- I- TITLE OF. | NVENTI ON MAGNETI C DI SK APPARATUS BACKGROUND OF THE | NVENTI ON
The present invention relates to a magnetic di sk apparatus having servo
informati on on a data surface and, nore particularly, to a servo pattern
~which has a 5 detection sensitivity distribution in a direction of :a_track
as in a magneto-resistive head (herei nbetoWw, -referred to f AR and
Is suitable for a repro- ducing head in which a.linear fZﬁZ@ ucing are
width is relatively narrower thaRITh&t o8f INVENMIONti onal inductive 10 head.
As a magnetic di sk apparatus having a servo function, there are an
apparatus having a dedi cat ed MAGNEEBICG RESK WWPRARABUSISed only for a serve@j
an apparatus having servo information on a surface to record data, and l

BACKGROUND OF THE INVENTION

The present invention relates to a magnetic
disk apparatus having servo information on a data surface
and, more particulérly, to a servo pattern which has a

5 detection sensitivity distribution in a direction of a
track as in a magneto-resistive head (hereinbelow,
referred to as an MR head) and is suitable for a repro-
ducing head in which a linear reproducing area width is
relatively narrower than that of a conventional inductive

10 head.

As a magnetic disk apparatus having a servo
function, there are an apparatus having a dedicated servo
surface which is used only for a servo, an apparatus
having servo information on.a surface to record data, and

15 an apparatus using both of the above two types. 1In the
" dedicated servo surface, since a width of the servo head
is not restricted, a head wider than a track pitch is
used in order to realize an improvemenﬁ of a recording
efficiency of a position signal, a reduction of a
20 frequency upon seeking, and an assurance of linearity of
the position;

On the other hand, on the data surface, a width
of the head is 70% to 80% of the track pitch from a
viewpoint of the recording and reproduction of data.

25 Therefore, according to JP-A-4-98661, in order to obtain



15 an apparatus using both of the above two types. In the dedicated servo
surface, since a wwdth of the servo head is not resis der
than a track pitch is used in order to realize an i IJpTIOGESHEET 194S BEEN
recording efficiency of a position signal, a reductjon ofnaPQQcEmequen y
upon seeking, and an assurance of Ilneaﬁ1ﬂy-of the p t=her
hand, on the data surface, a width of the head is 70%to 80@6of the track
pitch from a ¥hevpthearbtyteé theoparitiandsigprddont ithe catdasmrizge,
Therefore, according to JP-A-4-98661, in order to obtain - 2 - the
linearity of &He"Quelase PRt ERER WhosRcPAEERTBUPPEERd A4St RGPS @ paaer n

whose. pattern erlod Is set to a two-
P égck pitch is recorded.

In a sector servo method whereby servo informa-
5 tion is interspersed as in the above prior art or the
like, in order to decide a position upon seeking, an
identification (ID) code called a gray code which differs
by only one bit every track is generally used. Since
such a track identification (ID) code (Fig. 1, 100) can
10 decide a range of two tracks on a construction, an
arbitrary position can be decided when also considering
that the two-phase servo pattern is a repeat of the two-

track pitch.

SUMMARY OF THE INVENTION

15 It is an object of the present invention to
provide a magnetic disk épparatus which can record
accurately at a high density without widening a tréek iD
code and a servo area. |

Namely, it is an object of the present inven-

20 tion to improve a linearity of positional signals in a
magnetic disk apparatus provided with a head having a
detection sensitivity in a direction of a track like an
MR head, without widening a track ID code and a servo
area.

25 The above conventional téchnique has been
developed in an inductive head in which a recording head

is also used as a reproducing head commonly used. A
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"track pitch is recorded. an enbedded In a sector servo nethod whereby
servo informa- 5 tion is interspersed as in the above prior art or the
li,ke, in order to decide a position upon seeking, an identification (ID)
code called a gray code which differs by only one bit every track is
general ly used. Since such a track ident-f3cation (I1D) code (Fig. 1, 100)
can 10 decide a range of two tracks on a construction, an arbitrary
posi ti on can bidtdriafedsudiera diead cohseqreal ngot ot lahgerwshpnadfisefve
pattern is a repeat of the two- track pitch. SUMVARY OF THE | NVENTI ON 15
It is an obj edirasik (et gh anchia dRkerion (3PS bhivity FMghbei srarkk
apparatus which can record accurately at_a high density without w dening a
track 1D code Hiectien Rf 4he, head is almost constant. 1In a separat-
ing type head in which a recording head and a reproducing
5 head are separated, however, there is also a case where a
width of the reproducing head is equal to or less than
70% of the track pitch. In the case where a detection
sensitivity has a distribution in the direction of the
track width like an MR head, particularly, it has been
10 found that a case where an effective width such that a
good linearity for the position is obtained is equal to
or less than 1/2 of the track pitch occurs.
Fig. 6 is a model diagram showing a correlation
when a magnetic head reads a servo pattern, namely, a
15 position detection pattern. A positional signal is
obtained by the difference between the output amplitude
of the signal region of the (N+1) track and the output
amplitude of the N track region. Fig. 7 shows an example
in which the magnetic head shown in Fig. 6 has two kinds
20 of sensitivity distributions as shown in a and b of Fig.
8. Fig. 8 is a diagram showing a case (a) where the
sensitivity distribution shows an isosceles triangle and
a case (b) where the sensitivity distribution when
assuming a conventional head is constant. In case of
25 having the sensitivity distribution of a triangle,
consequently, an area in which the sensitivity distri-

bution of only about 30% of the track width regarded to

be linear is obtained. The MR head has an intermediate



Nanely, it

I's an object of the present inven- 20 tion to inprove a

linearity of positional signals in a magnetic di sk ap g T ve
a.head having a detection sensitivity in a direction ;f'@ %iéi?k %%EE§M
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head, w thout wi dening a track ID code and a servo ar

above conventional technique has been devetoped in an inductlve head 1 n
which a recording head is also used as a reproduci ng head commonly used. A
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According to the invention, in the disk
apparatus of the data surface sexrvo method such as a
sector servo method or the like, even in the case where
an effective linear reproducing area width of the
reproducing head is narrower than the track pitch, a good
position detection can be realized without widening the
track ID code and the servo area.

A magnetic disk apparatus of the invention
comprises: a magnetic disk having servo patterns of a
plurality of phase for positioning and a plurality of
data tracks; a magneto-resistive head for reading out
servo patterns and information recorded 6n the data
tracks; and a positioning mechanism for positioning the
magnetd-resistive head td a predetermined data track on
the basis of the read-out servo pattern information,
wherein a widﬁh of the servo pattern is equal to or less
than that a width of a linear reproducing area of the
magneto-resistive effective type head.

Since the magnetic disk apparatus to which the
invention is applied has such a construction, a two-phase
servo pattern repetitive period can be set to 4/3 (2 x
2/3) of the track pitch or to be equal (2 x 1/2) to the
track pitch. Even when the effective linear reproducing
width of the repioducing head is narrow, since a state in
which an output is not changed for a position change

doesn’t occur, a position'signal can be preferably

i




5 head are separated, however, there is also a case where a wdth of the
reproducing head is equal to or less than 70% of the track pitch. In the
case where a detection sensitivity has a distribution in the direction of
the track width Iike an MR head, particularly, it has been 10 found that a
case where an effective wdth such that = Bood linearity for the p05|t|on
Is obtained is equal to or less than 1/2 of the track pitch occurs. 6
is a nodel di é&i"ﬁﬁ%dng Siage dha ivwdthaf é’—%gﬁéﬁ‘iﬂé Héa@‘?@%aéﬁ §e ervo
pattern, namely, sition detection attern A posi tional gnal is
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s a dlagran1 omnng ac e (a) ere
5 also set to a value that is integer times as wide as the

minimum feeding width upon recording of the servo
pattern, a burden upon servo writing by the récording of
the ID code doesn’t occur as well.
A linearity of the position signal for the
10 track position of the head can be improved and even in
the reproducing head whose track width is substantially
equal to or less than 1/2 of the track pitch, the
position can be decided at an arbitrary position. A
stability of the servo system and a positioning at a high
15 precision can be accomplished, thereby realizing a high

density of the magnetic disk.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a diagram showing an embodiment of a
servo pattern of the invention;

20 Fig. 2 is a diagram for explaining a state in
which a position signal and a track ID signal are
deﬁodulated from the pattern in Fig. 1;

Fig. 3 is a diagram showing another embodiment
of the invention;

25 Fig. 4 is a diagram for explaining a state in
which a position signal and a track ID signal in a

pattern in Fig. 3 are demodulated;



sensitivity distribution shows an isosceles triangle and a case (b) where
the sensitivity distribution when assum ng a conventional head is constant.

In case of 25 having the sensitivity distribution of a Fﬁﬁngz;
consequently, an area in which the sensitivity distri- Hulfi'SPHEEToMS Babru
30% of the track width regarded to be |ineér-is obtained__The ﬁ?&*@ﬁﬂ has
an i nternedi ate - 4 - sensitivity distribution between the
t he shape of the conventfighal5 tige $Qh§ﬂ%ﬁ#@)QQﬁ%tEM¢hV@m@lodlagnamhefdlsk
appar at us of the data surface servo nethod such as an enbedded 5 sector
servo met hod & Gk |FRRATEEMEY in t he case where

Fig. 6 is a diagram for describing an example

of a relation between a moving direction and a pattern;
5 Fig. 7 is a diagram showing outputs of position
signals of two magnetic heads; and
Fig. 8 is a diagram for explaining a detection

sensitivity distribution of the magnetic head.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

10 The invention relates to a positioning of heads
in an apparatus of a data surface servo method such as a
sector servo method or the like. Embodiments of the
invention will now be described hereinbelow with refer-
ence to the drawings. Fig. 1 shows two-phase servo

15 patterns 101 of the invention and shows an example in
which a pattern period 103 is equal to 4/3 of a track
pitch and an ID code width is equal to 2/3 of the track
pitch. On the left side, a relative relation of a
recording head (HW) and'a reproducing head (HR) for a

20 pitch is shown. 1In order to record such a pattern, a
pattern is overwritten by an apparatus generally called a
servo track writer while sequentially repeating a record-
ing of the pattern, a feeding of the head, a recording of
the pattern, a feeding of the head, ... from the outer

25 rim side or inner rim side. When recording the pattern,
since it is executed on the basis of a clock synchronized

with a rotation, a phase in the radial direction can be
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an-effective linear reproducing area width of the reproducing head is
narrower than the track pitch, a good by anplitude detection nethod
position detection can be realized without wi dening the track ID code and
the servo area. 10 - A nmagnetic disk apparatus of the invention
conprises: a magnetic di sk having servo patlerns of a multiphase plurality
of phase for positioning_and a plurality of data tracks; a

magnet o- r esi stP3ECREEd f SR FBERI RG 848 -sdnvFhsatid@ls ThF9R ok Rians
LR KGN Rl
bast o o the TERUERUAESTY0pRoLNE BRMORIEON, AR il el tle
area of the ZOCaﬂHgge&91£@ahsg£vghgf&9§tb{%chy&g @%%%ined by an effect
5 such that the width of the track ID code 100 is set to be
smaller than the track pitch and is matched with the
pattern period 103. When the width of the track ID code
100 is set to be equal to the track pitch, the head has
to be fed at a 1/6 pitch. 1In Fig. 1, reference numeral
10 102 denotes a data area and 104 indicates a track center.
105 denotes a width of a data track. (P) denotes a track
pitch. In Fig. 1, A and B denote one phase, and C and D
denote another phase. |
Fig. 2 shows a situation of relations among the
15 +track position, the position signal obtained from the
example of Fig. 1, and the track ID code 100. Demodula-
tions of position signals N and Q are obtained as N:
[(signal amplitude of an A portion) -~ (signal amplitude
of a B portion)] and Q: [(signal amplitude of a C
20 portion) -~ (signal amplitude of a D portion)]. A symbol
(d) in Fig. 2 denotes a repeatability of the position
signal. The track ID signal is a code called a gray code
in which a code differs by only one bit between the
adjacent tracks. Three codes are allocated every two
25 tracks. Due to the nature of the gray code, either one
of the two.codes which are neighboring at arbitrary
positions can be recognized and a decision range in the

ID code is equal to 4/3 of the track pitch. On the other



Since the magnetic di sk apparatus to which the invention is applied has
such a construction, a two-phase servo pattern repetitive period can be set
to 4/3 (2 x 2/3) of the track pitch or to be equal (2 x 1/2) to the 25
track pitch. Even when the effective |inear reproducing width of the
reproduci ng head is narrow, since a state 8n-which an output is not changed -
for a position change doesn't occur, a position signal can be preferably
-5- denodul at &@ndsi gdacendhg qEapaiitinve tpewiod DL dthe ipogttion signal/ 3,

or 1/2 of the track pitch, the position can be accurately detected by the
track | D codeifn@Imgd ﬂ't%i"t/i%rfcg)i GHalthesitxack itehit itk PeRitieRKkOFD code

is 5 also set to value that js .ipnteqger tines as wide as the
the ea% can be deci&éd(%y also considering a state of

the position signal and Gray code. Such a point results
5 in an effect that is obtained by setting the gray code to
be smaller than the track pitch. 1In the case where the
effective track width of the reproducing head that is
substantially equal to only about 1/3 of the track pitch
is obtained, if the track ID code 100 has a width of 1/3
10 of the track pitch in the pattern in Fig. 1, then a
similar effect is also obtained. |
Although the invention relates to the servo
pattern 101, a schematic construction and the operation
of the disk apparatus when using the pattern in Fig. 1
15 will now be described.
Fig. 5 is a schematic constructional diagram of
a control system of the disk apparatus. When a target
track is given from a controller 9, a difference between
the present position and a target position is calculated
20 and a head movement (seeking operation) is started. All
of controls for the seeking operation and a following
operatién at the target track are executed by a DSP
(digital signal processor) 6. As for a position of a
head 10, a read back signal of the MR head is amplified
25 by a reproducing amplifier 2, amplitudes of A, B, C, and
D areas are detected as mentioned above by a demodulatox
3, and those information is transmitted to the DSP 6

through an A/D converter 5, thereby performing the



m ni rum f eedi ng wi dt h upon recordi ng of the servo pattern, a burden upon
servo witing by the recording of the ID code doesn't occur as well. A
linearity of the position signal for the 10 track position of the head can
be i nmproved and even in the reproduci ng head whose track width is
substantially equal to or less than 1/2 ef Sthe track pitch, the position
can be decided at an arbitrary position. A stability of the servo system
‘and a positi orpogitiom detgrubon pfaxcithnet tanoperationgl o£héd, ~t Byr emg
realizing a high density of the nagnetic disk. BRI EF DESCRI PTI ON OF THE
DRAW NGS Fi g. (ﬁ |’s %hl%@?%%ﬂmg?m efbodThentrackaIBeepdepdOleof of
the i nvention; Fig. 2 is a diagramfor_explaining a state in

which a p05|t|?ﬂ?sﬁkﬂﬂﬂleﬂﬂfﬁftQQRQQ?T}%Wg%%It%?eaﬁﬁﬁﬁﬁﬁFﬁFéenf#énlthe

pattern in Hg%on#erted to the code by a discriminator 4, thereby

5 recognizing the track ID code 100 by the DSP. The DSP
detects a position every sector from the track ID signal
and the pbsition signal and calculates a signal for a
control. As mentioned above, while detecting the head
position, the head is moved to the target position and

10 the recording and reproducing operations are performed at
the target position. Although the contiol system of the
disk apparatus in Fig. 5 is not directly deécribed in the
above explanation, the control system has an HDA (head
disk assembly) 1, the discriminator 4, a D/A converter 7,

15 and a power amplifier 8.

In Fig. 2, for examéle, T0, T1l, ... indicate
target positions upon recording. Data areas at that time
are shown in Fig. 1. The head which is used in the
invention is a combination head in which the MR head and

20 a head only fdr recording are integrated. When the
positions of the recording head and the reproducing head
(MR head) are deviated, a recording area is also deviated
from the track center 104 in accordance with the
deviation amount between the reproducing head and the

25 recording head.

As mentioned above, since the track ID code 100
doesn’t correspond to a track number in a one-to-one

corresponding manner different from the conventional



Fig. 3 is a diagram show ng anot her enbodi nent of the invention; 25

Fig. 4 is a diagramfor explaining a state in which a position signal and a
track ID signal in a pattern in Fig. 3 are denodul at ed; Fig. 5is a
schemati c constructional diagramof a disk apparatus; Fig. 6 is a diagram
for describing an exanple of a relation hetheen a noving direction and a
pattern; 5 Fig. 7is a diqggan1shomﬁng out puts of position

signal s of twRBRAFAEUS HORIPSRRRTF thepxein a Heakurntableepl fifnithe a

detection sensitivity distribution of the nagnetic head. DESCRI PTION OF THE
PREFERRED EM&QH@HHV&& code 100 for the track. For example, in a T2

track, since the ID code exists at a boundary between
0010 and 0110, an ID code for T2 is set to 0010 or 0110.

5 On the other hand, in case of the track Tl1l, the ID code
is set to 0011. The track ID code 100 indicates an area
and the position in such an area is decided by the
position signal. For example, in T2, a position signal
of Q is negative and N indicates a position of O. As

10 mentioned above, when either one of N and Q is used as a
control signal, another one specifies an area narrower
than the track ID range.

As described above, the magnetic disk apparatus

performs a closed loop control. When considering a

15 necessity of the offset operation of the head, it is
important to assure the linearity at an arbitrary
position of the position signal in order fo obtain a
necessary positioning precision. 1In Fig. 2, the
linearity at an arbitrary position is accomplished by

20 alternately switching the linear areas of P and Q (bold
line portions in Fig. 2). At this time, a using range of
each of P and Q is equal to the 1/3 track pitch and there
is an effect that is obtained by setting the period of
the servo pattern 101 to a value smaller than the track

25 pitch.

According to the invention, the track ID signal

and the servo pattern 101 are devised for the head which

has the sensitivity distribution in the direction of the



10 The invention relates to a positioning of heads in an
apparatus of a data surface servo nethod such as -a- an enbedded sector
servo nethod or the |ike. Enmbodinents of the invention will now be
descri bed hereinbelow with refer- burst ence to the drawings. Fig. 1 shows
t wo- phase serve- 15 patterns 101 of the-ikhkention and shows an exanple in
which a pattern period 103 is equal to 4/3 of a track pitch and an_| D code
width is equalt¥ark/widgh tand (whese plirear reqelscnarspyer kham &heye
relati on of a recaqrding head (ngFand 2mé§£roducing head (HR), for a 20
pitch i s showEragh Ritfh ag incddhe MR pat TR nin¥epLipa, 4sj got
overwitten by an a ratus. generally called a servg.track.witer while
sequential l'y r@d‘é’aﬁ&ﬁ}% 8 e%%?%‘fuf"’hbfllbq THECPRE ¢ o7 n&lﬁcFé@aPﬁﬁlﬁ‘g t he head,
a recording ofy e PANLE hufbd £t Whdled St "EAY: pattelhs LAGQYLE"

5 information, a control technique, and the like.

As for a head having a further narrow track
width, a pattern such that the repetitive period of the
servo pattern 101 is equal to the track pitch has been
devised. Figs. 3 and 4 show diagrams corresponding to

10 Figs. 1 and 2. 1In this case, the head is fed every 1/4
track pitch and the track ID signal and ﬁhe servo pattern
101 are recorded. The width of the track ID signal is
set to a value that is equal to or less than the 1/2

track pitch width from a viewpoint of the position signal

+15 repeatability (d).



25 rimside or inner rimside. Wen recording the pattern, since it is
executed on the basis of a clock synchronized with a rotation, _a phase in
the radial direction can be -7- matched. In case of. Fig. 1, the track

code 100 and the pattern are simultaneously recorded dy- [ mch il
of 1/3 of the track pitch. A fact that theldattern can Mmmm"mm"r]
1/'3 pitch is obtained by an effect 5 such that the w dth*of ‘the ttack D
code 100 is s&HAD Ik GRIMER X%han the track pitch and is matched with the
pattern period 103. When the wdth of the track ID code 100 is set to be

equal to the thack pitcH RN HeK tIPRRTITES SFOBPALBiBIFCch. In Fig. 1,

reference nuneral 10 102 denotes,a(fata area and 104 indicates_a track
cent er. a magnetic disk having servo patterns for

positioning of a plurality of phases and a plurality of
data tracks;

a magneto-resistive head for reading out said
servo patterns and information recorded in said data
tracks; and

a positioning mechanism for positioning said
magneto-resistive effective type head to a predeteimined
data track on the basis of said read-out servo pattern
information,

wherein a width of said servo pattern is
smaller than a width of said data track.

2. An apparatus according to claim 1, wherein the
width of said servo pattern is equal to 2/3 of the width
of said data track.

3. An apparatus according to claim 1, wherein the
width of said servo pattern is equal to 1/2 of the width

of said data track.
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105 denotes a width of a data track. (P) denotes a track pitch. In Fig. 1,
A and B denote one phase, and C and D denote another phase. Fig. 2 shows a
situation of -relations anong the 15 track position, the position. signal
obtained fromthe exanple of Fig. 1, and the track I D code 100. Denodul a-
tions of position signals N and Q are obtained as N [(signal anplitude of
an A portion) - (signal anplitude of a1B/phrtion)] and Q [(signal
anplitude of a C 20 portion) - (signal anplitude of a D portion)]. A
symbol (d) in Fig. 2 denotes a repeatability of the position signal. The
track ID signal is a code called a gray code in which a code differs by
only one bit between the adjacent tracks. Three codes are allocated every
two 25 tracks. Due to the nature of fﬁﬁga y code, either one of the two
codes which are neighboring at arbit pdsitions can be recogni zed and a
deci si on range in the POSITION IN THE
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ID code is equal to 4/3 of the track pitch. On the other -8- hand, since
the repetitive period of the position signal is equal to 4/3 (d) of the
track pitch, the position of the head can be deci ded by al so considering a
state of the position signal and Gray code. Such a point results 5 in an
effect that is obtained by setting the gr%g code to be snmaller than the
track pitch. In the case. where the ef f &fide track width of the r epr oduci ng
head that is substantially equal to only about 1/3 of the track pitch is
~obtained, if the track ID code 100 has a wdth of 1/3 10 of the track pitch
in the pattern in Fig. 1, then a simlar effect is also obtained. Although
the invention relates to the servo .
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pattern 101, a schematic construction and the operation of the di sk :
apparat us. when using the-patternin Fig. 1 15 will now be described. Fig. 5
is a schematic constructional diagramof a control system of the disk
apparatus. \Wen a target track is given froma controller 9, a difference
bet ween the present position and a target position is calculated 20 and a
head novement (seeking operation) is s{@ytgd. Al of controls for the

seeki ng operation and a followi ng operation at the target track are
executed by a DSP (digital signal processor) 6. As for a position of a head
10, a read back signal of the MR head is anplified 25 by a reproducing
anplifier 2, anplitudes of A - B, C, and D areas are detected as nentioned
above by a denodul at or 3, and those information is transmtted to the DSP 6 -
through an A/D converter 5, thereby perF)’@r‘g the
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-9- position detection [arithnetic operations of (A- B) and (C - D]
described in Fig. 2. The track ID code 100 of ,the signal after conpletion
of the anplification is converted to the code by a discrimnator 4, 'thereby
5 recognizing the track 1D code 100 by the DSP. The DSP detects a
position every sector fromthe track ID signal and the position signal and
calcul ates a signal for a control. As Aehdli oned above, while detecting the
head position, the head is noved to the target position and 10 the
recordi ng and reproduci ng operations are perforned at the target position. -
Al t hough the control systemof the disk apparatus in Fig. 5 is not directly
descri-bed in the above éxplanation, the control system has an HDA (head
di sk assenbly) 1, the discrimnator 4, a.D/A converter 7

FIG.7
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15 and a power amplifier 8 In Fig. 2, for exanple, TO, T1, ... indicate
target positions upon recording. Data areas at that time are shown in Fig.
1. The head which is used in the invention is a conbination head in. which
the MR head and 20 a head only for recording are |nteorated v%en the
positions of the recording head and the reproduci nff Head Cirreaeh

devi ated, a recording area is also deviated from t} |
accordance with the deviation ampunt between the rleg i GRd and t he
25 recording head. As nentioned above, since the track | D code
correspond to a track nunmber in a one-to-one correspondlng manner d|fferent

fromthe conventional
ABSTRACT OF THE DISCLOSURE

TITLE OF INVENTION: MAGNETIC DISK APPARATUS

A magnetic disk apparatus is constructed by: a
magnetic disk having servo patterns for positioning of a
plurality of phases and a plurality of data tracks; a.
magneto-resistive head for reading out the servo patterns
and informatioh recorded in the data tracks; and a
positioning mechanism for positioning the magneto-
resistance effective type head to a predetermined data
track on the basis of the read-out servo pattern
information. In the magnetic disk apparatus, a width of

servo pattern is smaller than a width of data track.

Figure 1 of the drawings should accompany the abstract when published.
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- 10 -. apparatus, the DSP has therein a | ookup table 6
code 100 for the track. For example, in a T2 track, “si
exi sts at a boundary between 0010 and 0110, an ID cod
0010 or 0110. 5 On the other hand, in case of the tra
set to 0011. The track I D code 100 indi eates an area and the position i
such an area is decided by the position signal. For exanple, in T2, a

posi tion sigridie cfingaxityeef ithe prsitioni sigralaoposhe datef rimeeap
menti oned above, when either one of N and Qis used as a control signal,
anot her one FHeHNFiRIASH AR WhRRS PRRRSFRePEFAOR LS S&fydo & two-

descri bed above, the magnetic disk gpparatus perfornms a cl osed | oop
sity of the offset operation of the

control . Weﬁ%i%%% _ i _
head, It 's Inportant n-a%§ectggm§éf4§%%éégogtwﬁgrggglgg%%% informa-

5 tion is interspersed as in the above prioxr art or the

like, in order to decide a position upon seeking, an
identification (ID) code called a gray code which differs
. by only one bit every track is generally used. Since
such a track identification (ID) code (Fig. 1, 100) can
10 decide a range of two tracks on a construction, an
arbitrary positioﬂ can be decided when also considering
that the two-phase servo pattern is a repeat of the two-

track pitch.

SUMMARY OF THE INVENTION

15 It is an object of the present invention to.
provide a magnetic disk apparatus which can record
accurately at a-high density without widening a track ID
code and a servo area.

Namely,.it_is an object of.the present inven-

20 tion to improve a linearity of positional signais in a
magnetic disk apparatus érovided with'a head having a
detection sensitivity in a direction of a track like an
MR head, without widening a track ID code and a servo
area. |

25 The above conventional technique has been
developed in an inductive head in which a fecording head

is also used as a reproducing head commonly used. A



posi tion of the position signal

preci si on.

acconpl i shed by 20 alternately switching the linear
line portions in Fig. 2). At this tinme, a using range of qggy?(rgﬂan,
equal to the 1/3 track pitch and there 4+ st an ef f ect| thaed :.LsN.dUlai.ned

setting the period of the servo pattern 101 to a va
track 25 pite¢nsieivityndissrinutinnebetyeen fde tadiandd&ianmi thad the

In Fig. 2, the linearity at an arbitrary-pesittionis-—:
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servo pattern 101 are devised for the head which has the sensitivity
di stri but i orshaPe nef dFhecFPBreRrirPR8Ll t¥PRack wi dth and whose |inear area

is narrower than the track

According to e invention,

apparatus of the data surface servo method such as &

an _embedded

5 A§ector servo method or the like, even in the case where
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‘an effective linear reproducing area width of the

-reproducing head is narrower than the track pitch, a good

by amplitude detection method
position detection can be realizedkwithout widening the

track ID code and the servo area.
A magnetic disk apparatus of the invention

comprises: a magnetic disk having servo patterns of a -
P gnm&HiﬂMme : 9 P

géu;ality—oé—phasaxfor positioning and a plurality of

data tracks; a magneto-resistive head for reading out

- servo patterns and information recorded on the data

tracks; and a positioning mechanism for positioning the
magneto-resistive head to a predetermined data track on

the basis of the read-out servo pattern information,

- wherein a width of the servo pattern is equal to or less

than that a width of a linear reproducing area of the
magneto-resistive effective type head.

Since the magnetic disk apparatus to thch the
invention is applied has such a construction, a two-phase
servo pattern repetitive period can be set to 4/3 (2 x
2/3) of the track pitch or to be equal (2 x 1/2) to the
track pitch. Even when the effective linear reproducing
width of the reproducing head is narrow, since a state in
which an output is not changed for a position change

doesn’t occur, a position signal can be preferably

in order to obtain a necessary positioning
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gltch asthn the MR headiﬁTmiélafgﬁion i S -not



limted to a denodul ating circuit, a discrimnating nefhod nber of
phases of the patterns, address 5 information, a con NS d the
like. As for a head having a further narrow track wi tFﬁ‘PLh%gg%Aeﬁyf?g .
that the repetitive period of the servo pattern 101 %mﬁﬂH§| _____________________ ack
pitch has been devised. Figs. -3 and 4 sh-ode-ragrams Q J
Figs. 1 and 2. In this case, the head is fed every 1/4 track |tch and t he
track 1D signal and t heFigrv§ pat 2epphematice coastystionel WiRgram ofie

track 1D sig

nal is set to a value that is equal to or less than the 1/2

track pitch vito®@hskr8RP&*3FeSpoi nt of the position signal 15 repeatability

(d).
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Substitute EQ?GE lszé QEQS%a% %or describing an example

of a relation between a moving direction and a pattern;

" Fig. 7 is a diagram showing outputs of position

signals of two magnetic heads; and
Fig. 8 is a diagram for explaining a detection

sensitivity distribution of the magnetic head.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
The invention relates to a positioning of heads

in an apparatus of a data surface servo method such as =2

an_embedded
Asector servo method or the like. Embodiments of the

invention will now be descrlbed hereinbelow ﬁ;ﬁP refer-
ence to the drawings. Fig. 1 shows two-phaseﬁﬁé:;ﬂ}
patterns 101 of the invention and shows an example in
which a pattern period 103 is equal to 4/3 of a track
pitch and an ID code width is equal to 2/3 of the track
pitch. On the left side, a relative relation of a
recording head (HW) and a reproducing head (HR) for a

pitch is shown. 1In order to record such a pattern, a

pattern is overwritten by an apparatus generally called a

servo track writer while sequentially repeating a record-

ing of the pattern, a feeding of the head, a recording of

the pattern, a feeding of the head, ... from the outer

T

rim side or inner rim side.~ When recording the pattern,
since it is executed on the basis of a clock synchronized

with a rotation, a phase in the radial direction can be



WHAT | S CLAIMED IS 1. A magnetic di sk appara '
sect-or” servo type in which a plurality of servo signal ”mm E ’Hﬂi&osed
on the same tracks as data tracks conprising: a magnetie¢ dfs aving said

servo signal regions for positioning of;,a S;gt}bisﬁ)l MSI‘fé]aq 'az‘gle#bﬁﬁ 1,¥9%f7

data tracks and track identification areas fe+— VR
tracks; a ' _pattern stored in said servo g ] -

as a posit%ﬁﬂs?‘gmrw i%tion pattern and detected by a ﬁ?%ﬂ%ﬁg%@g%ﬁﬁ _
met hod: a magneto-resistive head for reading out said nul tbQQaSZ D 1997
patterns angl, i nformati an dafiRitdld d1si6aagpskad €ud ' @€ KembadSed—ReSieboni

mechani sm . for positionin sai d rrafnet o-resistive effective type head to a

pr edet er ni nERFYRt 5YR® adR IRiche HRIWE it of r seEveusignali FRILENS I st

are disposed on the same tracks as data tracks comprising:

a magnetic disk having said servo signal regions
for positianimq of a multiphase and a plurality of data
tracks and track idantification areas for identifying ;aid

' data tracks; -

a multiphase burst pattern stored in said servo
signal region, used as a gosition-signal detection pattern -
and detacted by amplitude detection method:

a magneto-rasistive head for reading out said

‘multiphase burst patterns and information recorded in said’
data tracks; and _
_ a positioning wmechanism for positioning said
nagneto-rasistive effective type héad to a predetermined
data track on the basis of said read-out multiphase burst
pattaezn into:nation,

| wherein both a width of said track
identification area and a width of said multiphase burst
pattern are smaller than a width of said data track. '

2. An apparatus according to claim 1, wheraein the
widch of said track identification area and the width of
sald hultigha_se_ burst pattern aze aequal to 2/3 of the
width of said data track.

3. An apparatus according to claim 1, wherein the
widch of said track identification area and the width of
said multiphasa burst pattern are equal te 1/2 of the
width of said data trac.k.



pattern information, wherein both a wdth of said track
Identification area and a wwdth of said nultiphase burst pattern are
smaller than a width of said data track. 2. An appar atus accordi ng
to'claim1, wherein the width of said track identification area and the

wi dth of said nultiphase burst pattern are equal to of the w dth of

said data track. 3. An apparatus according to ¢l gk WheT
wi dth of said track identification aréa and the width fﬁgg}é?ﬁ%gyT§H§§§
Bl adk D JAN 897

burst pattern are equal to 1/2 of the width of said da 2
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ABSTRACT OF THE DISCLOSURE

TITLE OF INVENTION: MAGNETIC DISK APPARATUS

A magnetic disk apparatus is constructed by: a
magnetic disk having servo patterns for positioning of a
multiphase burst patterns

giufa%é%yheé—phasesA?nd a plurality of data tracks; a

magneto~resistive head for reading out the servo patterns
and information recorded in the data tracks; and a
positioning mechanism for @ositioning the magneto-
resistance effective type head to a predetermined data
track on the basis of the read-out servo pattern
information. In the magnetic disk apparatus, a width of

servo pattern is smaller than a width of data track.

Figure 1 of the drawings should accompany the abstract when published.



