
;mne3enk46TKO    FLEXIBLE DISK DEVICE, DISK FORMATTING METHOD, AND
RECORDING/REPRODUCING METHOD Technical Field The present invention relates
to a flexible disk device, a disk formatting method, and a
recording/reproducing method. Background Art Conventionally, a
large-capacity flexible disk device is known, in which recording and
reproducing on and from both a high-capacity formatted recording medium and
a low-capacity formatted recording medium, that are different in linear
recording density and track density, are carried out. For example,
according to a large-capacity flexible disk device disclosed in Japanese
Unexamined Patent Publication No. 3-156711, with respect to a high-capacity
formatted recording medium, recording and reproducing is carried out by
means of a high-capacity magnetic head and a data processing circuit for a
high-capacity format, and with respect to a low-capacity formatted
recording medium, recording and reproducing is carried out by means of a
low-capacity magnetic head and a data processing circuit for a low-capacity
format. In Japanese Unexamined Patent Publication No. 3-156711, an attempt
to write a greater quantity of information in a 



low-capacity formatted recording medium with a high-capacity 1   magnetic
head is described. However, since such high-capacity magnetic heads have a
recording gap length that is conformable to a high-capacity formatted
recording medium having a high linear recording density, a problem exists
such that overwriting characteristics are degraded. Furthermore, of these,
high-capacity magnetic heads which write in and read out information at a
narrow data track width also have a problem such that an influence of
displacement due to eccentricity and the like created during replacement of
recording media is strongly exerted and data reproduction cannot be
normally carried out. Therefore, it has been an object to develop a
technique such that by making full use of a plurality of types of magnetic
heads and data processing circuits which are respectively installed in
correspondence with a plurality of types of recording media having
different capacities, data which is higher in capacity than the prior arts
can be recorded in a low-capacity recording medium and the recorded data
can be satisfactorily reproduced. Disclosure of the Invention In order to
achieve the above object, according to the present invention, a
high-capacity track format is written in a low-capacity recording medium by
a low-capacity magnetic head, information on the low-capacity recording
medium is reproduced by a high-capacity magnetic head which corresponds to
the written high-capacity trackformat, whereby it becomes possible 2   to
record data which is greater in capacity than the prior arts in the
low-capacity recording medium and reproduce the recorded data
satisfactorily. That is, the present invention provides a flexible disk
device comprising: a first magnetic head which has a wide recording gap
width, and can write in and read out information, with respect to a
low-capacity recording medium, at a wide track width based on the wide
recording gap and in a low-capacity track format; and a second magnetic
head which has a recording gap width that is narrower than that of the
first magnetic head, and can write in and read out information, with
respect to the high-capacity recording medium which is greater in capacity
than the low-capacity recording medium, at a narrow track width based on
the narrow recording gap and in a high-capacity track format which is
greater in track density and linear density than the low-capacity recording
medium, whereby the flexible disk device records and reproduces information
on and from two or more types of recording media having different
capacities, characterized in that a control means is provided for
controlling the first magnetic head to operate at track intervals narrower
than the recording gap width thereof so as to write a high-capacity track
format in the low-capacity recording medium at a narrow track width,
thereby to record information and to read out the information recorded on
the low-capacity recording medium by the second magnetic head. In addition,
according to the present invention, the above-described flexible disk
device comprises a third magnetic 



3   head which has a recording gap width that is narrower than that of the
second magnetic head, and can read out information which has been recorded
in a second high-capacity track format that is even greater in track
density and linear density than the high-capacity track format that the
second magnetic disk head can write in and read out, wherein the control
controls the second magnetic head to operate at track intervals narrower
than the recording gap width thereof so as to write a second high-capacity
track format in the high-capacity recording medium at a narrow track width,
thereby to record information and to read out the information recorded on
the high-capacity recording medium by the third magnetic head. In further
detail, the above-described flexible disk device comprises a rotating means
for rotating a recording medium which is placed thereon, a carriage which
is loaded with the first and second magnetic heads, and data processing
circuits for first and second formats which modulate information to be
inputted in the first and second magnetic heads to data signals which
correspond to a low-capacity or a high-capacity track format in accordance
with designation and demodulate information read out by the respective
magnetic heads, wherein the control means controls track positions of the
first and second magnetic heads via the carriage and also selects either
one of the data processing circuits for first and second formats. In
addition, the carriage is further loaded with a third magnetic head and
includes a data processing circuit for a third 4   format which demodulates
information read out by the third magnetic head, wherein the control means
controls track positions of the first, second, and third magnetic heads via
the carriage and also selects any one of the data processing circuits for
the first, second, and third formats. In addition, the present invention
provides a disk formatting method for formatting two or more types of
recording media having different capacities, wherein with respect to a
low-capacity recording medium, a first magnetic head which can write in and
read out information in a low-capacity track format is operated at track
intervals that are narrower than a recording gap width thereof, so as to
write in a high-capacity track format which is greater in track density and
linear density than the low-capacity track format. Furthermore, the present
invention provides a recording/reproducing method for recording and
reproducing on and from two or more types of recording media having
different capacities, wherein with respect to a low-capacity recording
medium, a f first magnetic head which can write in and read out information
in a low-capacity track format is operated at track intervals that are
narrower than a recording gap width thereof so as to write in a
high-capacity track format which is greater in track density and linear
density than the low-capacity track format, thereby to record information
and to read out the information recorded on the low-capacity recording
medium by a second magnetic head which can read out information in the
high-capacity track format. 5 



In general, a high-capacity magnetic head is designed to have a narrow
recording gap length and a narrow gap width that are conformable to a
high-capacity format that is high in linear recording density and track
density, and is designed to write a high-capacity track format in a
high-capacity recording medium at a narrow track width and at a high track
density, thereby to record information and reproduce the recorded
information. A low-capacity magnetic head which corresponds to this
high-capacity magnetic head is designed to have a recording gap length and
a gap width that are wider than those of the high-capacity magnetic head,
write a low-capacity track format in a low-capacity recording medium at a
wide track width and at a low track density, thereby to record information
and reproduce the recorded information. The recording media herein referred
to are flexible disks, wherein as the low-capacity recording media, there
are 2HD disks, 2DD disks and the like and as the high-capacity recording
media, there are 240MB super disks, 120MB super disks and the like. In
addition, the low-capacity magnetic heads utilized for 2HD disks and 2DD
disks include high density heads (HD heads) and the like, and an example
thereof is a head having a recording gap width of 115wm and track intervals
of 187.5wm. The high-capacity magnetic heads utilized for 240MB super disks
and 120MB super disks include ultra high density heads (UHD heads) and the
like, and an example thereof is a head having a recording gap width of 8~um
and track intervals of 10.2~um. However, in the present DESCRIPTION, the
words "low 6   capacity" and "high-capacity" are used as words representing
a relatively high capacity and a relatively low capacity, respectively.
According to the present invention, a high-capacity track format is written
in a low-capacity recording medium by means of a low-capacity magnetic
head, therefore, in spite of being at a wide track width corresponding to a
recording gap width of the low-capacity magnetic head, format information
and desirable information can be written at a high linear recording density
and a high track density that are peculiar to the high-capacity track
format. The information written in this low-capacity recording medium in
the high-capacity trackformat is read out using a high-capacity magnetic
head having a narrow recording gap width which corresponds to the
high-capacity track format, therefore, even if track displacement occurs to
some extent, the output does not drop and the information can be
satisfactorily reproduced. Thus, it becomes possible to record data that is
higher in capacity than the prior arts in a low-capacity recording medium
and reproduce the data therefrom satisfactorily. Brief Description of
Drawings 



Fig. 1 is a schematic block diagram of a large-capacity flexible disk
device according to an embodiment of the present invention; Fig. 2 is a
perspective view of a head slider of the large-capacity flexible disk
device of Fig. 1;    Fig. 3 is an explanatory diagram showing a track
pattern formatted by a low-capacity magnetic head; and Fig. 4 is an
explanatory diagram showing advantages in reproducing tracks, which have
been formatted by the lowcapacity magnetic head, by a high-capacity
magnetic head. Best Mode for Carrying out the Invention (Embodiment 1)
Hereinafter, an embodiment of the present invention will be described in
detail with reference to the drawings. Referring to the large-capacity
flexible disk device shown in Fig. l, 1 denotes a recording medium, and 2
denotes a spindle motor which drives to rotate the recording medium 1. 3
denotes a carriage loaded with head sliders 4 having track position control
mechanisms 4a, and 5 denotes a carriage drive unit such as a voice coil
motor or the like which shifts the carriage 3 at a pitch not more than the
data track width. As shown in Fig. 2, each of the head sliders 4 is loaded
with a high-capacity magnetic head 6 having a core 6a and a low-capacity
magnetic head 7 having a core 7a and arranged above and below the recording
medium l so that recording and reproduction can be carried out in either
case where the recording medium 1 is a high capacity recording medium or a
low-capacity recording medium. The above-described track position control
mechanism 4a provided for the head slider 4 is, for example, an MR sensor 4
glass element, a laser servo or the like. 8 



8 is a carriage drive circuit for driving the carriage drive unit 5, and 9
denotes a track position control circuit which drives the carriage drive
unit 5 via the carriage drive circuit 8 and controls the track position of
the high-capacity magnetic head 6 and the low-capacity magnetic head 7 of
the carriage 3. Position control by the track position control circuit 9 is
carried out based on information such as an encoder signal and the like
from the track position control mechanisms 4a. 10 denotes a
recording/reproducing amplifier for a plurality of magnetic heads which
amplifies recording/reproducing signals of the high-capacity magnetic head
6 and the low-capacity magnetic head 7, 11 denotes a data processing
circuit for a low-volume format, 12 denotes a data processing circuit for a
high-volume format, and 13 denotes a signal line switching circuit. 14
denotes a CPU and this CPU 14 controls the abovedescribed respective
circuits and the recording/reproducing amplifier for a plurality of
magnetic heads 10. Operations in the above construction will now be
described. A high-capacity format is used for the high-capacity recording
medium 1. When writing data, the writing data is transmitted from the CPU
14 to the data processing circuit for high-volume format 12 and modulated
to high-capacity codes, that are, for example, 1 / 7RLL, 8 / 9GCR, 16 /
17Code and the 1 ike . On the other hand, by 9   an instruction from the
CPU 14, the track position control circuit 9, the carriage drive circuit 8,
and the carriage drive unit 5 are driven and the track position of the
high-capacity magnetic head 6 of the carriage 3 is controlled. In addition,
by an instruction from the CPU 14, a switchover to a signal line for a
high-capacity magnetic head is carried out in the signal line switching
circuit 13, the writing data, which has been modulated to the
aforementioned high-capacity codes, is sent through the signal line
switching circuit 13 and a recording circuit of the recording/reproducing
amplifier for a plurality of magnetic heads 10 to the high-capacity
magnetic head 6 of the carriage 3, and written in the recording medium 1 by
the high-capacity magnet head 6 in a high-capacity format in which gaps are
created between track formats. When reproducing the data written in the
recording medium 1, an instruction from the CPU 14 is sent to the
recording/reproducing amplifier for a plurality of magnetic heads 10, the
high-capacity magnetic head 6 of the carriage 3 is selected; and the data
is read out by the high-capacity magnetic head 6. The data thus read out is
signal-amplified by an amplifying circuit of the recording/reproducing
amplifier for a plurality of magnetic heads 10, sent through the signal
line for a high-capacity magnetic head of the signal line switching circuit
13 to the data processing circuit for a high-volume format 12, demodulated
therein, and taken out by the CPU 14. For the low-capacity recording medium
1, a method using 



to   a low-capacity format and a method using a high-capacity format are
possible. When writing data, upon an instruction from a host such as a
personal computer or the like, in the low-capacity recording medium 1 by
means of a low-capacity format, the writing data is transmitted from the
CPU 14 to the data processing circuit for a low-volume format 11, modulated
to low-capacity codes such as, for example, FM, MFM and the like, sent
through a signal line for a low-capacity format of the signal line
switching circuit 13 and the recording circuit of the recording/reproducing
amplifier for a plurality of magnetic heads 10 to the low-capacity magnetic
head 7, and written in the recording medium 1 by the low-capacity magnetic
head 7 in a low-capacity format in which gaps are created between track
formats . Reproduction of the data is carried out by following a course
reverse thereto. When writing data in the low-capacity recording medium 1
by means of a high-capacity format, the writing data is transmitted from
the CPU 14 to the data processing circuit for high-volume format 12 and
modulated to high-capacity codes, that are, for example, 1/7RLL, 8/9GCR,
16/l7Code and the like. On the other hand, by an instruction from the CPU
14, the track position control circuit 9, the carriage drive circuit 8, and
the carriage drive unit 5 are driven and the track position of the
low-capacity magnetic head 7 of the carriage 3 is controlled. In addition,
by an instruction from the CPU 14, a switchover to a signal line for a
low-capacity magnetic head m   is carried out in the signal line switching
circuit 13, the writing data, which has been modulated to the high-capacity
codes, is sent through the signal line switching circuit 13 and the
recording circuit of the recording/reproducing amplifier for a plurality of
magnetic heads 10 to the low-capacity magnetic head 7 of the carriage 3,
and written in the recording medium 1 by the low-capacity magnet head 7.
When reproducing the data written in the recording medium 1, an instruction
from the CPU 14 is sent to the recording/reproducing amplifier for a
plurality of magnetic heads 10, the high-capacity magnetic head 6 of the
carriage 3 is selected, and the data is read out by the high-capacity
magnetic head 6. The data thus read out is signal-amplified by the
amplifying circuit of the recording/reproducing amplifier for a plurality
of magnetic heads 10, sent through the signal line for a high-capacity
magnetic head of the signal line switching circuit 13 to the data
processing circuit for a high-volume format 12, demodulated therein, and
taken out by the CPU 14. Recording and reproducing on and from the
low-capacity recording medium 1 in a high-capacity format will now be
described in detail. 



As shown in Fig. 3, by the low-capacity magnetic head core 7a, track
formats are written at track intervals narrower than its gap width 21 of,
for example, 115m in order, for example, from the outer circumferential
side toward the inner circumferential side. The track intervals are set to
be greater i2   than a gap width 22 of the high-capacity magnetic head core
6a of, for example, 8~um. A track pattern to be formed is provided as the
inner circumferential portions of the outer tracks 31, 32, 33, 34, 35 and
so forth which are overwritten with the adjacent inner tracks 32, 33, 34,
35 and so forth. In addition, as representatively shown by the tracks 31
and 32 in Fig. 4, a data track width 23 of the outer track 31 becomes
narrower than the gap width 21 of the low-capacity magnetic head core 7a by
a width 24 that has been overwritten by the inner track 32 of, for example,
25wm, resulting in 90m. Therefore, format information and desirable
information can be written at a data track width that is narrower than that
of the original low-capacity format, at a high track density, and in a
high-capacity format that has been modulated in high-capacity codes.
Accordingly, data which is higher in capacity than the prior arts can be
recorded in the low-capacity recording medium 1. Then, the information
within the 90,m data track is reproduced by the above-described
high-capacity magnetic head core 6a having the 8wm gap width. At this time,
since guard bands 25 each having 4l~um remain on both sides of the gap
width 22, the influence from track displacement caused by eccentricity and
the like created due to replacement of the recording medium 1 is eliminated
or substantially reduced. Accordingly, reproduction of the information can
be satisfactorily carried out. Such a recording/reproducing method opens
the way for 13   utilizing a low-priced low-capacity recording medium as a
recording medium having a higher capacity than that of the prior arts. In
addition, in the above-described embodiment, the 



large-capacity flexible disk device provided with two sets of the magnetic
head and data processing circuit for a format has been described, however,
as shown by virtual lines in Fig. 1 and Fig. 2, a second high-capacity
magnetic head 15 having a core 15a which is narrower in the recording gap
width than the high-capacity magnetic head 6 and a data processing circuit
for a second high-capacity format 16 may further be arranged. In such a
case, with a combination of the high-capacity magnetic head 6 and the
low-capacity magnetic head 7, a combination of the low-capacity magnetic
head 7 and the second high-capacity magnetic head 15, or a combination of
the high-capacity magnetic head 6 and the second high=capacity magnetic
head 15, high-capacity information can be recorded and reproduced on and
from a low-capacity recording medium in the same manner as the above. It is
also possible to provide four sets or more of the magnetic head and data
processing circuit for a format. Also, the magnetic head having the highest
capacity may be provided to become read-only. The format information and
desirable information may be simultaneously written in, or written in
order. To give a particular example thereof, in a drive provided with a
high-capacity magnetic head (a recording gap width of 14   8~.m)
corresponding to a super disk and a low-capacity magnetic head (a recording
gap width of 115m) corresponding to a 2HD disk/2DD disk and also provided
with reading and writing functions with respect to each disk, in a case
where lowcapacity formatting is executed for a 2HD disk ( 1.44MB) by means
of the low-capacity magnetic head, the data track width becomes 115,m and
the track intervals become 187.5.m. On the other hand, on the assumption
that reproduction is carried out by the high-capacity magnetic head, by
means of the low-capacity magnetic head, the track density is heightened by
setting the data track width to 115,m and the track intervals to 18.75,m,
and high-capacity formatting of 16/17 Code is executed for the same 2HD
disk, whereby a recording capacity of 32MB can be realized. Thus, it
becomes possible to use the 2HD disk as a 32MB recording medium.
Furthermore, a drive provided with a low-capacity magnetic head (a
recording gap width of 115,m), a first high-capacity magnetic head ( a
recording gap width of 8~,m) , and a second high-capacity magnetic head ( a
gap width of 1. 5~m) is constructed, and on the assumption that
reproduction is carried out by the second high-capacity magnetic head, by
means of the first capacity magnetic head, the track density is heightened
by setting the data track width to 8~.m and the track intervals to 2.O~,m,
and high-capacity formatting of 16/17 Code is executed for a 240HD super
disk, whereby the recording capacity can be heightened to 1.4GB. 15  



CLAIMS 1. A flexible disk device comprising: a first magnetic head ( 7 )
which has a wide recording gap width, and can write in and read out
information, with respect to a low-capacity recording medium ( 1 ) , at a
wide track width based on said wide recording gap and in a low-capacity
track format; and a second magnetic head ( 6 ) which has a recording gap
width that is narrower than that of said first magnetic head ( 7 ) , and
can write in and read out information, with respect to a high-capacity
recording medium ( 1 ) which is greater in capacity . than said
low-capacity recording medium ( 1 ) , at a narrow track width based on said
narrow recording gap and in a high-capacity track format which is greater
in track density and linear density than said low-capacity recording
medium, whereby flexible disk device records and reproduces information on
and from two or more types of recording media (1) having different
capacities, characterized in that a control means (14) is provided for
controlling said first magnetic head ( 7 ) to operate at track intervals
narrower than the recording gap width thereof so as to write a highcapacity
track format in said low-capacity recording medium ( 1 ) at a narrow track
width, thereby to record information and to read out the information
recorded on said low-capacity recording medium (1) by said second magnetic
head (6). 16   . 2. A flexible disk device as set forth in Claim 1, further
comprising a third magnetic head ( 15 ) which has a recording gap width
that is narrower than that of the second magnetic head (6), and can read
out information which has been recorded in a second high-capacity track
format that is even greater in track density and linear density than the
high-capacity track format that said second magnetic disk head ( 6 ) can
write in and read out, wherein the control means ( 14 ) controls said
second magnetic head ( 6 ) to operated at track intervals narrower than the
recording gap width thereof so as to write a second high-capacity track
format in said high-capacity recording medium (1) at a narrow track width,
thereby to record information and to read out the information recorded on
said high-capacity recording medium ( 1 ) by said third magnetic head (15).



3. A flexible disk device as set forth in Claim 1, further comprising a
rotating means ( 2 ) for rotating a recording medium ( 1 ) which is placed
thereon, a carriage ( 3 ) which is loaded with said first and second
magnetic heads (6) and (7), and data processing circuits for first and
second formats ( 11 ) and ( 12 ) which modulate information to be inputted
in said first and second magnetic heads (6) and (7) to data signals which
correspond to a low-capacity or a high-capacity track format in accordance
with designation and demodulate information read out by the respective
magnetic heads ( 6 ) and ( 7 ) , wherein the 1~   r  control means ( 14 )
controls track positions of said first and second magnetic heads ( 6 ) and
( 7 ) via said carriage ( 3 ) and also selects either one of the data
processing circuits for the first and second formats (11) and (12). 4. A
flexible disk device as set forth in Claim 2, wherein the carriage (3) is
further loaded with a third magnetic head ( 15 ) and includes a data
processing circuit for a third format (16) which demodulates information
read out by said third magnetic head ( 15 ) , and the control means ( 14 )
controls track positions of the first, second, and third magnetic heads (6)
( 7 ) , and ( 15 ) via said carriage and also selects any one of the data
processing circuits for the first, second, and third formats (11) (12), and
(16). 5. A disk formatting method for formatting two or more types of
recording media (1) having different capacities, characterized in that with
respect to a low-capacity recording medium (1), a first magnetic head (7)
which can write in and read out information in a low-capacity track format
is operated at track intervals that are narrower than a recording gap width
thereof, so as to write in a high-capacity track format which is greater in
track density and linear density than said low-capacity track format. 6. A
recording/reproducing method for recording and 1a  



r reproducing on and from two or more types of recording media (1) having
different capacities, characterized in that with respect to a low-capacity
recording medium (1), a first magnetic head (6) which can write in and read
out information in a low-capacity track format is operated at track
intervals that are narrower than a recording gap width thereof so as to
write in a high-capacity track format which is greater in track density and
linear density than said low-capacity track format, thereby to record
information and to read out the information recorded on said low-capacity
recording medium (1) by a second magnetic head (7) which can read out
information in said high-capacity track format. 19 .AY{3.A
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