the film thickness of the 

under layer is such thin as 2.0nm or less(not including Onm), 
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.. the close-p~c-ked faces . of the crystal gi:ain:~ can be dispersed 

.i.sotropica.U.y in an ~~q~l~er:it man~_er.. Wl.?.~n fo_zn.Ung .,film with 

a converit.io~ai sputte_ri.ng ··method,· if "the.· "film "th'.i.cknes·s of 

the u,nder·layer 4 exceeds 2.0i:izn,. the orientation tendency of 

the cryst~l grains becomes remarkably strong during film 

growing step, thus it becomes.diffi~ult to obtain an 

isotropically dispersed film of .the close-packed. faces. ·when 

the thickness of the under layer 4 is made 1.Snm or les~, the 

c.rystal' s orientation tendency in particular can·.be decreased 

and the close-packed faces can be isotr9pically 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 ori~ntation te~dency of 

the crystal grain becomes strong, the thickness of the under 

layer 4 is set at Snm or less . 

. As a p;I"e~~nting method of the orientation of the . :··. 
. . . .. . 

crystal grains of the under layer 4, as . shown iri Fig. 3·, it". i"s 

effective to d_ispose an amorphous magnetic material layer 9 

adjacent to the under layer as a second under layer. As an 
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am~rphbus magnetic material l~yer 9, an amorphous soft 

~g:~e,t..ic mc;i.t~r..i~l. su~h as CoNb'- C9Zr, CoZrNb.,,- CoB; CoFeB,_ 

. CoF~BS°t··• dan. be . us·e(i · prefer~bly ." . 

On such an amorphous · magnetic mate-rial ·layer , ·9, by 

forming th~ first under layer 4 identical' in its crystal 

structure as that of the magn~tic layers 1,2, the close-

· packed faces of the crystal grains of the under layer 4 c~n 

be isotropically dispersed with further. reproducibility. The 

amorphous magnetic.material layer 9 also contribut~s to 

improving soft magnetic property of ~ spi.n-·valve film 6. In 

addition, since the amorphous magnetic material layer 9 is 

high in its resistance, decrease of the MR change rate due to 

a .shunt current of the sense current can be suppressed. 

For the second under layer, instead of the above 

described amorphous·magnetic material layer 9, a crystalline 

material large in its mismatch of the lattice constant from 

the first 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 alloy 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 discontinued with respect to their·· crystal structure. 

Therefore, the close-packed faces of ~he crystal grains of 

the first ·magnetic layer 1 can be dispersed isotropically. 

Since, if the thickness of the compound layer 10 is too thick, 

it is likely to lose the effect of the. under layer 4,._. tl;le. 

-thickness of the compound l~yer 10 is preferably set at 2rini · 

or less • 

. The above described compound layer 10 also works as a 

barrier layer for preventing thermal diffusion of atoms. 

Therefore, the mutual diffusion of atoms between the under 

layer 4 and the first.magnetic'layer 1 can be suppressed . 
during heat treatment operation, thus heat resistance of the 

spin valve 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 a constituent material of the compound layer 10, an 

oxide, a nitride, a boride, a fluoride can be employed. They 

can be used without restricting in single, but also can be in 

- , a mixture or a complex compound. Among these, an auto-

oxidation film, a surface-oxidatio~ film, a passivation film 

and th~·like particula~ly ~a~y ~n formation can pe pre~erably 

used. The compound layer 10, after formation of the under 

layer 4, can be formed by exposing once 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 .forming a fine crystal lattice and it can be an amorphous 
. . . 

state. Still further, tlre.morpho~ogy of the compound layer 

10 is not necessarily required to cover the. surface of the 

under layer 4 uniformly but can be formed·in' a discrete state 

such as a state where piri hol~s e~ist, or a state where the 

compqurid exists island-like. 

Further,· by applyin9 the under layer 4 the close".""packed 

faces of the crystal" grains of which are isotropically 

dispers·ed, the f i;rst magnetic layer 1 having a sub-grain 

structure can be obtained relatively easily. The sub-grain 

structure is, as shown in Fig.5, a str~sture where a 

plurality of sub-grains SG exist in one m~in-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 ~btained 

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 ~s executed, 

since, at the grain boundary 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 

siz~ of the main grain occurs. In addition, since an angl_e 

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 than the unevenness of the surf ace and in the range 

clearly discernable as one main ·.gra.in MG from the unevenness 

of the surface.· Further, an angle which the directions of 

the close-packed atomic faces form between sub-grains SG i~ 

such sma:ll as 10° or less, there~·oi;-e,· when compared with the 

grain boundary of the main grains MG, the· contrast·is weak 

and not clear. 

·From these,· in a spin valve ·,f·ilm which ·does not have a 

sub-grain structure, the unevenness of the surface arid· the 

grain boundary correspond relatively clearly, 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 surf ace 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 spin 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 diffraction 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 from a ·plurality· of single crystals is 

observed. 

Although an MR change-rate of a spin valve film 6 has 

been generally considered.to decrease as the orientation 

tendency decreases, the MR change rate rather· increases when 

the spin valve magnetic layers ·1,2 ax:e used in their no­

orientation state. Further, when a spin valve mag~etic 

layers 1,2 have such·a sub-grain structure as described above, 

a particularly large MR ch~nge 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 afte·r annealing at the 

temperature range of from 200°C to 400°C is executed for 

from 1 to 10 hours. In a device morphology such as a head or 

an MRAM, it is desirable that the sub-grain exists. 

In order to obtain a large MR change rate,· the sub­

grain structure of the spin valve magnetic· layers 1,2 is 

.. _, pref erred to have a larger average number of sub-grains SG 

within in its film plane direction than in the perpendicular 

direction to the film plane. That is, the sub-grains SG are, 

as shown in Fig.5, preferable to exist so as to align in the 

film plane direction. In addition, the average grain 

diameters of the spin valve magnetic layers 1,2 are 

preferable to be 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 20nrn, since the crystalline 
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magnetic anisotropy of the respective crystal grain can not 

be averaged out to appear, HK and He become prone to be large. 

The MR element of each embodiment above described can 

be used as, for example, an MR element portion of a 

reproducing MR head of a magnetic recording/reproducing 

.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 structure of 

a magnetic recording/reproducing separati~n 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 stack~ng the recording head portion thereon 

or thereunder. Since this stress increases the 

magnetostriction constant, the pres~nt 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 Al203/TiC substrate having an Al203 ·layer 

can be used. On one main surface of the substrate 11, a 

lower side magnetic shield layer 12 consisting of a soft 

magnetic material such as a NiFe alloy, an FeSiAl alloy, an 

amorphous CoZrNb alloy is formed. On the lower side magnetic 

shield layer 12, the spin valve film (spin valve GMR film)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 ~s AlOx. 

Between.the sp~n valv~ GMR ~ilm 14 and the iower side 

reproducing magnetic gap 13, .bias magnetic field i~putting 

films 15, 15, which input the bias magnetic fiel~ .. t:o the spin 

valve ~MR film 14, are respectively disposed outsid~·both. 

edge portions. of the reproducing track of the spin valv~ GMR 

film 14. On the spin valve GMR fi_lm 14 ,. a pair of electrodes 

16 consisting of such as Cu, _Au, Zr, Ta are formed, and ·the 

pair of electrodes 16 supply a sense current to the spfn 

valve GMR film 14. These me~er.of a spin valve GMR film 14, 

a bias magnetic field inputting 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 shi.eld layer 12 is fopned. 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 recor~ing 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 upper 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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·pole .:19 concurrently .. serving af! the .upper side ~agnet"ic .. . . . , .··. "' -·· .. 

shield layer, a recordi~g magnetic' gap 22 consisting-~f a· 

non-magnetic insulation ma~erial such. as AlOx and an upper 

side ~ecording magnetic pole 23 are formed in sequential 

manner to constitut~ a t.hin film mag~et~c;:. J;iead 21 as a 

recordin9 l)ead p_ortio·n. . i 

•:.• 

.The above.described magnetic recordi~g/reproducing.head 

· i~ _asseinbled in a. head slider. A head s~~~er possessing . a 

magnetic reco-1:'.'di°n.g/reproducing head is mounted in, for 

example, a magnetic disc unit ·shown in Fig.7. Fig.7 shows a 

rough structure of a magnetic disc unit 30 employing a-rotary 

actuator. 

A ma9netic 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 disc 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 

lOOnm) from the surface of the magnetic disc 31. The head 

slider 33 possesses a magnetic recording/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 s~own drivi~g cqil, whi~~.is ~~und up to the bobb~n 
. . 

portion of the actuator arm 3·5, and a magnetic ·circuit 

consisting of· a permanent magnet and a_ yoke. oppositely 

disposed each.other so as to be interposed by the driving 

coil. 

The actuator arm 35 is held· by not shown ball 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 structure 

of an MRAM in wh°ich 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 

spin valve film shown in the above described embodiment and 

has an amorph~us magnetic materfal 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 

sequentia_l 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. ~n 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~ 

-Embodime~t :L 

First of all, as shown in Fig.3, ori a thermally 

oxidized Si substrate 7, a magnetic multi-layer film of 

CoZrNb (Snm) 9/NiFe (dnm) 4/Cq_Fe (3nm). 1/Cu (3run) 3/CoFe (2nm) 

2/IrMn CB.run) .S/Ta (Snm) structure is forme·d in film~ by a 

sputtering method. This magnetic multi-layer film is 

patterned to produce an MR element. 

Here, after NiFe4 is fo~ed in film, ·the front surface 

of this NiFe4 is exposed to oxygen. Thereby, a thin oxidized 

layer is formed but the film tt:iic·kness 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 O.Snm to 4nm, wherein the under layer 4 has a fee 

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 8-28 diffraction method. 

The results are shown in Fig.9. The p~ak intensity decreases 

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

at 1.Snm or less. 

In addition, when orientation tendency is confirmed by 

a high resolution section TEM 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 the. contra_ry, in. samples which film 

thickness of a .NiFe alloy f·i1~· i~ .l,. Srun or less, it is . 

confirmed that the (111) face of eac~ grain is ~ispersed· 

nearly unifo.rmly. 

Next, (111} diffraction peak of a CoFe.alloy film 

formed on a NiFe -alloy film as a magnetic layer 1 is observed 

in an identical manner. According to the re$ults, in samp~es 

which film thickness of a NiFe alloy film is.1.Snrn or less, . 

-as identical ·as in the case of "t:he NiFe alloy film, the· (111) 

peak of the CoFe alloy film can not be observed completely. 

Further, when the crystalline orientation tendency is 

confirmed with help of a high resolution section TEM method, 

it is ascertained that, in samples where the film thickness 

of a NiFe alloy film is 1.Srun or less, the (111) faces of 

the crystal grains of the CoFe alloy film are dispersed 

isotropically. 

Further, a CoFe alloy film of which film thickness of 

the ·under layer is lnm is examined of the direction of the 

(111) faces of 100 crystal grains with a high resolution 

section TEM, based on the result, X2 (100) value is 

calculated. The value of X 2 (100) was 122. That is, the X 2 

(100) value according to measurement of the present 

embodiment was more than X2 
0 •5 (100) value (=99.334) and less 

than X2 
0 •25 (100) value (=129.56). Samples which have film 

thickness of the under layer of 1.Snm or less had nearly 

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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Result of mag~etost~ic}::ion.-constant obtained by 

measuring each sample i,s .:s-~own .;in Fig .10 •. Although, in· the 

case where the film thickness of the NiFe alloy film is 2.Snm 
. . . . 

Or· more I the. ma,gne:tQStric;t;i..On: .COnStant i_S 20~10-1 . Or more, 

in·the case where the film thickness· d of· the NiFe alloy film 

.is 1.Snm or.less, it is.confirmed that all s~mples have such 

a low ma_gnetostriction con·stant as -2X10-1
• 

Further,· each sample .is measured of its . .. . 

magnetostriction constant·after.annealing at 543K for 100 

hour. It is found that, even after this ·annealing treatment, 

each sample according to the embodiment where the film 

thickness of the NiFe alloy film is 1.Snm or less does hardly 

vary in its magnetostriction 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 Al20 3/TiC substrate of 3 inch diameter ·and 

800 pieces of MR heads are obtained from one substrate. The 

manufactured respective MR head is assembled in a real disc 

drive unit and a number of the head in which Barkhausen noise 

occurs is confirmed. The result is shown in Fig.11. 

In an MR head where an MR element of which film 

thickness d of the NiFe alloy film is 1.Snm or less is used, 

the defective number is such low as 5 pieces, thus about 1% 

of the percent defective is obtained. On the contrary, among 

MR heads using an MR element of which film thickness of the 

NiFe alloy film is 2.Snm -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 described.embodiments and the 

comparative examples, by controlling the film thickness of 

the NiFe alloy film as an under laye·r 4 at 1. Srun or less, the 

close-packed ·faces ((111) face) of the cry~tal grains which 

constitute a spin valve ~agnetic layer can be dispersed 

isotropically. It is f.ound that, thereby, the 

magnetostriction constant of the sp~n valve film can be 

redµced such low as about 1X1076
• And, by utilizing a spin 

valve film of such a low magnetostriction.-c"onstant, the 

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(Snm) /Cu(lnm) /CoFe(3nm) /Cu(3nm) 

/~oFe(2nm} /IrMn(8nm) /Ta(Snm) structure is formed by a bias 

sputtering method. By patterning this magnetic multi-layer 

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 X2 (100) 

value is calculated based on the result. According to the 

result, theX 2 (100) value of the Cu film.was 110 and the X2 

(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 inagneti~ l~yer were confirmed to·be_qispersed 

isotropically in their (111·) face. 

From a high resolution section TEM photograph, it is 

confirmed that the Co Fe film as a first magnetic laye.r, as 

shown in Fig.5, has a sub-grain 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 confirmed to· be sucn low as 2x10-1
• Further, 

the magnetostriction ·c~nstant is measured after annealing at 

543 K and for 100 hpur. Even after this annealing, the 

magnetostriction constant did hardly change and the heat 

resistance was also excellent. 

Further, the soft magnetic property and the M~. 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 resistance 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 HK value was 5 Oe and He value in an easy axis 

direction such low as 3 Oe was obtained. 

Embodiment 3 

On a thermally oxidized Si substrate,·a magnetic mult1-

layered film of 

Ta(5nm)/Ag(2nm)/CoFe{3nm)/Cu(3nm)/CoFe(2nm)/IrMn(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-layered film is patterned 

to produce an MR element. 
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With the_sample of this embodiment 3, the orientation 

tendency of the crystal grains is confi~ed with a ~igh 

res.olution ·section ·TEM method. · As the result, it is 

confirmed"that, in one grain, almost all crystal faces are 

aligned from t~e seed, Ag, layer to the IrMn layer. The Ta 

layer is confi~ed to be amorphous. ·Thereafte~, by taking 

an electron beam diffraction pattern_,· it is confirmed that 

the Debye~Scherrer ring.is obtained.in a pattern concentric, 

almost equal in its intensity, and isotropically di~persed 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 crystalline state. 

It is confirmed that the sample of thi~ embodiment 3 is 

such low as 1X10-1 in its m.agnetostriction constant. Further, 

after annealing the sample at 543K for 100 hour, the 

magnetostriction constant thereafter is measured. Even after 

this annealing treatmeJ?.t, the magnetost,r~ction constant does 

hardly change to be excellent in its heat resistance. 

Further, the soft magnetic property and the 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 

change rate even after annealing at 543K for 1 hour. Further, 

a small HK as 5 Oe and a small He 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 as that occurrence of 

aarkhausen noise can be redu9ed .and.read error can be reduced 

can be obtained. 

As explained above, a9cording to ·a magneto-resistance 

et.feet element of the. present invention, while maintaining -a 

large magneto-resistance effect, such low·magnetostriction as 

-lXl0-6 or_ less can be obtained with reproducibility. Further, 

an excellent soft magnetic property and a large MR change 
. . 

rate can be obtained. 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·is claimed is: 

1. A magn~.to-:-resistance effect element, comprising: 

a-spin valve film including: 

a first magnetic layer, 

a second magnetic layer, and 

a non-magnetic layer interposed· between the first 

and the second magnetic layer; and 

a pair of electi::odes which supply a sense current to 

the spin valve.film, 

wherein at least one magnetic layer of the first and 

the second magnetic layers is characterized in that the 

close-packed faces.of crystal grains which constitute the 

magnetic layer are isotropically dispersed. 

2. The magneto-resistance effect element as set forth in 

claim 1; 

wherein, in the magnetic layer where the close-packed 

faces of the crystal grains are isotropically di~p~rsed., when 

angles of 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 angle Lis put as Pm{L), X 2 (N) value obtained based 

on the ·following equation is X 2 o.s (N) value or more and X 2 
0 •25 

(N) value or less. 

Equation: L { Pm (L) • N - N/10 } 2 

L 
X2 

(N)= -----------------------
N/10 

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

an under layer which has an identic~l crystal str~cture 

as that of the first magnetic layer and the first magnetic 

layer formed ~hereon, wherein, close-packed faces·of crystal 

grains w~ich constitute the. under layer are isotropically 

di~perseq. 

·4. ·The magneto-resistance effect eiement as set forth in 

claim 3: 

.wherein the under layer has a thickness of Srun or iess. 

5. The magneto-resistance effect element as set forth in 

claim 3: 

wherein, the under layer has a thickness of 1.Snm 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-re.sistance effect element as set forth in 

claim 3: 

wherein, the under layer is formed of a non-magnetic 

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-re~istance effect element as set forth in 

claim 3: 

wherein, the close-packed face of crystal grain of the 

under layer and that of t~e first magnetic layer contacting 

the· under layer are nearly in par all.el. 

10. The magneto-resistance effect element as set forth in 

claim 1: 

wherein, in the magnetic layer which close-packed faces 

of the crystal grains are isotropically dispersed, one main 

grain is constituted of a plurality of sub-grains. 

11. 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 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 f cc 

crystal 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 are 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 

~Y an external magnetic field. 

15. The magneto-resistance effect element as set forth in 

claim 14, further comprising: 

a bias magnetic field ~nputting film for inputting a 

bias magnetic field to the first magnetic.layer, wherein, 

direction of the bias magnetic field is nearly orthogonal to 

direction of magnetization pinned to the second magnetic · 

field. 

16. A magneto-resistance effect element, comprising: 

a spin valve film including: 

a first magnetic layer, 

a second magnetic layer, 

a non-magnetic layer being interposed 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 the 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 under layer. 
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18. The magneto-resistance effect element as set forth .in 

claim 16: · 

wherein, the· under laxer is formed of a·non-magnetic 

material. 

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

claim 16, further comprising: 

.a compound layer disposed-at an -interface· bet~een the 
' 

-·under -layer and the first magnetic layer, wh~rein, .the 

compound layer has one kind of compound selected from an 

oxide, a nitride, a boride and a fluoride as a main component. 

20. The magneto-resistance effect element as set forth in 

claim 1: 

wherein, the under layer includes at least one kind 

selected from Cu, Au, Ag, Pt and alloys. therebetween. 

21. The magneto-resistance effect element as set forth in 

claim 20: 

wherein, to the under layer, at least one kind selected 

from Ti, V, 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 und~r layer is disposed on a layer 

comprising material A selected from Cr, Ti, Ta, W, Nb, ~o, 

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 ~ide 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 .lo.~ei; side. reproduoing· magnetic <jap and; and 
. ~. . . . .. .. 

an _upp~r side·m~gnetic shield layer formed on the 

. magneto-resistance ef feet. element through a.n ·upper side 

reproducing magnetic gap. 


