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external magnetic field thereto, Figs. 5 through 7 show the operation of
the mag- Field of the invention                                netic
transducer head according to the present invention, The present invention
relates to a magnetic   5    Fig. 8 is a sectional view of another magnetic
transducer head utilizing magnetoresistance effect.   transducer head
according to the present inven- tion, Background of the invention
Figs. 9 through 11 show plan views of another embodiments of the sensing
elements according A head comprising the features a, b, c and d of  10  to
the present invention, the preamble of claim 1 as enclosed is known from
Fig. 12 is an enlarged plan view of further em- US-A-4,356,523, whereas a
head having the features    bodiment of the magnetic transducer head ac- a,
a1, b, c and c2 of claim 1 as enclosed is described  cording to the present
invention, in EP-A-0 154 005.                                    Fig. 13 is
a sectional view taken along A - A line Those heads use first and second
soft magnetic  15  in Fig. 12, layers sandwiching a non magnetic layer. In
the head  Fig. 14 is a schematic illustration of the magnetic as described
in the mentioned US-patent, the non      domain structureformed In a prior
art single layer magnetic layer is made of [err] having a thickness of  MR
magnetic thin film, 6 microinches (about 1500 A = 150 nm). EP-A-0 154
Fig. 15 shows magnetization state of the sensing 005 describes that the
thickness of the non magnetic  20  element for comparison MR head,
layershould be at least 200 [err](20 nm) in orderto avoid    Figs. 16 and
17 shown plan views of the sensing mutual demagnetizing of the magnetic
layers. In an    element used for explaining the present inven- embodiment
described in that European application,    tion, and the non magnetic layer
is made of TI having a thick-  Fig. 18 is a graph showing the MR
characteristics ness of 300 A (30 nm).                        25      curve
to explain the present Invention. Object and summary of the invention
Description of the Preferred Embodiments It is the object of the present
Invention to provide  As shown in a plan view of Fig. I and a sectional a
magnetic transducer head which utilizes the mag-  30  view of Fig. 1, an MR
magnetic head of the present netoresistance effect and which effectively
avoids  invention is equipped, on a substrate 1, with a thin- the
generation of Barkhausen noise.                film sensing element 2
having magnetoresistance ef- The magnetic transducer head of the present
inven-  fect. tion is defined by the features of claim 1. It is charac-
Denoted by a reference numeral 6 is a surface to terized in thatthe
non-magnetic layer has a thickness  35  be in contact with or opposed to a
magnetic recording between 0,5 and below 19 nm. The material of said
medium 7, which is transported in adirection perpen- non-magnetic layer may
be conductive, e. g. Ti, how-  dicular to the drawing paper face in Fig. 1.
ever the inventors found that it is possible to use also  In the present
invention, the sensing element 2 is a material which is not electrically
conductive, e. g.  ofa laminated structure where magnetic layers 4 and
[err] provided that this layer has a rather small thick-  40  5 of a soft
magnetic material are superposed through ness. In the preferred embodiments
of the present in-  a nonmagnetic intermediate layer 3, and at least one
vention, [err]-layers of between 20 and 50 A (2 - 5  cf such magnetic
layers has magnetoresistance ef- nm) were used as non magnetic layer.
fect. The thickness of the nonmagnetic intermediate The invention will now
be explained In further de-  layer Is selectively set to be over 5[err] and
under tail through the description of the embodiments  45  10,000[err],
e.g.within a range of 5 to 500[err] so as to exert which are illustrated by
figures.                  magnetostatic interaction between the two
magnetic layers 4 and 5 more dominantly than exchange inter- Brief
Description of the Drawings                  action. Meanwhile the
saturation flux density, thick- ness and so forth of the magnetic layers 4
and 5 are Fig.1 is a schematic enlarged plan view of an ex-  50  properly
selected for mutually equalizing the magnet- emplary MR type magnetic head
according to the  ic flux quantities thereof so that the magnetic flux as
present invention,                             a whole is closed with
respect to the two magnetic lay- Fig. 2 is a cross-sectional view taken
along theA  ers 4 and 5. - Aline in Fig. 1,
In case the two magnetic layers 4 and 5 of the Fig. 3 shows the
magnetization stateofasensing   55  sensing element 2 are both formed of
the material element employed in the present Invention,     having
magnetoresistance effect, it is desired that the Figs. 4A through 4C show
the magnetization     two layers 4 and 5 be composed of the same material
state of the sensing element upon application of  and be equal to each
other in shape and size. How- 2    3                   EP 0 221540 B1
4 ever, when merely one of them Is composed of a ma-  been confirmed
through observation of magnetic do- 



terial having no or little MR effect, the material and  mains by the Bitter
process using a magnetic fluid. thickness of this magnetic layer need to be
so select-  When an external magnetic field H is gradually in- ed that a
sufficiently great resistance is obtained as  creased In intensity along
the hard axis of magnetiza- compared with another magnetic layer having MR
ef-   5   tion of such sensing element 3, as typically shown in fect. In
this case, it is necessary to satisfy the condi-  Fig. 4 A through C where
solid-line arrows represent tion that the magnetic flux quantities of both
magnet-  the magnetized state of the magnetic layer 5 and ic layers become
equal to each other.              broken-line arrows represent that of the
magnetic lay- In the present invention, a signal magnetic field  er 4, the
magnetization Is rotated by the external Hs applied from a magnetic
recording medium to the  10   magnetic field H from the mutually reverse
parallel sensing element 2 and a sensing current I fed to flow  state of
Fig. 4 A described in connection with Fig. 3 to in the sensing element 2
are so arranged as to act in  the state of Fig. 4 B. And when a
higher-intensity ex- the same direction, and each of the magnetic layers
ternal magnetic field is applied, the magnetic layers constituting the
sensing element 2 is so formed as to  4 and 5 are magnetized in the same
direction as have an easy axis of magnetization perpendicular to  15  shown
in Fig. 4 C. In this case, the magnetization is the signal magnetic field
or to be Isotropic without  rotated in the planes of the magnetic layers 4
and 5, having anisotropy In the principal plane of the mag-  so that no
domain wall is produced to eventually avoid netic layer.
generation of Barkhausen noise. That is, by causing In a state where no
signal magnetic field Is ap-  the flux flow to be directionally coincident
with the plied to the sensing element 2, a required bias mag-  20  hard
axes of magnetization in both magnetic layers netic field Is applied
thereto from an external source  4 and 5, It becomes possible to avoid
Barkhausen in such a manner that magnetization is effected at a  noise that
results from domain walls displacement. predetermined angle of, e.g. [err],
to the direction of  Now the operation of the magnetic head accord- the
sensing current i.                            ing to the present invention
will be described below According to the above-mentioned structure of  25
with reference to Figs. 5 through 7, which typically the present invention,
Barkhausen noise can be ef-  show merely the two magnetic layers 4 and 5 of
the fectively eliminated as will be described below.   sensing element 2.
In the initial state, the magnetic Referring first to the cause for
generation of Bar-  layers 4 and 5 have easy axes of magnetization In the
khausen noise, in the conventional MR magnetic     directions indicated by
e.a in Fig. 5, and a sensing head where its sensing element comprises a
single  30  current i is fed to flow in the magnetic layers 4 and 5. MR
magnetic layer, this layer has a magnetic domain  Such energization
generates mutually reverse mag- structure as shown in Fig. 14 so as to
maintain a state  netic fields perpendicular to the current flow in the
where the sum of magnetic anisotropy energy, mag-  magnetic layers 4 and 5
opposed mutually through a netostatic energy resulting from shape
anisotropy  nonmagnetic intermediate layer (not shown), where- and so forth
is minimized with respect to the entire  35  by the magnetic layers 4 and 5
are magnetized as in- layer. In case the single magnetic layer is a
rectangu-  dicated by a solid-line arrow M1 and a broken-line ar- lar
thin-film magnetic layer 51 having magnetic ani-  row M2. Meanwhile, when
an external bias magnetic sotropy In its short-side or transverse
direction, mag-  field [err] is applied to the sensing element 2 along the
netic domains 52 alternately reverse relativetothe di-  direction of the
current i, then the directions of mag- rection of transverse magnetization
are produced In  40  netization of the magnetic layers 4 and 5 are rotated
the film plane, and sequentially reverse magnetic do-  a required angle as
indicated by arrows MB1 and MB2 mains 53 are produced between the ends of
the ad-  in Fig. 6. The intensity of the bias magnetic field [err] jacent
magnetic domains 52 in the long-side or long-  is so selected that the
direction of magnetization de- itudinal direction of the magnetic layer in
such a man-  termined by such magnetic field [err] has an angle of nerthat
a closed loop is formed with regard to the ad-  45  approximately45
totheflowof the current i. The pro- jacent magnetic domains 52. Therefore,
if an external  cedure for obtaining high sensitivity and linearity by
magnetic field is applied to such magnetic layer, do-  applying the bias
magnetic field [err] to Induce magne- main walls 54 and 55 are displaced to
consequently  tization of approximately 45 to the sensing current i
generate Barkhausen noise.                        is similar to that
executed with respect to an ordinary In the construction of the present
invention, dif-  50   MR magnetic head. In the above state, when a signal
fering from the above, magnetic layers 4and 5aresu-  magnetic field [err]
is applied along the direction of the perposed through a nonmagnetic
intermediate layer  sensing current i or along the hard axis of magneti- 3
so that, when no external magnetic field is applied,  zation as shown In
Fig. 7, the direction of magnetiza- the magnetic layers 4 and 5 are
magnetized in mutu-  tion is rotated clockwise and counterclockwise ally
reverse parallel directions along the respective   55  through angles of 1
and -91 respectively as indicated easy axes of magnetization as Indicated
by arrows  by arrows Ms1 and Ms2. Consequently, if both mag- Ml and M2 in
Fig. 3, whereby no magnetic domain    netic layers 4 and 5 are made of
material having MR wall exists. The nonexistence of any domain wall has
effect, there occurs resistance variations therein. 3    5
EP 0 221 540 B1                 6 Since the resistance variation in each MR
magnetic  the use of an Isotropic magnetic layer having no mag- 



layer Is proportional to [err] (where [err] isan angle va-  netic
anisotropy in its principal plane. In this case, riation), when the
magnetization directions MB1 and  flow of a relatively small sensing
current renders the MB2 in the layers 4and 5 have a difference of 900 mu-
direction of magnetization perpendicularto the sens- tually in Fig. 6, the
increases or decreases caused in   5   ing current and hence to the signal
magnetic field as the resistance variations relative to the two magnetic
well to eventually avoid generation of Barkhausen layers 4 and 5 by angle
variations [err]1 and -[err]1 are co-  noise. incident with each other.
That is, if the resistance of  In the constitution of the present
invention, as one magnetic layer 4 increases, the resistance of an-
described above, the magnetic layers 4 and 5 of the other magnetic layer 5
also varies in the direction to  10   MR sensing element 2 are
magnetostatically coupled increase. And a resistance variation is induced
be-  to each other due to the presence of a nonmagnetic tween terminals t1
and t2 of the sensing element 2  intermediate layer 2 sandwiched
therebetween, so due to the resistance variations in the magnetic lay-
that exchange interaction can be neglected while a ers 4 and 5, so that
such resistance variation can be  sufficiently firm magnetostatic coupling
is ensured detected in the form of a voltage variatin between   15  by the
interaction based on the Coulomb's law, and the terminals t1 and t2.
Barkhausen noise can be eliminated with certainty as Thus, in the present
invention, the direction of a  the signal magnetic field Hs and the sensing
current sensing current I to a magnetic film having a prescri-  i are
directionally coincident with each other. bed magnetic anisotropy is
selectively setto coincide  The present invention is applicable to a
variety of with the direction of applying a signal magnetic field  20  MR
type magnetic heads of different structures in- Hs. With regard to such
construction where the sens-  cluding a nonshielded head, a shielded head,
and a ing element 2 comprises magnetic layers 4, 5 and a  yoke type head
where a signal magnetic flux picked nonmagnetic intermediate layer 3
sandwiched there-  upfroma surface in contactwith oropposed to a mag-
between as In the above-described invention, the   netic recording medium
Is introduced by means of a functional feature will become more obvious by
com-  25  magnetic yoke and an MR sensing element is dis- parison with an
example where the direction of the  posed In a cut portion formed in the
magnetic yoke. sensing current i is set to be perpendicular to the di-
Hereinafter a preferred embodiment of the pres- rection of the signal
magnetic field Hs. That is, in a  ent invention will be described in detail
with reference state of Fig. 1  where a large current i is applied to the
to Figs. 1 and 2. This embodiment represents an ex- two magnetic layers 4
and 5 with the anisotropic mag-  30  emplary constitution of a yoke type MR
head. netic field Hk thereof taken into consideration as de-  In this
example, a substrate 1 is composed of a scribed previously In connection
with Fig. 5, a mag-  magnetic material such as Ni-Zn ferrite, Mn-Zn ferrite
netic field generated as a result Is exerted to magne-  or the like. In
case the substrate 1 is conductive, first tize the magnetic layers 4 and 5
perpendicularly to  an Insulating layer 11 of [err] or the like is formed
the current i as Indicated by a solid line and a broken   35  thereon,
subsequently a bias conductor 10 Is formed line respectively. And when
asignal magnetic field Hs  on the layer 11 to generate a bias magnetic
field when is applied in this state perpendicularly to the current
energized, and anothe insulating layer 11 is formed i, it coincides with
the direction of magnetization  on the bias conductor 10 to form an MR
sensing ele- caused by the current i In the magnetic layers 4 and  ment 2.
This element 2 extends perpendicularly to a 5, and the magnetic field Hs
behaves in the same   40  surface 6 which is to be In contact with or
opposed to manner as in the case of application along the easy  a magnetic
recording medium, and the bias conductor axis of magnetization.
Consequently, there are gen-  10 is so disposed as to traverse under the MR
sens- erated magnetic domain walls and displacement      ing element 2.
thereof to eventually induce Barkhausen noise. In a   A front magnetic yoke
8F and a back magnetic construction where a sensing current I is fed to
flow   45  yoke 8B are disposed anteriorand posteriortothe MR along the
easy axis of magnetization in the magnetic  sensing element 2, i.e. at the
two ends proximate to layer and a signal magnetic field Hs is applied in
the  the surface 6 and the reverse side respectively. The same direction as
the sensing current, the magnetic  two magnetic layers 8F and 8B are
composed of a layer fails to be magnetized perpendicularly to the  metallic
material which is electrically conductive with- sensing current i if this
current is relatively small, so   50  out MR effect substantially and has
magnetic aniso- that the signal magnetic field Hs comes to be applied
tropy perpendicular to a sensing current. Terminal substantially along the
easy axis of magnetization as  conductive layers 9F and 9B are electrically
connect- in Fig. 15, whereby an undesired result is broughtwith  ed to the
magnetic layers 8F and 8B respectively, and generation of Barkhausen noise.
Although in the ex-  terminals t1 and t2 are led out therefrom. In order to
ample of Figs. 5 through 7 a description has been giv-  55   prevent
generation of Barkhausen noise caused by en with respect to a magnetic
layer having an easy  the magnetic layers 8F and 8B, such layers may be
axis of magnetization perpendicular to the signal  superposed with a
nonmagnetic Intermediate layer magnetic field Hs, similar effect is
attainable also by  sandwiched therebetween. A portion of the back 4    7
EP 0 221540 B1                 8 magnetic layer 8B is magnetically
connected to the  change of only one magnetic layer is detected upon 



magnetic substrate 1 through a window 11a bored in  application of the
signal magnetic layer. By the con- a nonmagnetic layer 11, so that a closed
magnetic  struction it is possible to Increase the sensitivity of path Is
formed byway of substrate 1 - front magnetic  the sensing element. layer 8F
- MR sensing element 2 - back magnetic lay-   5  The layers 4 and 5 of the
MR sensing element 2 er 8B - substrate 1. And between the fore end of the
may be formed of MR magnetic layers of the same front magnetic layer 8F and
the substrate 1, there is  composition and the same size and shape with
uni- formed a magnetic gap g confronting the surface 6  axial anisotropy or
without anisotropy in the principal which is to be in contact with or
opposed to the mag-  planes thereof. Such MR magnetic layers may be netic
recording medium, and the length of such gap   10  composed of a single
metal such as Fe, Ni or Co, or g is prescribed by the thickness of a
nonmagnetic lay-  an alloy of two or more thereof. er such as the
insulating layer 11.                  In the costitution mentioned above,
the individual The MR sensing element 2 can be produced in a  layers
inclusive of Insulating layer 11, bias conductor single integrated step
continuously by the technique  10, magnetic layers 4 and 5 of the sensing
element of sputtering or vacuum evaporation. That is, the  15  2,
nonmagnetic intermediate layer 3, magnetic yokes aforesaid magnetic layer
4, nonmagnetic Intermedi-  8F and 8B, terminal conductive layers 9F and 9B
and ate layer 3 and magnetic layer 5 are formed in se-  so forth can be
formed by sputtering or evaporation, quence by the use of a sputtering
apparatus or a va-   I   and each can be shaped into a desired pattern by
cuum evaporation apparatus equipped respectively  photolithography
technique. with sputter sources or evaporation sources of indi-  20  In
this constitution, the sensing element 2 is sup- vidual materials. In the
example illustrated, each of  plied with a dc sensing current i between its
terminal the magnetic layers 4 and 5 has an easy axis of mag-  conductive
layers 9F and 9B, hence between the netization in the direction indicated
by e.a and a hard  magnetic layers 8F and 8B, and a prescribed current axis
of magnetization in the direction indicated byh,a.  is flowing In the bias
conductor 10 so as to apply a re- As mentioned previously, each of the
magneticlayers  25  quired bias magnetic field. In such a state, a magnetic
4 and 5 may be composed of an isotropic magnetic  recording medium 7 is
transported perpendicularly to film having no anisotropy in its principal
plane.  the drawing paper face of Fig. 1 while being kept in The
nonmagnetic intermediate layer 3 is com-  contact with or opposite to the
surface 6, whereby a posed of an Insulating or conductive nonmagnetic
signal magnetic flux corresponding to the recorded material such as [err],
Ti or the like, and its thickness  30  magnetization on the medium 7 is
picked up from the is selectively set to an adequate value of, e.g. 20Aso
magnetic gap g and then is fed to the closed magnetic that exchange
interaction is substantially not exerted  path formed by way of the
aforesaid magnetic layer between the two magnetic layers 4 and 5 and also
8F - MRsensing element 2 - magnetic layer 8B - sub- that magnetostatic
coupling is effected therebetween  strate 1. Accordingly a signal magnetic
field Hs de- due to the interaction according to the Coulomb's law.  35
rived from the magnetic recording medium 7 is ap- Although the nonmagnetic
intermediate layer 3 Is  plied to the MR sensing element 2 in the same
direc- so formed as to have an adequate thickness for induc-  tion as the
sensing current i. It follows, therefore, that ing magnetostatic coupling
between the two magnet-  the recorded signal is read out from the magnetic
re- ic layers 4 and 5, practically the thickness required for  cording
medium 7 while generation of Barkhausen ensuring electrical insulation is
about ten times great-  40  noise is avoided as described above. er than
the thickness selected for shutting off mag-  In addition to the foregoing
example where both netic exchange interaction. Therefore, when reducing
magnetic layers 4 and 5 of the MR sensing element the thickness of the
intermediate layer 3, electrical  are formed of MR layers, it is possible
to produce a connection is substantially effected between the two
modification where merely one of the layers 4 and 5 magnetic layers 4 and
5. However, in case such elec-  45  is formed of a magnetic layer having
almost no MRef- trical connection is not effected, it is necessary to  fect
(hereinafter referred to as non-MR magnetic lay- electrically connectthe
terminal conductive layers 9F  er). In this case also the thickness and
other condi- and 9B respectively to the magnetic layers 4 and 5.  tions are
so selected that the flux quantities of the That is, in the above example,
the magnetic layers 8F  two magnetic layers 4 and 5 become equal to each
and 8B need to be electrically connected respectively  50  other as
mentioned previously. Meanwhile, the mag- to the magnetic layers 4 and 5
which constitute the  netic layer having almost no MR effect may be com-
sensing element                                   posed of a
high-resistivity, high-permeability mag- It is possible to electrically
insulate the magnetic  netic material such as amorphous alloy of FeCoSIB,
layers 4 and 5 by the nonmagnetic intermediate layer  CoZrNb or Sendust
alloy of Fe-Al-Si having great re- 3 with a sufficient thickness, and cause
a sense cur-  55  sistivity so that the resistance between the conduc- rent
in only one of the magnetic layer. In this case,  tive magnetic layers 8F
and 8B at the two ends be- both magnetic layers are, of course,
magnetostatical-  comes sufficiently high for allowing the sensing cur- ly
coupled with each other, though, the resistance  rent to flow principally
in the magnetic layer having 5    9                  EP 0 221 540 B1
10 MR effect. Another recommendable material for the  ment 2
perpendicularly to the track width WT as 



high-permeability magnetic layer having little MR ef-  shown in Fig. 1, and
the leakage magnetic field Hs fet Is, for example, Mo permalloy. Such
material is of  from the magnetic recording medium 7 is obtained by course
usable for the conductive magnetic layers 8F  detecting the resistance
variation between the fore and 8B as well.                              5
end and the hind end ofthe sensing element 2, where- In addition to the
above example where the bias  by the recorded signal is reproduced. In this
stage, if conductor 10 is disposed under the sensing element  the track
width WT corresponding to the width of the 2 and an external magnetic field
[err] is applied to the  MR sensing element2 is large, there arises a
problem sensing element 2, the position and pattern of the  with respect to
the signal-to-noise ratio. That is, the bias conductor 10 may be modified
in various man-  10  signal magnetic field Hs from the recording medium
ners, and it may be formed into a multilayer or spiral  7 suddenly
attenuates with increase of the distance structure. Furthermore, the
magnetic field to be ap-  from the medium 7. such attenuation changes de-
plied is not limited to the one induced electrically, and  pending on the
wavelength and tends to begreater as a permanent-magnet thin film is usable
as well. Fig.  the wavelength becomes shorter. It is desired that the 18
graphically shows the MR characteristic of the MR   15  MR sensing element
2 be disposed within the effec- sensing element according to the present
invention.  tive reach of the magnetic field from the recording The curve
represents the characteristic obtained  medium 7. If disposed outside of
such reach, the when a sensing current of 10 mA is fed to flow in the
sensing element 2 fails to function properly and sensing element of 4 [err]
x 4 pm where magnetic lay-  brings about reduction of the signal-to-noise
ratio. ers of Ni-Fe alloy having a thickness of 300A are su-  20  Suppose
now that the depth [err] equivalent to the perposed through an intermediate
layer of [err] hav-  reach of the magnetic field from the recording me- ing
a thickness of 40A, and a magneticfield is applied  dium Is smallerthan the
track width [err] and, as shown in the same direction as the sensing
current In this  in Fig. 16, the length in the direction of the sensing
case, each of the magnetic layers is composed of an  current flow through
substantial current-conducting isotropic film having no magnetic anisotropy
in its  25  terminals 19F and 19B at the two ends of the sensing plane. AS
is apparentfrom the graph, there is no gen-  element 2 is set to be equal
to the depth [err]. Then, eration of Barkhausen noise.
there arises a disadvantage that the resistance value Besides the above
example of a yoke type struc-  to be detected as a resistance variation in
the MR ture where a closed magnetic path including the  sensing element 2
fails to be sufficiently large for sensing element 2 is formed by the
magnetic sub-  30  easy signal processing. To the contrary, If the above
strate I and the magnetic layers 4 and 5, It may be  length of the
MRsensingelement2 issetto be greater modified to another structure where
the sensing ele-  than the reach of the magnetic field from the record-
ment 2 substantially confronts the magnetic record-  ing medium as shown in
Fig. 17, the ineffective por- ing medium, or to a single pole structure
where a  tion is rendered large to eventually bring about reduc- closed
magnetic path is not formed by the magnetic  35  tion of the
signal-to-noise ratio. Thus, the problem of head itself.
the resistance value and thatof the signal-to-noise ra- Fig. 8 shows an
example of applying the present  tio are incompatible with each other.
Meanwhile, the invention to a shielded MR type magnetic head, in
Barkhausen noise suppression effect becomes high- which a sensing element 2
is spaced apart by a pre-  eras the current density increases. It is
therefore de- determined distance as an insulating layer 11 is inter-  40
sired that the direction of the sensing current flow be posed between two
magnetic substrates 1 and 12.  coincident with the longitudinal direction
of the MR However, the substrate 12 may be composed of a thin  sensing
element film as well. In the figure, designated by 9F and 9B  For solving
the problems of the aforesaid resis- are terminal conductive layers which
are electrically  tance value, signal-to-noise ratio and current density
connected to two magnetic layers 4 and 5 super-  45  in such a case where
the track width WT is greater posed through a nonmagnetic intermediate
layer 3.  than the depth [err] of reach of the magnetic field from The
discontinuous portion between the conductive  the recording medium, the MR
sensing element 2 is layers 9F and 9B functions as the sensing element2,
divided into a plurality of regions at least on its rear and asensing
current i is fed to flow therein as shown.  side with respect to the
direction of the track width The terminal conductive layer 9F may also
serve as  50  and at least in the inner portion thereof within the a path
for introducing a magnetic flux to the sensing  depth DE of reach of the
magnetic field from the re- element 2, and it may be composed of a
conductive  cording medium. For example, as shown in Fig. 9, the magnetic
material having a thickness of 2000A or so.  whole MR sensing element 2 is
so shaped as to have Relative to this example, a type having none of  a
predetermined track width [err], and a slit 21 is such magnetic substrates
1 and 12 is termed a non-  55  formed at its center perpendicularly to the
surface 6 shielded MR head.                                which is to be
in contact with or opposed to the mag- In the magnetic head of the present
invention, a  netic recording medium, in such a manner as to ex- sensing
current is fed to flow in its MR sensing ele-  tend overthe entire area
from the hind end to the fore 6    11                 EP 0 221 540 B1
12 end, or the fore end is partially left unsplit as shown  exemplaryyoke
type head, and Fig. 13 is its sectional 



in Fig. 10, whereby the MR sensing element 2 is div-  viewtaken along the
lineA-A. In Figs. 12 and 13, com- ided into at least two MR sensing regions
2A1 and  ponent members corresponding to those employed in 2A2. Acoupling
layer29 being atleastconductive and  Figs. 1,2 and 11 are denoted by the
same reference having a high permeability and soft magnetic proper-   5
numerals, and a repeated explanation is omitted ty without MR effect is
deposited to extend over the  here. In this embodiment, a front magnetic
layer 8F fore ends of such two sensing regions, and terminals  and a back
magnetic layer 8B extend across fore t1 and t2 are led out respectively
from terminal con-  ends and hind ends of MR sensing regions 2A1, ductive
layers 9B1 and 9B2 which are deposited at  2A2 .... 2An respectively. In
such constitution, the the hind ends of such MR sensing regions 2A1 and
10  MR sensing element 2 (2A1, 2A2 .... 2An) comprises 2A2. Although the
entire width of the MRsensing ele-  magnetic layers 4 and 5 of NiFe alloy
each having a ment 2 is sufficiently great for forming the required
thickness of 300A and a nonmagnetic intermediate track width [err] in the
above structure, the path of a  layer 3 of [err] having a thickness of 50A.
Further- sensing current i fed between the terminals t1 and t2  more, the
front magnetic layer 8F has a thickness of can be defined in the
longitudinal direction of the nar-  15  2000A and a width (depth) [err] of
3 [err] while the back rowed regions 2A1 and 2A2 along a signal magnetic
magnetic layer 8B also has a thickness of 2000A and field Hs from the
magnetic recording medium. Al-  a width (depth) [err] of 12 [err], and such
two magnetic though the coupling layer 29 may be composed of a  layers 8F
and 8B are spaced spart from each other nonmagnetic conductive material as
mentioned pre-  by a distance of 8 [err]. Moreover, a protective plate 12
viously, a conductive high-permeability magnetic  20  is disposed opposite
to the substrate 1. It is a matter material is usable as well. If the
coupling layer is com-  of course that the protective plate 12 may be com-
posed of a conductive high-permeability magnetic  posed ofa thin film.
Coupling layers 29 are electrical- material, it becomes possible to
eliminate any portion  ly isolated from the front magnetic layer 8F and the
that is not sensitive to the magnetic flux between the  back magnetic layer
8B respectively through an insu- two MR sensing regions 2A1 and 2A2,
thereby pre-  25  lating layer 11. In case the MR sensing element 2 is
venting reduction of the signal magnetic flux flowing  divided Into a
plurality of regions as mentioned above into the MR sensing regions. When
the coupling layer  and the fore ends thereof are mutually separated to 29
is formed by the use of a conductive high-     have a discontinuous portion
within the common permeability magnetic material, itmay be shaped into
track width WT, it Is rendered possible to achieve the a multi layer
structure with a nonmagnetic intermedi-  30  same effect as in the
preceding example of a single ate layer so as to avert generation of
Barkhausen  continuous track by setting the fore-end width of the noise.
slit 21 at a small value. In case the MR sensing element 2 Is shaped into
In addition to the illustrated embodiments where a structure divided with
respect to the direction of the  the magnetic head has a single track,
various modi- track width, the actual path of the sensing current i  35
fications may be contrived such as a multitrack or can be narrowed if the
track width WT is great, there-  multichannel magnetic head structure where
a plur- by ensuring advantages that a sufficiently large resis-  ality of
MR sensing elements 2 are arrayed on a com- tance value can be obtained and
the current density  mon substrate 1 with a plurality of tracks confronting
is increasable even when the depth of the MRsensing  the surface 6 which Is
to be in contactwith oropposed element 2 is decreased In accordance with
the depth  40  to a common magnetic recording medium. DE of reach of the
signal magnetic field.            In the magnetic head of the present
invention The MR sensing element 2 is not limited to the  where its MR
sensing element 2 comprises two mag- above examples of Figs. 9 and 10
divided into two  netic layers 4 and 5 superposed through a nonmag-
sensingregions 2A1 and 2A2 with respecttothecom-    netic intermediate
layer 3, application of a signal mon track width [err]. And it may be
modified to a   45  magnetic field Hs to the MRsensingelement2isexe-
structure of Fig. 11 where three or more MR sensing  cuted in the same
direction as a sensing current i fed regions 2A1, 2A2, 2A3 .... 2An are
formed for one  to flow therein, the magnetic layers 4 and 5 are so track,
and the respective fore ends and hind ends of  formed as to have anisotropy
in a specific direction the adjacent regions 2A1 -2A2, 2A2-2A3 and soforth
orto be Isotropic, thereby effectively eliminating gen- are coupled
alternately to each other by means of  50  eration of Barkhausen noise to
realize an improved coupling layers 29 to form a zigzag-pattern path of a
reproducing magnetic head of a high signal-to-noise sensing current i.
ratio. And due to the thin-film magnetic head struc- Thus, even with a
modified magnetic head struc-  ture, a high efficiency is achievable in
mass produc- ture where a common track is shaped by two or more  tion and
multitrack MR type magnetic heads can be MR sensing regions 2A1, 2A2 and so
forth, it is also  55   manufactured with facility. possible to constitute
a shielded, nonshielded oryoke type head as In the foregoing embodiment
having a single sensing element 2. Fig. 12 is a plan view of an 7    13
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characterized by means (10) for applying a bias 



magnetic field to said sensing element means (4, 1. A magnetic transducer
head utilizing magnetore-    5) along said one direction. sistance effect
comprising: a) a sensing element means (2) composed of   5 superposed first
and second soft magnetic   Patentansprfilche layers (4, 5) having a non
magnetic layer (3) between said first and second soft magnetic  1.
Magnetischer Wandlerkopf, der den Magnetowi- layers, at least one of said
soft magnetic lay-  derstandseffekt verwendet, mit: ers having
magnetoresistance effect and said  10  a) einer MeBelementeinrichtung (2),
die aus first and second soft magnetic layers being       einer ersten und
einer zwelten weichmagne- magnetostatically coupled through said non
tischen  Schicht (4, 5)  besteht,  die magnetic layer;
Obereinanderglegtsind, wobei elne unmagne- al) whereby said non magnetic
layer (3) pro-      tische Schicht (3) zwischen der ersten und vides for
electrical connection between said  15  derzweiten weichmagnetischen
Schicht liegt, first and second soft magnetic layers (4, 5);     wobei
mindestens eine der weichmagneti- b) an electrode means (8B + 9B, 8F + 9F)
be-      schen Schichten den Magnetowiderstandsef- ing connected to said
sensing element means       fekt aufweist, und wobel die erste und die (2)
at first and second end portions of said      zweibt weichmagnetische
Schicht Ober die sensing element means to flow a sense cur-  20
unmagnetische Schicht magnetostatisch ge- rent (i) through said sensing
element along       koppelt sind; one direction between said first and
second       al) wobei die unmagnetische Schicht (3) fOr end portions;
die Herstellung einerelektrischen Verbindung c) said sensing element means
receiving a         zwischen der ersten und der zweiten welch- signal
magnetic field parallel to said one di-  25  magnetischen Schicht (4, 5)
sorgt; rection, and said soft magnetic layers (4, 5)     b) einer
Elektrodeneinrchtung (8B1  9B, 8F + having
9F), die mit der MeBelementeinrichtung (2) in c1) either an easy axis of
magnetization       einem ersten und einem zwelten Endab- substantially
perpendicular to said one di-    schnitt der Mefelementeinrichtung verbun-
rection;                             30        den let, um einen MeBstrom
(i) entlang elner c2) or having an isotropic magnetic char-      Richtung
zwischen dem ersten und dem zwei- acteristic in a major surface of said
soft     ten Endabschnitt durch das Me~element zu magnetic layers;
schicken; characterized In that said non magnetic layer        c) wobel die
Megelementeinrichtung ein Si- (3) has a thickness between 5 and below 190 A
35   gnal-Magnetfeld rechtwinklig zur genannten (0,5 - below 19nm).
einen Richtung erfahrt und die welchmagne- tischen Schichten (4,5)
folgendes aufweisen: 2. A head according to claim 1, characterized In
ci) entweder elne leichte Magnetisie- that said non magnetic layer (3) is
made of Ti.         rungsachse im wesentlichen rechtwinklig 40
zur genannten einen Richtung; 3. A head according to claims 1,
characterized In          c2) oder isotrope, magnetische Eigen- that said
non magnetic layer (3) is made of SiO2        schaft in der Hauptfll- che
der weichma- and has a thickness low enough to provide for
gnetischen Schichten; electrical connection between said first and sec-
dadurch gekennzelchnet, daB die unmagneti- ond soft magnetic layers (4,5).
45      sche Schicht (3) eine Dicke zwischen 5 und unter 190 A (0,5 - unter
19 nm) aufweist. 4. A head according to one of the preceding claims,
characterized In that said sensing element     2. Kopf nach Anspruch 1,
dadurch gekennzelch- means is composed of at leasttwo parallelly con-  net,
daBt die unmagnetische Schicht (3) aus Ti nected sensing elements   [err] .
so  besteht. . A head according to one of the preceding claims,  3. Kopf
nach Anspruch 1, dadurch gekennzelch. characterized In that said first soft
magnetic    net, daB die unmagnetische Schicht (3) aus S102 layer (4) has
magnetoresistance effect, and said  besteht und eine Dicke aufwelst, die
ausreichend second soft magnetic layer (5) has little magne-  55  klein
dafur ist, daB es zu einer ele-trischen Ver- toresistance effect.
bindung zwischen der ersten und zweiten welch- magnetischen Schicht (4, 5)
kommt. 6. Ahead according to one of the preceding claims, 8    15
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inenm der vorstehenden Ansprflche,           Isotrope dane la majoure
partie de la sur- dadurch gekennaeIchnet, daB die MeBelemen-
face desdites couches de materiau ma- 



teinrichtung aus mindestens zwel parallel mitein-      gnetique doux; ander
verbundenen MeBelementen (2Ak, 2A2;              caracterise en ce quo
ladite couche non 2A1, .., 2A, besteht.                     5
magnetique (3) a une 6palsseur allant de 5 A ___
moins de 190 A (0,5 A moins de 19 nm). 5. Kopf nach einem der vorstehenden
Anspruche, dadurch gekennzeichnet, dal die erste welch-  2. Tte selon la
revendication 1, caracterisee en ce magnetische Schicht (4) den
Magnetowider-        quo ladite couche non magnetique (3) estfaite de
standseffeit aufweist, und daB& die zweite welch-  10  T. magnetische
Schicht (5) geringen Magnetowi- derstandseffeldt aufweist.
3. T8te selon la revendicatlon 1, caracterise6 en ce que ladite couche non
magn6tique (3) est faite de 6. Kopf nach einem der vorstehenden AnsprOche,
S102 eta une 6paisseursuffisammentfalble pour gekennzelchnet durch sine
Einrichtung (10)  15   realiser une connexion electrique entre lesdites zum
Anlegen eines Vormagnotisiorungefelds         premiere et seconde couches
de mat6rlau ma- entlang der genanntbn einen Richtung an die       gnhtique
doux (4, 5). MeIelementeinrichtung (4, 5). 4. Tete magnetique selon l'une
quelconque des ro- 20     vendications precodentes, caracterisee en ce
Revendications                                       que leditmoyen
formantel6mentde detection est compose d'au moins deux elements de detoc-
1. Tbts de transduction magnetique utilisant l'effbt  tion connectcs
parallblmment (2A2, 2A2 ; 2A1, de magnetoresistance comprenant:
2An) a) un moyen formant 6lement de dteoction (2)  25 compose de premlire
et seconde couches de   5. TMte magnetique selon I'une quelconque des re-
mat6riau magnetique doux (4, 5) superpo-       vendications prec6dentes,
caracteriseo en ce sees, ayant une couche non magnetique (3)      quo
ladite premiere couche de materiau magne- entre leaditos premiere et
seconde couches    tique doux (4) a un effet de magnetor6sistance et de
mat6riau magnetique doux, au moins 'une  3o  on ce quo ladite secondo
couche de materiau ma- desdites couches de matiriau magnetique
gnhtique doux (5) a peu d'effet de magnetoresls- doux ayant un offet de
magnitorhsistance et    tance. lesdites premibre et secondes couches de
materlau magnetique doux 6tant couplees de  6. Tte magnhtique selon 'une
quelconque des re- fagon magnetostatique A travere ladits cou-  3s
vendications pr~c~dentes, caracterisee par un che non magnetique;
moyen (10) pourappliquerun champ magnetique al) ce par quo! ladite couche
non ma-    de polarisation audit moyen formant element de gnetique (3)
rMalise une connexion electrique  d~tection (4, 5) suivant ladite une
direction. entre lesdites premibre et seconde couches de materiau
magnetique doux (4, 5);    40 b) un moyen formant electrode (8B + 9B, 8F +
9F) etant connecte audit moyen formant 61e- ment de detection (2) au droit
de premlire et seconde parties extremitis dudit moyen for- mant 616ment de
detection pour permettre  45 1'6coulement d'un courant de d6btction (i)
dans ledit 61ement de d6tection sulvant une direction entre lesdibts
premlere et seconde parties extr6mites; c) ledit moyen formant 616ment de
dhtection   so recevant un champ magnhtique de signal pa- ralele ai ladite
une direction, et lesditbs cou- ches de materiau magnetique doux (4,5) pos-
s6dant: c1) soit un axe de magnitisation privil6gid  sc sensiblement
perpendiculaire A ladite une direction; c2) solt une caractiristique
magn6tique    


