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[57] ABSTRACT

A thin film magnetic head for performing recording and
readout operations to a magnetic recording medium and a
method of manufacturing the head. The magnetic head
fcomprises] includes a substrate, a first magnetic layer
formed on the substrate, a conductor coil on the first layer
and a second magnetic layer formed on the conductor coil
and the first magnetic layer. The second magnetic layer is
imparted with a greater thickness than the first magnetic
layer to thereby strengthen the magnetic field for recording
and reducing the peak shift making appearance in readout
operation due to interference between successively read-out
waveforms. The thin film magnetic head exhibits an
improved reproduction characteristic which permits repro-
duction with high fidelity the magnetized locations recorded
on the medium with high recording density which assures an
improved recording characteristic. By controlling the thick-
ness of the second magnetic layer at an inclined portion
thereof, magnetic saturation thereat is substantially pre-
vented.

10 Claims, 1 Drawing Sheet
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THIN FILM MAGNETIC HEAD HAVING
MAGNETIC LAYERS OF DIFFERENT
THICKNESS AND MANUFACTURING

METHOD THEREFOR

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a thin film magnetic head
which can be fabricated with the aid of thin film forming
means for forming thin iilms through plating, vapor depo-
sition, sputtering or the like and a high precision pattern
forming means referred to as photolithography.

2. Description of the Prior Art

The magnetic head whose magnetic circuit is imple-
mented with the aid of the thin film technology 1s generally
considered advantageous in that the recording density can be
- enhanced and increasingly tends to replace the magnetic
head of the type in which a coil is wound on a ferrite or
permalloy piece. A typical structure of such thin film head is
described in detail in Japanese Patent Application Laid-
Open No. 84020/80 which corresponds to U.S. Pat. No.
4,219,854, For attaining an increased data recording density
with the magnetic circuit of the thin film magnetic head, it
is a fundamentally important factor to reduce the thickness
of a magnetic layer exposed on an air bearing surtace and
hence the thickness of a pole piece of the magnetic head.
However, in case one and the same magnetic head 1s
destined to serve for both recording and reading data on and
from a recording medium, thinning of the pole piece as
described above can never be the necessary and suflicient
condition for attaining the increased recording density. More
specifically, upon recording operation, it is necessary to
excite the magnetic circuit by causing an exciting current to
flow through the conductor coil to thereby generate a desired
magnetic field in the recording medium which 1s disposed
with a predetermined gap from the air bearing surface of the
magnetic head. In this connection, the magnetic layer of a
reduced thickness is readily magnetically saturated and
therefore an increased exciting current can not produce the
cffective magnetic field. Under the circumstances, 1t 1is
important to determine the range of the thickness of the
magnetic layer which satisfies the conditions for assuring
both the recording and the reading operations in a satisfac-
tory manner. At present, however, the prevailing trend is
toward the imparting of a high coercive force to the record-
ing medium in an effort to attain the high recording density,
which means that the magnetic head has to be capable of
producing a magnetic field of a correspondingly increased
strength. To meet this requirement, the range of the thickness
of the magnetic layer in which both the recording and the
reading operations can be effected satisfactorily 1s inevitably
significantly narrowed and, in a extreme case, such thickness
range will become actually no more available, giving rise to
a serious problem to be dealt with.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a thin
film magnetic head which is capable of realizing an
increased density recording by producing a magnetic field of
a sufficient strength for the satisfactory recording.
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It 1s another object of the present invention to provide a
method of manufacturing the thin film magnetic head men-
tioned above.

It is a further object of the present invention to provide a
thin film magnetic head having magnetic layers for prevent-
ing magnetic saturation and a manufacturing method there-

for.

The present invention starts from the discovery that a
magnetic circuit constituted by a first magnetic layer of a
given thickness and a second magnetic layer of a greater
thickness than that of the first magnetic layer is capable of
strengthening more the magnetic field for the recording and
at the same ttime more effective for reducing a phenomenon
of so-called peak shift, which a high density recording
entails, brought about due to interference between subse-
quent readout waveforms, as compared with the magnetic
circuit constituted by the first and the second magnetic
layers of a same thickness.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram showing an isolated or discrete
wavetorm produced by a magnetic head upon reading opera-
tion.

FIG. 2 1s a schematic sectional view of a hitherto known
thin film head.

FIG. 3 is a view to illustrate the principle of the invention
and shows synthesization of discrete waveiorms read out
successively by a thin film magnetic head upon reading
operation.

FIG. 4 1s a view for illustrating the principle of the
invention and graphically shows relationship between the -
thickness of a pole piece and the peak shift.

FIG. 5 1s a sectional view of a thin film magnetic head
according to an embodiment of the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Now, the invention will be described in more detail by
referring to the drawings.

FIG. 1 shows an isolated or discrete waveform which
corresponds to a single magnetic transition on a recording
medium read out by a thin film magnetic head. It will be seen
from this figure that undershoots are produced at both sides
of the discrete waveform. Such appearance of the under-
shoots 1s ascribable to the fact that the thickness of a
magnetic layer exposed on an air bearing surface of the thin
film magnetic, head and hence the thickness of the pole
piece are on the order of several microns, in contrast to the
bulk magnetic head of the past. When observed carefully, it
will further be seen that the undershoots diifer in magnitude
from each other. More specifically, the undershoot produced
at the lefthand side of the read out waveform relative to the
peak position thereof i1s diiferent in magnitude from the
undershoot produced at the righthand side. This can be
explained by such a common structure of the conventional
thin film magnetic head in which a first magnetic layer 1
extends perpendicularly to a plane of a recording medium 3
while second magnetic layer 2 1s bent at an intermediate
portion 4, as schematically shown in a sectional view of FIG.
2. In the isolated readout waveform, the undershoot of
smaller magnitude corresponds to the second magnetic
layer, while the undershoot of greater magnitude corre-
sponds to the first magnetic layer. Now, it will be examined
what influences the difference in magnitude of the under-
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shoots exerts to the high density recording. It is generally
accepted that the waveforms resulting from data recorded at
a high density can be synthesized with considerably high
precision by superposing the discrete or isolated waveforms
one another. Let’s assume that a given magnetic transition is
followed by a succeeding magnetic transition with an
extremely short interval therebetween. The readout wave-
forms corresponding to these two magnetic transitions can
be obtained as a waveform shown in FIG. 3 at (¢) by
superposing the isolated or discrete waveforms shown in
FIG. 3 at (a) and (b) to each other. It will be noted that the
positions of the peaks of the synthesized waveform are
shifted from the corresponding peaks of the discrete wave-
forms, as indicated by AT, and AT, in FIG. 3 at (c). In other
words, the so-called peak shift has occurred in the super-
posed or synthesized waveform. The magnitude of the peak
shift determined by the steepness of the slope of a foot or
base portion of one discrete waveform lying at the position
corresponding to the peak of the other waveform. It will be
readily understood that when the position of the peak of the
succeeding discrete waveform lies in the vicinity of the
position which corresponds to the zero-crossing of the
preceding discrete waveform, the above mentioned slope of
the preceding waveform at that position depends on that
magnitude of the corresponding undershoot. Accordingly,
comparison of the peak shifts AT, and AT, with each other
will result in that that magnitude of the peak shift AT,
corresponding to the smaller undershoot is smaller than that
of the peak shift AT,. FIG. 4 graphically illustrates experi-
mentally established relationships between the peak shifts
AT, and AT, and the thickness of the pole piece of a thin film
magnetic head with the latter being selected as a variable. As
will be appreciated from this graph, the magnitude of the
phase shift AT, is greater than that of the phase shift AT, and
exhibits a greater tendency to depend on the film thickness
than that of the phase shift AT, does for a given thickness of
the pole piece. Thus, it can be said that the thickness of the
first magnetic layer should be decreased in order to reduce
effectively the peak shift in question. More specifically, only
the first magnetic layer should rather be thinned than both
the first and the second magnetic films be decreased in
thickness by a same ratio.

On the other hand, in the recording operation, it is
required to produce a magnetic field of high strength on the
air bearing surface of the magnetic head in order to mag-
netize the recording medium, as described hereinbefore,
while the magnetic circuit should be realized in such a
structure that magnetic saturation is prevented from occur-
ring in the magnetic path as far as practicable. To this end,
1t is important to increase not only the saturation magnetic
flux density of the magnetic layer which constitutes the
magnetic path but also the cross-sectional area of the mag-
netic path. When the thin film magnetic head shown in FIG.
2 1s examined in respect to the structure of the magnetic path
in the light of the viewpoint mentioned above, it is seen that
the bent or sloping portion 4 of the second magnetic layer
presents a problem. In general, when a thin film is formed on
a horizontally laid member having a step thereon through
vapor deposition, sputtering, plating or the like process from
above, the thickness of the film formed on a slanted portion
or edge of the step is smaller than that of the film formed on
the horizontal portion thereof. This tendency is remarkable
particularly in the film formation through the vapor depo-
sition and the sputtering. The relative ratio of film thickness
between the horizontally laid portions and the slanted por-
tion (this ratio is referred to as coverage factor) depends on
the angle of inclination of the slanted portion and generally
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ranges from 0.7 to 0.8 for the inclination angle of about 30°.
It can thus be said that the magnetic saturation is most likely
to occur at the slanted portion which is smallest in respect of
the cross-sectional area in the whole structure of the thin film
magnetic head. Accordingly, in order to make use of the

second magnetic layer under magnetically the same condi-
tion as the first magnetic layer, the thickness of the second
magnetic layer should preferably be selected to be a prede-
termined thickness at a value equal to the quotient obtained
by dividing the thickness of the first magnetic layer by the
coverage factor. In other words, the thickness of the second
magnetic layer should be about 1.2 to 1.4 times as great as
that of the first magnetic layer. In the foregoing, the reason
why the thickness of the second magnetic layer should be
increased in both cases of recording and reading as com-
pared with that of the first magnetic layer, has been
explained from the view point of resultant advantageous
effect.

in the following, an embodiment of the thin film magnetic
head according to the present invention will be described by
referring to FIG. 5 which shows in a schematic sectional
view a thin film magnetic head for a magnetic tape equip-
ment. The first magnetic layer denoted by a reference
numeral 11 is formed through sputtering on a substrate 10 in
a predetermined pattern in thickness of 1.5 um and is
substantially planar. The first magnetic layer is then overlaid
on or arranged to be overlaying the substrate 10. The
substrate 10 is made of a single crystal sapphire which
exhibits an excellent anti-abrasion property. Subsequently,
an alumina layer 12 which constitutes a transducing gap is
formed to a thickness of 0.5 um on the first magnetic layer
11, which is followed by formation of a conductor coil 13 in
a planar vortex-like pattern through vapor deposition so that
the conductor coil 13 is overlaid on the magnetic layer 11.
After an insulation layer 14 of an appropriate material has
been formed so as to level the layer of conductor coil 13, the
second magnetic layer denoted by 15 is formed through
sputtering in thickness of 2 ym in a predetermined pattern to
cover or overlay the conductor coil 13 [and], the insulation
layer 14 and the first magnetic layer 11. At that time, the
alumina layer is removed at an end portion on the far side
from the air bearing surface of the magnetic head so that the
first magnetic film 11 and the second magnetic film 15 are
magnetically shorted at that end portion. Subsequently,
terminals (not shown) are formed and finally a protection
layer 16 of a predetermined thickness is deposited. A plu-
rality of the head elements thus fabricated are disposed in
array are cut at a position indicated by a dotted broken line
in FIG. 3 so that a predetermined gap depth can be attained
at the transducing gap defined by the transducing gap
alumina layer 12 sandwiched between the first magnetic
layer 11 and the second magnetic layer 15 at the end
indicated by dotted broken line. The finished magnetic head
element 1s now obtained. It will be noted that the thickness
of the second magnetic layer 15 is selected to be a prede-
termined thickness of 2 ym in contrast to the first magnetic
layer which is 1.5 pm thick. This is because the coverage
factor of the magnetic layer formed through sputtering on
the slanted portions is 0.75. This is, 1.5 pm+0.75=2 pm.
With the aid of the magnetic head element thus realized, two
magnetic transitions were recorded with an interval of 2.1
um on a magnetic tape having a coercive force of 600 Oe.
The distance between the readout magnetic transitions was
2.25 pym. In contrast, in the case of a magnetic head
fabricated in the same manner as described above and
having however the first and the second magnetic layers
both of 2 um thick, the distance between the readout
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magnetic transitions was 2.8 um. On the other hand, in the
case of a magnetic head in which the first and the second
magnetic layers are both 1.5 um thick, the corresponding
distance between the readout transitions was about 2.1 pum.
However, 1t has been found that the output level of the last
mentioned head is very low. This can be explained by the
fact that saturation occurs in the magnetic path at the time of
recording, resulting in that the magnetic transitions are not
recorded on the magnetic tape with adequate magnetization.
The experimental results mentioned above show obviously
that the structure of the thin film magnetic head in which the
first and the second magnetic layers are realized in different
thickness according to the teaching of the invention exhibits
the improved characteristics desirable for this type of mag-
netic head to an advantage over the prior art magnetic head.

It should be noted that the difference of 0.5 ym in
thickness between the first and the second magnetic layers
lies outside the range of tolerance (usually +10% of the film
thickness) to be taken into account in the formation of these
magnetic layers. By the way, there has been known a thin
film magnetic head of such a magnetic circuit configuration
in which inner portions of the magnetic layers are partially
thickened as compared with the thickness of the portions
exposed on the air bearing surface of the magnetic head (i.e.
the thickness of the pole piece) with a view to improving the
recording and reading behavior of the head. 1t will be readily
appreciated that the principle of the present invention can be
equally applied to the thin film magnetic head of such
structure, although elucidation is omitted herein.

The present invention has now provided a thin film
magnetic head which can enjoy the improved readout or
reproduction characteristic which assures the high fidelity
reproduction or readout of magnetized locations recorded on
the medium at an increased recording density, while enjoy-
ing simultaneously the improved recording characteristic.
Further, the thin film magnetic head according to the inven-
tion can be manufactured through the same process as
adopted heretofore without any noticeable modifications
except for only the thickness control of the magnetic layers,
which involves no increase 1n the manufacturing cost. Fur-
ther, the thin fiim magnetic head is not restricted in its
application to the magnetic tape drive but can be widely used
for disc drive or floppy disc drive, and additionally in VTR,
PCM audio systems or the like.

What 1s claimed:

1. A thin film magnetic head for performing recording and
reading operations to a magnetic recording medium, com-
prising a substrate, a substantially planar first magnetic layer
formed on said substrate and having one end facing toward
said recording medium, a conductor coil formed above said
first magnetic layer, and a second magnetic layer formed
over said conductor coil and said first magnetic layer, said
second magnetic layer being spaced {rom said first magnetic
layer to define a magnetic gap at one end facing toward said
recording medium and being magnetically shorted to said
first magnetic layer at an other end opposite to said one end,
said second magnetic layer having a first side portion facing
toward said recording medium and a second side portion
opposite to said first side portion, both of said first and
second side portions being constituted by inclined portions,
and said second magnetic layer at least at said one end
positioned in opposition to said first magnetic layer with the
magnetic gap being interposed therebetween being 1.2 to 1.4
times as thick as said first magnetic layer.

2. A thin film magnetic head according to claim 1, wherein
said inclined portions of said second magnetic layer have a
substantially same thickness as that of said first magnetic

layer.
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3. A method of manufacturing a thin film magnetic head
for performing recording and reading operations to a mag-
netic recording medium, comprising the steps of forming
through thin film technique a substantially planar first mag-
netic layer on a substrate so as to have one end facing toward
said recording medium, a conductor coil on said first mag-
netic layer, and a second magnetic layer on said conductor
coll and said first magnetic layer, said second magnetic layer
being spaced from said first magnetic layer so as to define a
magnetic gap at said one end facing toward said recording
medium and being magnetically shorted to said first mag-
netic layer at an other end opposite to said one end, said
second magnetic layer having inclined portions at a side
facing toward said recording medium and at the opposite
side at which said second magnetic layer is magnetically
shorted to said first magnetic layer, respectively, and -said
second magnetic layer at least at said one end positioned in
opposition to said first magnetic layer with the magnetic gap
being 1nterposed therebetween being 1.2 to 1.4 time as thick
as said first magnetic layer.

4. A method of manufacturing a thin film magnetic head
according to claim 3, wherein said inclined portions of said
second magnetic layer have a substantially same thickness
as that of said first magnetic layer.

5. A thin ilm magnetic head for performing recording and
reading operations on a magnetic recording medium, com-
prising:

a substrate;

a substantially planar first magnetic layer formed on said

substrate;

a transducing gap layer formed on said first magnetic

layer;

a conductor coil formed on said transducing gap layer;

and

a second magnetic layer formed over said conductor coil

with an insulator interposed between said conductor
coil and said second magnetic layer so that said second
magnetic layer has inclined portions, said second mag-
netic layer having one end where said transducing-gap
layer 1s sandwiched between said first and second
magnetic_layers to constitute a transducing gap at said
one end, said second magnetic layer having an other
end magnetically shorted with said first magnetic layer,
and said second magnetic layer having a thickness at
said one end of said position of said transducing gap of
1.2 to 1.4 times the thickness of said first magnetic
layer.

6. A thin film magnetic head for perfort
reproducing operations on a magnetic recording
comprising: "

a substrate;

a substantially planar first magnetic layer forr
substrate;

a transducing gap layer formed on said first magnetic
layer;
a conductor coil formed on said transducing gap layer;

a second magnetic layer formed over said conductor coil
with an insulator interposed between said second mag-
netic layer and said conductor coil, said second mag-
netic layer having one end portion at which said
transducing gap layer is interposed between said first
and second magnetic layers to constitute a transducing
gap at said one end portion, said magnetic layer further
including a first inclined portion adjacent to said one
end portion and a second inclined portion adjacent to an

ing recording and
1edium,

ed on said
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other end portion of said second magnetic layer at
which said second magnetic layer is magnetically
shorted with said first magnetic layer, and said second
magnetic layer having a thickness at said one end
portion of 1.2 to 1.4 times the thickness of said first
magnetic layer. |
7. A method of manufacturing a thin film magnetic head
for performing recording and reading operations on a mag-
netic recording medium, comprising the steps of:

(a) sputtering a magnetic material on a substrate to form
a substantially planar first magnetic layer;

(b) providing a first material on said first magnetic layer
SO as to form a layer constituting a transducing gap;

(c) vapor depositing a conductive material on said trans-
ducing gap layer to form a conductor coil;

(d) providing an insulating material on said conductor

coil; and

(e) sputtering a magnetic material so as to form a second

magnetic layer having one end deposited on said trans-
ducing gap layer so that said transducing gap layer is
interposed between said first and second magnetic
layers to constitute a transducing gap at said one end,
an other end where said second magnetic layer is
deposited on said first magnetic layer so that said
second magnetic layer is magnetically shorted with said
first magnetic layer, and a part of said second magnetic
layer between said one end and said [another] other end
wherelin said second magnetic layer is deposited on a
surface of a laminate formed through the steps of (a) to
(d) so that said second magnetic layer has inclined
portions thereat, said second magnetic layer being
formed with a thickness at said one end at the position
of said transducing gap of 1.2 to 1.4 times the thickness
of said first magnetic layer.

8. A thin film magnetic head for performing recording and
reading operations to a magnetic recording medium, com-
prising:

a substrate;

a first magnetic layer overlaid on said substrate;

a conductor coil overlaid on said first magnetic layer; and

a second magnetic layer overlaid on said first magnetic
layer and on said conductor coil, said second magnetic
layer being spaced from said first magnetic layer to
define a magnetic gap at one end facing toward said
magnetic recording medium, said second magnetic
layer being magnetically shorted to said first magnetic
layer at an other end opposite to said one end, said
second magnetic layer having inclined portions at
parts thereof overlaying said conductor coil between
said one end and said other end, said second magnetic
layer having a predetermined thickness at least at said
one end positioned in opposition to said magnetic

8

recording medium of about 1.2 to about 1.4 times the
thickness of said first magnetic layer.

9. A thin film magnetic head for performing recording and

reading operation io a magnetic recording medium, com-

> prising:

10

15

20

25

30

35

40

45

50

a substrate;
a first magnetic layer overlaid on said substrate;
a conductor coil overlaid on said first magnetic layer; and

a second magnetic layer overlaid on said first magnetic
layer and on said conductor coil, said second magnetic
layer being spaced from said first magnetic layer to
define a magnetic gap at one end facing toward said
magnetic recording medium, said second magnetic
layer being magnetically shorted to said first magnetic
layer at an other end opposite to said one end, said
second magnetic layer having inclined portions at
parts thereof overlaying said conductor coil between
said one end and said other end, said second magnetic
layer at least at said one end positioned in opposition
to said magnetic recording medium having a predeter-
mined thickness greater than that of said first magnetic
layer opposite thereto, said predetermined greater
thickness being determined by a coverage factor rep-
resenting the relative ratio of film thicknesses between
planar portions and said inclined portions of said
second magnetic layer.

10. A thin film magnetic head for performing recording
and reading operations to a magnetic recording medium,
COMPIISING:

a substrate;

a first magnetic layer overlaid on said substrate;

a conductor coil overlaid on said first magnetic layer; and

a second magnetic layer overlaid on said first magnetic
layer and on said conductor coils;

said second magnetic layer being spaced from said first
magnetic layer to define a magnetic gap at one end
facing toward said magnetic recording medium, said
second magnetic layer being magnetically shorted to
said first magnetic layer at an other end opposite to
said one end, said second magnetic layer having
inclined portions at parts thereof overlaying said con-
ductor coil between said one end and said other end,
said second magnetic layer at least at said one end
positioned in opposition to said magnetic recording
medium having a predetermined greater thickness than
that of said first magnetic layer opposite thereto, said
predetermined greater thickness being determined in
accordance with the angle of said inclined portions
thereof.
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