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TITLE OF THE INVENTION
PERPENDICULAR MAGNETi'C RECORDING HEAD AND
PERPENDICULAR MAGNETIC RECORDING APPARATUS
BACKGROUND OF THE INVENTION
The present invention relates to a perpendicular

magnetic recording head and a perpendicular magnetic

In a computer field, a magnetic disk apparatus
has been much utilized as a randomly accessible
external storage having a large capacity. With
expanding utilization, for the magnetic disk
apparatus, there has been an increasing demand for

enhancement of a storage capacity and recording

As a method of enhancing the recording density of
the magnetic disk apparatus, perpendicular magnetic
recording has been proposed. In the perpendicular
magnetic recording, as compared with longitudinal
magnetic recording, a demagnetizing field in
a magnetization transition can remarkably be reducea,
a magnetization transition width can be narrowed, and
high-density recording is realized. Moreover, in
order to faise recording and reproducing efficiencies

in the perpendicular magnetic recording, and form

N —
5
recording apparatus.
10
density.
15
20
25

a steeper magnetization transition, ‘a magnetic disk of
a perpendicular double-layer film medium having a soft

magnetic backing layer disposed under a perpendicular
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magnetic recording layer has been proposed.

A conventional perpendicular magnetic recording
head having the following structure has heretofore
been used for the perpehdicular double-layer film
medium formed by stacking the soft magnetic backing
layer, having a thickness of 50 nm to several hundreds
of nanometers, and the perpendicular magnetic
recording layer. The structure includes a recording
main pole (trailing pole), an auxiliary pole (leading
pole) disposed as a return yoke at a gap from the
recording main pole, and an exciting coil acting on
these poles. 1In the perpendicular magnetic recording
head, a magnetic field generated by the exciting coil
is passed through the recording main pole, soft
magnetic backing layer and auxiliary pole to form
a closed magnetic path, a magnetic flux can be
concentrated on the recording main pole, and recording
efficiency can therefore be enhanced. In the
conventional perpendicular magnetic recording head,
in order to prevent a strong magnetic field from béing
generated under the auxiliary pole, an area of the
air-bearing surface of the auxiliary pole is set to be
larger thaﬁ that of the main pole, and a gap between
the main pole and the auxiliary pole is set to be as
large as several micrometers.

However, in the conventional perpendicular

magnetic récording head, under a high track density
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of a track pitch of 1 um or less with enhancement of
the recording density, the magnetic field generated
under the auxiliary pole extends to adjacent tracks.
As a result, it is seen that recorded magnetization in
the adjacent track is disadvantageously disturbed by
repeated recording in a certain track.

In Jap. Pat. Appln. KOKAI Publication
No. 11-66503, it is described that the perpendicular
magnetic recording head having a gap length between
the recording main pole and the auxiliary pole in
a range of 0.2 to 0.5 pm is used in recording with
respect to the perpendicular double-layer film medium
of the stack of the soft magnetic backing layer having
a thickness of about 10 to 50 nm and the magnetic
recording layer having perpendicular magnetic
anisotropy. This publication aims at improvement in
resolution of perpendicular magnetic recording and
overwrite characteristics. However, in the
publication, a low track density is presumed,
influences onto the adjacent tracks is not considered,
and therefore this publication cannot be applied to
design a perpendicular magnetic recording head used
under a high recording density.

BRIEF SUMMARY OF THE INVENTION

An object of the present invention is to provide

a perpendicular magnetic recording head and perpen-

dicular magnetic recording apparatus in which an
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adverse effect onto adjacent tracks can be inhibited
during perpendicular magnetic recording with respect
to a perpendicular double-layer medium.

According to one aspect of the present invention,
there is provided a perpendicular magnetic recording
head performing magnetic recording under a condition
that a recording track pitch as a total of a recording
track width and a guard-band width between the
recording tracks is set to be 1 um or less, the head
comprising: a recording main pole; an auxiliary pole
disposed at a gap from the recording main pole; and an
exciting coil, a gap length between the recording main
pole and the auxiliary pole being five or less times
the guard-band width between the recording tracks.

According to another aspect of the present
invention, there is provided a perpendicular magnetic
recording apparatus comprising: a perpendicular
double-layer film medium having a stacked structure of
a soft magnetic backing layer and a perpendicular
magnetic recording layer in which magnetic recordiné
is performed under a condition that a recording track
pitch as a total of a recording track width and a )
guard-band.width between recording tracks is set to be
1 um or less; and a perpendicular magnetic recording
head comprising a recording main pole, an auxiliary
pole disposed at a gap having a length of five or less

times the guard-band width with respect to the
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recording main pole, and an exciting coil.
Additional objects and advantages of the
invention will be set forth in the description which
follows, and in part will be obvious from the
description, or méy be learned by practice of the
invention. The objects and advantages of the

invention may be realized and cbtained by means of the

instrumentalities and combinations particularly

pointed out hereinafter.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING

The accompanying drawings, which are incorporated
in and constitute a part of the specification,
illustrate embodiments of the invention, and together
with the general description given above and the
detailed description of the embodiments given below,
serve to explain the principles of the invention.

FIG. 1 is a perspective view showing a
perpendicular magnetic recording apparatus according
to one embodiment of the present invention;

FIG. 2 is a sectional view of a perpendicular |
magnetic recording medium according to one embodiment
of the present invention;

FIG. 3A is a sectional view of a perpendicular
magnetic recording/reproducing head cut along
a traveling direction according to one embodiment of
the present invention;

FIG. 3B is a diagram showing on-track recording
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magnetic field distribution generated by the magnetic
head shown in FIG. 3A;

FIG. 4A is a plan view of the magnetic head as
viewed from the air—bearing surface according to
the embodiment of the present invention;

FIG. 4B is a diagrém showing recording magnetic
field distribution in a track width direction
generated by the magnetic head shown in FIG. 4A;

FIG. 5A is a sectional view of a conventional
perpendicular magnetic recording/reproducing head cut
along the traveling direction;

FIG. 5B is a diagram showing on-track recording
magnetic field distribution generated by the magnetic
head shown in FIG. 5A;

FIG. 6A is a plan view of the conventional
magnetic head as viewed from the air-bearing surface;

FIG. 6B is a diagram showing recording magnetic
field distribution in é track width direction
generated by ;he magnetic head shown in FIG. 6A;

FIG. 7 is a diagram showing a relationship
between a guard-band width and a normalized output
using a gap length as a parameter when a perpendicular
magnetic récording head according to an embodiment of
the present invention and a conventional perpendicular
magnetic recording head are used;

FIG. 8 is a sectional view showing a suitable

relationship of a gap length between a recording main
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pole and an auxiliary pole with a lengfh between a tip
end of the recording main pole and the surface of the
backing layer during recording in the perpendicular
magnetic recording apparatus according to an
embodiment of the present invention;

FIGS. 9A and 9B are diagrams showing a magnetiza-
tion curve in a direction perpendicular to a film
surface of two types of recording layers different
from each other in a squareness and a nucleation field
value for magnetization reversal;

FIG. 10 is a diagram showing input-output
characteristics when the magnetic head according to
an embodiment of the present invention is used for
performing recording with respect to two types of
mediums different from each other in the squareness
and the nucleation field value for magnetization
reversal;

FIGS. 11A and 11B are diagrams showing a state of
a recording track on the medium, when the recording
main pole is thick or thin in the head traveling .
direction and the recording head is skewed; and

FIG. 12 is a diagram of a magnetic head having
a recordiné main pole with a suitable shape as viewed
from the air-bearing surface according to an
embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Embodiments of the present invention will be



10

15

20

25

described hereinafter with reference to the drawings.

FIG. 1 is a perspective view showing a perpen-
dicular magnetic recording apparatus. The housing
11 contains the perpendicular magnetic recording
medium 20 rotatably attached to a spindle motor.

The suspension 12 is supported by the voice coil motor
13 so that it can pivot along the surface of the
perpendicular magnetic recording medium 20, and the
suspension 12 has the magnetic head 30 attached to

a tip end thereof. The magnetic head 30 is connected
to the head amplifier circuit 14.

FIG. 2 is a sectional view of the perpendicular
magnetic recording medium 20. On the substrate 21,
the soft magnetic backing layer 22, perpendichlar
magnetic recording layer 23, protective layer 24,
and lubricant layer 25 are successively formed.

An underlayer may be disposed under the soft magnetic
backing layer 22 or the perpendicular magnetic
recording layer 23 for a purpose of controlling
crystal orientation. Examples of a material for

the substrate 21 include aluminum, reinforced glass,
and the like. Examples of the material for the soft
magnetic backing layer 22 include Permalloy (Fe-35 to
80% Ni), Sendust (9.6% Si-5.4% Al-Fe), CoCrNb, and the
like. Examples of the material for the perpendicular
magnetic recording layer 23 include a CoCr-based

alloy, CoPt-based al}oy, and the like. Examples of
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the material for the protective layer 24 include
carbon, and the like.

FIG. 3A is a sectional view of a magnetic head
éut along a traveling direction according to an
embodiment of the present invention, and FIG. 3B shows
on-track (x-direction) recording magnetic field
distribution generated by the magnetic head. FIG. 4A
is a plan view of the magnetic head as viewed from
the air-bearing surface according to the embodiment of
the present invention, and FIG. 4B shows recording
magnetic field distribution in a track width direction
(z-direction) generated by the magnetic head.

For comparison, FIG. 5A shows a sectional view of
a conventional magnetic head cut along the traveling
direction, and FIG. 5B shows on-track (x-direction)

recording magnetic field distribution generated by

the conventional magnetic head. Moreover, FIG. 6A is

a plan view of the conventional magnetic head as
viewed from the air-bearing surface, and FIG. 6B shows
recording magnetic field distribution in the track ‘
width direction (z-direction) generated by the
conventional magnetic head.

A structure of the magnetic head 30 according
to an embodiment of the present invention will be
described with reference to FIG. 3A. The magnetic
head 30 has a merged structure of the reproducing

section 31 and the recording section 32 in which the
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auxiliary pole 35 of the recording section 32 also
functions as one of the shields of the reproducing
section 31. More specifically, the lower shield 33,
the reproduce element (e.g., GMR element) 34 buried in
an insulating layer for defining a reproduction gap,
and the upper shield also functioning as the auxiliary
pole 35 of the recording section 32 form the
reproducing section 31. Moreover, the auxiliary pole
35, the recording main pole 36 formed at a gap in the
air-bearing surface and magnetically coupled to the
auxiliary péle 35 in a position remote from the air-
bearing surface, and the exciting coil 37 acting on
the auxiliary pole 35 and recording main pole 36 form
the recording section 32. The magnetic head has
a recording main pole track width of about 0.6 um,
and the auxiliary pole 35 has a width of about 10 zm.
Furthermore, a gap length between the recording main
pole 36 and the auxiliary pole 35 in the air-bearing
surface is set to be narrow, for example, 0.18 um.

on the other hand, the conventional magnetic héad
shown in FIGS. 5A and 6A has a structure similar to
that of the magnetic head of the present invention
except th;t the gap length between the recording main
pole 36 and the auxiliary pole 35 in the air-bearing
surface is broad, for example, 3 um.

Here, recording magnetic field distribution

generated by the maqpetic heads according to
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an embodiment of the present invention and the
conventional magnetic head will be described. For the
on-track recording magnetic field distribution, both
in FIGS. 3B and 5B, since the auxiliary pole 35 has
a larger area than the recording main pole 36, a
magnetic field strength under the auxiliary pole 35 is
reduced as compared with the magnetic field strength
under the recording main pole 36. However, the
magnetic head according to the embodiment of the
present invention shown in FIG. 3A has a shorter gap
length than the conventional magnetic head shown in
FIG. 5A. Therefore, the magnetic field strength under
the auxiliary pole 35 is stronger in FIG. 3B than in
FIG. 5B. It should be noted that, even when the
magnetic field strength under the auxiliary pole 35 is
strong on track, no problem occurs.

On the other hand, since the conventional
magnetic head shown in FIG. 6A has a long gap length,
broadening of a recording magnetic field H in the

track width direction is wide. On the contrary, since

the magnetic head according to the embodiment of the

present invention shown in FIG. 4A has a short gap
length, the recording magnetic field is easily
concentrated locally around the recording méin pole
and auxiliary pole, and the broadening of the
recording magnetic field in the track width direction

is narrow.
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When the broadening of the recording magnetic
field H in the track width direction is large like in
the conventional magnetic head, recorded magnetization
in the adjacent tracks is influenced. That is, when
recording to a specific track is repeated after
recording to the tracks disposed adjacent to the
specific track has been performed, the broadening of
the recording magnetic field in the track width
direction influences the recorded magnetization in the
adjacent tracks which reduces reproduction outputs.
On the contrary, in the magnetic head according to
the embodiment of the present invention, since the
broadening of the recording magnetic field in the
track width direction is small, the recorded
magnetization in the adjacent tracks is not easily
influenced.

In order to confirm the aforementioned _
difference, magnetic heads whose gap lengths are set
to 0.18 gm, 0.6 zm, 1 pgm and 3 um, respectively,
are fabricated to estimate the influence on the |
recorded magnetization in the adjacen; tracks.
Experiments are conducted as follows. Recording is
performed Qith respect to the track disposed adjacent
to a specific track, and the reproduction output is
measured immediately after the recording of which

output value is set to 100. Thereafter, other signals

are recorded in the §pecific track 100 times, and
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subsequently the reproduction output from the first
recorded adjacent track is measured. The obtained
reproduction output is normalized by the reproduction
output immediately after the recording, and change

in the reproduction output is estimated. Such
ekperiments are performed with respect to various
combinations of the specific track and the adjacent
track, that are different from each other in the
guard-band width (= track pitch - recording track
width), with varying a track pitch as a tétal of the
recording track width and the guard-band width.

| FIG. 7 shows a relationship between the guard-
band width and the normalized output using the gap
length as a parameter. Here, from a viewpoint of
long-term reliability of the magnetic recording
apparatus, a decreasing ratio of the reproduction
output is required to be within 5% (i.e., 95% or more
of normalized output value). As seen from FIG. 7, in
the magnetic head having the gap length of 0.18 um,
0.6 pm or 1 pm, when the guard-band width is 1/5 o?
more the gap length, the normalized output of 95% or
more can be maintained. That is, when the gap length
is set to Se five or less times the guard-band width
between the recording tracks, the drop of the
reproduction output from the adjacent track can be
inhibited. On the other hand, when the gap length is

as wide as 3 um as in the conventional magnetic head,
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the reproduction output from the adjacent track drops
to an unacceptable level even with the increased
guard-band width.

In high-density recording under a track pitch of
1 um or less, importance to reduce the guard-band
width particularly increases. For example, when the
head with a track width of 0.6 pgm and a gap length of
1 gum is used as in the aforementioned example, and
recording/reproducing is performed with a guard-band
width of 0.1 ugm and track pitch of 0.7 um, there is
no problem in on-track recording performance.

However, it is difficult to secure the long-term
reliability of the magnetic recording apparatus.

As described above, in order to secure a high
reliability with the perpendicular magnetic recording
apparatus operated under a high track.density, the gap
length between the recording main pole and the
auxiliary pole is preferably shortened. More
specifically, it is preferable to set the gap length
between the recording main pole and the auxiliary péle
to be 1 um or less, and more preferably, to be
smaller than 0.2 um in high-density recording with
a track pi£ch of 1 um or less. On the other hand, it
is preferable to set the gap length to be 30 nm
(0.03 um) or more. If the gap length is shorter than
30 nm, it becomes difficult to form the recording gap

and, at the same time, it becomes difficult to allow
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a recording magnetic field to reach the medium, which
brings a result that the recording magnetic field
likely forms a closed magnetic path in the magnetic
head. The reason is as follows. Here, it is
necessary to make the distance between the tip of the
recording pole and the medium soft magnetic backing
layer shorter than the recording gap length. Since
there are a protective layer of the head, a protective
layer of the medium and the magnetic recording layer
between the tip of the recording pole and the soft
magnetic backing layer, however, it is difficult to
make the above distance shorter than 30 nm.

It should be noted that, when interaction between
the recording main pole and the auxiliary pole becomes
stronger than interaction between the recording main
pole and the medium backing layer, a perpendicular
component formed in the medium recording layer by the
recording magnetic field will be weakened. Therefore,
as shown in FIG. 8, where the protective layer and
lubricant layer are omitted from the drawing, a gap.
length g between the recording main pole 36 and the
auxiliary pole'35 is preferably se£ to be longer than
a magnetic.spacing, that is, a length from the tip end
of the recording main pole 36 to the surface of the
medium backing layer 22 during recording operation.
This constitution enables sufficient on-track |

recording in the medium.
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Hereinbefore, improvement on the recording head
to realize a perpendicular magnetic recording
apparatus with a high reliability,.in which
magnetization states in the adjacent tracks can be
stabilized, has been mainly described. Additionally,
improvement on the perpendicular magnetic recording
medium to enhance the reliability of the perpendicular
magnetic recording apparatus will be described
hereinafter.

In order to prevent the recorded magnetization
in the adjacent tracks from being disturbed by the
recording magnetic field broadened in the track width
direction under the auxiliary pole of the perpen-
dicular magnetic recording head, it is preferable
that a nucleation magnetic field for initiating
irreversible magnetization reversal Qf the medium is
high., FIGS. 9A and 9B show magnetization curves in
a direction perpendicular to the film surface of two
types of recording layers different from each other in
a squareness and a nucleation magnetic field value for
magnetization reversal. As shown in FIG. 9B, in the
recording layer having a high squareness, a position
at which tﬁe magnetization reversal is initiate&
appears in the second quadrant of the magnetization
curve. An absolute value of the nucleation magnetic
field for magnetization reversal is referred to as Hn.

In order to prevent the recording magnetization from
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being attenuated in the adjacent tracks, the strength
of Hn may preferably exceed the strength of magnetic
field generated in the adjacent tracks under the
auxiliary pole. |

Usually in the perpendicular magnetic recording
layer in which magnetic particles are completely
isolated from one another and there is no interaction
between them, an MH loop represents an inclination
equivalent to that of the line of H = 4 nM, as shown
in FIG. 9A. 1In order to secure a high Hn in such
perpendicular magnetic recording layer, a relationship
between coercive force and saturation magnetizétion is
restricted. On the other hand, when there occurs
interaction such as exchange coupling between magnetic
particles, the inclination of the MH loop changes.
Since the inclination of a tangent of a magnetization
curve in the vicinity of the coercive force changes
more steeply than that of the line of H = 4 znM in
such perpendicular magnetic recording layer, a large
Hn can be obtained, as shown in FIG. 9B. In this |
case, there is required little restriction on the
coercive force and saturation magnetization in order
to obtain éhe large Hn.

It will be described that the on-track recording
characteristics are also enhanced in the recording
layer showing the magnetic characteristics as shown in

FIG. 9B. In general, when recording is performed on
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a perpendicular magnetic recording medium with a head
having a narrow gap, a reproduction waveform is
distorted with increase in a recording current,
which easily causes reduction in reproduction output.
This phenomenon is called recording demagnetization.
This is supposedly attributed to an inclination degree
of the recording magnetic field or a flow of recording
magnetic field vector. The present inventors have
found that use of the recording layer that shows the
steeper inclination of the MH loop than that of the
line of H = 4 nM because of exchange coupling between
the magnetic particles and has a high Hn, as shown in
FIG. 9B, can suppress the recording demagnetization.
Two types of mediums of a CoCr perpendicular

magnetic recording layer (A) having a squareness of

 0.75, and a CoPtCrO perpendicular magnetic recording

layer (B) having a squareness of 0.98 and En = 1.6 kOe
are prepared. Both the mediums include a soft
magnetic backing layer formed of a CoZrNb thin film
having a thickness of 300 nm. FIG. 10 shows |
input/output characteristics when-a magnetic head
having a gap length of 0.18 um is used to perform
recording *ith respect to these two types of mediums.
In FIG. 10, the output of the CoCr medium (A)
decreases with increase in a recording current Iw.

on the other hand, it is seen that a constant stable

reproduction output can be obtained in a region of
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a high recording current Iw in the CoPtCrO medium (B).
As described above, when the medium having
magnetic characteristics showing the high Hn and the
steep MH loop because of exchange coupling between the
magnetic particles is used, recording stability of the
perpendicular magnetic recording apparatus can further
be enhanced even in combination with the perpendicular
magnetic recording head having a short gap length.
Moreover, by combination of the perpendicular
magnetic recording head having a short gap length
according to the present invention with the
perpendicular double-layer film medium, overwrite
characteristics can advantageously be satisfied even
when the backing layer thinner than the conventional
backing layer is used. When the conventional
recording head having a long gap length is used and
the thickness of the soft magnetic backing layer of
the medium is set to 300 nm or less, an overwriting SN
ratio becomes smaller than 30 dB. On the contrary,
use of the recording head having a short gap length‘
according to the present invention can provide
satisfactogy overwrite characteristics even when the
thickness Sf the backing layer is set to 30 nm.
Furthermore, in another embodiment of the present
invention, it is preferable to form the recording main
pole in an appropriate shape in consideration of a

skew angle of the recording head. That is, in the
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hard-disk type recording apparatus in which the head
is operated with a rotary actuator as shown in FIG. 1,
the skew angle of the recording head changes depending
on a recording radius. In recording to the
perpendicular double-layer film medium, a magnetic
field generated entirely on a lower surface of the
recording main pole opposed to the medium contributes
to the recording. FIGS. 11A and 11B show states of
the recording track on the medium, when the recording
main pole 36 is thick or thin in a head traveling
direction and the recording head ié skewed. In these
drawings, an arrow shows the head traveling direction,
and T denotes a recording track. As shown in

FIG. 11A, when the recording main pole 36 is thick in
the head traveling direction, recording on the medium
is performed not only in a recording track to be
recorded but also in one side of that track over a
remarkably wide range because of the magnetic field
generated from a side surface of the recording main
pole 36. On the contrary, as shown in FIG. 11B, whén
the recording main pole 36 is thin in the head
traveling direction, the width of a side region
recorded ih addition to the recording track to be
recorded is narrowed. As described above, in another
embodiment of the present invention, the recording
main pole 36 is preferably thin in the head traveling

direction on the air-bearing surface. Particularly,
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if the thickness of the recording main pole 36 in the
head traveling direction on the air-bearing surface is
smaller than the magnetic pole track width, change in
the recording track width can be suppressed even if
the skew angle is generated.

Furthermore, as shown in FIG. 12, the recording
main pole 36 is preferably formed in a trapezoidal
shape in which the trailing length is longer than the
leading length on the air-bearing surface. 1In this
structure, the inclination angle of the side surface
of the recording main pole 36 on the outer side of the
disk can be set to be larger than a skew éngle on the
innermost of the disk. Moreover, the inclination
angle of the side surface of the recording main pole
36 on the inner side of the disk can be set to be
larger than the skew angle on the outermost of the
disk. 1If the side surfaces of the recording main pole
36 are processed in such a manner that the inclination
angles of the side surfaces are larger not less than
the skew angles on the innermost or outermost of
the disk, the change in recording track width can be
suppressed even is the skew angle is generated.

Addifional advantages and modifications will
readily occur to those skilled in the art. Therefore,
the invention in its broader aspects is not limited to
the specific details and representative embodiments

shown and described herein. Accordingly, various
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modifications may be made without departing from the
spirit or scope of the general inventive concept as

defined by the appended claims and their equivalents.
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WHAT IS CLAIMED IS:

1. A perpendicular magnetic recording head
performing magnetic recording under a condition that
a recording track pitch as a total of a recording
track width and a guard-band width between recording
tracks is set to be 1 um or less, the head
comprising:

a recording main pole; an auxiliary pole disposed
at a gap from the recording main pole; and an exciting
coil,

a gap length between the recording main pole and
the auxiliary pole being five or less times the guard-
band width between the recording tracks.

2. The head according to claim 1, wherein the
gap length between the recording main pole and the
auxiliary pole is 1 um or less.

3. The head according to claim 2, wherein the
gap length between the recording main pole and the
auxiliary pole is smaller than 0.2 gm.

4. The head according to claim 1, wherein the
auxiliary pole is used as one of a pair of shields
sandwichigg a reproduce element.

5. ihe head according to claim 1, wherein a
thickness of the recording main pole along a traveling
direction is smaller than a magnetic pole track width
on an air-bearing surface.

6. The head according to claim 1, wherein the
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recording main pole is formed in a trapezoidal shape
in which a trailing length is longer than a leading
length on an air-bearing surface,

and wherein an inclination angle of a side
surface of the recording main pole on an outer side of
a medium is larger than a skew angle on an innermost
of the medium, and an inclination angle of the side
surface of the recording main pole on an inner side of
the medium is larger than a skew angle on an outermost
of the medium.

7. A perpendicular magnetic recording apparatus
comprising:

a perpendicular double-layer film medium having
a stacked structure of a soft magnetic backing layer
and a perpendicular magnetic recording layer in which
magnetic recording is performed under a condition that
a recording track pitch as a total of a recording
track width and a guard-band width between recording
tracks is set to be 1 um orlless; and

a perpendicular magnetic recording head
comprising a recording main pole, an auxiliary pole
disposed at a gap having a length of five or less
times the.guard-band width with respect to the
recording main pole, and an exciting coil.

8. The apparatus according to claim 7, wherein
the gap length between the reéording main pole and the

auxiliary pole is 1 pm or less.
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9. The apparatus according to claim 8, wherein
the gap length between the recording main pole and
the auxiliary pole is smaller than 0.2 um.

10. The apparatus according to claim 7, wherein
the auxiliary pole is used as one of a pair of shields
sandwiching a reproduce element.

11. The apparatus according to claim 7, wherein

a distance between a tip end of the recording main

pole and a surface of the soft magnetic backing layer

of the perpendicular double-layer film medium during
recording operation is shorter than a gap length
between the recording main pole and the auxiliary
peole. |
12. The apparatus according to claim 7, wherein
the perpendicular magnetic recording layer of the
perpendicular double-layer film medium represents
a magnetization curve in a perpendicular direction
that a position at which irreversible magnetization
reversal is initiated appears in a second quadrant.
13. The apparatus according to claim 12, wheréin
the perpendicular magnetic recording layer of the
perpendicular double-layer film medium represents
a magnetiéation curve in a perpendicular direction
that an inclination of a tangent of the magnetization
curve in the vicinity of a coercive force is steeper
than that of a line of H = 4 =M.

14. The apparatus according to claim 7, wherein



ar —— ===

-_

KR R

10

- 26 -

a thickness of the recording main pole along
a traveling direction is smaller than a magnetic pole
track width on an air-bearing surface.

15. The apparatus according to claim 7, wherein
the recording main pole is formed in a trapezoidal
shape in which a trailing length is longer than
a leading length on an air-bearing surface,

and wherein an inclination angle of a side
surface of the recording main pole on an outer side of
a medium is larger than a skew angle on an innermost
of the medium, and an inclination angle of the side
surface of the recording main pole on an inner side of
the medium is larger than a skew angle on an outermost

of the medium.



