s . ) ) Rime cop
-2- » sinformation are formed, each of which extends to cross eacl:j
datastrack widthwi se. The read gap 90 has its | engt h made shorter than
the wite gap 92, and its center relative tofits Tength 15 devi ated
with.respgct 5 to the center of the wite gap 92. Th@ﬁﬁgﬁﬁEDJSH&EES SG
devi ati of*i's i ndi cat ed by d in Fig. 7. ne cjhead
I ncl udes a read el enent (not shown) provided Pe?ﬂngégﬁgﬁg golorRsped
r eadi ng i nformati on by use of an MR el enent, Emhf'aﬁ“ﬁ)rl tepa@ﬁcbﬁemto pBged
(not shown) provided for the wite gap 92 for wi t{iQrawing(s |¢h@ﬁﬂﬁﬂﬁbm;£@ed
use of a coil. The head 9 is nounted on the tipaGdiad he dos! a
system (arm and is held at a position somewhat spaced ? % ﬁ"' é%g?d

surface of the
this read/ wite
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magneti gndi 3Kesed? invention r&§tdh tBenBAAPHETE RN

detection of a magnetic disk drive, and more particular-
ly to a magnetic disk drive capable of positioning the
head in accordance with a linear positional signal
relative to the position obtained by switching signals
that are obtained by demodulating a multi-phase servo
pattern of two phases or more.

When a magnetic disk drive reads or writes
data information, it is necessary that the magnetic head
be positioned precisely on the disk with respect to the
concentrically formed tracks.

In the prior art, one inductive-type magnetic

head was used for read and write operations. However,

in order to raise the track density, it is essential to
increase the level of the reproduced output from the
head. Thus, an MR (magneto-resistive) head using
magneto-resistance effect is beginning to be employed
for this purpose. Since the MR head is dedicated only
to read operation, it is generally combined with an
inductive-type magnetic head for writing to form a
read/write separate head.

Fig. 7 is a plan view of one example of a
read/write separate head 9 formed by a MR read head and
a magnetic write head. In this head, a read gap 90 for

reading information and a write gap 92 for writing

™
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separate head is that, as disclosed in, for exanple, JP- A-7- 45020,
since the center of the read head is deviated by d fromthe center of
the record head due to the physi cal arrangenpent, the read head upon
reproduction 20 nust be positioned deviated byztﬁis anount fromits
positiom upon recording. In. _qrder to_sol

t hi | Lt i
Pecessary to produceiafﬁﬁgpFFBHaFrgi6H§Wg8' eé%hanigﬁiggeggtﬁ#a§h%9hgross
i it i d o . . Us . i '

i ves posi t1onal  288ePn A ALERBRk HES5PESFSas) ShbeERE0, BRPeR N §E 8k by
: devi ' | | ' | i f
The posi t1on of 1 he KEAGER, niAs° §hog bl Eat k8  wiD:aT88h 53, ana SEEC Y
of tbe positional intghPBE PBiative to its length is deviated with réspect

J 5 to the centef of the write gap 92. The amount of this
deviation is indicated by d in Fig. 7.

The magnetic head 9 includes a read element
(not shown) brovided for the read gap 90 for reading
information by use of an MR element, and a write element

10 (not shown) provided for the write gap 92 for writing
information by use of a coil. The head 9 is mounted on
the tip of a head support system (arm) and is held at a
position somewhat spaced from the record surface of the
magnetic disk.

15 - One of the problems with this read/write
sepaiate head is that, as disclosed in, for example, JP-
A-7-45020, since the center of the read head is deviated
by d from the center of the record head due to the
physiéal_arrangement, the read head upon reproduction

20 must béfpositioned deviated by this amount from its
positiéﬁ upon recording. In order to solve this
problé&i it is necessary to produce é positional signal
that iélexcellent in the linearity over a wide range.

Usually, in magnetic disk drives positional

25 information has previously been written on a disk by a
device generally called servo track writer in order to
specify the position of the head on the disk. Figs. 2A.

and 2B show one example of the positional information



reco#ded *on the disk. Fig. 2Ais a schematic di agram of a di sk surface
of sector servo system and Fig. 2Bis a schemati ¢ di agram of a
positional infornation recorded region, or a nmagnification of a part M
in Fig. 2A. 5 The positional i nfoBmetion is usually forned

by a repetition pattern of an A burst portion 42, a B burst portion

43, a C burst porFB@ﬁrdﬁdaﬁa shp gisk. Fig.pdd: iisnasschematicadipgsam of
is determ ned by an N gnal defined as the output dlfferenc% betmeen
the A 10 bursi andiskngrstage 2EQSErgRE S8&MPn &Y =58Ty nBNGF £pet

di fference between &he C.burst and D

burst portion. If8C€ SpagignﬂﬁégrPWeofegd%%Sltlﬁggg ﬁg%gfm3t68§lfi§% ?f%?C
%o UE Ot PEbGHERT L, paop AR b pEIC b 3R, G e B
;L222|SMAtChI%% Sisbggﬁllznap% ?g%g%&gn qn&h&g SQES ;%Fogsggtmgén thedggzd
position and the Ny, @ repetition pattern of an A burst portion 42, a B
burst portion 43, a C burst portion 44 and a D burst
portion 45. The head position is determined by an N
signal defined as the output difference between the A
10 burst and B burst or a Q signal defined as the output
difference between the C burst and D burst when the head
crosses each burst portion. If, for example, the read
head is at a position 41 in Fig. 2B, the output from the
A burst is equal to that from the B burst, or N signal =
15 0, and the output from the C burst equals to Q signal,
or Q signal = the output from the C burst.
The phase-switching of positional signal and
the relation between the head position and the N, Q
signal will be described with reference to Figs. 3A, 3B
20 and 3C. Fig. 3A illustrates a relation between the head
position and the N, Q signal. When the read head is
gradually moved from the position 41 in the disk-radius
direction, for example, to the right in Fig. 2B, the
output from the A burst increases, but the output from
25 the B burst decreases. Thus, the N signal gradually
increases as the head moves. When the read head 41 is

further moved, the head 41 is finally immersed within

the A burst width in its entirety because the width of



sigmal wi*l|l be described with reference to Figs. 3A, 3B 20 and 3C. Fig.

3Aiflustrates a relation between the head position and the N, Q
signal . Wien the read head is gradual ly noved fromthe position 41 in
t he di sk-radius direction, for exanpler 4o-the right in Fig. 2B, the

output fromthe A burst increases, but the output from 25 the B burst
decreases. Thus,thereadikpad 4 atRipayrower thanthastrzackppitehd noves.

When the read head 41 s furtper ved, .t head 41 is finall
mer sed w thin- Cheretg begomind siee Trom; WhEFprRery HEh ke  RSHFREN o
o ng 1o SRImER e L R UL d ' SA9SE0B i gmontliSkEiKe
signal has a vvaveg@rﬂgﬂrwl Iﬁg@ﬂﬁg' PE3lown in Fig. 3A. Since the C burst
5 and D burst are recorded deviated by 1/2 track pitch in
the radius direction of the disk from the A burst and B
burst as illustrated in Fig. 2B, the Q signal corre-
sponds to the N signal parallelly moved by 1/2 track
pitch in the direction of the head position.
10 Those sections of the N and Q signals which
have small changes in the positional signal gain
(gradient of signal) are selected and connected together
to produce the positional signal by the following
well-known operation. This method will_be described
15 with reference to Figs. 3B and 3C.

First, the absolute value of N signal is
compared with that of Q signal, and the smaller one is
selected. At this time, the sign is inverted as the
need arises in order that the selected signals become

20 straight lines increasing to the right, or that Ni
signals and Qi signals can be produced (Fig. 3B). Here,
the point where the absolute value of the N signal
equals that of the Q signal constitutes a switching
point of the positional signal. Then, the Qi signals

25 within the track pitch as shown in Fig. 3B are offset by
2Vo or -2Vo so that the positional signal increases as
the head moves within the track pitch and that the Qi,

Ni signals can be connected to form a Qc signal 51 as



at afround maxima as shown in Fig. 3A. Since the C burst 5 and D burst are

recorded deviated by 1/2 track pitch in the radius direction of the
disk fromthe A burst and B burst as illustrated in Fig. 2B, the Q
signal corre- sponds to the N signal par&l+e||y noved by 1/2 track
pitch in the direction of the head position, Those sections

of the N and Q si i ROSHEEpnal signab %ﬁn§$°€%ah@e§lgn #6e positional
signal gain (gradlentéﬁf s#gg %h ﬁ%?ﬁl ﬁﬁgsfggoﬁ§$$gﬁte€ﬁ39935 gy

to produce the positional

operation. This ngogdid] ,?sldslgﬁ%f GrodScdh By [EhE ST ReEhGY; 2Byand

3C. e ans sirgha

with that of Q si lheéﬁ“&é@ éﬁ@é&%ﬁe&h@o'ﬁe 051§f$ﬁ€&egn abcbd Hén&%ne

the sign is |nverted as the rieed arises Trborder that the selecte
signals becong 38 t1$tEre PbsitiGfal Nel Bl 1n9 m)eeﬁ hﬁo&éﬁéﬁ: aOreh8pirde

signals and Q signals can be produced
separate head is used, the read head pOSltlon (point W)
at data writing must be shifted from the read head
position (point R) at data reading. Thus, the following
problems occur, which will be next explained with
10 - reference to Figs. 4A and 4B.

Fig. 4A shows a switching between the N, Q
signals and a relation between the head position and the
positional signal, and Fig. 4B shows the positional
signal at around the phase-switching point. Referring

15 to Fig. 4A, since point R is much separated from point
W, there occurs a case where the head is required to be
positioned at around the switching point (point CH).
Since point R is beyond the switching point CH, the Q
signal is inverted and twice the design value at the

20 intersection between N signal and Q signal, or 2Vo is
added to the inverted Q signal to produce the positional
signal Qc 51. Then, the current head position is
specified by this positional signal, and the head is
positioned so that the positional signal is equal to the

25 ﬁoltage Vr corresponding to the target position, or Qc =
vr.

However, in effect, the voltage (Vch) at the

intersection between N signal and Q signal sometimes



t he poi nt™ where the absol ute value of the N signal equal s that of the

Q signal constitutes a switching point of the positional signal. Then,
the Q signals 25 wthin the track pitch as showmn in Fig. 3B are of fset
by . 2Vo or -2Vo so that the positional si@nal increases as t he
head noves within the track pitch and that the Q, Ni _signals can be
connected to forngaeEpngFgﬁaﬂngidSSW1th the design value (Vo) because of
-b5- t he posi{jonal naI 3C.

Heretof ore, the hgéﬁ KB§FF 6ﬂnm8§ §B8W$FPad°ngut' fRe A8 tirgnatths gnal

produced by, the 2BRYeadE! ves 1g e, pavhlS, PBRAAUEE, BETPLRNBRARSS, .,
read/wite SpRahake BeatnkSviredeiblicorefleNe3dcROBiLEAT (RRRY, Yhe
5 track pitch variation means that when positional
information is written on the disk by the servo track
writer, the track center 46 and the track boundary line
47 become vibratory because of the vibration of the disk
apparatus or the like with the result that a perfectly
10 constant track pitch cannot be obtained at each sector
even within the same track. As a result, the amount of
parallel movement of Q signal away from N signal is not
1/2 track pitch as designed. 1In other words, when the Q
signal shown in Fig. 3A is shifted in the head position
15 direction (left or right direction), the voltage (Vch)
at the intersectibn between N signal and Q signal does
not coincide with the design value (Vo).
Fig. 4B shows the positional signal at around
the switching point (magnified view of part P in Fig.
20 4aA). When Vo # Vch as illustrated, the positional
signal is discontinuous at the switching point (point
CH) between the N signal and Q signal, and thus the head
positioning precision is lowered at around the switching
point CH, to a problem.
25 In JP-A-7-45020, it is disclosed that for the
purpose of removihg the unnatural variable point of the
positional signal, when the positional signal is

produced by directly using the A, B, C and D signals



at data witing nust be shifted fromthe read head position (point R

at data reading. Thus, the follow ng probl enms occur, which wll be
next explained with 10 reference to Figs. 4A and 4B. Fi g.
4A shows a switching between the N, Q signal s and a relation between

t he head position and the positional signal, and Fig. 4B shows the
posi ti onal sFgrapduced, S5aR the ﬁha@e-ngPéthB“ESF%t?nF@ﬁéF?iHG the

t Fig. 4A, [ i nt [ h. ted f i pt W th

L0case where t he Mostonal, afdi Benighine the apgunE then she.FogRALine
switchin oi nt oin . j [ Ri h i t chi.

ou Lemng oLt (BgkBbaila reon PHRCRRR 06, SrkaeRrYedetiseat ghipA
20 intersecti . | d ' | . th
Coverted o of g SHOEENLS Shohah BPichLlefilfive BF EHE bB1tagesiAdRibd e
current head pOsSitbOfhéShead af@C&hpleeily bR ByPeRb! ERAAGeSbENaMbiaAd t he

head is positioned so that the positional signal is equal to the

temperature. This method, however, does not consider
the discontinuity of the positional signal due to the
variation of the track pitch. Although the problem with
the offset for the reproduced signal output level

10 (vertical direction) can be solved, discontinuity still
occurs when the reproduced signal waveform is shifted in
the disk-radius direction (lateral or right-left
direction) due to the track pitch variation.

According to the present invention, since the

15 N signal (= A signal - B signal) or Q signal (= C signal
- D signal) is used as a fundamental of positional
signal production as described later, the offsets of the
A, B, C and D signals can be automatically cancelled out
by subtraction process, and thus it is not necessary to

20 consider the amount of offset of the reproduced signal
output.

As described above, the track pitch is not
constant even within the same track since the disk
apparatus is.vibrating when positional information is

25 recorded on the disk by a device generally called servo
track writer. Therefore, as long as the relation
between the voltage and the track pitch is kept

constant, continuity is not assured at the switching



25 vbltage Vr corresponding to the target position, or ¢ = Vr .

However, in effect, the voltage (Vch) at the I ntersection between N
signal and Q signal sonetines - 6-
does_not coincide with the design val ue (Voy Beeause of the variation
of the head output. In addition, the voltage Vch is not always

constant at each Beihbrin theppegiséonalt Bigpaldi Rrrencef b¥e track pi t ch.
Here, the 5 tracﬁ itch va ation neans that when positional
information is wP ?gﬁ BﬂlFﬁ iBfsk by the servo track witer, the
track center 46 and the tra K _bo nda vi brat or

D .
because of the vibration of Fﬁgr Fgﬂ 1 '\ abﬁa?ﬁtﬂéjsggﬁgg Fhﬁelﬁyﬁﬁtﬂﬁg

result that a per£80££¥vide a magnetic disk drive wherein it is assured
5 that a positional signal is continuous at all positions
in the radius direction on the disk, including the
switching points, even when multi-phase signals are
switched, and precisely positioning the head at an
arbitrary point on a track.

10 It is another object of the invention to
automatically adjust the servo gain by normalizing the
positional signal by the voltage at the switching point
without regard to the head position.

It is still another object of the invention to

15 calculate the positional signal in order to compensate
the nonlinearility of the N signal and Q signal due to
the reproduction sensitivity distribution of the MR
head.

To achieve the above objects, according to one

20 aspect of the invention, the disk drive has a function
added thereto of compensating the values of N signal and
Q signal at each sampling time so that the positional
signal is normalized by the voltage at the intersection
between the N signal and Q signal at all points in the

25 radius direction on the disk. In other words, the N
signal and Q signal are compensated by using values of N
signal and Q signal at each sampling time as, for

example, expressed by the following equations:



10 ¢onstTant track pitch cannot be obtained at each sector even within

the sanme track. As a result, the anmount of paral l el nmovenent of Q
signal away from N signal is not 1/2 track pitch as designed. In other
wor ds, when the Q signal shown in Fig. =38 s shifted in the head

position 15 direction (left or right direction), the voltage (Vch)
at the intersectiBh ségnaén=NNsp§gapladd /Q[N sfghalleess |0 sivaialqd) nci del)
wi th the design value (Vo). Fig. 4B shows the positional

signal at around o, . sw kchik oin;FﬁnagpLLLeﬁ_nLEﬁﬁni,paﬁg_P in FLg.
20 4A). \Wen VbQ[e?%ﬁﬂgéh a@ ?Fgﬁg?rt.cihﬁ$k9%%%ltﬁbn signaldilynal Fg?
di sconti nuous at the sw tching point (point CH) between the N signa
and Q signal, and thus the head positioning precision is |owered at
around the switching point CH to a problem 25 In

JP- A-7-45020, it A% Bhig| bimg,twhenf Br sigral = Qpaignad.otheepsiicudatid
unnatural variable point of the . positional signal, when the positional
signal is results of Egs. (1) and (2), or N’, Q' signals are 1//7

(a predetermined value). Thus, as shown in Fig. 4C, if
the amount of the offset for the switching point is made

5 2/y2 by using N’ signal and Q’ signal, the continuous

positional signal is always produced.

Iﬁ addition, since the positional signal is
normalized by the voltage at the intersection between
the N signal and Q signal, the servo gain can also be

10 automatically adjusted at the same time.

Moreover, according to the invention, when
Egs. (1) and (2) are executed by substituting
approximate expressions using Taylor expansion formula
or Taylor series, the disk drive is provided with a

15 function of compensating the nonlinearity of N signal
and Q signal due to the reproduction sensitivity
distribution of MR head by changing the Taylor expansion

coefficients.

BRIEF DESCRIPTION OF THE DRAWiNGS
20 Fig. 1 is a schematic diagram of a magnetic
disk drive of an embodiment of the invention.

Figs. 2A and 2B are respectively a diagram



prodaced by directly using the A, B, C and D signals

-7- reproduced fromthe A B, C and D bursts in place of the N
signal and Q signal, the anmnount that the signal reproduced fromthe
head is offset is detected whi ch anount10s-vari ed by the change of
t he voltages appl i ed 5 to the head and anplifier or by the change of
anbi ent t enp&heWing, prsidipmadodniipsmatdon gaeendsd awadiang on the he
di scontinuity of the p05|t|onal signal_ . due to the variation of the
track pitch. Alth8d§k SHEERCSsI éﬁidv\nat piagram ghogting.@ dyrsthatdsmHuced
signal output level 1 (ver cal rectlon) can be sol ved, discontinuity
st?ll occur s TRASH OPG% 833&5 ‘signal waveformis shlfted I n

the disk-radius direction (E%b%ﬁabASr 38 %@H*d@”are respectively a diagram

5 showing a relation between the head position and the N,
Q signals, a diagram showing selection and inversion of
N signal and Q signal, and a diagram showing a way of
connecting sections of Ni and Qc signals to produce the
positional signal.

10 Figs. 4A, 4B and 4C are respectively a diagram
showing switching between signals of different phases
for the positional signal and a relation between the
head position and the positional signal, a diagram
showing the neighborhood of a switching point between N,

15 Q signals, and a diagram showing the neighborhood of the
switching point between N’, Q' signals according to the
invention.

Fig. 5 is a diagram showing a track pitch
variation. |

20 Figs. 6A and 6B are respectively a graph
showing the measurements of the positional signal in a
disk drive according to the invention, and a graph
showing the measurements of the positional signal in a
conventional disk drive.

25 Fig. 7 is a plan view of the structure of a.
read/write separate head.

An embodiment of the invention will be

described in detail with reference to the accompanying



direetion) due to the track pitch variation. According to

the. present invention, since the 15 N signal (= A signal - B signal) or Q
signal (= C signal - Dsignal) is used as a fundanental of positional
signal production as described later, the offbkts of the A B, Cand D
signal s can be automatical ly cancelled out by subtraction process, and
thus it is not neéEéyaﬂgsto FQG doAsi @eblogk giggamanyiythe@rgangement
reproduced si gnal As descri bed above, Lhiitrack
pitch is not 5oﬁ§?aﬁpsé$éﬁnwpghFR“FF@lséﬁﬁtFPaeﬁ 5 m59Wﬂ%&9m

apparatus is vibragtin sitional informatiqQn is recaor ded on the
di sk by a device JEAX] aW? §%P555§§P905Y5%£mkPE&QQWPI gP P?ﬁ@ﬁéfﬁ?b

| ong as the relatgﬁgnal ac%%&@?% eggetﬁglé%g%P%q% the track pitch is kept

constant, continul not "assu
In this magnetic disk drlve, when a command -

for writing or reading is transmitted from a central
processing unit 1 (CPU) to a disk controller 2, the disk
controller 2 supplies to a microprocessor 3 a command
for instructing it to position a head 9 at a specific
10 point. The signal for positioning the head 9 is
produced from a signal that is reproduced by the head 9
from a positional information recorded region 12. The
positional information has such a pattern as shown in
Fig. 2B. Bach signal produced when the head 9 crosses
15 the A burst portion 42, B burst portion 43, C burst
portion 44 and D burst portion 45 is supplied through a
read/write (R/W) integrated circuit (IC) 15, an
automatic gain control (AGC) amplifier 16 and a
full-wave rectifying circuit 18 to peak hold (P/H)
20 ‘circuits 19-22, which then respectively produce an A
signal 23, a B signal 24, a C signal 25 and a D signal
26. These A, B, C and D signals 23, 24, 25 and 26 are
supplied to operational amplifiers 33, 34, which then
produce an N signal 27 and a Q signal 28 as a two-phase
25 positional information signal. The N signal 27 and Q
signal 28 are supplied through an A/D converter 29 to
the microprocessor 3 in which a compensation equation

calculator 30 computes new N’ signal and Q’ signal



-8- ¢ point in the positional signal produced by . phase-sw t chi ng.

Accordingly, it is an object of the invention to provide a magnetic

di sk drive wherein it is assured 5 that a positional signal is continuous
at al.l  positions in the radius directienl@n-the disk, including the
swi tching points, even when multi-phase signals are . Switched, and
preci sel y positi ofSF9aHEN e E@s-a{l) andy (@ )+ ay BRfitionaly signad 10
It is another objegt of .the inventiaon to ~automatical ly adjust the
servo gain by nor S HFThS! combings; i gondesitaithyy N'heimialagndiQ he

Pul Lo PO syl SRR S, N R Mot it
signal in order tq;GAReRIE respect to the head position and which
5 specifies the head position. The positional information
is previously recorded at constant intervals on a disk
11 as shown in Fig. 2A. When the head 9 sequentially
crosses the A, B, C and D burst.portions 42, 43, 44 and
45 in the positional information recorded region 12, the
10 A, B, C and D signals 23, 24, 25 and 26 as shown in Fig.
1 are reproduced in synchronism with timing at which the
head crosses the A, B, C and D burst portions and sub-
sequently the N signal 27 and Q signal 28 are produced
and converted from analog to digital form, thereby being
15 sampled at constant intervals of time. 1In order that
the head 9 can follow the target position according to
the command from the disk controller 2, so-called
feedback control is executed in which a positional
control compensation filter 32 for lead-lag compensation
20 is used to calculate and produce a manipulated variable
from a positional error between the current head posi-
tion and the farget position so that the positional
error can be reduced to zero. The manipulated variable
is converted into an analog signal by a D/A converter 4,
25 and then supplied to a VCM drive circuit 5 for driving a
voice coil motor 6, which controls a head supporting arm
8 to position the head 9. After the head 9 is

positioned, it writes data from a write circuit 14 on



the rfonlinearility of the N signal and Q signal due to t he

reproduction sensitivity distribution of the MR head.
To achi eve the above objects, according to one 20 aspect of the
i nvention, the disk drive has a function - 13dded thereto of conpensating

t he val ues of N signal and %%;i nal at each sanpling tine so that the
posi ti onal : sit&%tnaschﬁorqﬁam I8k tlHe QoInasss slata chenafrae ansh
bet ween the N signal agnd Q.signal at | points in the 25 radius
direction on the &W.a“qsn%%é’r | GHREWNE 17, signal and Q signal are

compensated by using val ues fe e, g s Fik FebAHar it Bb ! 110
- 9- described in brief. Now, detailed description will be
5 made of the compensation equation calculator 30 and
positional signal linearizer 31 which are the central
part of the invention.
Fig. 4C shows the positional signal at around
the switching point which is produced according to the
10 method of the invention (magnified view of part P in
Fig. 4A). The compensation equation calculator 30
computes N’ signal and Q' signal from, for example, Egs.
(1) and (2). Since the N’ signal and Q' signal are the
signals normalized by the voltage at the intersection
15 Dbetween the N signal and Q signal, they always become a
constant value (1//7) when N signal = Q signal, or at
the switching point (point CH).
| Therefore, the positional signal linearizer 31

controls so that Q"=Vr" is satisfied by using the

20 linearized positional signal as expressed by Q"= 2//7 -

Q’, thus enabling the head 9 to be positioned precisely
even at around the switching point (point CH) as
" indicated by point R in Fig. 4C.
Fig. 6A shows the experimental results
25 measured when the head 9 is positioned at around the
switching point (point CH) according to the method of

the invention, and Fig. 6B the results obtained



[err] " At this tinme, when N signal = Q signal, the calcul ated

resul’ts of Egs. (1) and (2), or N, Q signals are [err] (a
predet erm ned val ue). Thus, as shown in Fig. 4C, if t he amount of the
of fset for the switching point is nade 5 felﬁ] by using N signal and Q
signal, the continuous posi tignal signal_is always produced.

In addition, sinc@FREIBG ttl ﬁaP%O&néirfvs In Fig&-ndd 284 BB s ol tage
at the intersectign_between N.si gnal Q SI nal, the servq gain
can al so be 10 auggﬁéfﬁgaFFFrgﬁeﬂ§Fe&15F'tﬁ@d% nate represents’

di (1
execut od by subst Phgt Rageror'8R ig pll &%&w&ssﬁgﬁshéfa&‘ﬁpﬁﬁ g les.
expansi on for mul aAccord% Tayl ‘Eixe“i?xkr%?:tfo?le q Sﬁlq_ll ‘f:%l sl PUMEEHY th a

15 function of conpensati g the nonlinearity O
5 waveform that the head 9 can be precisely positioned

even at around the switching point (point CH).

As described above, the present invention
proposes the method for normalizing the gain and for
making the positional signal always continuous at the

10 phase~-switching point in the magnetic disk drive of the
multiphase servo signal switching control system. 1In
this case, Egs. (1) and (2) are calculated at each
sampling time so that when N signal=Q signal, the value
of N’ signal (Q’ signal) is constant irrespective of the

15 wvalue of N signal and Q signal.

While in the invention the N’ signal and Q’
signal are calculated from Egs. (1) and (2), the
following equations may be used for the N’ signal and Q'

signal:

N’ signal = N signal/(|N signal|" + |Q signal|™!/" (3)

Q’ signal = Q signal/(|N signal|" + |Q signal|™)l/m (4)
20 where n is an arbitrary natural number.
In addition, while in the invention the N
signal 27 and Q signal 28 are produced by use of
operational amplifiers, the N signal 27 and Q signal 28

may be produced by converting the reproduced analog A,



and Q signhal due to the reproduction sensitivity di stribution of M

head by changi ng the Tayl or expansi on coefficients. BRI EF
DESCRI PTI ON OF THE DRAW NGS 20 Fig. 1 is a schematic di agram of
a magnetic di sk drive of an enbodi nent- ok5 t-he i nventi on.

Figs. 2A and 2B are respectively a diagram

- 10 - showi Rg SoépngnﬁFgPﬁiErﬁﬁbl8ﬁ:r8§oﬁ§éd25e§IQNStbﬁ buxst

di sk surface, and a diagram showng a_burst pattern recorded on the
di ‘sk. POrtipfs imko §ngﬁalselspe Fe§ﬂ€cPYvBF9°§s§|l§§r them by

show ng a relatiogbbetmeen t he head position and t signals, a

di agr am showi ng s&l8cPt GhOBRBCPRIBFsPon GPTecver, ‘the foll°ng§
normalized signals may be used:

N signal = (A signal-B signal)/(|A signal| + |B signall)
(3)
Q signal = (C signal-D signal)/(|C signal| + |D signall)
(6)
5 Also, while in the invention for simplifica-

tion the switching point is the intersection between the
N signal 27 and the Q signal 28, or the point at which
the N signal 27 equals the Q signal 28, the switching
point is, in general, a point where the absolute value
10 of the N signal 27 equals that of the Q signél 28 and
inversion process and offset process are made as
necessity requires in order to connect the N signal 27
and Q signal 28.
Furthermore, while in the embodiment of the
15 invention two N, Q signals 27, 28 of different phases
are connected to form the positional signal, two or more
positional signals of different phases may be conneéted
to form a new positional signal. Thus, the present
invention is not limited to the above embodiment, but
20 may be changed or modified in various ways.
When Egs. (1) and (2) are executed by the
microprocessor 3, they are approximately calculated

because the square root of a value is difficult to



N signal ‘and Q signal, and a di agram showi ng a way of connecti ng

sectirons of NI and Q¢ signals to produce the positional signal. 10
Figs. 4A, 4B and 4C are respectively a di agram showi ng swi t ching

bet ween signals of different phases for l6Be-positional signal and a
rel ati on between the head position and the positional signal, a

di agr am showCAdc@t®ei ghbor hood of a switching point between N, 15
Q signals, and a di agram show ng t he nei ghbqorhood of_the swi t chi ng

poi nt between N, Q signal & Gt oo Widd be made, &f; ithe approximate
Fig. 5is a diagramshqw,ng a track pitch variation. 20
Figs. 6A and 6B athfggsgﬁngng%§eb%Qﬁﬁlon' showi ng the neasurenents of

the positional signal in a di sk drive according to the invention, and
a graph show ng the neasurenents of the positional signal in a
z =1/ [UIN signalf + |0 signall?) (7)

of Egs. (1) and (2). The N signal and Q signal will
5 hereinafter be represented by N and Q, respectively.

Taylor expansion of Eg. (7) will yield

Z = {1/(IN] + [Q])} /

VI N oI/ (N = oDz} | (8)

= {1/(IN] + [Q])} x
(L+8+3/2x8 +---) (9)

This expression includes only the terms of addition or
subtraction and multiplication. In Eq. (9), & is

expressed as
§ = [N|+|Q] 7 (IN| + |Q|)? (10)

10 Although Taylor expansion of Eq. (7) can be
made in many different ways, the present invention
assures that since the denominator and numerator of & in
Eg. (10) are of the same order of N, Q, & is constant
irrespective of the values of N and Q when |[N| = |Q],

15 and that even in approximate calculation, N’ and Q’ are



conventiohal disk drive. 25 Fig. 7 is a plan view of the

structure of a read/ wite separate head. An enbodi nment
of the invention will be described in detail with reference to the
acconpanyi ng drawi ngs. Fig. 1-it7a-bl ock di agram of the

ar r angenent of the positioning cgntrol system of a magnetic disk
drive of sector 58995t§9§t§ﬁﬁﬂsnﬁg g 3ﬂdaphase servo si gnal according

to the invention. 5 .n.this, netic_di sk drive, when a

command for writing orIPeS&FﬁﬁiP§'tF n 'MFe&ePFpﬁFét@éh@ﬁﬁe 1s
Cuppl 1o To a m cPEsaac s8R BeREAERTHRGN Bha’ Dot i AEnRat, Fedice duS
position a head gtattﬁesﬂgﬁhfggnsitivity distribution of the head. 1In
5 this case, if parameters P1, P2, ... are used in place
of the Taylor expansion coefficients to yield the

following expression wherein P1, P2, ... are adjusted,

Z = {1/(IN] + |Q])} x
(L + Pl x &+ P2x 8 + --+) (11)

+ the positional signal can be made continuous and its
linearity can be improved.

10 Moreover, the above equations can be executed
by repetitive calculation using Newton’s method as

another method. To find X of the expression
X =1//C (12)
where C is |N|2 + |Q|?, the equation
X2 - 1/C =0 (X > 0) | (13)
is solved by repetitive calculation using Newton’s
15 method. As a result of actual execution of the calcula-

tion, it was confirmed that convergence can be achieved

by executing repetitive calculations four or five times.



10 point.” The signal for positioning the head 9 is produced from a

signal that is reproduced by the head 9 froma positional information

recorded region 12. The positional information has such a pattern as

shown in Fig. 2B. Each signal produced-wh8n-the head 9 crosses 15 the

A burst portion 42, B burst portion 43, C burst ortion 44 and D burst

portion 45 is supplied throdghlé alsolﬂﬁﬁﬂﬁMQQkiX}QﬂééQHﬂwgﬁtﬁeﬁﬁhﬂlﬁﬂﬁt
C) 15, an t omat i ain contral (AGC) anplifier 16 and a

1£ul I)-wave rectifyi ae,sd:ﬁ.lt% & Hony masleqby Aan external camputer

which th el duce an.A .Si.gnal .23,. a B si.gnal_24, a C

2o 52 a2 Cobt i B B thsees, S oiilich B R G
d 26 | i i j . 3, i t.ne

roduce an N si gnaReseb1es, ISR dHBuci Snkd andve, Wkl ke

i nformation SignaEaIEBQaM%EE?%y thé #i¢rSprocesddnd, 28 are supplied

t hrough an A/ D converter
' While the above explanation is made with

reference to Egs. (1) and (2), the Taylor series and

repetitive calculation using Newton’'s method are of

course similarly applicable to the generalized Egs. (3)
10 and (4).

According to this embodiment, the positional
signal can be kept continuous even at the points where
the N signal and Q signal are switched, and thus the
head can be positioned precisely at an arbitrary point

15 in the radius direction.

In addition, the linearity of the positional
signal can be improved by adjusting the parameters in
the equations for the positional signal, and thus the
head can be positioned precisely at an arbitrary point

20 in the radius &irection.

Moreover, since the positional signal is not
changed even when the voltage level of the reproduced or
read signal from the head is changed due to variation of
the voltages applied to the head and the amplifiers, the

25 head can be precisely positioned at an arbitrary point

- in the radius direction.



croirocessor i.n which a conpensation equation cal cul ator 30

corrput|m|| ljmjl and Q si gnal -
12 - Egs. (1) and (2). A positional signal

Ilneprlzer 31 conblnes or connect the N sigrl -and Q si gnal together
to forma positional signal which is i near with respect to the head
posi tion and whi cRLAIMSspecifies the head position. The positional

i nformati on |s previously recorded, at consta intervals on a dis
11 as shown in Fid§: 2A Vheh PAgNBLAF §l§§q9€ﬁVFaEP§ use W&F§s§e§a9ﬁgtkc

Cand Db 2
DUt Pt 8z Rastd Ehy-prafs, HiebiSeRgERthONR sk o

o 10l e seBbR LRCERIECL BORYRIEON SpH it hEkey Bast h the
magnetic disk drive comprising said magnetic head, means
for demodulating a plurality of positional information
signals of multi-phases from said pattern, means for
sampling said plurality of positional information
signals of multi-phases, a processor for calcﬁlating a
positional signal by using said sampled plurality of
positional information signals of multi-phases as data
for calculation, and a drive circuit for driving said
magnetic head on the basis of said positional signal,
said processor including means for calculating said
positional signal at each sampling time by using said
sampled plurality of positional information signals of
multi-phases as data for calculation so that said
positional signal is continuous at the switching points
where switching is made from one phase to another phase,
whereby said magnetic head is positioned on the basis of
the calculated results.

2. A magnetic disk drive according to claim 1,
wherein said proceséor ﬁakes such calculation that the
values of said positional signal at said switching
points are automatically normalized to be a
predetermined value.

3. A magnetic disk drive according to claim 1,

wherein the dispersion of said positional signal in the



seque 27 and Q signal 28 are produced and converted
from !mmmclmﬂuﬂrml form thereby being 15 sanpled at constant
interv Ltlne n or der the head 9 can follow the target
position according to the connand fromt2® <isk controller 2,
so-cal | ed f eedback control is executed in which a positiona

control conpensat F8fief Whese §Elﬁom39§§§lpa§eé§nﬂén@Qﬁ#&ﬂongg rd §2dd to
cal cul ate and produg mani pyl at ed varjabl e m a p05|%8 onal error

bet ween t he curreﬁVlﬁESangogplnts 1stFHPséﬁHtﬂﬁélﬂeﬁgéﬁlpﬁgl ﬁ 43 the
t he positional err

d h
o chnvert ad i nt oCARSaNAFES - BrafanagyeEie Refings, PERLETONBY Anqorhdy © ©
supplied to a th%gghxg Ehéﬁ”h&;é %83t95i¥§“§8§nts. voi ce coil notor 6,

whi ch controls a supporting a poSi‘tion the head 9. After

the head 9 is 4. POsi tiongdpabheh bt 85 sfah2 1 Le0TbRoPlihG o €4hliml4,0N
wherein when said plurality of positional information
signals of multi-phases are N signal and Q signal, and
when n is an arbitrary natural number, said positional
signal is calculated at each sampling time by using the
following expression

1/(|N signal|” + |Q signal|™)!/",

and said magnetic head is positioned on the basis of the
calculated results.
5. A magnetic disk drive according to claim 4,
wherein said expression is calculated by applying Taylor
series to calculation of a root of the power (|N signall"
+ |Q signal|™) by using & = |N| + [a] / (IN] + [Q])? as a
variable, where n is equal to 2 or larger.
6. A magnetic disk drive according to claim 5,
wherein Taylor expansion coefficients in said expanded
Taylor series are compensated to improve the linearity
of said positional signal.
7. A magnetic disk drive according to claim 4,
wherein said expression is calculated by applying
repetitive calculation by Newton’s method to calculation
of a root of the power (|N signal|"™ + |Q signal|") and to
calculation of the division.

8. A magnetic disk drive according to claim 4,



- of the disk 11 or reads data therefrom and
suppl lmlm ﬁ Bb circuit 17. The di sk drive of the
i nven « ' described in brief. Now, detailed description wll

be 5 made of the conpensation equation cat &l ator 30 and posi ti onal
5|gnal | i nearizer 31 which are_the central part of the _invention.
Fig. 4C shows the"ReEeinoRatculahad xesuissnaf said; REPEREEARNNGTROI Nt

which is produced accordl t hod  of e iinvention (magnified
view of part P inP eV1°?§89 ﬁ ?uE?FQACOﬂﬁ nggﬁgoﬁaégﬁafﬁoﬁegﬁFEGﬁaFBr 30

N 1 d (2
Snce the N st gnie pat pE AT bPThe 8818 ERBeBhar @R i 2ot by the
vol tage at the ingersectiony Ja4nBeiue8fskngr N8 4886803 878km 1heY

al ways becone a
wherein said magnetic head is a read/write separate

head.

10. A magnetic disk drive according to claim 9,
- wherein said read/write separate head includes an

induction type magnetic record head and a magneto-

resistive read head, and said multi-phase pattern is

read out by said magneto-resistive head.



constant “value [err] when N signal = Q signal, or at the sw tching
poi nt (point CH). Therefore, the positional signa

| i neari zer 31 controls so that Q' =wr" is satisfied by using the 20
lineari zed positional signal as expressed by &&= {[err] - Q, thus
enabling the head 9 to be 805|t|oned reci sely even at around the
swi t chi ng poi nt (PBPHERACT)ORsTHE DISGHPEHRE( by point Rin Fig. 4C. .
Fig. 6A shows the experlnental results, 25, peasyured _when the head 9 is

positioned at around the 1IN dupegpekicpdik ?BbYﬁthH)rﬁéebPﬂlﬁU°t8rthe
met hod of t he invent he_resu

- 14 - accorla?:ﬁ% P%Slg.b?p%£ hp#grlpﬁg tﬁss:ng‘a;ﬁdo bt ah-ﬁé -phases, a

positional signal that is always continuous even at
switching points where signals of different phases are
switched and excellent in linearity is produced in order
to precisely position the head at an arbitrary point on
a track. N’ signal and Q’ signal are calculated at each

sampling time from the equations

N’ signal = N signal/ /([N signall? + |Q signall?)

Q' signal = Q signal/ /([N signall? + |0 signall?)

so that the positional signal is normalized at the
intersections between N signal and Q signal, and these
positional information signals are connected so that the

head can be pdsitioned properly.

This Sheet Has Been Rep. laced




the positional _
be seen fromthe
positioned

si gnal

According to the invention,
5 waveformthat the head 9 can be precisely

abscirssa’'represents tinme, and the ordinate represents
of 1000 cycl es.

t he wavef orm of -

even at around the sw tching point (point CH).

It

As descri bed above, the present inventioq proposes the method for
normal i zing the gain and for maki ng Vﬁg posi tional signal always
continuous at the 10 phase-switching point in the magnetic disk drive of
mul ti phas¢ si gnal switching _control system_ln [___tThrs
1) and rel cal cul at eyl, pt eth__a- g tirfe so,that
when N si gnaf=€1si g th @f—N—sfgn I jgpraty—s3 gonstjant
i rrespective D V ngx and [Q pignal . -
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N .stgnal = Nsignal/( [err] Nsignal [err]" + Qsignal [err] (3) Q

signal = Qsignal/( N signal [err] + Qsignal [err]) (4) 20 where

nis an arbitrary natural nunber. In addition, while in the

i nvention the N signal 27 and Q S|gnal 28 are produced-by-use-of--

operational anplifiers, the N signal Q si gnal 28

produced by converting the reproduced an?o eetHWeenﬁeplaced

- 15°- B, G and D signals 23, 24, 25 and 26 fromtrmmwmllunl‘l“

portions into digital signals and by processing them by

m croprocessor 3. Mreover, the follow ng normali zed signals may be

used: - '
FIG. 2A

CONSTANT INTERVAL

FIG. 2B

TRACK BOUNDARY 47

5 |

5 D BURST PORTION 45
s C BURST PORTION 44
o B BURST PORTION 43
T A BURST PORTION 42
i LU '

E. o TSN /L

e L TRACK

L] T CENTER 46

x PITCH READ HEAD 41

el

DISK RADIUS DIRECTION



N signal': (A signm
(5 - Q-stgnal -
(6) 5 s Sheet Has“ée'épke

the switchin
t he Q Si gnal jmngnJmum
si gnal

10 of the N signal
i nversi on process and of fset process are nmade as
order to connect the N signal
while in the enbodi ment of the
27, 28 of different phases

absol ut e \_/aI ue

Fur t her nor e,

signal, two or nore
connect ed

FIG. 3A

FIG. 3B

-B signal)/( A signal +

“(C'signal -D signal)/( C signal

27

are

posi ti onal

POSITIONAL
SIGNAL
-

27 equal s that of the Q signal

B signal )
+ IDS|gnaI )

whidl € in the invention for S|an|f|ca- tion

I ntersection between the N signal 27 and

nt at which he N signal 27 equals the Q
point is, I3n/ neral, a point where the

28 and
necessity requires in
and Q signal 28.

15 invention two N, Q signals
connected to formthe positional
signals of different phases may be
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to forma new positional signal. Thus, the present I nvention i s not
limted to the above enbodi nent, but 20 may be changed or nodified in

vari ous ways. When Eqgs. (1) and (2) are executed by the

m croprocessor..3, .they are approximately cal cul ated because the square
root of a value is difficult to . A/8 - 16 -

cal cul atThis Sheet Has Been Replacad descri ption wil | ge made of the approxi mate

cal cul atiﬁmﬂﬂlmtwl i on, [err] of Egqs. (1) and (2). The N
si gnal an I : '

FIG. 4A

’
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5 hereinafter be represented by N and Q respectlvely Tayl or

expansion of Eq. (7) wll yield J[err] Thi s expression
i ncludes only the terns of addition or ~subtraction and nultiplication.
In Eg. (9), [err] is expressed as  [err] 10- Al t hough Tayl or
expansion of Eq. (7) can be made in n?)s di fferent ways, the present
I nvention assures that since the denom nator and nunerator of [err] in
Eq. (10) are of the sane order of N, Q 6 is constant i rrespective of
the-values of Nand Qwhen N = Q,

FIG. 5

TRACK PITCH (D

D BURST PORTION 45
C BURST PORTION 44
B BURST PORTION 43
A BURST PORTION 42

| s R ==f=——r—i—— VIBRATORY LINES DUE
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47 46 ‘=
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Y-
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15 and t‘hat even ‘i n appr oxi rhite cal culation, N and Q are
- 17- - ~—~7~ constant when In addition, if an MR

head or trRigsheldifis B&n R lawysed the i neari ty of Nand Qis sonewhat reduced
due 14 eil]mtlwty distribution of the head. In 5 this
case, if-

... are usedg yq)l ace of the Tayl or
expansi on o yield the I'Tow ng expression wherein P1,
P2, ... are adj usted, [err] t he positional signal can be made

continuous and its | i nearity can be inproved.

FIG. 6A

0.5 T T T 1

POSITIONAL
SIGNAL

'POSITIONAL
SIGNAL




16° | Mor eover, the above equations can be executed by repetitive

cal cul ation_using Newton's nethod as anot her jret Ijﬁﬁﬂ%uﬂﬁ’sﬁéﬁrs‘“c
expressi MEPLACEME X = [err] Dcscnp;;o hee, wh god.
Ci S [ dr rf 1 (‘E eMr rN|JT §H§ET6( uat I on 15 -1 _d[ bl’ﬂ blaim(s) j q éo lm ’T (a sene
repetitfi e cal cul ati anjugi ng Newton's ne%ho_ A D szﬁ £6
execut ifon 1tMAR 9892 ul] a- tion, it was confi rjmag A% §§2 Web g’éﬁﬁﬂLfi
be achijeded by exeguli nJASNETTC: DESKCBRENEat ijons” T oUT Lor F? t1ﬁh§%&d """
DATE OF RECEIPT..2)-3-97

The present invention relates to-head position
detection of a magnetic disk drive, and more particular-
ly to a magnetic disk drive capable of positioning the
head in accordance with a linear positional signal
ielative to the position obtained by switching signals
that aré obtained by demodulating a multi-phase servo
pattern of two phases or more.

When a magnetic disk drive reads or writes
data information, it is necessary that the magnetic head
be positioned precisely on the disk with respect to the
concentrically formed tracks.

In the prior art, one inductive-type magnétic
head was used for read and write operations. However,
"in order to raise the track density, it is essential to
increase the level of the reproduced output from the
head. Thus, an MR (magneto-resistive) head using
magneto-resistance effect is beginning to be employed
for this purpose. Since the MR head is dedicated only
to read operation, it is generally combined with an
inductive~type magnetic head for writing to form a
read/write separate head.

Fig. 7 is a plan view of one example of a
read/write separate head 9 formed by a MR read head and
—a'magnetic wr;te head. 1In this head, a read gap 90 for

reading information and a write gap 92 for writing



<

-+18 - It is also practically effective {0

results of cal culation made by an external conputer ﬁn@mﬁ@@hﬁﬂ%
I'inear interpolation with reference to the table, instead of execufipg
t he above approxi mate 5 cal cul ation By—ﬁhe m croprocedsor B1 MAR 1997
Wil e the above explanation is made wth reference|t¢ Egs. (1) and
(2), the Taylor series and repetitive cal cul ation §gsimg Newrom s
met hod are of cour se sMACGNETIC ISK ODRAVE to the ge¢neralized Egs. (3
10 and (4). ABSTRACT OFATHE OISCLOSURE S enbodi nent, the positional
signal can be kept continuous even at the points where the N si.gnal
and Q signal are switched, Iand magnetie disk ldedives forherqabiing arwesrl ox
precisely at an arbitrary point 15 in the radius direction.

In addition, theMPrReRPEi§ionadhénfosmatieal signals gfalmuldriphdsgm,oweed by

adjustlng t he paraneters in
positional signal that is always continuous even at

o
—H
=
D

switching points where signals of different phases are
switched and excellent in linearity is produced in order

to precisely position the head at an arbitrary point on

a track. N’ s;gnal and Q’ signal are calculated at each

sampling time from the equations

N’ signal = N signal/ /([N signall? + |Q signall)

Q' signal = Q signal/ /([N signall? + |Q signall?)

so that the positional signal is normalized at the
intersections between N signal and Q signal, and these
positional information signals are connected so that the

head can be positioned properly.

Fig 1



the equations for the positional signal, and thus the| REPLAGRMENT: SHEEBE
positioned precisely at an arbitrary point 20 in the}riadius directrgn.
Mor eover, since the positional signal is not chang dzeynﬁkwggy tihg
vol tage | evel of the reproduced or read signal f the head 1Is
changed due to variation of t he vol Hages applied t tthe
anplifiers, the 25 head can be precisely positioned Jat an arbitrary pqint
in the radius direction. -18- CLAIMS: 1. A magnetic d
drive for use wt ietic disk which has a nulti-phase byrst pattern
witten thereon in ofppen to positcioon—a--ﬁag-net-i-e—heael-,—sad-————]
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[R—,

magneti ¢ di sk|dREMACEMENY ISHERY $ai d magnetic head, neans for denodul ating
a plurality of postti ' rfmmtion signals of multi-phases fromsaid
pattern, . nean$ for, |j ajd plurality of positional information _
signal s of nuﬁt'-ﬁ%&i@gyvgﬁgr cpssor for calculating a positional signal
by using said{saopled pluraljfy[of positdonal information signals of

mul ti-phases @s data for calculation, and a drive circuit for driving said
magnet i ¢ head“-efrt+he—basts—of—shi d positional signal, said processor

i ncludi ng means for calculating said positional signal at each sanpling
time by using said sanpled plurality of positional information signals of
mul ti-phases as data for calculation so that said positional signal is
continuous at the switching points where switching is made from one phase
to anot her phase, whereby said nagnetic head is positioned on the basis of
the calculated results. 2. A magnetic disk drive according to claim
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wherein said processor makes such cal cul ation that the

posi tional signal
be a predeterm ned val ue.
claim1,
M S

wherein the di spersion of sai

magnetic head is positioned at said

substantial Iy equal
positi oned at ot her

A magnetic disk drive according to claim1,

plurality of positional
signal and Q signal, and

FIG. 3A

to that in the

valyes of said

FIG. 3B

at said switching points are autonat cmgﬂmcamIS}EEﬂ g0
3. A magnetic di sk drive—accordrmg—tuo] .
d positional sigmal t L
'-_320‘ - cage W£F£§&|W7
swi tching poifnts is
case where saild magnetlc head ip
poi nts than said sw tching pé+ats: %4
wherei n when said
I nformati on signals of nulti-phases are N
-
22
o
E%‘ kTRACK PITCH -
DG ! - '
o S ™ N SIGNAL
1 ’ '
Voj---<----- T REETFLEEEPETRE |
Los7 l
] V4 ]
»2 N -
TN e POSITION
I'4
-Voj---- ‘
g Q SIGNAL SHIFTED Q_SIGNAL
P IN THIS DIRECTION WHEN .~
TRACK PITCH VARIATION
- PRESENT
<
i
63X, . TRACK PITCH
40 - i
8(0 :N SIGNAL !
a ' i
vU|---= ) ’ i
P |
//t'/\’>/ :
> v -
0 Pid e HEAD
A a POSITION
'VO ——-=s \\ ’l'
Qi SlGNAL
-
22 .« TRACK PITCH _,
w5 ~ p
Ia Illa ":i‘ -~
Vo <IN sm@%/ i Qc SIGNAL 51
/ ! = -
0 HEAD
POSITION
-Vo e
4
’l
’



when n is an arbitrary natural nunber, said positional signal is

cal cul ated at eagi—sarpl-hRg-tinoe by using the fol |l om ng expression
1/( N signal [errf] REPM@EME@ITasHEEqH], and said magnetic head is
posifioned on the Rasis of—tire cal C&H ated results. 5. A
magnetic disk drifve q%ggwto claim4=_ wherein said expression is
cal cul at ed by appl 1| ng series to calculation of a root of the
power ( N signal |[ &+ Q pignal [err]) by using [err] = N Q/
(N + Q)[err]}las a - varla_b't e, where n is equal to 2 or larger.

6. A magneti c Orsk—dr+ve cording to claimb5, wherein Tayl or
expansi on coefficients in said expanded Tayl or series are conpensated
to inprove the linearity of said positional signal. 7. A
magneti c di sk drive according to claim4, wherein said expression is
cal cul ated by appl yi ng repetitive calculation by Newton's nethod to

cal cul ati on
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of a root of the power ( N signal [err] + IQsignal [err]) and to

cal cul ation of the division. 8. A magnetic disk drive
according to claim4, -21- wherein .
cal cul ated results of said expression are previously tabulated, and said
table is referred to instead of calculat?nmy said Eexpressiom @7 A
magnetic disk drive according to claim1, wherei ﬁ?%@%ﬁgﬁ Eﬁ:fectd s a
read/ wite separate head. 10. A magnetic dijs drive accordijng to
claim9, wherein said read/wite separate head i cludgg MAR M997uqt ijon type
magnetic record head and a nmagneto- resistive read head, and sai g

mul ti-phase pattern is
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read out by said magneto-resistive head.
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