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TITLE OF THE INVENTION 

Magneto-Resistive Effect Thin-Film Magnetic Head 

BACKGROUND OF THE INVENTION 

This invention relates to a magneto~res~stive effect thin-

film magnetic head which has a magnetic layer ·exhibiting a 

magneto-resistive effect of being changed in resistlvity by a 

recording magnetic field from a magnetic recording medium and 

which is configured for detecting changes in resistance as a 

playback output voltage. 

In keeping up with development of smal 1-sized large-capacity 

hard disc devices, there is an increasing demand for a small-

sized hard disc ~~vice with a diameter of· the order of e.g., 2.5 

inches, as a po~sible application of the hard disc device to a 

portable computer exemplified in particular by a n6tebook-type 

personal computer. 

With the small-sized hard disc, since the velocity of the 

recording mefHum is decrease.d depending on the disc diameter, the 

playback output is decreased with the conventional induct ion 

magnetic head whose playback output depends upon. the velocity of 

the recording medium, thus frustrating further attempts in 

increasing the recording capac~ty. 

On the other hand, a magneto-resistive effect thin-film 

magnetic head (MR head), in which changes in resistance of a 

magnetic layer having the magneto-resistive effect crf being 
! .. 

changed in r~si~ti~iiy by the?magne~ic field are designed to be 
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detected as a playback output voltage (MR element), has such a 

feature that its playback output is not dependent upon the 

velocity of the recording medium and a high playback output can 

be obtained even with the low velocity of th~ ·recording medium. 

Thus the MR head is attract"ing attention as a magnetic head 

capable of realizing a large recording capacity with the small­

sized hard disc. 

The MR thin-film head is such a playback magnetic head which 

exploits the so-called magneto-:-resistive effect in which the 

value of the electrical . resistance is changed by the angle 

between the direction of magnetiz~tion in a transition metal and 

the direction of ,~he current flo~ing therein. That is, if the 

stray magnetic f l:"ux from a magnetic recording med·ium is received 

by the MR elem~nt. the direction of magnetization of the MR 

element is inverted by the magnetic flux and comes to include an 

angle.corresp~rlding to the magnetic quantity with the direction 

of th~ curre~t flowing in the MR element. Thus the value of the 

electrical resistance of the MR element is changed and a change 

in voltage corresponding to the change in the electrical 

resistance value appears across both ends of the MR element in 

which flows the sense curre~t. Thus the changes in the 

electrical voltage may be read out as a voltage signal for 

reading out the magnetic recording signal. A bias magnetic field 

is applied at this time so that the operating point o~ the MR 

element will correspond to a point of superior linearity of the 
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resistance changes relative to the external magnetic field and 

of the maximum resistance change of the MR element, that is an 

optimum bias point. 

The MR thin-film head is formed by form~rig the MR element, 

electrode film or the insulating film on a pre-set substrate by 

a thin film forming technique and by etching the thin films by 

a photolithographic technique to a pre-set shape. The MR thin-

f i Im h'ead has a shield 
i 

structure in which upper and lower 

magnetic poles are arranged as shield materials for specifying 

the gap length for reproduct~o~ and for prohibiting unneeded 

magnetic flux·from being intruded into the MR element. 

Specifically, with the so-called vertical MR thin-film head, 

in which the sen~e current flowing in a direction normal to the 

direction of track width, an insulating layer, a soft magnetic 

layer and an insulating layer formed of Alz03 or SiOz are 

.. sequentially .l'ayered on a non-magnetic substrate, and the MR· 

el,ement is . -'.arrayed on the insulating layer so that its 

longitudinal direction is perpendicular to its surface facing the 

magnetic recording medium (surface of the head on which slides 

the magnetic recording mediu~) ·and so that its one end face wi 11 

be exposed on the s.urface o~. the head on which slides the 

magnetic recording medium. Both end faces of the MR element are 

provided with forward and rear electrodes for supplying the sense 

current to the MR element, on which an insulating layer formed 

of Al 2o3 or Si02 is formed. This insulating layer is sandwiched 
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betw.een the forward and rear electrodes. On the insulating layer 

is arranged a bias conductor for facing the MR element and for 

impressing a bias magnetic field to the MR element. On the bias 

conductor. is arranged an insulating layer, op· which is layered 

a soft magnetic layer operating as the upper magnetic pole for 

constituting the MR thin-film head. 

Since the MR thin-film head is constructed so that the MR 

element is sandwiched betweeh the upper and lower magnetic poles 

the S/N ratio of the playback output and the recording density 

may be improved as c_ompared to the head devoid of the upper and 

lower magnetic poles. 

The above-d~_.scribed vertical MR thin-film head has such a 

feature that the!forw~rd electrode can be grounded for allowing 

the sense current to flow in the MR sensor in a direction 

perpendicular to the surface of the head on which slides the 

magnetic recop~ing medium, so th~t it is structurally superior 

j.n res istanc,._!';f against electrostatic destruct ion. However. the 

portion of the MR head lying directly below the forward electrode 

represents a so-called magnetically non-sensitive portion which 

is not sensitive to the signal magnetic field from the magnetic 

recording medium .. With the MR.thin-film head, since the signal 

magnetic field from the magnetic recording medium becomes larger 

towards the distal end of the · MR sen~or, safety against 

electrostatic destruction is safeguarded at the cost of reduction 

of approximately 20% of the playback output. 
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For compensating the lowering of the playback output, it has 

been proposed to provide a flux guide layer formed of a high 

magnetic permeability soft magnetic material. Referring to 

Fig.1, the flux guide layers are formed as two,·layers on the rear 

end of an MR element 101. That is, an intermediate layer 103 for 

Ni-Fe plating and a plating layer 104 formed by Ni-Fe plating are 

sequentially formed on an underlying layer 102 formed of a high 

magnetic permeability soft ~agnetic material, such as Ta. The 

intermediate layer 103 needs to be provided since the plating 

layer 104 cannot be directly formed on the underlying layei 102. 

The intermediate layer 103 may be used for managing magnetic 

anisotropy such -~·hat the plating layer 104· wi 11 be grown in 

accordance with .t'be magnetic anisotropy. The underlying layer 

102 operates for assisting in affording magnetic anisotropy to 

the intermediate layer 103. 

For asstµ!ing magnetic .. stability for the MR element by 

. exploiting $.\ape anisotropy of the flux guide layer, it is 

necessary for the flux guide layer to be of. a transversely 

elongated shape with respect to the sliding direction of the 

magnetic recording medium, that is of such a shape which is free 

from corners and in which Ll?Wl, where Ll and Wl denote the 

transverse width and the vertical width of the flux guide layer, 

respectively, as shown in Fig.2. However, the flux guide layer 

forms a cyclic magnetic domain, as indicated by arrow M, so as 

not to generate magnetic poles by itself. If a magnetic wall 105, 
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produced by the cyclic magnetic domain, is rapidly moved by the 

magnetic field generated by the sense current, bias magnetic 

field or the disturbing magnetic field, the magnetized state of 

the MR element 101 is rapidly changed, thu~ ~reducing so-called 
.. 

Barkhausen noise and inducing an unstable magnetic head 

operation. There is also a risk that the magnetic reluctance of 

the flux guide layer and the bias· m~gnetic field applied to the 

.MR element 101 be changed t6 depart from the optimum bias point 

thereby lowering the magnetic head output. In addition, it is 

extremely difficult to assure ~ constant magnetized state of the 

flux guide layer of each thin-film magnetic head, due to 

manufacture cons~1raints of the MR thin-film magnetic head, thus 

producing fluctuations in the intensity of the bias magnetic 

field from one product to another. 

Thus, with the MR thin-film head, it is extremely difficult 

at present to ... ¢iuppress the Barkhausen noise and to maintain high 

magnetic he~~ output, and .thus a method is searched for possibly 

avoiding these inconveniences. 

OBJECT AND SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 

provide a MR thin-film magneti~ head whereby it becomes possible 

to substantially eliminate generation of the Barkhausen noise, 

develop an extremely high output, suppress fluctuations in 

various head characteristics from product to product- in the 

course of manufacture and to improve the yield and operational 
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reliability significantly. 

The present invention is directed to a magneto-resistive 

effect th~n-film magnetic head (MR thin-film head) having a 

magnetic layer which is formed by a thin-fil~·forming technique 

(MR element) an.d which is changec:i in resistivity by the magnetic 

field. The MR thin-film magnetic head detects changes in 

resistance as a playback output voltage. The present invention 

is mainly concerned with a s'o-called vertical MR thin-film head 

in which the magnetic layer having the magneto-resistive effect 

is provided in a direction perp.endicular to the sliding direction 

of the magnetic recording medium and the forward and reu.r 

electrodes are ~9rmed at the upper and lower portions in the 

longitudinal di:iection of the magnetic layer. with the sense 

current being supplied to the magnetic layer in a direction 

perpendicular to the track width direction. 

The mag,niEfto-resistive effect thin-film magnetic head 

includes a mitjgnetic layer exhibiting a magneto-resistive effect, 

and a flux guide layer of a high magnetic permeabi 1 i ty soft 

magnetic material. formed at one end of the magnetic layer. 

where in. according to the present invent ion, hard films operating 

as permanent magnets are formed on both ends of the flux guide 

layer. 

The flux guide layer is formed of a Ni-Fe based alloy or u. 

Co-Zr based amorphous alloy. The hard films are formed. of a 

material selected from the group_ consisting of Co-Pt based 
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alloys, Co-Cr based alloys, Sm-Co based alloys, Nd-Fe based 

alloys and ferrite. 

The flux guide layer is formed via an underlying layer 

formed e.g., of Ta or Cr in view of adhesio~ of the flux guide 

layer. 

With the MR thin-film head of the present invention, hard 

films, operating as permanent magnets, are formed on both ends 

of the flux guide layer which is formed of a high magnetic 

permeability soft magnetic material. and which is formed at an end 

portion of the MR element. I; the hard films are magnetized to 

pre-set polarities for impressing the generated magnetic field 

in the slidin·g d~,rection of the magnetic recording medium, there 

is produced no c~clic magnetic domain in the flux guide layer. 

but a sole magnetic domain is formed, with the magnetic field 

emanating from one of the hard layer~ and reaching the opposite 

hard layer. 1'hus there is hardly produced a magnetic wall in 

th~ flux g~de layer thus suppressing the generation of the 

Barkhausen noise due to magnetic wall movement and concomitant 

unstable magnetic head ~ovement or lowering in the magnetic head 

output. 

Since the Barkhausen nois.e is hardly produced, the MR head 

has an extremely high output, such that it becomes possible to 

. suppress fluctuations in head performance from product to product 

for ·improving the product yield and operati~g reliability. 

BRIEF DESCRIPTION OF THE DRAWINGS· 
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Fig.1 is a schematic cross-sectional view showing the 

construction of the· vicinity of the flux guide layer in a 

conventional MR thin-film magnetic head. 

Fig.2 is a schematic plan view showing ~he construction of 

the vicinity of each hard film and the flux guide layer. 

Fig. 3 is a schematic cross-sectional view showing a MR thin-

film magnetic head according to a preferred embodiment of the 

present invention, with the 1upper magnetic pole being removed. 

Fig.4 is a cross-sectional view showing the construction in 

the vicinity of the flux guid~. layer. 

Fig.5.is a schematic plan view showing the construction of 

the vicinity of ~~ch har~ layer and the flux guide layer. 

Fig. 6 is a:<':' schematic cros.s-:-sect ional view showing the 

construction of the vicinity of each hard layer and the flux 

gui~e layer. 

Fig. 7 is.~" schematic plan view showing another example of 

the construc(1on of the vl.cini ty of each hard layer and the flux 

guide layer. 

Fig.8 is a graph showing characteristics of magneto-

resistive effect. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring to the drawings. preferred embodiments of the 

magneto-resistive effect thin-film magnetic head (MR thin-film 

magnetic head) according to the present invention ~i'll be 

explained in detail. 
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The MR thin-film head of the present embodiment is of such 

a constructio·n in which a magnetic layer 1 with magneto-resistive 

effect (MR element 1) having its longitudinal direction extending 

perpendicular to a surface of the head alqrig which slides a 

magnetic recording medium ~ is sandwiched between a lower 

magnetic pole 2 and an upper magnetic pole 3, as shown in Fig.3. 

That is, the MR thin-film magnetic ~ead is constructed as a so­

called vertical thin-film m~gnetic head. 

Specifically, on a non-magnetic substrat~ 11 of A12o3- TiC 

is formed, via an insulating ~ayer 12, the lower magnetic pole 

2 formed of Ni-Fe, as a shield magnetic film. On the surface of 

the lowe.r magnet_ . .;.·c pole 2 is deposited an insulating layer 1a 
formed of Al 2o3• 

On the upper insulating layer 13 is formed the MR element 

1. An insulatin~ layer 14 of Si02 is formed at a pre-set portion 

in the vicinity· of the.MR element 1, on which is formed, via an 

insulating ~yer 18, a bias conductor 15, as a component part 

of the MR element 1, for impressing a bias magnetic field to the 

MR element 1. On the bias conductor 15 is formed an insulating 

layer 16 of Si02, on which the upper magnetic pole a is formed by 

a magnetic film of e.g., Ni-Fe jar constituting the MR thin-film 

head. 

The depositing position and the pattern of the bias 

conductor 15 may be of a variety of configurations, such as a 

two-layer or spiral configuration. A permanent magnet film may 
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also be employed in stead of exploiting a magnetic field induced 

by current. 

The insulating .layers 13 and 14 may also be ·formed of 

beryllium oxide or aluminum nitride, in stea~· of Al 2o 3 or Sio2. 

With th~ above-described MR·thin-film head, the MR element 

is arrayed so that its longitudinal direction is perpendicular 

to the surface of the head facing the magnetic recording medium, 

that is the surface of the ~ead along which slides the magnetic 

recording medium A. and so that its one end face is exposed on 

the surface of the head along w~ich slides the magnetic recording 

medium A· At the end portion of the MR element 1, towards the 

surface of the h:~-ad along which slides the magnetic recording 

medium A· and a. ·portion spaced a pre-set distance therefrom, 

there are respectively formed a forward end electrode 17a, which 

is an electrode formed by an electrically conductive film, and 

a flux gui"de .I,ayer 17b, which is similarly an electrode formed 

by an electr4cally conductive film, and which also operates as 

a rear end electrode. The forward end electrode 17a and the flux 

guide layer 17b ar~.formed for flowing the sense current along 

the length of the MR element 1, that is in a direction 

perpendicular to the surface of the head along which slides the 

magnetic recording medium A· That is, the MR element 1 and the 

insulating layer 18 are sandwiched between the forward end 

electrode 17a and the flux guide layer 17b. With the aboye-

described MR thin-film magnetic head, a region of the MR element 
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1 defined between the forward end electrode 17a and the flux 

guide layer l 7b of the MR element 1 exhibits the magneto-

resistive effects. 

The flux guide layer 17 is formed by< .. sputtering on an . 

underlying layer 21 of Cr and Ta using a Co-Zr based amorphous 

alloy as a material for sputtering, as shown in Fig.4. The 

material for the flux guide l 7b may e.g.. be Ni-Fe. it being 

sufficient if it is a soft m~gnetic material having the initial 

magnetic permeabilityµ of not less than 2000 an the plain coated 

state. However, since the flu~ guide layer of Ni-Fe cannot be 

directly applied by plating on the underlying layer 21, an 

intermediate lay~r needs to be provided between the underlaying 

layer 21 and the· ... f lux guide layer. 

In the present embodiment, hard films 24, 25, functioning 

as permanent magnets, are formed on ends 22, 23 of the flux guide 

layer 17b, as. ~hown in Figs.5. and 6. The hard films 24, 25 are 

formed of peJ?,l/lanent magnet materials, such as Co-Pt based alloys, 

Co-Cr based alloys, Sm-Co based. alloys, Nd-Fe based alloys or 

ferrite, and are formed in a transversely elongated plan 

configuration along the sliding direction of the magnetic 

recording medium. The transverse width Ll and the vertical width 

W2 of the flux guide layer 17b, ·where L2>W2, are selected to be 

larger than the transverse width Ll and the vertical width Wl of 

the flux guide layer 17b, where Ll>Wl. 

It is unnecessary for the flux guide layer 17b to be free 
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of corners as conventionally, as shown in Fig.5. That is, the 

flux guide layer 17b may be rectangular in shape, as shown in 

Fig.·7. The total film thickness of the flux guide layer l 7b and 

the hard film 24 or 25 may be on the order of. 100 to 400 nm. 

If, with the above-described MR thin-film magnetic head, the 

MR element receives the stray magnetic flux from the magnetic 

recording medium, the direction o.f magnetization of the MR 
i 

element 1 is inverted by the magnetic flux and comes to have an 

angle corresponding to the intensity of the magnetic field 

relative to the direction of the current flowing in the inside 

of the MR element 1. Thus the magnetic recording signal may be 

read in terms of .. /the change in voltage as a voltage signal. A 
·< 

bias magnetic f feld Hb is impressed at this time so that an 

operating point A of the MR element corresponds to a point of 

superior linear~ty of changes in resistance relative to the 

external magn.,e..~ic field H and of maximum amount of change of the 

resistance Rf.~of the MR element, that is the optimum bias point, 

as shown in Fig. 8. If the sense current is supplied in this 

manner to the MR element 1, the input magnetic signal field AHs 

may be taken out as a voltage output AV
8 

with changes in 

resist~nce AR.
8

• 

Thus, with the MR thin-film head, the hard films 24, 25, 

operating as permanent magnets, are formed on one end of the MR 

element 1, herein on both ends 22, 23 of the flux guide layer 17b 

of a high magnetic permeability soft magnetic material formed 
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simultaneously as the rear end electrode. That is, if the hard 

films 24, 25 are magnetized and the magnetic field thus generated 

is applied in the sliding direction of the magnetic recording 

medium, there is produced no. cyclic magnetic,domain on the flux 

guide layer 17b, but a unidirectional magnetic field emanating 

from the hard film 24 and reaching the hard film 25 is generated, 

such that the flux guide layer l 7b presents a sole magnetic 

domain. Thus there is scar~ely produced a magnetic wall on the 

flux guide layer 17b, so that generation of the Barkhausen noise 

due to movement of the magnet~c wall is suppressed for thereby 

suppressing the resulting unstable magnetic head ~ovement or the 

lowering in the ~agnetic head output . 
.. 

For fabriciting the MR thin-film head, a pre-set resist 

pattern is formed via the insulating· layer 12 on the non-magnetic 

substrate 11 formed of Atp3. The lower magnetic pole is then 

formed by e. &'.'--·;· ion beam etching as a magnetic film of Ni-Fe. 

On the fower magnetic pole 2 is layered an insulating layer 

13 on which the MR element 1 is formed. That is, Ni-Fe is 

sequentially layered on the insulating layer 13 by a thin film 

forming technique, such as sputtering or vacuum deposition. The 

MR element 1 thus formed is patterned to the shape of the MR 

element 1, using a photoresist, and etched to a required shape. 

The insulating layer 14 then is formed at a pre-set position 

in the vicinity of the MR element 1, and an electrode hole, not 

shown, serving for forming the flux guide layer 17b, which is 
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used simultaneously as the forward end electrode 17a and the rear 

end electrode, is formed. That js, a resist is first coated for 

forming a resist layer which is then formed to a pre-set shape 

' using a mask. The insulating layer 14 is etc~~d by reaciive ion 

etching (RIE) fo.r forming the electrode hole to a pre-set pattern 

and subsequently the resist layer is removed. 

On the MR element 1, the bi.as conductor 15, with the 

interposition of the insulating layer 18, the forward end 

electrode 17a and the flux guide layer 17b, formed of w. Ti and 

Mo, are formed by sputtering fqllowed byRIE. The hard films 24, 

25 are magnetized in the direction indicated by arrow N in 

Figs.5 or 7, tha.~ is in the sliding direction of the magnetic 

' recording medium·~·· for magnetizing the flux guide layer l 7b with 

a sole magnetic domain as indicated by arrow N. 

After subs~quently forming the flux guide layer l 7b, the 

hard films 24~~5. operating as permanent magnets, are formed on 

both ends 2~~ 23 thereof. That is, a resist layer is formed by 

coating a resist and trimmed to a pre-set shape using a mask. 

Subsequently. the hard films 24. 25 are formed by sputtering 

followed by RIE. as in the case of forming the forward end 

electrode 17a and the flux guide layer 17b. 

On the forward end electrode 17a, flux guide layer 17b and 

the hard films 24, 25 is formed the insulating layer 16 on which 

a Ti-N-Fe film is formed by sputtering as an underlying layer for 

plating. A pre-set resist frame is formed and Ni-~e is formed 
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by plating. The resist frame is removed and a resist is formed 

to a pr~-set shape and subsequently removed by wet etching for 

completing the upper magnetic.pole 3. By the above process, the 

MR thin-film head is completed. 

By suitably adjusting the amount of magnetization of the 

hard films 24, 25 from one MR thin film head product to another, 

at the time of magnetization, the magnetic permeability µ of the 

·flux guide layer 17b may be '~djusted from one MR thin film head 

to another, thus enabling fluctuations in the bias efficiency and 

signal magnetic field engagem~nt effects to be eliminated from 

one product to another. The result is the significantly improved 

product yield an9--··operational reliability. 

The present····invent ion .is not 1 imi ted to the above-described 

embodiments. Thus the material, shape or size of various 

components may ~e optionally selected without departing from the 

scope of thE? ·invention. For example, al though the above 

description~as been made of the vertical MR thin-film head, in 

which the MR element 1 is provided in a direction perpendicular 

to the direction of sliding of the magnetic recording medium and 

the forward end electrode 17a and the flux guide layer 17b are 

formed at the upper and lower portions in the longitudinal 

direction of the MR element 1, the present invention may also be 

applied to a transverse MR thin-£ i lm head in which the MR element 

l is arrayed in a direction parallel to the sliding direction of 

the magnetic recording medium and the electrodes are arrayed on 



17 

. either sides of the longitudinal direction of the MR element. In 
• 

this case, the flux guide layer and the hard films are formed at 

back of the MR element. As the MR element, a so-called 

artificial giant magneto-resistive effect film, in which two-

layer films of Ni-Fe/Cu or Ni-Fe-Co/Cu are formed as multiple 

layers. 
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WHAT IS CLAIMED IS: 

1. A magneto-resistive effect thin-film magnetic head 

comprising: 

a magnetic layer exhibiting a magneto-resistive effect; and 

a flux guide layer of a high magnetic permeabi 1 i ty soft 

magnetic material, formed at one end of the magnetic layer; 

wherein the improvement comprises 
( 

hard films operating as permanent magnets formed on both 

ends of the flux guide layer. 

2. The. magneto-resistive e~fect thin-film magnetic head as 

claimed in claim 1 wherein the flux guide layer is formed of a 

Ni-Fe based al lo~ or a Co-Zr based amorphous alloy. 

3. The magnet6:::_resistive effect thin-film magnetic head as 

claimed in claim 1 wherein the hard films are formed of a 

material selected from the group consisting of Co-Pt based 

al lays, Co-Cp· based alloys, Sm-Co based al lays, Nd-Fe based 

alloys and ~errite. 

4. The magneto-resistive effect thin-film magnetic head as 

claimed in claim 1 wherein the flux guide layer is formed via an 

underlying layer. 

5. The magneto-resistive effect thin-film magnetic head as 

claimed in claim 4 wherein the underlying layer is formed of Ta 

or Cr. 

6. The magneto-resistive effect thin-film magnetic -head as 

claimed in claim 1 wherein the magnetic layer exhibiting magneto-

\. \11\11\ \\\ll\ Ill\\ \\1\1 \\ \II\ 
* c L M S * 
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resistive effect is arrayed in a direction perpendicular to the 

sliding direction of the magnetic recording medium, and wherein 

a forward end electrode and a rear end electrode are formed nt 

upper and lower longitudinal ends of the mag~etic layer. 

7. The magneto-resistive effect thin-film magnetic head t\s 

claimed in claim 6 . wherein the flux guide layer is used 

simultaneously as the rear end electrode. 

8. The magneto-resistive 'effect thin-·f i lm magnetic head ns 

claimed in claim 1 wherein the transverse width and the vertical 

width of each hard film are wider than the transverse width and 

the vertical width of the flux guide layer. 
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