
;e3eli$468TIQ-' ~ ~ 3 October 2002 y V   METHOD OF WRITING TRACKING SERVO
SIGNAL PATTERN FOR MAGNETIC DISC DEVICE  FIELD OF THE INVENTION 5 The
present invention relates to a method of writing a tracking servo signal
pattern on a magnetic disc of a magnetic disc device for use in recording
and reproducing information with a magnetic head along a concentric
information track of a predetermined track pitch on the magnetic disc which
is driven into a rotation. 10  BACKGROUNG OF THE INVENTION  ,  For magnetic
disc devices such as a hard disc device, it has been a usual practice that
a tracking servo signal pattern is recorded in advance at a leading portion
in each of a plurality of sectors provided by dividing a concentric
information track, in order to record and reproduce information as the
concentric 15 information track having a predetermined track pitch on a
magnetic disc. Fig. 4 depicts an example of the tracking servo signal
pattern. As shown, a magnetic disc rotates in a direction of an arrow 500,
and a magnetic head unit, which includes a reproduction-only magnetic head
12 fixed integrally with a   3 October 2002 2 recording magnetic head 14,
moves in a diametric direction 510 of the magnetic disc. First burst
signals 81 and 82, second burst signals 91 and 92, third burst signals 101
and 102, and fourth burst signals l10, 11l and 112 having predetermined
frequencies are recorded in advance as tracking servo signals in respective
positions, which are separated in .opposite directions with respect to each
other from centerlines l31 and l32 of the information tracks along the
diametric 



direction 510 of the magnetic disc, and are shifted from one another in a
direction of the centerline 131 of the information track. The device is so
constructed that the reproduction-only head 12 10 reproduces each of at
least two signals out of the first, second, third and fourth burst signals,
when recording or reproducing information. The device then records or
reproduces the information on a predetermined information track by aligning
a position of the recording head 14, while controlling a position of the
reproductiononly head 12 in a such manner that a ratio in level between the
reproduced signals 15 of the reproduced burst signals becomes equal to a
predetermined proportion. A consideration is given now for an example in
that information is recorded on or reproduced from an information track,
where the first burst signal 81 and the second burst signal 91 are
positioned with respect to the centerline 131 of the information track, as
shown in Fig.4. The device reproduces the first burst 20 signal 81 and the
second burst signal 91, and controls a position of the magnetic head unit
in a manner that a ratio in level of the first burst signal 81 and the
second burst signal 91 becomes equal to a predetermined value, so as to
obtain a normal tracking. Or, if the device records or reproduces
information on another information track, where the third burst signal 102
and the fourth burst signal 111 25 are positioned with respect to the
centerline 132 of the information track, the device   3 October 2002 3
obtains a normal tracking by reproducing the third burst signal 102 and the
fourth burst signal 111, and controlling a position of the magnetic head
unit in a manner that a ratio in reproduced signal level of the third burst
signal 102 and the fourth burst signal 111 becomes equal to a predetermined
value. As a conventional method of writing the tracking servo signal
pattern having the afore-noted first, second, third and fourth burst
signals on a magnetic disc, a device called "servo track writer" designed
exclusively for writing has been used. The servo track writer records the
first, second, third and fourth burst signals 81, 82, 91, 92, 101, 102,
110, 111, 112 and so on by controlling a position as well as 10 a recording
and an erasing timings of a magnetic head unit provided in a magnetic disc
device with a control system of the servo track writer, while rotating the
magnetic disc of the magnetic disc device. A conventional method of writing
the tracking servo signal pattern using a servo track writer will be
described hereinafter by referring to Fig. 5. 15 Firstly, the recording
head 14 is aligned in a position where a burst signal 81 a is to be
written, and the burst signal 81 a is written in. A time required for this
process is the sum of an aligning time and a time for the disc to rotate
for a full turn. Then, the recording head 14 is aligned in another position
where a burst signal 1 O 1 a is to be written, and the burst signal 101 a
is written in. A time required 



20 for this process is also the sum of the aligning time and the time for
the disc to rotate for a full turn. Next, the recording head 14 is aligned
in a position where a burst signal 91 a is to be written in the diametric
direction S 10 of the magnetic disc, and the burst signal 91 a is written
immediately after demagnetizing a portion 81b of the   3 October 2002 4 5
10 already written burst signal 81 a. A time required for this process is
also the sum of the aligning time and the time for the disc to rotate for a
full turn. The recording head 14 is then aligned in a position where a
burst signal 111 a is to be written in the diametric direction 510 of the
magnetic disc, and the burst signal 111 a is written immediately after
demagnetizing a portion 101b. A time required for this process is the sum
of the aligning time and the time for the disc to rotate for a full turn.
Then, the recording head 14 is aligned in a position where a burst signal
82a is to be written, and a portion 91b is demagnetized immediately after
writing the burst signal 82a. A time required for this process is the sum
of the aligning time and the time for the disc to rotate for a full turn.
A11 of the burst signals are written by repeating the process described
above. Hence, a time necessary for writing can be given by the following
formula: burst signals 15 20 (aligning time + time for a disc to rotate for
a full turn) x number of However, a servo track writer for use in the
foregoing writing method is very expensive equipment. Therefore, it is
desirable for such expensive equipment to be utilized efficiently. However,
it has not necessarily been utilized efficiently, since all of the first,
second, third, and fourth burst signals are recorded under control of the
servo track writer, as has been described. SUMMARY OF THE INVENTION 



3 October 2002 5 According to one aspect of the present invention) there is
provided a method of writing a tracking servo signal pattern on a magnetic
disc device comprising the steps of: <. recording at least a set. of
tracking servo signals in plurality of sets of tracking servo signals on a
magnetic disc under control of a writing device for tracking servo signals,
then reproducing a set of said tracking servo signals with said magnetic
head unit under control of said magnetic disc device per se, not using said
writing device for tracking servo signals; controlling a position of said
magnetic head unit in a manner that a ratio in level between said
reproduced signals becomes substantially equal to a predetermined
proportion; erasing portions of said tracking servo signal pattern in their
recording widthwise direction with said magnetic head unit in the magnetic
disc device per se, and recording the remainder of tracking servo signals.
According to this method, a utilization efficiency of the servo track
writer is improved by at least equal to or more than double, since the
servo track writer records only one set of the tracking servo signals.
Also, the invention does not necessitate any consideration, in particular,
for utilization efficiency and so on of a special equipment such as the
servo track writer because the tracking servo signal pattern of the other
set are recorded by magnetic head units equipped in the magnetic disc
devices themselves under control of the control systems of the individual
magnetic disc devices themselves.   3 October 2002 G According to a second
aspect, there is provided a method of writing a tracking servo signal
pattern on a magnetic disc device comprising the steps of: recording at
least a set of tracking servo signals in plurality of sets of tracking
servo signals on a magnetic disc under control of a writing device for
tracking servo signals, then reproducing a set of said tracking servo
signals with said magnetic head unit under control of said magnetic disc
device per se, not using said writing device of tracking servo signals; and
<. controlling a position of said magnetic head unit under control of said
magnetic disc device per se in a manner that a ratio in level between said
reproduced signals becomes _ substantially equal. to a predetermined
proportion; recording redundantly at least one tracking servo signal
pattern different from a set of said tracking servo signal in a width at
least a recording width with said magnetic head unit in the magnetic disc
device per se; recording a tracking servo signal with a predetermined
recording width by erasing portions of said tracking servo signal pattern,
redundantly . recorded in a width equal to or greater than a recording
width, in their recording widthwise direction with said magnetic head unit
in the magnetic disc device per se. According to this method, a utilization
efficiency of the servo track writer is improved by at least equal to or
more than double, because only the first and the second burst signals are
recorded under control of the control system of the 



servo track writer, and patterns of the third and the fourth burst signal
are recorded by the magnetic head units equipped in the magnetic disc
devices themselves under control of the control systems of the individual
magnetic disc devices themselves.   . ~ 3 October 2002 6a BRIEF DESCRIPTION
OF THE DRAWINGS 20 Fig. 1 depicts a tracking servo signal pattern recorded
on a magnetic disc during a first half of the recording process in a method
of writing tracking servo signal pattern for magnetic disc device of a
first exemplary embodiment of the present invention;   3 October 2002 7
Fig. 2 depicts a tracking servo signal pattern recorded on the magnetic
disc during a last half of the recording process and a result of the same,
in the method of the first exemplary embodiment; Fig. 3A depicts a tracking
servo signal pattern recorded on a magnetic disc during a first half of the
recording process in a method of writing tracking servo signal pattern for
magnetic disc device of a second exemplary embodiment of the present
invention; Fig. 3B depicts a tracking servo signal pattern recorded on the
magnetic disc during a last half of the recording process and a result of
the same, in 10 the method of writing tracking servo signal pattern for
magnetic disc device of the second exemplary embodiment of the present
invention; Fig. 4 depicts an example of tracking servo signal pattern in a 



magnetic disc device of the prior art; and Fig. 5 depicts a method of
writing the tracking servo signal pattern in 15 the magnetic disc device of
the prior art. DESCRIPTION OF THE PREFERRED EMBODIMENTS First exemplary
embodiment A method of writing a tracking servo signal pattern for a
magnetic 20 disc device of a first exemplary embodiment of the present
invention will be described by referring to Fig. 1 and Fig. 2. All
structural elements that are identical to those of the prior art are
assigned the same reference numerals, and description of   3 October 2002 8
them will be skipped. First, a servo track writer is used for recording a
first burst signal 181 a in a width of a recording magnetic head 14 as
shown in Fig. 1 using a reproductiononly magnetic head 12 and the recording
head 14, which are integrally united in a 5 predetermined dimensional
relation with each other, in a magnetic disc device under control of a
servo track writer, during a first rotation of a magnetic disc of the
magnetic disc device, while driving the magnetic disc of the magnetic disc
device to rotate in a direction of an arrow 500 using the servo track
writer in the same manner as the conventional method) It then records a
second burst signal 191 a in a width of 10 the recording head 14 during the
next rotation, after changing a position of the recording head 14 toward a
direction of an arrow 510. The method is so devised that a part of the
recording head 14 scans a portion 181b of the first burst signal 181 a
during the rotation for recording the second burst signal 191 a, so as to
erase the portion 181b of the first burst signal 181 a in the course of
scan in order to obtain 15 a first burst signal 181 of a regular servo
track width. The servo track writer records a first burst signal 182a in a
width of the recording head 14 during the next rotation after changing a
position of the recording head 14, in the same manner as above. The method
is so devised also that a part of the recording head 14 scans a portion
191b of the second burst signal 191a 20 during the rotation for recording
the first burst signal 182a. The recording head 14 erases the portion 191b
of the second burst signal 191a in the course of scan, so as to obtain a
second burst signal 191 of the regular servo track width. The first burst
signals 181, 182, - - - and the second burst signals 191, 192, - - - in a
predetermined servo track width can be accurately recorded in predetermined
positions on the 25 magnetic disc, under the control of the servo track
writer, by repeating the foregoing   



3 October 2002 9 steps. The magnetic disc device is disconnected,
thereafter, from the servo track writer, and the first burst signal 181 and
the second burst signal l91 are reproduced by a reproduction head 12 with
the magnetic disc device's own control 5 system. Then, the magnetic disc
device records a third burst signal 201 and a fourth burst signal 211, as
shown in Fig. 2, with the recording head 14, which is integrally united
with the reproduction head 12 in a predetermined dimensional relation to
each other, while controlling a position of the reproduction head 12 in
such a manner that a ratio in level between both of the reproduced signals
becomes equal 10 to a predetermined proportion, in the similar steps as
have taken in recording the first burst signal 181 and the second burst
signal 191. The third burst signal 201 is in a predetermined position with
respect to the first burst signal 181 and the second burst signal 191, and
the fourth burst signal 211 is in 'another predetermined position with
respect to the first burst signal 182 and the second burst signal 192. 15
In other words, the method is so devised that the recording head 14 records
a third burst signal 201 a in a width of the recording head 14 during the
first rotation, and that a part of the recording head 14 scans over a
portion 201b of the third burst signal 201 a during the next rotation for
recording the fourth burst signal 211a. Thus, the recording head 14 erases
the portion 201b of the third burst signal 20 201 a in the course of scan,
so as to obtain a third burst signal 201 of the regular servo track width.
In the same manner as above, the recording head 14 erases a portion 21lb of
the fourth burst signal 211 a during a rotation for recording a third burst
signal 202a, so as to obtain a fourth burst signal 211 of the regular servo
track width. The third burst signals 20l, 202, - - - and the fourth burst
signals 2l1, 212,  25 _ _ in the predetermined servo track width can be
recorded accurately on   3 October 2002 10 predetermined positions by
repeating the foregoing steps. According to this exemplary embodiment, the
servo track writer records only the first burst.signals l81, 182, - - - and
the second burst signals 191, 192, - - . Hence, the invention improves a
utilization efficiency of the servo track 5 writer by at least equal to or
more than double, as compared to the conventional method in that the servo
track writer is required to also record the third burst signals 101, 102, -
- - and the fourth burst signals 111, 112, - - . Incidentally, the
invention does not necessitate any consideration, in particular, for a
utilization efficiency and so on of a special equipment such as the servo
track writer, because patterns of the 10 third burst signals and the fourth
burst signals are recorded by control systems of individual magnetic disc
devices by themselves. Second exemplary embodiment A method of writing a
tracking servo signal pattern for a magnetic 15 disc device of a second
exemplary embodiment of the present invention will be 



described next by referring to Fig. 3A and Fig. 3B. A servo track writer
records first burst signals 381, 382, - - - and second burst signals 391,
392, - - - on a disc, under control of the servo track writer, in the same
manner as the foregoing first exemplary embodiment. In the present ~
exemplary embodiment, however, the servo track writer records on the disc a
third burst signal 400a and a fourth burst signal 410a at the same time
when it records a first burst signal 3 81 a. A time required for this
process is the sum of an aligning time and a time for the disc to rotate
for a full turn. Then, the servo track writer   3 October 2002 11 records a
third burst signal 401 a and a fourth burst signal 411 a at the same time
when it records a second burst signal 391 a on the disc. A time required
for this process is still the sum of the aligning time and the time for the
disc to rotate for a full turn. As a result of the above steps, the servo
track writer records the third burst signal 401 a in such a manner that a
portion of the secondly recorded third burst signal 401 a overlaps a
portion of the formerly recorded third burst signal 400a. Also, it records
the fourth burst signal 411 a in such a manner that a portion of the
latterly recorded fourth burst signal 411 a overlaps a portion of the
formerly 10 recorded fourth burst signal 410a. The above steps make the
third burst signals and the fourth burst signals as continuous patterns
recorded along a diametric direction of the disc. Further, the overlapping
third burst signal and the fourth burst signal are recorded with their
phases being in coincidence with those of the formerly recorded third burst
signal and the fourth burst signal. 15 Subsequently, the magnetic disc
device is disconnected from the servo track writer, and the recording head
14 erases unnecessary portions of the continuous patterns of the third
burst signal and the fourth burst signal under the control of the magnetic
disc device's own control system, so as to obtain a third burst signal and
a fourth burst signal of a predetermined width. In other words, the 20
magnetic disc device reproduces the first burst signal 381 and the second
burst signal 391 with the reproduction head 12, and it erases a portion
400b of the third burst signal 400a with the recording head 14, while
controlling a position of the reproduction head 12 in such a manner that a
ratio in level between both of the reproduced signals becomes equal to a
predetermined proportion, thereby obtaining 25 a third burst signal 401 of
a predetermined width, as shown in Fig. 3B. In the same   3 October 2002 12
manner, the magnetic disc device obtains a fourth burst signal 411 of a 



predetermined width by erasing a portion 410b of the fourth burst signal
411 a. Also, the magnetic disc device reproduces the first burst signal 382
and the second burst signal 392, and erases a portion 401b of the third
burst signal 5 402a with the recording head 14, while controlling a
position of the reproduction head 12 in a manner that a ratio in level
between both of the reproduced signals becomes equal to a predetermined
proportion, to obtain a third burst signal 402 of the predetermined width.
In the same manner, the magnetic disc device obtains a fourth burst signal
412 of the predetermined width by erasing a portion 411b of the 10 fourth
burst signal 412a. Accordingly, the third burst signals 401, 402, - - - and
the fourth burst signals 411, 412, - - - of nearly the predetermined servo
track width can be formed on predetermined positions by repeating the
foregoing steps. The described method may occasionally produce a gap 15
between, for instance, the third burst signal 402 and the fourth burst
signal 411 in a diametric 15 direction of the disc,' due to an
interrelation between a width of the servo track and a width of the
recording magnetic head. However, this gap 15 does not pose a problem for
practical purposes, since it is comparatively smaller than the width of the
reproduction head 12. The gap 15 can be reduced even farther by making the
width of the recording magnetic head closer to two thirds of the width of
the servo 20 hack. The servo track writer records the first burst signals
381, 382, - - - and the second burst signals 391, 392, - - - as well as the
third burst signal patterns 400a, 401 a, - - - and the fourth burst signal
patterns 410a, 411 a, - - - along extended lines of the recording tracks,
also with this exemplary embodiment. Since final forms of   3 October 2002
13 the third burst signals 401, 402, - - - and the fourth burst signals
411, 412, - - - axe formed by taking an erasing step with the magnetic head
under the control of the individual magnetic disc devices' control systems,
the invention does not necessitate any consideration, in particular, for a
utilization efficiency and so on of a 5 special equipment such as the servo
track writer. Hence, it improves the utilization efficiency of the servo
track writer by at least equal to or more than double. In the foregoing
exemplary embodiments of the present invention, the burst signals have been
described taking examples having one set or two sets. These are, however,
not restrictive. Rather, any plural number of the burst signals 10 may be
recorded on the magnetic disc, by first recording at least one set of the
burst signals amongst plural series of burst signals with a tracking servo
signal writing device such as a servo track writer, followed by recording
the rest of unrecorded burst signals amongst the plural number of burst
signals with a magnetic head equipped in the magnetic disc device under the
control of the magnetic disc device's 15 own control system, as needless to
mention, 



INDUSTRIAL APPLICABILITY In the present invention, as has been described,
the servo track writer, as being an expensive device, records only the
first and the second burst signals, or 20 the first and the second burst
signals as well as the third burst signal patterns and the fourth burst
signal patterns along an extended line along the recording tracks of the
first and the second burst signals. Hence, the invention improves a
utilization efficiency of the servo track writer by at least equal to or
more than double. Since final forms of the' third burst signals and the
fourth burst signals are formed by   3 October 2002 . 14 taking a recording
step or an erasing step using individual magnetic disc devices' own
magnetic heads, the invention does not necessitate any consideration, in
particular, for the utilization efficiency and so on of a special equipment
such as the servo track writer. Accordingly, the invention advances
streamlining of a manufacturing process of the magnetic disc devices, and
contributes to a reduction in their cost.   3 October 2002 15 CLAIMS 1. A
method of writing a tracking servo signal pattern on a magnetic disc device
comprising the steps of: recording at least a set. of tracking servo
signals in plurality of sets of tracking servo signals on a magnetic disc
under control of a writing device for tracking servo signals, then
reproducing a set of said tracking servo signals with said magnetic head
unit under control of said magnetic disc device per se, not using said
writing device for tracking servo signals; controlling a position of said
magnetic head unit in a manner that a -ratio in level between said
reproduced signals becomes substantially equal to a predetermined
proportion; erasing portions of said tracking servo signal pattern in their
recording widthwise direction with said magnetic head unit in the magnetic
disc device per se, and recording the remainder of tracking servo signals.
. 2. A method of writing a tracking servo signal pattern on a magnetic disc
device comprising the steps of: recording at least a set of tracking servo
signals in plurality of sets of tracking servo signals on a magnetic disc
under control of a writing device for tracking servo signals, then
reproducing a set of said tracking servo signals with said   3 October 2002



16 magnetic head unit under control of said magnetic disc device per se,
not using said writing device of tracking servo signals; and controlling a
position of said magnetic head unit under control of said magnetic disc
device per se in a manner that a ratio in level between said reproduced
signals becomes substantially equal to a predetermined proportion;
recording redundantly at least one tracking servo signal pattern different
from a set of said tracking servo signal in a width at least a recording
width with said magnetic head unit in the magnetic disc device per se;  '
recording a tracking servo signal with a predetermined recording width by
erasing portions of said tracking servo signal pattern, redundantly
recorded in a width equal to or greater than a recording width, in their
recording widthwise direction with said magnetic head unit in the magnetic
disc device per se. 3. The method of writing a tracking servo signal
pattern on a magnetic disc device according to claim 2, comprising the
steps of: said tracking servo signal is burst signal having a predetermined
frequency; and controlling a position of said magnetic head unit under
control of said writing device for tracking servo signals; recording a
third burst signal pattern and a fourth burst signal pattern respectively
in a width at least a predetermined recording width when recording said
first burst signal and said second burst signal; reproducing said first
burst signal and said second burst   3 October 2002 17 signal with said
magnetic head unit in the magnetic disc device per se; and <. controlling a
position of said magnetic head unit under control of said magnetic disc
device per se in a manner that a ratio in level between said reproduced
first burst signal, and second burst signal becomes substantially equal to
a predetermined proportion, recording said third burst signal and said
fourth burst signal with a predetermined recording width by erasing
portions of said third burst signal pattern and said fourth burst signal
pattern, in their recording widthwise direction with said magnetic head
unit in the magnetic disc device per se. 4. The method of writing a
tracking servo signal pattern on a magnetic disc device according to one of
claims 1 through 3, wherein said tracking servo signals are recorded by
using said magnetic head unit of which recording width in the diameter
direction of said magnetic disk is 2I3 of the servo track width.
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