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The present invention gener&ily relates to track address
patterns and, more particularly, is directed to a track address
pattern for use with a disk memory apparatus which positibns a
head on a track having a target address according, for example,
to the sector servo system.

Description of the Prior Art

As shown in FIG. 1, a mégnetic disk MD used as a record
medium by the magnetic disk apparatus, such as a so-called hard
disk apparatus, a floppy disk apparatus and so on is divided
along the radial direction (direction shown by an arrow R in FIG.
1) thereof to provide a plurality of tracks TR1l, TR2,..., TRN.
Also, the magnetic disk MD is divided along the circumferential
direction (direction .shown by an arrow ¢) thereof to provide a
plurality of sectors 2A, 2B, ..., whereby the recording or
reproducing region can be specified by the track number (track
address) and the sector number.

As a control method for positioning a recording/reproducing
head on the magnetic disk along its radial direction so that the
recording/reproducing head is maintained on the central axis of a
track having a predetermined track address, a so-called sector
servo system is known, in which normal data and positioning sexrvo
data are recorded on the recording surface of the magnetic disk
in a time division fashion. More specifically, in the example of
FIG. 1, areas between the sectors 2A, 2B, ... are utilized as
servo zones 1A, 1B, 1C, ... and a track address for coarse
positioning, a burst pattern for fine poéitioning or the like are
recorded on these servo zones 1A, 1B, 1C, ..., respectively.

A gray code is frequently utilized as thé track add?ésé ff ;f ’
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di sk- appal Senet wea (8 N di sk apparatus and so on is divided al ong the
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ErGYT de a rackS TRL, TRZ, ..., TR\ Al 50, the nagnetic di Sk MD
is djytded along the circunferential=&1rection (direction shown by an arrow
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recordi ng/ reproduci ng head on the magnetic disk along its radial direction
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the two tracks. Further, even when the head scans three tracks
at a time in the high speed seek mode, a value reproduced by the
head indicates the address of the track distant by two tracks at
pest from the center track. When the gray code is utilized as
the track address of the magnetic disk; a code (source bit) must
be converted into a channel bit by the modulation so as to

! satisfy the following two conditions.

Condition 1) When, for example, the magnetic flux inverted
state is made corresponding with the high "1" level and the
magnetic flux non-inverted state is made corresponding with the
low "0* level in order to enable so-called self-clock to be made
to form a clock from the reproduced data, the number (run length)
of consecuti?e "0"s must be set to be less than a predetermined
value in order éo limit the recording length of the magnetic flux
non-inverted-state; and

Condition 2) When the magnetic flux is inverted in the
adjacent tracks at the same position along the circumferential
direction, the magnetic flux must be inverted in the same
direction in order to avoid the interference of magnetic flux
and also to accurately detect the change of magnetic flux when
the head scans these tracks. -

As a modulation method for satisf§ing these conditions i)
and 2), a phase modulation (PM), a dibit conversion and a
frequency(modulation (FM) are known. In the phase modulation, as
shown in FIG. 2A, low "0" level and high "1" level of the source
bits are converted into two channel bits "01" and "10",

respectively. In this case, the channel bit "0" corresponds to
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track Hagis ”ﬁ%enﬁgmﬂn ned track address, a so-called sector .servo system
- is known | data and positioning servo data are recorded on
t he repoh“ﬂﬁu ] “ ng? t he nagQ%Lic disk in a tine division fashion. Mire
speeifically, in the exanple of FI'G 1, areas between the sectors 2A, 2B
- akgellsithiteedthat atves magmessicl £1wE in @ne bitrell tTachnatiieess for
coarse Positioning, a burst pattern for fine positioning or the |like are
r ecor gedond imge srack s netednverted while the (chapnel RiY "A"gray code is
frequigtgr)gslgclnuszet% %:Sixet let:af‘t{eactgeaqg{eexsn?agnetic flux in one bit cell Ts
on the recording track is inverted. Thus, two bit cells Ts
constitute one cell on the recoxrding track corresponding to one
bit'of the source code. Accordingly, the Hamming distance, which
represents the number of different bits between address data
recorded on the adjacent tracks, constantly becomes two channel
bits to thereby satisfy the above conditions 1) and 2).
Alternatively, the source bits "0" and "1" may be rendered to.
correspond to two channel bits *10" and "01", respectively. 1In
this phase modulation, a code rate which is a ratio between the
number of source bits and the number of channel bits, that is, a
ratio of 6rigina1 déta amount to data amount on the magnetic disk
becomes 0.5.

In the dibit conversion, the source bits "0" and "1" are
converted into two channel bits "00" and "1l1", respectively, as
shown in FIG. 2B. However, in this dibit conversion, additional
redundant data is required to satisfy the condition 2) (the run-
length condition), making the code rate become smaller than 0.5.

In the frequency modulation, the source bits "0" and "1" are
converted into two channel bits "10" and "1ll1l", respectively, as
shown in FIG. 2C. However, in this frequency modulation, the the
magnetic flux inverted directions of -the adjacent tracks are
reversed as, for example, at a pqsitioﬁ Pl in FIG. 2C, so thgt the
condition 2) can not be satisfied. To éatisfy the condition 2),
additional data is required, which unavoidably makes the code
rate become smaller than 0.5.

As described above, of the conventional modulation methods,

the phase modulation has the highest code rate and the



that, ev ad scans two tracks at a tine, a value reproduced by

—TTT‘ﬁead he address of any of the two tracks.—Further,evemr—
when ¢ he head scans three tracks at=#&-time in the high speed seek nDde a’
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two tracks at best fromthe center track. Wien the gray code is utilized as
t he tradesaddbeds inf G.fe Pageati Nodi $ie 032 ,Ofde Wisidurtse desoxabet vnth

converted into a channel bit by the nodulation so as to
reference to FIGS. 3 and 4.

Been Replaced | . ) .
-2- becd SheetHﬁi e e |t Is different in adjacent codes of the gray code so

FIG. 3 shows the servo pattern, and as shown in FIG. 3, many
tracks concentrically arranged in parallel are divided into servo
tracks and data tracks in the circumferential direction,
respectively. In this servo pattern of FIG. 3, magnetic flux is
inverted in the respective servo-tracks commonly at the
synchronizing position P2 in the same direction; magnetic flux is
inverted in every other tracks n, n+2, n+4, ..., at the position
P3 in the same direction; and magnetic flux is inverted in every
other tracks n+l, n+3, n+5, ..., at the position P4 in the same
direction. Data at the positions P2, P3 and P4 form fine
positioning servo data. |

As shown in FIG. 3, cells A, B and C are provided after the
position P4. Each of the cells A, B and C has two bit cells Ts
having values "1" and "0" shown in FIG. 2A, and by these three
cells A, B and C (six channel bits), gray codes of 3 bits 000 to
111 as track addresses (coarse pesitioning servo data) are phase-
modulated and recorded.

FIG. 4 shows a reproduced signal reproduced by gradually
moving the head from the servo track n to the servo track n+7
along the radial direction of the magnetic disk when the magnetic
disk is rotated at high speed under the condition such that the
gray codes 000, 001, 0l1, ..., are made corresponding with the
servo tracks n, n+l, n+2, .... Since the reproduced signal is
produced by differentiating the magnetic flux from a time
standpoint, the reproduced signal becomes a positive or negative
pulse at the magnetic flux inverted position in response to the

magnetic flux inverted direction.



Thi
sati o as Repidcy two conditions. Condition 1) When, for exanple, the
magn M ted state is made corresponding with the high "1" | evel
and t | ux non-inverted state is nmade corresponding with the | ow
"0" level in order to enable so=%alled self-clock to be made to forma '

clock fromtReseeprodugeditdatar phecessbng thenrepmgthyredf signadcuits ve "O's
must be set to be less than a predeterm ned value in order to limt the
recor di sgppehgthwitht hhe ntﬁét‘-E‘Eef PuxNAGATiNGcPRAGespzt Ehegtdmdanditasnd 2)
v%en ;he magnetic flux is inverted in the adjg%ggtztrack%sat,the %?qsui
posi t i oanatbagsyneheppégingr BRLFG| at the sync izing position P
generates track addresses and fine positioning data which will be
described later. More specifically, when the reproducing head is
located on the servo tracks n and n+l, detection codes (gray
codes) 000 and 001 are detected as track addresses, and the track
on which the reproducing head is located is specified by
converting the detection codes into the oxdinary binary codes.
Further, when the reproducing he;d is located between the
adjacent servo tracks n and n+l, the minimum digit of the
detection code becomes value T of "0" or "1". Similarly, when
the reproducing head is located between the two sexvo tracks, one
bit of the detecfion code becomes the value T.

The reproducing head is finaliy positioned on the even-
numbered address track as follows: After a detection head is
moved to the position at which the pulse of the position P3 is
large, the pulse of the position P4 is substantially zero and the
detection code corfesponds with the target even-numbered address,
the reproducing head is moved in the directién in which the
track address is increased to thereby adjust the pulses at the
positions P3 and P4 to become substantially the same in level,
thus the reproducing head being positioned at the.boundary line
between the adjacent servo tracks. Similarly, when the
reproducing head is positioned to the odd-numbered address tfack,

the detection head is moved to the position in which the pulse at

the posit}on P3 is substantially .zero, the pulse at the position

P4 is increased and the detection code corresponds to the target
| odd-numbered address so that boundary lines of the servo tracks

correspond with center lines of data tracks d, d+l, d+2,
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direct|hlSSheetHaSBe ’Cﬁiflux must be inverted in the same direction in
“order t mwm erference of magnetic flux and also to accurately
detect t gnhetic flux when the head scans—these tracks—AS™a
modul,at i on net hod for satisfying&bhese conditions 1) and 2), a phase

nodul ati on % é% g%dlblt conversion and a frequency nodul ation (FM are
known. ¥$°RHE %% nodul ation, as shown in FIG 2A, |low "0" level and high

. iol evel ofyldg Eﬂé’rﬁﬁagétﬁo&ﬁfaﬁ?&ﬂeiéeéakﬁﬁdt Bec ARl lliid ThoR)
respectively his case, the channel bit "0" correspon s
the code rate becomes 0.5 and thus the track address can be
recorded most efficiently. It is, moreover, advantageous that
ordinary data can be recorded much more if the recorded length of
the track address on the magnetic disk is reduced by making the
code rate Secome close to 1 as much as possible.

Further, in the high speed seek mode, for example, fhe
reproducing head obliquely scans the coarse positioning servo
data areas in FIG. 4 so that, address can be reproduced with
smaller error if the track address is compressed more in
recording mode. Accordingly, by increasing the code rate of the
track address in the recording mode, it is possible to reduce a

time to seek a track having a desired address.

OBJECTS AND SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to
provide an improved track address pattern for a disk memory
apparatus in which the aforenoted shortcomings and disadvantages
encountered with the prior art can be eliminated.

More specifically, it is an object of the present invention
to provide a track address pattern for a disk memory apparatus in
which track address can be recorded at a code rate

higher than that of the phase modulation system.

As a first aspect of the present-invention, a track address

Y

pattern for a magnetic disk apparatus, wherein a gray code of

plural bits corresponding to a track address of the magnetic disk

apparatus‘is divided per 2 bits thereof into groups, the

respective groups of 2 bits are converted into codes of 3 bits
(001), (010), (100) or (111) depending on the value thereof,

whereby the converted codes are recorded on the magnetic disk as
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-3- Th hGNSU&SQ&mWawmkhe magnetic flux in one bit cell Ts on the recording
: ed whi |l e the channel bit *1" corresponds to the state

track
t he t ux i n one bit..cellFeps 1D
|nverte hus tmo bit cells Jg_constitute one ceI

on-the recordlng track
"correspondlng to one bit of the source code. Accordingly, the Hamm ng
di st anche wrack PdereSSHERYYRIrunber of different bits between address

data recorded on the adjacent WAKS SUSLAN JvOSEONES 10, SR2RGS e ss

pattern for a magnetic disk apparatus, wherein a gray code of m

bits (m is an integer not less than 2) corresponding to a track
address of the magnetic disk apparatus is divided into a code Gx
of one bit and codes (Gm-2, Gm~1, ..., GO) of (m ~ 1) bits, and
the code of 1 bit is converted into codes (C11, Cl10) of 2
bits according to a rule A and the codes of (m -~ 1) bits are
converted into codes (C2m-1, C2m-2, ..., C21, C20) of m bits
according to a rule B, whereby a code which is converted from the
gray code of m bits into a code of (m + 2) bits is recorded on
the magnetic disk as the track address pattern, .
the rule A making the code Clj (j = 0, 1) correspond to Gx
or Gx @ 1 @means an exclusive-or operation), and the rule B
making the code C20 correspond to GO or GO (}) 1, the code C2j (j =
1, .., m=2) to G(j - 1) @®DGj or 6(j - 1) GI® 1, the code
C2n-1 to G(m - 2) or G(m - 2) ® 1, respectively.
In accordance with a third aspect of the present inﬁention,
a track address pattern for a magnetic disk apparatus, wherein a
! gray code of plural bits corresponding to a track address of the
| magnetic disk is divided into two sets,
a code of one of the divided two sets is converted into a

. code according to a conversion rule recited in claim 1,

a code of the other set is converted into a code according

~

- to the rule B recited in claim 2, and

the two codes obtained by these conversions are combined to

thereby be recorded on the magnetic disk as the track address
: pattern.

I The above, and other objects, features, and advantages of the

" present invention will become apparent from the following
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source may be rendered to correspond to two channel bits
““re“'an ively. In thi-s-phase-rnodul-ati+en—a—code—+at-e-whi-ched-S—m-.-
a ratio between the number of sour@e bits and the nunber of channel bits,

that isyegakakl0 d@sc@iﬁﬂ'ﬁ.&?ﬂ ofatia 1B t fvie dailsodifeiitis OthdFéo freEHehéC
di sk becones 0.5 e dibit conversion, the source bits "0" and "1" are

convert egadnia icomjuhdtien Riith "the sccbnigdnyine saoringd y, Liaswbiennlike
FIG 2B. However, in this dibit conversion, additional redundant data is

requi r egrefferemdes npmera lsoadiet nmed )tq tidentify the same or similar parts

in the several views.

heet Has Been Replaced .
bits- to “ Bﬁm{ly t he above conditions 1) and 2). Alternatively, the

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram showing a format of a conventional
magnetic disc;

FIGS. 2A through 2C are diagrams, reépectively, showing a
conventional encoding method;

FIG. 3 is a plan view illustrating an example of a
conventional servo pattern;

FIG. 4 is a timing chart showing a reproduced signal of the
servo pattern shown in FIG. 3;

FIG. 5 is a plan view illustrating a servo pattern of an
embodiment of the present inventibn;

FIG. 6 is a diagram illustrating a reproduced signal
obtained from the servo pattern shown in the embodiment of FIG.
5;

FIG. 7 is a schematic block-diagram showing an arrangement

é of a detecting circuit which detects the servo pattern of the

; embodiment;

FIG. 8 is an enlarged view of the address pattern of the

example shown in FIG. 5;

, FIG. 9 is a diagram used to explain the 2 : 3

~

conversion of the embodiment;

FI1G.

10 is a diagram showing an example of the 2 : 3
iconversioq;

; FIG. 11 is a diagram showing an example of the 2 : 4
- conversion;
FIGS.

12 and 13 are diagrams showing an encode matrix and a



| engtThisSheatkilas BennReplaraki ng t he code rate becone smaller than 0.5. In the
“freque , the source bits "0" and "1" are converted into two
channe t

d"11", respgg;ively, as shown in FIG 2C However, in,
his frequency nodul ation, the the nmagnetic flux inverted directions of the
adj acentrelpraeiifcas mammax Sefl the ©or recenversien a yreped¢oivelyin FIG 2C,
so that the condition 2) can not be satisfied. To satisfy the condition 2),
addi ti onal d&EGi sl4 eftiia cdiagyare Bhowing @bl sxaprie eha drehedt e becone
smal l er than 0.5. As described above, of the conventional nodul ation

met hods oft HOTMRSE HhRIreRTITRE BMferdfyhest code rate and the

FIG. 15 is a diagram showing an example of a method of
decoding the reproduqed matrix;

FIG. 16 is a diagram showing an example of the 4 : 6
conversion;

FIG. 17 is a flowchart to which references will be made in
éxplaining the decoding procedure of the example of FIG. 16; and

FIGS. 18A and 18B are schematic diagrams used to explain
the process for generating a narrow-range track

. position signal.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Reférrin§ to the drawings in detail and initially to FIGS. 5
to 11, a first embodiment of the present invention will be
described in detail hereinafter. In this embodiment, the present
invention is applied to a magnetic disk in which track addresses

% of 12 bits can be recorded as channel data of 18 bits by the two-

to-three (2-3) conversion system and in which 4096 tracks can be

directly accessed.

e mrERTSITTT T O

FIG. 5 shows a servo pattern of the magnetic disk according
E to this embodiment. In FIG. 5, reference numeral 1 represents a
- servo zone, and 2 a sector where ordinary data is recorded. The
: magnetic disk is divided along the circumferential direction
(direction shown by an arrow ¢ to provide a plurality of sec£ors
2 and the servo zone 1 is provided between adjacent sectors 2.

The sector 2 is divided along the radial direction (direction

shown by an arrow R) at a track pitch Tp to provide concentric

and parallel tracks.

Central axes of three tracks in the sector

|
b 2 are represented by 3A, 3B and 3C, respectively, and the track

1



laced -
- 4- g\issme Hasﬁéﬁkjacso pattern utilizing the phase nodul ati on described in

-U. S. 2,984 will be described with reference to FIGS. 3 and
4. FI

servo pattern, and as shown in FI'G—3;—manytracks

concentrically arranged in pHiallel are divided into servo tracks and data

tracks It b U CCEN LR SL1ECIACDs £ERBECALVERYoddlnbhbE,8E VO
'address. Reference numeral 9 designates a recording and/or
reproducing head whose width is Tw (Tw < Tp).
| The servo zone 1 is seguentially divided along the
circumferential direction to provide a header 4 for detecting the
servo zone 1, an index pattern IXP for discriminating the first
sector from other sectors, an address pattern 5, a fine
positioning pattern formed of four burst patterns 30 to 33
ioﬁgitudinally arranged in the circumferential direction and the
like. Assuming that Ts represent the length of bit cell in which
one bit (channel bit) of the address pattern 5 is recorded, then
8Ts represents the length of the header 4, 9Ts represents the
' length of tﬁe index pattern IXP, and 18Ts represents the length
of the address pattern 5 (see FIG. 8). The address pattern.s is
divided along the radial direction at the pitch Tp in association
with each tracks of the sector 2 and the header 4 and the index
pattern IXP are arranged to have the same pattern in the radial
' direction.
Of the burst patterns 30 to 33, the P-phase burst patterns
30 are formed along the central axes 3A, 3C,... of the odd-

numbered tracks at the width Tp; the Q-phase burst patterns 31

are formed along the central axes 3B, ... of the even-numbered

TR

. address tracks at the width Tp; and the A-phase and B-phase burst
é pattern 32 and 33 are formed by displacing the P-phase burst
pattern 30 énd the Q-phase burst patté;n 31 by Tp/2 in the
positive direction of the radial direction. That is, the
respective burst patterns 30 to 33 of the width Tp are formed
entirely along the radial direction at every track pitch Tp

:without Spacing and the burst patterns are formed along the

I circumferential direction by the magnetic flux inverted patterns.

1



en Replaced. 1 i ve servo tracks commonly at the synchroni zi ng
ane direction; magnetic flux is inverted in every other

i nverbiggh
- positi I
tracks ., at the position P3 in the sanme-directtom—ant =

magnetic flux is inverted in evdly other tracks n+l, n+3, n+5, ..., at the

DOSitiO@II 4 5B bRE SARErEhEACHLORheBR! BudEt! PALRATNS IS tR.3P%med P4 form

fine po I onFng servo data. AS shown in FIG 3, cells AL B and C are
provi degephbRbtikedppoirtionsPér maghetfict Edukehion-AavB il GAwsidne®. bitn

cells Ts having values "1" and "0" shown in FIG 2A, and by these three
cel | s AchBsaeds6,( siinceh&heebulrists patgeansc 3detoof3 3 ahid axxHhged in the
radial direction at the pitch equal to 2Tp, the phases of the
burst patterns 30, 31, 32 and 33 become 0°, 180", 90" and -~ 90°
where 2Tp represents 360°.
FIG. 6 shows an example of signals reproduced by the head 9
when the magnetic disk having the servo pattern of the example of
FIG. 5 is fotaﬁed at high speed in the circumferential direction
¢. Referring to FIG. 6, fine positioning servo signals Us, Us,
Us and Up are produced by holding amplitudes of envelopes of the
reproduced signals of the burst patterns 32 to 30 after index
signals IXS corresponding to the index pattern IXP and address
signals ADS are sequentially detected with reference to a time
~ point tO0 defined by a header signal HS which is obtained by
. reproducing the header 4. 1In FIG. 6, if the rotational speed of
the disk in its circumferential direction ¢ is constant, then the
abscissa ¢ can be regarded as time axis t.
| FIG. 7 shows a servo pattern detecting circuit of this
"~ embodiment. In FIG. 7, reference numeral 15A designates a
%synchronizing circuit which reproducés a clock pulse from the
reproduced signal supplied theré;o from the head 9 in the self-

E clock system and which supplies a reproduced clock pulse to a

header detecting circuit 15B, an address decoder 16A or the like.
:The header detecting circuit 15B gene}ates various timing pﬁlses
on the basis of the header signal HS detected from the rep;oduced
signal an@ supplies the same to the address decoder 16A or the |
like. The address decoder 16A detects the index signal IXS and

the address signal ADS on the basis of the timing pulse, and

_;deCOdes the address signal ADS according to the processing, which



111 asis Bhregices 1523 (coarse positioning servo data) are phase- nodul ated
“and r shows a reproduced signal reproduced by gradually
novi n t he servo %rack n to the servo track n+7 along the
radi al direction of the nagnefﬂ “di sk when the magnetic disk is rotated at
“high spegd14neer ddaeA%ed hiatersuais idhaiadmhobinayy cogdeck 08ddrésd, Offe . .
are made corresponding with the servo.tracks n, n+l, n+2. .... Since the
r epr oduc egatixg Raid des spricd sapplieditid arerdddtess répistegnelc fFuxthenm a
time standpoint, the reproduced signal becones a positive or negative pul se
at the nagectaddrdasK denogieed 6o suprdiias & eshopk epudse hgeproduced from

the address signal ADS to a window generating circuit 16B, and

the window generatiﬁg circuit 16B multiplies the frequency of the
clock pulse by, for example, three times to generate a data
detecting window signal.

FIG. 8 shows in an enlarged scale the header 4, the index
battern IXP and the address pattern 5 of the example of FIG. 5.
In FIG. 8, assuming that the magnetic flux inverted state
(hatched areé) at the starting portion of one bit cell Ts and the
magnetic flux non-inverted state (blank portion) thereat
respectively correspond with "1" and “0", then the pattern of the
ﬁeader 4 is represented as 1100 ..., the first sector of the
index pattern IXP is represented as 11 .. 10110 and other sectors
thereof are represented as 11 ..: 10101 and the pattern of the
address pattern 5 is represented as channel data of 18 bits. The
index pattern IXP can be utilized to synchronize bits and frames
when the addreés pattern 5 is detected.

The address pattern 5 is formed by modulating and recording
binary addresses of 12 bits. In this embodiment, as shown in
FIG. 39, the binary addresses of 12 bits are converted first into

- gray codes (All, Al0, ..., Al, AO) (source codes) of 12 bits.

Then, the gray codes of 12 bits are divided at every 2 bits and
codes of 2 bits are converted into chahnel data of 3 bits by.the
2~3 conversion system, which will be described later, thereby
generating encode addresses (B17, Bl16, ..., Bl, BO) of 18 bits.
The encode address is recorded on the corresponding area of the

address pattern 5 of the magnetic disk.

FIG. 10 shows the 2-3 conversion table. As shown in FIG.



This Sh Iz . . . . .
magnels ee}hSB“ch 3¥%d direction. A servo circuit f or processing the
repro % s supplied with the positive or negative pulse at the
timn

and generates track addresses angl- f i ne positioning data which mﬁll be .
?ﬁ:cs;lr)\ig’trgerstnm;n %I h&e%” 1 Wmd?s}?(%rq%/@%o es)g°6880 ahd %Oli‘gfeg >
det ect eq;h%% tOrO"’le0"21.@)‘”(15!}53)95’1leln‘ll:teh(inafde"‘q:ibrrespondmg with channel data
(B2, Bl, BO) of 3 bits where 2-bit source data of 4 kinds and 3-
bit channel data of 4 kinds may be combined freely. According to
this 2-3 conversion system, since the 3-bit channel data of 4
kinds constantly involve "1" (magnetic flux inverted state) of an
" odd number, the above condition 1) with respect to the run length
éan be satisfied. Also, since the magnetic flux can be prevented
" from being inverted in different direction between the adjacent
tracks, the above condition 2) with respect to the magnetic flux
inversion can be satisfied. Further, the length of the magnetic
flux non-inverted state becomes longest when the channel data 100
; and 001 are continued and the run length is 4 (channel bits).
According to this embodiment, the code rate which is the
: ratio between the bit number of the source data and the bit
" number of the channel data is 2 : 3, thét is, substantially 0.67
and the code rate is high as compared with that of the prior art.
Therefore, in this embodiment, the length of the address pattern
5 along the circumferential direction can be reduced relative to
the same address amount, whereby ordinary data of much more
amount can be recorded and error of address reproduced in the
high speed seek mode can be reduced, which can make the high
: speed seek higher in speed. If the bit number of, for example,
ithg gray codes is odd, the source data thereof may be divided
- into data of one bit and data of even-;umbered bits and only.the

idata of even-numbered bits may undergo the 2-3 conversion of this

;embodimen;.

A Further, having examined a method for decoding the

Source data (Al, A0) from the channel data (B2, Bl, B0) of FIG.

210, it is to be noted that the conversion table of FIG. 10 can

1
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det ec&mnm ﬁ o the ordinary binary codes. Further, when the
repro

t he ﬁlnIﬁUﬁldlglt of the detecthdm~code beconmes value T of "0" or "1".
Simlarl b epdat fongcat ed between the two servo
tracks, <%ﬁ%%@§ % f%e detectlon code becones the value T. The reproducing
head is finalAy 9082 tdarnah oh friveryton S68NBEred address track as .fol |l ows:
After a detection head is noved to the position at which the pul se of the

position P3 iscterdinglye the ssowfcé hdapascanobePdirecslpsobbainkly f2emo
and the

ﬁa‘bi ng head is located is specified by converting the

the values of channel data B2 and B0. Therefore, without
utilizing the fine positioning 2-phase burst patterns 30 to 33
necessarily, the head 9 can be positioned on the track having the
desired address with ease.
The Hamming distance (the number of different bits) of the
channel data of adjacent two track addresses obtained by the 2-to-
3 modulation is 2. Accordingly, if the address pattern is formed
by the combinations of the examéie of FIG. 10, when the
reproducing head scans the boundary line of adjacent two tracks
in the high speed seek mode or the like, then channel data
reproduced from the head 9 may involve two x as shown on the
right column of FIG. 10 where x represents the bit of "1" or "0".
By way of example, although 0Oxx on the upper right column of FIG.
10 represents 001, 010 or the like, it does not mean 100. That
is, it is to be understood that reproduced address may involve
error of + 1 track relative to the target address. 1In this
embodiment, by utilizing the burst patterns 30 to 33 of FIG. 5,
it is possible to specify the position of the head 9 in the
3 radial direction of the disk within the range of £ 1 track. This
| final positioning method will be described in the last stage.
The above 2-3 conversion system can be easily applied to a
2-4 conversion system shown in FIG. 11 In the example of FIG.
11, when 2-bit source data (Al, AO) of 4 kinds are 00, 01, 11 and
10, 1100,'1010, 0110 and 0101 are made corresponding with 4-bit

Channel data (B3, ..., B0O), and the source data of 4 kinds and

{ the channel data of 4 kinds may be combined freely. The

¥ conversion in FIG. 11 can satisfy both the condition 1) with

1

| ocat ed between the adjacent servo tracksmamd =



“repr noved in the direction in which the track address S

i ncr y adjust the pul ses at the positions P3 and P4 to becone
substantially the same in |evel r1bhus the reproduci ng head being positioned:

he b d I b th dj a
Fepr 0ducFRGEREd S T ef%ﬁ?ﬁa\%ﬂm&% RS A8 o o2t rmﬂé?ﬁ“@“ the
det ection head |s #\ ﬁlﬁgiléhygnggh$ Té?q f?éﬁxffﬁi %kgﬂ
P3 is suﬁgﬁ y zero e

pul'se at the position 'S |ncrease

detectloq1%p ﬂ§gﬂf¥gﬂg¥kﬁj§)é&ﬁ%éégfﬁﬁ odd- nunbered address so that

boundary Ti1nes of the servo tracks
Accordingly, if the address pattern is formed by the

T
det eéESheetHas?ﬁe“R‘m‘Eegsponds with the target even-numbered address, the

combinations of the example of FIG. 11, when the reproducing head
scans the boundary line of adjacent two tracks in the high speed
seek mode, then channel data reproduced from the head 9 may |
involve two x as shown on the right column of FIG. 11 where x
fepresents the bit of "1" or "0". In this case, however; 1xx0,
for example, on the upper right of FIG. 11 may be modified by
changing the combinations such that x exists on the bits Bl and
BO.

A second embodiment of the present invention will be

explained hereinafter with reference to FIGS. 12 to 17. 1In

this embodiment, the above method of the first embodiment is
expanded such that the gray code (source code) of m bits is
converted into the channel code of n bits.

- Since there are generally m-bit gray codes of 2* number, the
encode matrix of m-n conversion can be represented by a matrix of
2* rows x n columns wherein each element thereof is 0 or 1 as
shown in FIG. 12. Further, judging from the examples of FIGS. 10
and 11, it is to be understood that, when the head cans the
boundary line of the adjacent two tracks in the embodiment of
FIG. 12, then channel data reproduced- is expressed by a
} reproducing matrix of (2= - 1) rows x.; columns shown in FIG. 13.

Each element of this reproducing matrix is 0, 1 or x, and x

represents an indefinite value of 0 or 1. If the encode matrix
is determined, then the reproducing matrix will be uniquely
determined accordingly. Conversely, the encode matrix will be

uniquely determined from the reproducing matrix.

1



_corrg?sgwt}ms enRelc“l lines of data tracks d, d+1, d+2, - 6-
respejﬂ he phase nodul ation is carried out as described above,
the c s 0.5 and thus thggtrack address can be recorded nost
efficiently. It |s, nor eover, advantageous that ordinary data can be
recorded nuclFoon FIGES .t I racbrld:ddpragentding lgpernexak fokmessf othéhencode
magnetic disk is reduced by nmaking the
matrix and the reproducing matrix, the following features of the
reproducing matrix will be judged.
1. Each row of the reproduced matrix includes two xs, that is,
6§ the Hamming distance of each code from the adjacent codes is 2.
Further, only one "0" can be inserted between these two xs. The
reason for this is that, when these two xs are separated by "1",
there is then the risk that the magnetic flux may be inverted at
the position "1" in the opposite direction under the condition
¢ that the first magnetization direction is the same (see FIG. 8).
2. In each column of the reproducing matrix, the element value
alternately changes from "1" to "0" and vice versa when the
element x appears. In other words, even number of xs exist

between two "1"s (or "0"s) on a certain column, and an odd number

of xs exists between "1" and "0" on the column;

[

3. In the reproducing matrix, a value of k‘th bit of r’th row is
%determined to be *1" or "0", and if this value is different from
1a value of k’th bit of rxrd’th row, a code of the r‘th row or (r +
il)'th row can be identified from this bit and a code of the xd’th
irow or the (xrd + 1)’th row. In other words, any pair of row
iexcept for adjacent two rows differ in bits of one column
%thereof. However, there is not such bits between adjacent two
;rows. This is because, between tﬁese two rows, there must be at

{Fast one other row having a value x:as the bit of the one row

~

thereof.

These features are necessary conditions, but if such a

Fondition, is added to the necessary conditions that any one of

fodes includes "1", it will be easily ascertained that the
fonditions including the necessary conditions and the additive

ondition become sufficient conditions. Further, from these




code ThatsaecbBs®een Rebloagdé t 0 1 as nmuch as possible. Further, in the high speed

seek | e, the reproducing head obliquely scans the coarse
posi ti a areas in Eh . 4 so that, address can be reproduced
with s er error 1f the track address is conpressed nore in recording

To0e. of CESRELALY. sBY1ENGRARRERGONENERIRNETLBLR0AUA Y HEILAUIMIRE Hiehdd'®
Aodes St *i'sTp b

recordin , It ossible to reduce a tine to seek a track having a

desired ?ﬂéreaeod@BﬂlgeﬁxAuapsuwBBﬁnsﬁ_ Fiobml MYENECRU oGy &gy & i4 ¢S an
obj ect of the present invention to provide an inproved track address
pattern for as¢epkanenmwy xs are disposed in each row, and, between two
pits except for x respectively existing on a row of any two rows
not being adjacent to each other, an odd number of rows having a
value x on the row are disposed between any two rows. In this
case, the bit of one of any two rows becomes "0" and that of the
other row becomes "1" and so these two rows can be discriminated
from each other. Further, only "0" may be inserted between the
[ two xs on the row.
; Step B. The first row of the encode matrix is determined.
| By setting an odd number of "1"s in any one of codes, the number
of "1" also becomes an odd number in each of remaining codes, so
that the condition 1) relating to the run-length can be

satisfied.

Step C. Any bit on the second row of the encode matrix will
be equal to the corresponding bit of the first row thereof if the
corresponding bit on the first row of the reproducing matrix is
i not x. On the other hand, if the corresponding bit on the first

row of the reproducing matrix is x, the bit on the second row of

!the encode matrix will be inverted. The entire encode matrix is
icompleted by repeating these processes.

Let us consider a value of n which satisfies the above-
described conditions with respect to-‘a given m when m - n
_ N .
_conversion is carried out. Further, investigation will be made
éabout a systematic method for obtaining a value x in the
.reproducipg matrix.

A method of forming the reproducing matrix will be explained

%With reference to FIG. 14. As shown in FIG. 14, a reproducing

‘matrix 40 of 3 rows x 4 columns for an encode matrix of the two-



appal t lasefle af or enot ed shortcomings and di sadvant ages
'encou‘h F | IE prior art can be elimnated. Mre specifically, it is
an obj sent inventiaqn to provide a track address pattern for a
di sk menory apparatus in which track address can be recorded at a code rate
hi gher gbagotkamoahlakdophdsepregaredi 88 showanwishia fa gnayadoxt({afossre
present-invention, a track address pattern for a magnetic di sk apparatus,

wher ei nhatghesl boetd -of Spmilarlyita repredpsrdungataix thla@f HdAYs %4 t he
magnetic di sk apparatus is divided per_ 2 bits thereof | éé) grogfs, t he
r espect coduBRSUES Brepageds apd EBFVQP}¥d°Pﬁt5°@bdééqu fiqtyeen these

two reproducing matrices but also columns 42 and 43 are added to

most significant bits (MSBs) of these matrices respectively,
thereby forming a reproducing matrix 44 by combining these two
reproducing matrices 40 and 41. The two most significant bits
(MSBs) of the inserted row is “xx".

The inserted most significant bits separate the upper half
i from.the lower half of the combined_reproducing matrix 44 and so
i any row of the upper half can be discriminated from the row of
i the lower half. (Values of the column 42 shown by the cross-

hatched box differ from values of the column 43 shown by a

Y1

hatched box). The values of the bits 0 and 1 of the inserted row
‘ are inverted values of the corresponding bits of the central rows
éof the combined upper and lower reproducing matrices,
Erespectively. It is clear that the bit 2 of the central row
é(shown by a mark A) is different from the first row of the upper
Ereproducing ﬁatrix and the last row of the lower reproducing
gmatrix.

¥ By the above-described processes, the reproducing matrix 44
of 7 rows x 5 columns corresponding to the table of a three-to-
?ive conversion is introduced. Another reproducing matrix 45 of
7 rows x 5 columns is formed in the same manner, and one row is

%nserted between these reproducing matrices 44 and 45 and further

3 .
tows 46 and 47 are added to the most significant bits of these

eproducing matrices 44 and 45 respectively, thereby forming a
Producing matrix of 15 rows x 6 columns. This reproducing
trix corresponds to a four-to-six conversion, that is, the case

i converting the source code of 4 bits into the channel code of



is Sheet Has Been Replaced )
(001), (Old?} ) dependi ng on the val ue thereof, whereby the
converted cog “ d on the magnetic disk as -7- the track
addr ess patt

; ! cond aspect of the present invention,a track
address pattern for a magnetic disk@-apparatus, wherein a gray code of  m

bits (ngibita.i nteger not less than 2) corresponding to a track address of
t he magnetic di sk apparatus |s divided into_a, code (X
The decoding method will be explained hereinafrer with

reference to FIG. 15. When the. head crosses a boundary region of

adjacent two tracks, adjacent two bits can not be identified

accurately. The decoded track address may be any one address of

. these two tracks. If one of these two bits corresponds to an

. address of one of these tracks and the other bit corresponds to
i an address of the other track, then the decoded address valués

! becomes erroneous and so it is required to detect the erroneous
state.

To this end, at first, the number of "1* is fixed to an odd

number or an even number, and so the generation of the erroneous

state can be detected by counting the number of "l1". Next, when

the occurrence of the error is detected, the'error will be two

least significant bits (LSBs). These two bits take different

values at every two tracks, so that it is possible to determine

- whether or not error exists in these two bits by counting

zthe number of "1" in these two bits. If the error is detected

:in these two bits, then any one of these two bits is inverted.
E Further, it is considered that there is a case where an

-erroxr exists in the bit 2 or the ‘bit 3. This is a case where an
‘error occurs at rows 2, 6, 10 and 14 as shown in FIG. 15. The

bits 0 and 1 within cross-hatched box of each of these rows take
'thé same value but take different values from the values of other
rows. If the bits 0 ahd 1 take these_;alues, then the error.
insts.at the bit 2 or 3. Further, if the decoded three least
significant bits (LSBs) take values within a hatched box, then

he error exists at the bit 4 or 5. By repeating these

irocesses, not only the error position can be determined but also

me error can be corrected.
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of one guum“lﬁwmmemz Gnl, ..., &) of (m- 1) bits, and the code of

o0 codes (Cl1, C10) of 2 bits accordlng to arule A
and the codes of (m- 1) bits are cgieerted into codes (C2m1, Cm 2,

C21, 0 f b d | eb

coﬁveﬁtzeél ?rogﬂ ;é‘s"gliéfﬁoé?fhg?%%‘&ﬁalf;#sae? Brﬁ‘bc% c;&%t:&f?%qg\%eg ’P¥ fhe
d th . the t dd tt th

ecor e 90 e EALE ol 5l A K OO PR LB, LB

t d d

o xSl rL ORI ) A o ok 1o 505 R bspond

to QO
or j}- éguﬂégrdaéélJf”l]bﬂtstfﬁi§fd@ode) (A3, A2, Al, A0) are converted

jnto channel data of 6 bits (B5,..., B0). Further, a procedure

of decoding the original source data of 4 bits from the channel
data of 6 bits reproduced by the head will be explained with
reference to.a flowchart of FIG. 17. 1In FIG. 17, an operatox‘()
fepresents the exclusive-OR operation, and the case that the
number of “l;s is hot.an even number represents a state where an
exrror of one bit is mixed into the reproduced data because the
head crosses a boundary region of adjacent two tracks. Now, both
the bit 0 (B0) and the bi; 2 (B2) are not used for the decoding

- of the source data, so that steps of inversion of these bits 0
and 2 can be eliminated and further the decoding operation can be
.'performed by‘using-a read only memory (ROM) for the conversion.
Even if one bit error mixed into the reproduced data exists
t in any bit of the LSB or MSB of the channel data, then the
maximum value of the error at the final binary data becomes one
;least significant bit (1LSB) because the original source code is
the gray code.

The four-to-six modulation of FIG. 16 can be considered as a
t product code of the one-to-two conversion based on a rule a and

. the three-to-four conversion based on-a rule b.

More specifically, assuming that Ehe source data is divided
into a code A0 of one bit and a code (A3, A2, Al) of three bits

and the channel data is divided into a code (C10, Cll) of two

bits and a code (C23,..., C20) of four bits, these rules a and b
an be represented as follows where the operator(:)represents the

xclusive-OR operation.



C2m 17hissh sBeenReplacedy m - 2) [err] 1, respectively. In accordance with a
third H ﬁw present invention, a track address pattern for a
" magnet tus, wherein a gray code of plural bits corresponding

to a track address of the nagneti-@idi sk is divided into two sets, a‘'code of
one of thﬁ iivided two sets is converted into a code according to a

conver siroff*r-&l & fecited in claim1, a code of the other set is converted
into a code ordi to rnule Brecited in claim2, and the two codes
obt ai ned by Fﬁgse ?g%verggggglare conbi ned to thereby be recorded on the
magnetic diskgias=t pg t =A@y address '

- Rule b -
C20 = B2 = a1 @1
C21 = B3 = A1 ® A2

C22 = B4 = A2 @ A3

C23 = B5 = A3

If these rules are generalized, a channel data of (m + 2)

% bits can be obtained easily from a source code of m bits (m is an
| integer not less than 2), by dividing the source code (gray code)

. of m bits into a code Gx of one bit and a code (Gm-2, Gm-1,

.."

' G0) of (m - 1) bits, and by not only converting the code of one

bit into a code (Cll, Cl10) of two bits according to a Rule A but
also converting the code of (m - 1) bits into a code (C2m-1, C2m-

.2, «.sy C21, C20) of m bits. These rules are as follow.

. - Rule A -
| Cl0 = GQ: Gx @1
Cll = Gx Gx @1
- Rule B -
' C20 = GO G0 @1
C21 = GO @ G1 GO®DGE1L®1
| C22 = Gl ®G2 - Gl®e2@ 1
3 . . i
C2m-2 = Gm-3 @ Gm-2 Gm-3 @en-2 @ 1
C2m-1 = Gm-2 Gm-2 @ 1
In

these rules A and B, two equations shown on the right and
© left sides are respectively allotted to each bit of the codes Cli

and C2j, but any code composed of any combination of the

1



patteT ema?M ot her objects, features, and advantages of the
- present lll m becone apparent fromthe foll ow ng detail ed
descri ratlve odi nents thereof to be read in conjunction
with the acconpanylng dramnnggg in which |like reference nunerals are used

to §den ge B8h &hEl k2ghRahhd hefith@igesedly HeeWsedRl EF
%%{F’E’P shBUR Gh the' %% Y N

gowever, at least in the rule A or B, it if required to use odd

number of equations on the right hand in order to perform the
self clock. This requirement corresponds to a fact that
‘conditions for performing the self clock can be satisfied even if
any codes are used as long as odd number of "1" is included in
the first code.

In case of converting a source code of m bits into a channel
data of (m + 2) bits, a code rate becomes m/(m + 2), while this
code rate is more thah 0.5 and gradually approaches to 1 as the
value m is increased.

Further, by using a product code of the encode codes
obtained by the two-to-three conversion explained with reference
to FIG. 10 and the encode codes obtained by the abové—described
rule B, it is generally possible to convert the gray code of (2n
+ m) bits into the channel code of (3n + m + 1) bits satisfying
£he necessary conditions. In this case, assuming that minimum
values of n and m are 1 and 1, respectively, then the code rate
beccnmes (2n + m)/(3n + m + 1). That is, the code rate gradually
approaches to 1 as it increases more than about 3/5 and the value
m becomés larger.

An example of method of using the servo patterns 30 - 33
shown in FIG. 5 will be explained with reference to FIGS. 18A and

18B. In this case, the servo signals-Us, Us, Us, Up of the servo

Patterns 32, 33, 31, 30 are respectiveif obtained (refer to FIG.
6) by sampling and holding an amplitude of an envelope of signals
which are reproduced by the magnetic head tracing the servo
Patterns on the magnetic disk rotated in the direction ¢ as shown
in F1G. 18a.

Next, two-phase narrow-range track position signals Uy and

1



FIG 1 Thsahe ?"Rﬁ m%ﬁng a format of a conventional magnetic disc; FIGS.
“2A throu \ ans, respectively, show ng a conventional encoding
met hod,; n viem/ilt%é%rating an exanpl e of a conventional
servp pattern; FIG 4 is atimng art showi ng a reproduced signal of the
'seer patdee nosbasned nok| the3bafis of theafplinowingweghhtdonst byy using vo

pattiern of an enbodi nent of the present invention, FIG 6 is a_diagram
i || ust aavabaeakr épr BEITRY Whigh| is a ratio between a head width T™w and

.~ a track pitch Tp.
Uc =k (Us - Ug)/(Ua + Ug)
U =k (Ug - Up)/(Ua + Up)
These position signals Ux and Uy change periodically with a
: period 2Tp (= 360°) as a function of position of the head 9 in
the radial direction R in such a state that the phases of these
- éosition signals different from each other by 90° as shown in
? FIG. 18B. The position of the head in the radial direction is
divided into regions RAl, RA2, RA3 and RA4, the region RA2 being
a region in the vicinity of a central axis of a track with an
address of an even number and Uy > 0, RA4 a region in the
vicinity of a central axis of a track with an address of an odd
number and Uy < 0, RAl a region between central axes of adjacent
i tracks and Ux < 0, and RA3 a region between central axes of
: adjacent tracks and Ux > 0. In this case, the position signal Uy
changes lineally in the regions RAl and RA3 and also fhe position
signal Ux changes lineally in the regions RA2 and RA4. Thus, if
the head 9 is positioned coarsely within a deviation of & 1 track
width with respect to a track of 'a desired address, the head 9
can be finally positioned to the track by using the narrow-range
track position signal in all ranges in the radial direction R.
According to the present invention, since the code rate of a
track address (amount of original data}amount of data on the.
magnetic disk) can be increased, normal data can be recorded much
Tore by decreasing a ratio of address patterns and also the seek
Speed at the high-speed seek mode can be increased.
Having described the preferred embodiments of the invention

with reference to the accompanying drawings, it is to be

1



i ned fromthe servo pattern shown in the enbodinent of FIG 5; FIG 7
schemati ¢ bl ock di agram showi ng an arrangenent of a detecting circuit’
detects the servo pattern of the enbodinent; FIG 8 is an enlarged

of the address pattern of the exanple shown in FIG 5; FIG 9 is a
ahyse8tbed e¥pati théhenentofiofse noitol] infi tiede tervhdisee piredilde 10 is

i gram showi ng an exanple of the 2 : 3 conversion

. embodiments and that various changes and modifications therecoi
could be effected by one skilled ‘in the art without departing
from the spirit or scope of the novel concepts of the invention

as defined in the appended claims.
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FI G 1Imssmﬁud$agma I£8PW ng an exanple of the 2 : 4 conversion; FIGS 12

“and 13 omﬁng an encode matrix and a -9- reproduced matrix
n, respectively; FIG 14 is a diagram show ng an

exa Ie o formiggd he reproduced matrix; FIG 15 is a diagram
ng an exanple of a TehBOdrRlM AS OUR INVENTION [

1. A track address pattern for a mugnatlc disk apparatus,

//’

wherein a gray code of a plurality of bits corresponding to a track
address of the magnetic disk apparatus is divided per 2 bits
thereof into groups, the respective groups of 2 bits are
converted into codes of 3 bits (001), (010), (100) or (111)
.depending on the value thereof, whereby the converted codes are
recorded on the magnetic disk
2. A track address pattern for a magnetic disk apparatus,
wherein a gray code of m bits (m is an integer not less than 2).
corresponding to a track address of the magnetic disk apparatus
is divided into a code Gx of one bit and codes (Gm-2, Gm-1, ... ,
G0) of (m - 1) bits, and

the code of 1 bit is convérted into codes (Cll, C10) of 2
bits according to a rule A and the codes of (m - 1) bits are
convefted into codes (C2m-1, C2m-2, ..., C21, C20) of m bits
according to a Lule_B, whereby a code which is converted from the
gray code of-m bits into a code of (m + 2) bits is recorded on
the magnetic disk .

the rule A making the code Cl1j (j = 0, 1) correspond to Gx
or Gx @ 1 (P means an exclusive-OR operation), and the rule B
making the code C20 correspond to GO or GO @ 1, the code C2j (j =
l,..., m - 2) to G(j - 1) @GJ or G(j - 1) ®G6j ® 1, and the code
C2m-1 fo G(m - 2) or G(m - 2)(314 respectively.
3. A track address pattern for a magﬁetic disk apparatus,

wherein a gray code of a plurality of bits corresponding to a

‘track address of the magnetic disk .
a code of one of the divided two sets is converted into a
code according to the conversion rule A recited in claim 2, -

a code of the other set is converted into a code according

O R A 1



decodi ng the reproduced matrix; FIG 16 is a diagramshow ng an exanpl e of
the 4 : 6 conversion; FIG 17 is a flowhart to which references will be
made fn expl ai ni ng t he decodi ng gﬁgcedure of the exanple of FIG 16; and

FI GS.} 18A and 18B are schematic grans. used to explain the process for
gener tkggtgeng{;nev\arﬁagﬂtéﬁaih RQalitd @) @r@nal . DETAI LED DESCRI PTI ON OF
THE ERRED EMBODI MENTS Referring to the drawings in detail and initially
to FIES. 5 tthéltwa €odes obitadnednbyofthidse mmﬁsﬂdnserﬁn@rtdmﬁinét? to

thereby be recorded on the magnetic disk

pattern .

This Sheet Has Been Replaced
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described in detail hereinafter. In this enbodinent, the present invention
is applied to a magnetic disk in which track addresses of 12 bits can be

—as—channel dat Ot e Qa2 e B @ inezse.

systenf and i n which 4096 tracks EéhhbéééLréétly accessed. FIG 5 shows a -
servo pattern of the magnetic disk according to this enbodinent. In FIG 5,
refer

nce numeral 1 represe®BSTRAGE \QF /AR DESCLOSUREect or where ordinary

data ip recorded. The magnetic djsk is_divided alqg%$the gircgnfergntial _
directfon (di rie ipFeSSnviNKenion reRlates |82 & ptEiFH ST ET aPREY “5R -

sectorp 2 and I SSL e A g Sef" £ £50h PR VEE N 20k 255PL - 286 LR 1B
positions a head to a track with a desired address by a sector
servo system, for gxample, wherein a gray code of a plurality of
pits corresponding to a track address of the magnetic disk
apparatus is divided per 2 bits thereof into groups, the
respective groups of 2 bits are converted into codes of 3 bits
(001), (010), (100) and (111) depending on the values thereof,
respectively, whereby the converted codes are recorded on the
magnetic disk

-~

obtained by extending the gray code with a ratio of 2 : 3 is
recorded on the magnetic disk by satisfying such a condition that
a run-length is a finite numbér and so on, so that a code rate
(an amount of original data/an amount of data on the magnetic
disk) is increased with decreasing a ratio of an address pattern
to thereby increase an amount of normal data to be recorded and
also iﬁcrease a speed of the seek operation at a high-speed seek
operation. Further, the present invention intends to attain the
r similar effects by a manner that a code of 1 bit is converted
into codes (Cll, C10) of 2 bits according to a predetermined rule

and codes of (m - 1) bits are converted into codes (C2m-1, C2m-2,

«.., €21, €20) of m bits according to a predetermined rule,

whereby a code which is converted from the gray code of m bits
into a code of (m + 2) bits is recorded on the magnetic disk
the track address pattern. Furthermore, the present invention

intends to attain the similar effects by combining the above-

described 2 : 3 conversion and the (m - 1) : m conversion.
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ector 2 is divided along the radial direction (direction shown by an .
R) at a track pitch Tp to proviggﬁ goncentric and parallel tracks. é/

ral axes of three tracks in the Ay 1)

rrespectively, and the track address of the central axis 3A is take

n odd- nunber ed address. Reference nunmeral 9 designates a recording

2 are represented by 3A, 3B an

andgor reproduci ng head whose width is Tw (Tw < Tp). The servo zone 1 is
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MD



,;%nferential
.1, an index pattern | XP for discr

an address pattern 5, a fine

repre
The address pattern

direction to provide a header 4 for detecting the servo

Yting the first sector from other
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' ns 30 to 33, the P-phase bur

adial direction. That is, the

E®-ach tracks of the sector 2 and the header 4 and the index pattern | XP
g ranged to have the sane pattgiT in the radial

direction. O the burst

terns 30 are formed al ong the
fal . axes 3A, 3C,... of the odd- nunbered tracks at the width Tp; the
hse burst patterns 31 are forned along the central axes 3B, ... of the
nunber ed address tracks at the wdth Tp; and the A-phase and B-phase
pattern 32 and 33 are forned by displacing the P-phase burst pattern
d the Q phase burst pattern 31 by- Tp/2 in the positive direction of
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spective burst patterns 30 to 33 of the width Tp are forned entirely
@ong the radial direction at every track pitch Tp without spacing and the

b@r st patterns are formed al ong t circunferential direction by the

Whe regions encitcled by these burst
portions or magnetic flux non-inverted
since the burst patterns 30 to 33 are arranged in

ghetic flux inverted patterns!
pRtterns 30 to 33 are demagnetiz
In this case,
direction at the pitch equal

pgrtions.
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patterns 30, 31, 32 and 33 becone O[err], 180[err], 90[err] and -

r] where 2Tp represents 360[err] . FIG 6 shows an exanple of signals
duced by the head 9 when the nm ¢yﬂp di sk having the servo pattern of
xanple of FIG 5 is rotated at high speed in the circunferenti al

tion [err]. Referring to FIG 6, fine positioning servo signals

], Uerr], U.err] and Up are produced by hol ding anplitudes of

opes of thi:gib duc signals of the burst patterns 32 to 30 after
signals I XS Corfespdbriding to the index pattern | XP and address

gl s ADS are sequentially detected with reference to a time point tO

i Jed by a l@@ader signal HS which is obtained by
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e header 4. In FIG I f, the rotatlonal speed of the disk in
erential direction [errﬁ(d‘éonstant then the abscissa [err]

be regarded as tine axis t. FIG 7 shows a servo pattern detecting

cuit of this enbodinent. In FIG 7, reference nuneral 15A designates a
chroni zing circuit which reproduces a clock pulse fromthe reproduced
nal supplied thereto fromthe he lgg‘?hgt el f- clock system and which
plies a reproduced clock pul se t der /detecting circuit 15B, an
ress decoder 16A or the like. The header detecting circuit 15B generates

lous timng pul ses on the basis of the header signal HS detected from
r epr oduced
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1 he!address signal ADS to a w ndoqur ating circuit 16B, and the w ndow
generating circuit 16B nultiplies requency of the clock pulse by, for
exaa'gl e, three times to generate a data detecting w ndow signal. FIG 8
sho in an enl arged scale the header 4, the index pattern | XP and the
address pattern 5 of the exanple of FIG 5. In FIG 8, assum ng that the
magnetic flux inverted st tched area) at the starting portion of one
bit .cell Ts and the nmagne @ -| nverted state (blank portion)
thereat respectively correspon 1 and "0", then the pattern of the

header 4 is represented as 1100 ..., the first sector of the
sl ERERRERRERE
ABINARY : !
ADDRESS R R N A O AR A A
Af
Al | ( (AO
/=2 BITS } T T ; T i
GRAT CODE i HEEEEEE R
¢ SeoRCE DATA) S I I I O
/// / / / Y
/8BTS N T N O
EnecopE Avoress | | N I b L] : :
_SHANNEL DATA) I 1l 11 ! J } 1 1

FIG. 10

SOURCE | CHANNEL REDRPDICED
DATA “DATA . DATA

At AO|B2 Bi BO| B2 BI BO
o olo o 1

>0 X X
>x X 0
>1 1 X

Ko o s mns s



esented as channel

ry addresses of

hi s enbodi nent,
ifary addresses of 7n£Lonverted first
AO (source codes) ‘o 2 bits. Then,

) AI )

X pattern | XP is represented as
tfepresented as 11 ...

10101 and

Jiw,

data of 18 bits.

10110 and ot her sectors thereof
pattern of the address pattern 5 is

_ The index pattern | XP can be
-ized to synchronize bits and frames when the address pattern 5 is

cted. The address pattern 5 is formed by nodul ati ng and recording
as showmn in FIG 9,
into gray codes (A,

the gray codes of 12 bits are
‘M ded at every 2 bits and codes of 2 bits are converted into channel
43 bits by the

t he
A10,

dat a

SOURCE CMHANNEL REPRODUICED
DATA DATA DATA
A{ AO|B3 B2 Bi BO| B3 B2 Bf BO
o ol1 1 o o S
- 1 X X 0

o 1114 o {1 o

>r X 1 0
i 110 1 1 o©

>0 1 xr X
{1 olo 41 0O 1




2- 3.
" enc:

onversion system which will be described later, -thereby generating
e addresses (Bl17, Bl6, ..., Bl,'fg)éﬁfé 18 bits. The encode address is
recoded on the correspondi ng area of I‘ ddress pattern 5 of the magnetic
~diskfl FIG 10 shows the 2-3 conversion table. As shown in FIG -13- 10,
whengt he source data:(Al, AO of 2 bits are 00, 01, 11, 10, then 001, 010,
100, 3111 are made corresponding with channel data
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1, BO of 3 bits where 2-bit source data of 4 kinds and 3- bit

| data of 4 kinds nay be conbined freely. According to this 2-3

sion system since the 3-bit cha W{ ta of 4 kinds constantly

e "1" (magnetic flux inverted stdate) of an odd nunber, the above

ion 1) with respect to the run I ength can be satisfied. Al so, since
mgnetic flux can be prevented frombeing inverted in different

% ion between the adjacent tracks, the above condition 2) with respect
to the magnetic fl ux inversion can be satisfied. Further, the Iength of the

magnetic flux non-invert ecomnmes Iongest when th data 100
and 001 are continued a / run gth I's 4 (channel 7é

54 3 2 4 O CowMN(BIT) 5 4 3 2 { O cowmneam

A »oo
X X ﬁV“O i X X
SxXem 2 X X[
gAY & 3 %
X A 4 XX R
ARG+ 5 X X
2828 6 X X B
: L—, 2
4 -B 8 X X
e SO X X
Hbexda T | R o X X
X3 f 1 X X
, 12 XX AR
X 13 X X
14 X X
7S 5 X X




Ac!ording to this enbodinent, the code rate which is the ratio between the
"bi tt nunber of the source data and the Rgt Qunber of the channel data is 2
3, that is, substantially 0.67 and tHg 6ﬁe rate is high as conpared with
that~of the prior art. Therefore, in this enbodinent, the I ength of the
address pattern 5 along the circunferential direction can be reduced
relative to the sane address anobunt, whereby ordinary data of nmuch nore
anount can be recorded and (o) a s reproduced in the high speed
seek node can be reduced, wal ct/@.nﬁ@?he hi gh speed seek higher in
speed. If the bit nunmber of, for exanple, the gray codes is odd, the source
data thereof may be divided

%?ﬂuvirg CHANNEL DATA

A3 AO|BS BO
o 0 oloj]o 0 O {|O ¢
o oolilooo 1|10
o0 i{41{0o 0 1 o1 0
O 0 1|0l0 O 1 O]O ¢
o1 1|olo 1 0 0|0 1
oi{ t|lilo 1 o o1 O
o4{ oflilo 4 1 1|1 0
o1t ololo 1 1 1|0 1
{ 1 ololt o 1 1|0 1
{ 4 ol1|l1 0o 1 1]t O
i 1 1711t o ooOl|1 O
i {1 1lo|1 0 0 OO 1
{ 0 1{o|lt t 1 olO f
i 0o 1l1l1 1 1 0olt o
1 0o ofi]1t 1 0 1|1 0
{ 0 olo|1 1 O 1|0 1

ﬂ%i@ﬁm&v«.’ﬁ'bm-u. e e



#her, having examined a nethod for Q'di ng the Source data (A, AO
~fromthe channel data (B2, Bl, BO of’l ?& 10, it is to be noted that the
conversion table of FIG 10 can- -14- derive the follow ng two equations:

FIG. 17

\r-ES

LSBs 0] eR NO

/0 ?

INDER—T Brr O

NO

NpeRT BIT2

THHREE
Ls8s [0/ 7

NO

. -
<

/uifz:-zzT BIT 3

INVERT BIT &

A

A3=B8BS8
A2 =84+ DB
Al=] &) 83

Ao = B




Al = A2 and AO = inversion of BO Accordingly, the source data can be

“directly obtained fromthe values of channel data B2 and BO. Therefore,

wi t hout -utilizing the fine p03|t|on|ngqg ase burst patterns 30 to 33

_ necessarily, the head 9 can be positioned on the track having the desired
address with ease. The Hanm ng di stance (the nunber of different bits) of

t he channel data of adjacent two track addresses obtained by the 2-to- 3

nodul ation is 2. Accordingly, if the address pattern is fornmed by the

conbi nati ons of the exanple of FIG 10, when the reproduci ng head scans the

boundary IVEE/D ?j72§?t wo tracks
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in the high speed seek node or the like, then ch&hnel data reproduced from
the head 9 nay involve two x as shown on the rigHE colum of FlIGs 10 wher=
X represents the bit of "1" or "0". By way of exahple, although %xx on t hs
upper right colum of FIG 10 represen{s 001, 019 or the like, i# does nol
mean 100. That is, it is to be understood that reproduced address may '
involve error of 1 track relative to the target addre?s I n thi g4

enbodi nent, b r 0 33.0of FIG 5, it is .
possible to sxetgs#‘l aé#}gs (?qg%&gnf%%fpﬁén%ﬁ %8*@‘ t"ﬁpﬂ TREYS adi al direction of
the di sk W|th|n the range oBAERGRQUND. OF WEE; INVENTION

be descri gedihNok Nend AfitvetltddR

The present invention generélly relates to track address

sitioning nethod wll

patterns and, more particularly, is directed to a track address
pattern for use with a disk memory apparatus which pbsitions a

head on a track having a target address accoxding, for example,

to the sector servo systen.

Description of the Prior Art

As shown in FIG. 1, a magnetic disk MD used as a record
medium by the magnetic disk apparatus, such as a so-called hard
disk apparatus, a floppy disk apparatus and so on is divided
along the radial direction (direction shown by an arrow R in FIG.
1) thereocf to provide a plurality of tracks TR1, TR2,..., TRN
Also, the magnetic disk MD is divided along the circumferential
direction (direction .shown by an arrow ¢) thereof to provide a
plurality of sectors 2A, 2B, ..., whereby the recording or
reproducing region can be specified by the track number (track
address) and the sector number.

As a control method for positioning a recording/reproducing
head on the magnetic disk along its radial direction so that the
recording/reproducing head is maintained on the central axis of a
track having a predetermined track address, a so-called sector
sexvo system is known, in which normal data and positioning servo

data are recorded on the recording sirface of the magnetic disk
in a time division fashion.
FIG.

More specifically, in the example of

1, areas between the sectors 2A, 2B, ... are utilized as

servo zones 1A, 1B, 1C, ... and a track address for coarse
positioning, a burst pattern for fine poéitioning or the like are
recorded on these servo zones 1A, 1B, 1C, ..., respectively.

A gray code is freguently utilized as the track address

This i3 the replacement sheet
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The above 2-3 conversion systemcan be easily applied to a 2-4 conversion

systemshown in FIG 11. In the exanple of FIG 11, when 2-bit source data
(Al, AO of 4 kinds are 00, 01, 11 and 10, 1100, 1010, 0110 and 0101 are
made corresponding with 4-bit channel data (B3, ., B0), and the source

data of 4 kinds and the channel data ofé7% ki nds ﬁéy be combined freely. The
conver si'osedauskl Gnlt loreapisatpsaii foxent Ha addarenbncadesyofhthe gusy

code so that, even when the head scans two tracks at & time, a

value reproduced by the head can indicate the address of any of

the two tracks. Further, even when the head scans three tracks

at a time in the high speed seek mode, a value reproduced by the

head indicates the address of the track distant by two tracks at

best from the center track. When the gray code is utilized as

the track address of the magnetic disk, a code (source bit) must
pe converted into a channel bit by the modulation so as to

1 satisfy the following two conditions.

Cbndition 1) When, for example, the magnetic flux inverted

state is made corresponding with the high *"1" level and the

magnetic flux non-inverted state is made corresponding with the
low "0" level in oxder to enable so-called self-clock to be made
to form a clock from the reproduced data, the number (run length)
of consecntiQe *0O"s must be set to be less than a predetermined

value in order to limit the recording length of the magnetic flux
non-inverted state; and

Condition 2) When the magnetic flux is inverted in the

adjacent tracks at the same positibn along the circumferential

direction, the magnetic flux must be inverted in the same
direction in order to avoid the interference of magnetic flux

and also to accurately detect the change of magnetic flux when
the head scans these tracks.

As a modulation method for satisf&ing these conditions 1)

and 2), a phase modulation (PM), a dibit conversion and a

frequency'modulation (FM) are known. In the phase modulation, eas
shown in FIG. 2A, low "0" level and high *1" level of the source
bits are converted into two channel bits "01" and "10",
respectively. In this case, ﬁhe channel bit "0" corresponds to

This is the replacement sheet
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respect to the run length and the condition 2) with respect to the magnetic
flux inversion but this conversion in different fromthe conventional 1-2
conversion. Accordingly, if the address pattern is forned by the

conbi nati ons of the exanple of FIG 11, when the reproducing head scans the
boundary line of adjacent two tracks it he hi gh speed seek node, then
channel data reproduced fromthe head 9 nay involve two x as shown on the
right colum of FIG 11 where x represents the bit of "1" or "0". In this

case, however, |xxO for exanple, on the upper right of FIG 11 may be
modi fi edeRy sivhgtt Bie congnetdti 6hex strereniehPitx cekdl sTs @ thiee bits Bl and

recording track is not inverted while the channel bit "1°

corresponds to the state the the magnetic flux in one bit cell T4

on the recording track is inverted. Thus, two bit cells Ts

constitute one cell on the recording track corresponding to one

bit.of the source code. Accordingly, the Hamming distance, whicl

represents the number of different bits between address data
recorded on the adjacent tracks, constantly becomes two channel
pits to thereby satisfy the above conditions 1) and 2).
Alternatively, the source bits *0" and "1" may be rendered to.

In
this phase modulation, a code rate which is a ratio between the

correspond to two channel bits *10* and *01", respectively.

number of source bits and the number of channel bits, that is, a
ratio of 6rigina1 déta amount to data amount on the magnetic disk
becomes 0.5.

In the dibit conversion, the source bits "0" and "1" are

converted into two channel bits "00" and "11", respectively, as

shown in FIG. 2B. However, in this dibit conversioh, additional

redundant data is required to satisfy the condition 2) (the run-
length condition}), making the code rate become smaller than 0.5.
In the frequency modulation, the source bits "0" and "1" are

converted into twoc channel bits "10" and "1l1", respectively, as

shown in FIG. 2C. However, in this frequency modulation, the the

magnetic flux inverted directions of -the adjacent tracks are

reversed as, for example, at a position Pl in FIG. 2C, so that the
condition 2) can not be satisfied. To éatisfy the condition 2),

additional data is required, which unavoidably makes the code

rate become smaller than 0.5.

As described above, of the conventional modulation methods,

the phase modulation has the highest code rate and the
This is the replacement sheet
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-BO. A second enbodi nent of the present invention will be expl ai ned
hereinafter with reference to FIGS; 12 to 17. In this enbodi nent, the above

nmet hod of the first enbodi nent is expanded such that the gray code (source
code) of mbits is converted into the channel code of n bits. Since there

are generally mbit gray codes of 2[4err] number, the encode matrix of mn

conversion can be represented by a matrix of 2[err] rows x n colums
wherei n each el ement thereof

o cPnoAPEhEReR s e terpon el TV Brale pluptderddr i 1ol

n erstood t hat,
when th%e*&%@‘ibﬁanﬁntﬁﬁs. Patent No. 4,032,984 will be descxibed with

reference to FIGS. 3 and 4.

FIG. 3 shows the servo pattern, and as shown in FIG. 3, many
tracks concentrically arranged in parallel are divided into servo
tracks and data tracks in the circumferentiai direction,
respectively. In this servo pattern of FIG. 3, magnetic flux is
inverted in the respective servo.tracks commonly at the
synchronizing position P2 in the same direction; magnetic flux is
inverted in every other tracks n, n+2, n+4, ..., at the position
P3 in the same direction; and magnetic flux is inverted in every
othexr tracks n+l, n+3, n+5, ..., at the position P4 in the same
direction. Data at the positions P2, P3 and P4 form fine

positioning servo data.

As shown in FIG. 3, cells A, B and C are provided after the
position P4. Each of the cells A, B and C has two bit cells Ts
having values "1® and "0" shown in FIG. 2A, and by these three
cells A, B and C (six channel bits), gray codes of 3 bits 000 to
111 as track addresses (coarse pdsitioning sexvo data) are phase-
modulated and recorded.

FIG. 4 shows a reproduced signal reproduced by gradually
moving the head from the servo track n to the servo track n+7
along the radial direction of the magnetic disk when the magnetic

disk is rotated at high speed under the condition such that the

gray codes 000, 001, 011, ..., are made corresponding with the

servo tracks n, n+l, n+2, .... Since the reproduced signal is

produced by differentiating the magnetic flux from a time
standpoint, the reproduced signal becomes a positive or negative
pulse at the magnetic flux inverted position in response to the

magnetic flux inverted direction.

| This is the replacement sheet
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boundary line of the adjacent two tracks in the enbodinment of FIG 12,
channel data reproduced is expressed by a reproducing matrix of (2[err]
1) rows x n colums shown in FIG 13. Each el enent of this reproducing
matrix is O, 1 or x, and x represents_gn indefinite value of 0 or 1. If the
encode matrix is determned, then the reproducing matrix will be uniquely
determ ned accordi ngly. Conversely, the encode matrix will be uniquely

determ ned from tg~eRiLENCE by Hrblcéssing the reproduced signal is
supplied with the positive or negative pulse at the timiny based

t hen

on the synchronizing pulse at the synchronizing position P2 and
generates track addresses and fine positioning data which will be
described latexr. More specifically, when the reproducing head is
located on the servo tracks n and n+l, detection codes (gray
codes) 000 and 001 are detected as track addresses, and the track
on which thé reproducing head is located is specified by
converting the detection codes into the ordinary binary codes.
Furthex, when the reproducing he;d is located between the

adjacent servo tracks n and n+l, the minimum digit of the

detection code becomes value T of "0" or "1". Simjilarly, when

the reproducing head is located between the two sexrvo tracks, one
bit of the detection code becomes the value T.

The reproducing head is finally positioned on the even-
numbered address track as follows: After a detection head is
moved to the position at which the pulse of the position P3 is
large, the pulse of the position P4 is substantially zexo and the
detection code corfesponds with the target even-numbered address,
the reproducing head is moved in the directién in which the
track address is increased to thereby adjust the pulses at the
positions P3 and P4 to become substantially the same in level,

thus the reproducing head being positioned at the boundary line

between the adjacent servo tracks. Similarly, when the

reproducing head is positioned to the odd-numbered address téack,
the detection head is moved to the position in which the pulqg at
the positfon P3 is substantially .zero, the pulse at the position
P4 is increased and the detection code corresponds to the target
odd-numbered address so that boundary lines of the sexrvo tracks

correspond with center lines of data tracks d, d+1, d+2,
This is the replacement ;..o
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-16- FromFIGS. 12 and 13 representing general

forms of the encode matrix
and the reproducing matri x,

the followi ng features of the reproducing
matrix will be judged. 1. Each row of the reproduced nmatrix includes two
xs, that is, 5 the Hanm ng di stance of each code fromthe adjacent codes is
2. Further,

only one "0" can be insertéd between these two xs. The reason
for this is that, when these two xs are separated by "1", there is then the
risk that the magnetic flux may be inverted at the position "1" in the
opposi t erepesidivedyunder the condition O that the first magnetization
direction ISV&QS:%%g?pgggg glé%lé@ton is carried out as deecribed zbove,

the code rate becomes 0.5 and thus the track address can be

recorded most efficiently. It is, moreover, advantageous that

oxdinary data can be recorded mucﬁ more if the recorded length of
the track address on the magnetic disk is reduced by making the

code rate become close to 1 as much as possible}

Further, in the high speed seek mode, for example, the
feproducing head obliquely scans the coarse positiéning servo
data areas in FIG. 4 so that, address can be reproduced with

smaller error if the track address is compressed more in

recording mode. Accordingly, by increasing the code rate of the

track address in the recording mode, it is possible to reduce a

time to seek a track having a desired address.

OBJECTS AND SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to
provide an improved track address pattern for a disk memory
apparatus in which the aforenoted shortcomings and disadvantages
encountered with the prior art can be eliminated.

More specifically, it is an object of the present invention
to provide a track address pattern for a disk memory apparatus in
which track address can be recorded at a code rate

higher than that of the phase modulation systeﬁ.

As a first aspect of the present-invention, a track add;ess
pattern for a magnetic disk apparatus,‘wherein a gray code of
plural bits corresponding to a track address of the magnetic disk
apparatus is divided per 2 bits thereof into groups, the _
respective groups of 2 bits are converted into codes of 3 bits
(001), (010), (100) or (111) depending on the value thexeof,

whereby the converted codes are recorded on the magnetic disk as
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2. In each colum of the reproducing matrix, the elenent value alternately
changes from"1" to "0" and vice versa when the el enent x appears. In other
wor ds, even nunber of xs exist between two "1"s (or "0"s) on a certain
columm, and an odd number of xs exists between "1" and "0" on the col um.

3. In the reproducing matrix, a value of-k'th bit of r'th rowis determ ned
to be "1" or "0", and if this value is different froma value of k'th bit
of rd' th row, a code of the r'th rowor (r + 1)'th row can be identified
fromthi ghbi treekl saddrede pattaenyd' th row or the (rd + 1)'th row. In other

words, any pair of row except for aﬂacent t rows differ in bits of one
col um As a second aspect of t present ianvention,a& track address
pattern for a magnetic disk apparatus, wherein a gray code of m
bits (m is an integer not less than 2) corresponding to a track

address of the magnetic disk apparatus is divided into a code Gx

of one bit and codes (Gm-2, Gm-l, ..., GO) of (m - 1) bits, and
the code of 1 bit is converted into codes (Cll, C10) of 2
bits according to a rule A and the codes of (m - 1) bits are
converted into codes (C2m-1, C2m-2, ..., C21, C20) of m bits
according to a rule B, whereby a code which is converted from the
gray code of m bits into a code of (m + 2) bits is recorded on
the magnetic disk as the track address pattern, .

the rule A making the code Cl1j (J = 0, 1) correspond to Gx

or Gx@® 1 (® means an exclusive-or operation), and the rule B

making the code C20 correspond to GO or GO (3} 1, the code C2j (3
1, oo, m=2) to G(J - 1)®DGj oxr 6(j - 1) D6 @B 1, the code
C2m-1 to G(m - 2) or G(m - 2) @ 1, respectively.

In accordance with a third aspect of the present invention,
a track address pattern for a magnetic disk apparatus, wherein a
gray code of plural bits corresponding to a track address of the
magnetic disk is divided into two sets,

a code of one of the divided two sets is converted into a
code accofding to a conversion rule recited in claim 1,

a code of the other set is convérted into a code according

to the rule B recited in claim 2, and

~

the two codes obtained by these conversions are combined to

thexeby bghrecorded on the magnetic disk as the track address
pattern.

The above, and otherxr objects, features, and advantages of the

present invention will become apparent from the following
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t hereof . However, there is not such bits between adjacent two rows. This is
because, between these two rows, there nust be at | east one other row

having a value x as the bit of the one row thereof. These features are

necessary conditions, but if such a condition is added to the necessary
conditions that any one of codes includés "1", it will be easily

ascertained that the conditions including the necessary conditions and the
addi ti ve condition becone sufficient conditions. Further, fromthese
detailed description of fllustrative embodiments thereof to be
read in conjunction with the accompanying drawings, in which like
reference numerals are used to identify the same or similar parts

in the several views.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram showing a format of a conventional

'ﬁagnetic disc;

FIGS. 2A through 2C are diagrams, respectively, showing a

conventional encoding method;

FIG. 3 is a plan view illustrating an example of a

conventional sexrvo pattexn;

FIG. 4 is a timing chart showing-a reproduced signal of the

servo pattern shown in FIG. 3;

FIG. 5 is a plan view illustrating a servo pattern of an
embodiment of the present invention;

FIG. 6 is a diagram illustrating a reproduced signal
obtained from the servo pattern shown in the embodiment of FIG.
5;

FIG. 7 is a schematic block diagram showing an arrangement
of_a detecting circuit which detects the servo pattern of the

embodinent;

FIG. 8 is an enlarged view of the address pattern of the
example shown in FIG. 5;

FIG. 9 is a diagram used to explain the 2 : 3

conversion of the embodiment; )

FIG. 10 is a diagram showing an example of the 2 : 3
conversion;

FIG. 11 is a diagram showing an example of the 2 : 4

conversion;

FIGS. 12 and 13 are diagrams showing an encode matrix and a
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-17- features, it is understood that the reproducing matrix and hence the
encode matrix can be fornmed fromthe followng steps A- C. Step A Two Xs
are disposed in each row, and, between two bits except for x respectively

existing on a row of any two rows not bging adjacent to each other, an odd
nunber of rows having a value x on the row are di sposed between any two
rows. In this case, the bit of one of any two rows becormes "0" and that - of

the ot her NEserix FEhaomt DS Ced il cag |y, nated from
each ot h&® p‘}‘é’dQ‘é gr r’?ﬁ/ﬁg may be insert s&%et mzﬁé‘?ﬂif&w,
FIG. 14 is a diagram showing an example oxX a method

of forming the reproduced matrix;

FIG. 15 is a diagram showing an example of a method of

decoding the reproduced matrix;

FIG. 16 is a diagram showing an example of the 4 : 6

conversion;

FIG. 17 is a flowchart to which references will be made in
éxplaining the decoding procedure of the example of FIG. 16; and

FIGS. 18A and 18B are schematic diagrams used to explain
the process for generating a narrow-range track

position signal.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Reférring to the drawings in detail and initially to FIGS. 5
to 11, a first embodiment of the present invention will be
described in detail hereinafter. 1In this embodiment, the present
invention is applied to a magnetic disk in which track addresses
of 12 bits can be recorded as channel data of 18 bits by the two-
to-three (2-3) conversion system and in which 4096 tracks can be

directly acéessed.

FIG. 5 shows a servo pattern of the magnetic disk according

to this embodiment. 1In FIG. 5, reference numeral 1 represents a

Servo zone, and 2 a sector where ordinary data is recorded. The

magnetic disk is divided along the circumferential direction
(direction shown by an arrow ¢ to provide a plurality of sec£ors
2 and the servo zone 1 is provided between adjacent sectors 2.
The sector 2 is divided along the radial direction (direction

shown by an arrow R) at a track pitch Tp to provide concentric

and parallel tracks. Central axes of three tracks in the sector

2 are represented by 3a, 3B and 3C, respectively, and the track

1

This is the replacement sheet

94 NS

Date:



two xs on the row. Step B. The first row of the encode matrix is

determ ned. By setting an odd nunber of "1"s in any one of codes, the
nunber of "1" al so beconmes an odd nunber in each of remaining codes, so
that the condition 1) relating to the run-length can be satisfied. Step C
Any bit on the second row of the enced®-matrix will be equal to the
corresponding bit of the first row thereof if the corresponding bit on the
first row of the reproducing matrix is not x. On the other hand, if the

COrr espgidh-¢ls B thie ceatkal saxiovBrofist kakespasdamiodd-+mimbiereds x, the bit
on the second row of

address. Reference numeral 9 designates a recording and/or

reproducing head whose width is Tw (Tw < Tp).

The servo zone 1l is sequentially divided along the
circumferential direction to provide a header 4 for detecting the
servo zone 1, an index pattern IXP for discriminating the first
sector from other sectors, an address pattern 5, a fine
positioning pattern formed of four burst patterns 30 to 33
ioﬁgitudinally arranged in the circumferential direction and the
like. Assuming that Ts represent the length of bit cell in which
one bit (channel bit) of the address pattern 5 ;s recoxrded, then
8Ts represents the length of the header 4, 9Ts represents the

length of the index pattern IXP, and 18Ts represents the length

of the address pattern 5 (see FIG. 8). The address pattern 5 is

divided along the radial direction at the pitch Tp in association

with each tracks of the sector 2 and the header 4 and the index

pattern'IXP are arranged to have the same pattern in the radial
direction.

Of the burst patterns 30 to 33, the P-phase burst pattexrns
-30 are formed along the central axes 3A, 3C,... of the odd-
numbered tracks at the width Tp; the Q-phase burst patterns 31
are formed along the central axes 3B, ... of the even-numbered
- address tracks at the width Tp; and the A-phase and B-phase burst
| pattern 32 and 33 are formed by dispiacing the P-phase burst_

. pattern 30 and the Q-phase burst pattern 31 by Tp/2 in the

positive direction of the radial direction. That is, the

respective burst patterns 30 to 33 of the width Tp are formed

~ entirely along the radial direction at every track pitch Tp
without spacing and the burst patterns are formed along the

- circumferential direction by the magnetic flux inverted patterns.
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the encode matrix wll be inverted. The entire encode matrix is conpl eted
by repeating these processes. Let us consider a value of n which satisfies
the above- described conditions with respect to a given mwhen m- n

conversion is carried out. Further, investigation will be made about a
systematic nethod for obtaining a val oélx in the reproducing matrix. A
nmet hod of formng the reproducing matrix will be explained with reference

to FIG 14. As shown in FIG &y tﬁ. re\%odum n& tr|>§°40 0533 rows x 4
col urms fehe xeadongdenrtrcise &Y Mhesppurst patte

demagnetized portions or magnetic flux non-iaverted portions. 1In
.this case, since the burst patterns 30 to 33 are arranged in the
radial direction at the pitch equal to 2Tp, the phases of the
burst patterns 30, 31, 32 and 33 become 0°, 180°, 90f and - 90°

where 2Tp represents 360°.

FIG. 6 shows an example of signals reproduced by the head 9
when the magnetic disk having the servo pattern of the example of
FIG. 5 is fotated at high speed in the circumferential direction
¢. Referring to FIG. 6, fine positioning servo signals Uy, Uy,
Us and Up are produced by holding amplitudes of envelopes of the
reproduced signals of the burst patterns 32 to 30 after index
signals IXS corresponding to the index pattern IXP and address

signals ADS are sequentially detected with reference to a time

point t0 defined by a header signal HS which is obtained by

reproducing the header 4. 1In FIG. 6, if the rotational speed of

the disk in its circumferential direction ¢ is constant, then the
abscissa ¢ can be regarded as time axis t.

FIG. 7 shows a sexvo pattern detecting circuit of this
embodiment.'In FIG. 7, reference numeral 15A designates a
synchronizing circuit which reproducés a clock pulse from the
reproduced signal supplied ther;;o from the head 9 in the self-
clock system and which supplies a reproduced clock pulse to a
header detecting circuit 15B, an address decodexr 16A or the like.
The header detecting circuit 15B gene;ates various timing pﬁlses
on the basis of the header signal HS detected from the reproduced
signal and supplies the same to the address decoder 16A or the
like. The address decoder 16A detects the index signal IXS and

the address signal ADS on the basis of the timing pulse, and

decodes the address signal ADS according to the processing, which
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to-four nodulation is prepared as shown wthin a gray box (cross- hatched
box). Simlarly, a reproducing matrix 41 of 3 rows x 4 colums is prepared,
and not only one row i s added between these two reproduci ng nmatrices but

al so colums 42 and 43 are added to nost significant bits (MSBs) of these

matri ces respectively, thereby form ndZr reproducing matrix 44 by conbi ning

these two reproducing matrices 40 and 41. The two nobst significant bits.
(MsBs) of the inse

Copar At o v nah s el pod facer o' obELh"BERAEY (AR FalDbbCmd! 1S
track address is supplied to an address register 1lH. Purther,
'the address decodexr 16A supplies a clock pulse reproduced from
the address signal ADS to a window generating circuit 16B, and
the window generating circuit 16B multiplies the frequency of the
clock pulse by, for example, three times to generate a data
detecting window signal.

FIG. 8 shows in an enlarged scale the header 4, the index
battern IXP and the address pattexrn 5 of the example of FIG. 5.
In FIG. 8, assuming that the magnet;c flux inverted state
(hatched areé) at the starting portion of one bit cell Ts and the
magnetic flux non-inverted state (blank portion) thereat
respectively correspond with *"1" and "0", then the pattern of the
ﬁeader 4 is represented as 1100 ..., the first sector of the

index pattern IXP is represented as 11 .. 10110 and other sectors

thereof are represented as 11 ... 10101 and the pattern of the
address pattern 5 is represented as channel data of 18 bits. The
index. pattern IXP can be utilized to synchronize bits and frames

when the addreés pattern 5 is detected.

The address pattexrn 5 is formed by modulating and recording
binary addresses of 12 bits. In this embodiment, as shown in
FIG. 9, the binary addresses of 12 bits are converted first into
gray codes (All, Al0, ..., Al, AOQ) (source codes) of 12 bits.
Then, the graf codes of 12 bits are divided at every 2 bits and
codes of 2 bits are converted into channel data of 3 bits by.the
2-3 conversion system, which will be described later, thereby
generating encode addresses (Bl7, Bl6, ..., Bl, BO) of 18 bits.

The encode address is recorded on the corresponding area of the

address pattern 5 of the magnetic disk.

FIG. 10 shows the 2-3 conversion table. As shown in FIG.

Thi i
‘ This is the replace.. = gh

Data: 24 Jf\Nw



fromthe lower half of the conbined reproducing matrix 44 and so any row of
t he upper half can be discrimnated fromthe row of the | ower half. (Values
of the colum 42 shown by the cross- hatched box differ fromvalues of the
colum 43 shown by a hatched box). The @Lues of the bits 0 and 1 of the
inserted row are inverted values of the CTorresponding bits of the central
rows of the conbined upper and | ower reproducing matrices, respectively. It
is clear that the bit 2 of the central row (shown by a mark A) is different
fromthe 10sstherowhef sphece iata ridyd.0800i r§ Robitx amel 0Ohe Olasfly oxd pf the

| ower reDLﬁﬁ%“%d%% %&5&'%00, 111 are made corresponding with channel data
(B2, Bl, BO) of 3 bits where 2-bit source data of 4 kinds and 3-
bit channel data of 4 kinds may be combined freely. According to
this 2-3 conversion system, since the 3-bit channel data of 4

kinds constantly involve "1" (magnetic flux inverted state) of an

odd number, the above condition 1) with respect to the xrun length

can be satisfied. Also, since the magnetic flux can be brevented

from being inverted in different direction between the adjacent

tracks, the above condition 2) with respect to the magnetic flux

inversion can be satisfied. Further, the length of the magnetic

flux non-inverted state becomes longest when the channel data 100
and 001 are continued and the run length is 4 (channel bits).
According to this embodiment, the code rate which is the
ratio between the bit number of the source data and the bit
number of the channel data is 2 : 3, thét is, substantially 0.67
and the code rate is high as compared with that of the prior art.
Therefore, in this embodiment, the length of the address pattern
5 along the circumferential direction can be reduced relative to
the same address amount, whereby ordinary data of much more
amount can be recorded and erxor of address reproduced in the

" high speed seek mode can be reduced, which can make the high

. speed seek higher in speed. 1If the bit number of, for example,

the gray codes is odd, the source data thereof may be divided
into data of one bit and data of even-nnmbered bits and only the
data of even-numbered bits may undergo the 2-3 conversion of this
embodimen;.

Further, having examined a method for decoding the
Source data (Al, A0) from the channel data (B2, Bl, BO) of FIG.
10, it is to be noted that the conversion. table of FIG. 10 can

1
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By the above-descri bed processes, the reproducing matrix 44 of 7 rows x 5
colums corresponding to the table of a three-to- five conversion is

i ntroduced. Another reproducing matrix 45 of 7 rows x 5 colums is forned
in the sane manner, and one row is inserted between these reproducing
matrices 44 and 45 and further rows 464nd 47 are added to the nost
significant bits of these reproducing matrices 44 and 45 respectively,
thereby formng a reproducing matrix of 15 rows x 6 columms. This

reproducigag; Jat the £ANRARGNEGo! geatfeig{ O-Si X conversion, that is, the
case of converting the source code of 4 bits into the channel code of
Al = A2 and A0 = inversion of BO

Accordingly, the sourxce data can be directly obtained from

the values of channel data B2 and B0. Therefore, without

utilizing the fine positioning 2-phase burst patterns 30 to 33

necessarily, the head 9 can be positioned on the track having the
desired address with ease.

The Hamming distance (the number of different bits) of the

channel data of adjacent two track addresses obtained by the 2-to-

3 modulation is 2. Accordingly, if the address pattern is formed

by the combinations of the exampie of FIG. 10, when the
reproducing head scans the boundary line of adjacent two tracks
in the high speed seek mode  or the like, then channel data
reproduced from the head 9 may involve two x as shown on the
right column of FIG. 10 where x represents the bit of "1" or "0".
By way of example, although Oxx on the upper right column of FIG.

10 represents 001, 010 or the like, it does not mean 100. That

is, it is to be understood that reproduced address may involve

error of t+ 1 track relative to the target address. 1In this

embodiment, by utilizing the burst patterns 30 to 33 of FIG. 5,

it is possible to specify the position of the head 9 in the

radial direction of the disk within the range of % 1 track. This

final positioning method will be described in the last stage.

The above 2-3 conversion system can be easily applied to a

2-4 conversion system shown in FIG. 11. In the example of FIG.

11, when 2-bit source data (Al, AO) of 4 kinds are 00, 01, 11 and

10, 1100, 1010, 0110 and 0101 are made corresponding with 4-bit

channel data (B3, -+ BO), and the source data of 4 kinds and

the channel data of 4 kinds may be combined freely. The

conversion in FIG. 11 can satisfy both the condition 1) with
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-19- 6 bits. The decoding nethod wll be explained hereinafter with
reference to FIG 15. Wen the head crosses a boundary region of adjacent
two tracks, adjacent two bits can not be identified accurately. The decoded
track address may be any one address of,dhese two tracks. If one of these

two bits corresponds to an address of one of these tracks and the other bit

corresponds to an address of the other track, then the decoded address
val ues

respect to the run length and the condition 2) with respect to
the magnetic flux inversion but ghia conversioa it different from
.the conventional 1-2 conversion.

Accoxrdingly, if the address pattern is formed by the
combinations of the example of FIG. 11, when the reproducing head
scans the boundary line of adjacent two tracks in the high speed
seek mode, then channel data reproduced from the head 9 may
involve two x as shown on the right column of FIG. 11 where x
iepresents the bit of "1" or "0". In this case, however; 1xx0,
for example, on the upper right of FIGf 11 may be modified by
changing the combinations such that x exists on the bits Bl and
BO.

A second embodiment of the present invention will be
explained hereinafter with reference to FIGS. 12 to 17. In
this embodiment, the above method of the first embodiment is
expanded such that the gray code (source code) of m bits is

converted into the channel code of n bits.

- Since there are generally m-bit gray codes of 2= number, the
encode matrix of m~n conversion can be represented by a matrix of

2% Yows X n columns whgrein each element thereof is 0 or 1 as

shown in FIG. 12. Further, judging from the examples of FIGS. 10

and 11, it is to be understood that, when the head cans the
boundaxy line of the adjacent two tracks in the embodiment of
FIG. 12, then channel data reproduced’ is expressed by a _
reproducing matrix of (2= - 1) rows x.; columns shown in FIG. 13.
Each element of this reproducing matrix is 0, 1 or x, and x

represents an indefinite value of 0 or 1. 1If the encode matrix

is determined, then the reproducing matrix will be uniquely

determined accordingly. Conversely, the encode matrix will be

uniquely determined from the reproducing matrix.

1
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beconmes erroneous and so it is required to detect the erroneous state. To
this end, at first, the nunber of "1" is fixed to an odd nunber or an even
nunber, and so the generation of the erroneous state can be detected by

counting the nunber of "1". Next, when_gge occurrence of the error is

detected, the error will be two |least significant bits (LSBs). These two
bits take different values at every two tracks, so that it is possible to

det erm ne whe Oty ,erL.Qr 4 €Xi ' [ C ting the

nurber of -1+ Freh, PledlaLlohl 1 8¢ obfed dhisiSe GehlRa toe P hd HheLH

bits, thempagR¥x0aRd Ofhé heparoduweihytSatxik Nudied €dllowing feat
reproducing matrix will be judged.

wres of the

1. Each row of the reproduced matrix includes two xs, that is,

5 the Hamming distance of each code from the adjacent codes is 2.
Furthexr, only one "0" can be inserted between these two xs. The
reason for this is that, when these two xs are separated by "1-,
there is then the risk that the magnetic flux may be inverted at
the posiﬁion "l" in the opposite direction under the condition

0 that the first magnetization direction is the same (see FIG. 8).

2. In each column of the reproducing matrix, the element value

alternately changes from "1* to "0" and vice versa when the

element x appears. In other words, even number of xs exist

between two "l1l"s (or "0"s) on a certain coluimn, and an odd number

of xs exists between "1" and "0" on the column.

3. In the reproducing matrix, a value of k‘th bit of r’th row is

determined to be "1" or "0", and if this value is different from
‘a value of k’th bit of xrd’th row, a code of the r’th row or (r +

1)’th row can be identified from this bit and a code of the rd’th

row ox the (rd + 1)’th row. In other words, any pair of row

except for adjacent two rows differ in bits of one column
thereof. However, there is not such bits between adjacent two
rows. This is because, between tﬁese two rows, there must be at
least one other row having a value x'as the bit of the one row
thereof. . )

These features are necessary conditions, but if such a
tondition, is added to the necessary conditions that any one of
Codes includes "1*, it will be easily ascertained that the
fOnditions including the necessary conditions and the additive
fondition become sufficient conditions. Further, from these
| 1
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Further, it is considered that there is a case where an error exists in the
bit 2 or the bit 3. This is a case where an error occurs at rows 2, 6, 10
and 14 as shown in FIG 15. The bits 0 and 1 within cross-hatched box of
each of these rows take the sanme val ue liyt_ take different values fromthe
val ues of other rows. If the bits 0 and t ake these values, then the error
exists at the bit 2 or 3. Further, if the decoded three |east Significant

it 4 or Heaspuamsodt: b widRapheg LEAECERS SontlFlcils BhESx S are |1°
be determped Hidodd! ARtEe & Ye F3RmBE ££6Mm M EXcllcwing steps A - C.

Step A. Two xs are disposed in each row, and, between two
bits except for x respectively existing on a row of any two rows
not being adjacent to each other, an odd number of rows having a

value x on the row are disposed between any two rows. In this

case, the bit of one of any two rows becomes "0" and that of the

other row becomes "1" and so these two rows can be discriminated

from each other. Further, only "0 may be inserted between the

two xs on the row.

Step B. The first row of the encode matrix is determined.

By setting an odd number of "1"s in any one of codes, the number
~ of "1" also becomes an odd number in each of remaining codes, so
| that the condition 1) relating to the run-length can be

satisfied.

Step C. Any bit on the second row of the encode matrix will

be equal to the corresponding bit of the first row thereof if the

" corresponding bit on the first row of the reproducing matrix is

not x. On the other hand, if the corresponding bit on the first

row of the reproducing matrix is x, the bit on the second row of

the encode matrix will be inverted. The entire encode matrix is

completed by repeating these processes.

Let us consider a value of n which satisfies the above-

described conditions with respect to-a given m when m - n

“~

Further, investigation will be made
about a systematic method for obtaining a value x in the

conversion is carried out.

reproducing matrix.

A method of forming the reproducing matrix will be explained

with reference to FIG. 14. As shown in FIG. 14, a reproducing

matrix 40 of 3 rows x 4 columns for an encode matrix of the two-

1
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-20- An exanple of result of an encode matrix obtained by the
above-descri bed nethod in case of the four-to-six conversion is shown in
FIG 16. As shown in FIG 16, each of 16 kinds of source data of 4 bits
(gray code) (A3, A2, Al, AO0) are converg.ed into channel data of 6 bits
(B5,..., BO). Further, a procedure of decoding the original source data of
4 bits fromthe channel data of 6 bits reproduced by the head wll be

expl ai ned oWigblir modulation is prepared as shown within a gray box (cross-

hatched box). Similarly, a reproducing matrix 41 of 3 rows x 4
columns is prepared, and not only one row is added between these
two reproducing matrices but also columns 42 and 43 are added to
most significant bits (MSBs) of these matrices respectively,

thereby forming a reproducing matrix 44 by combining these two

reproducing matxices 40 and 41. The two most significant bits

(MSBs) of the inserted row is “xx=.

The inserted most significant bits separate the upper half
; from.the lower half of the combined_reproducing matrix 44 and so

any row of the upper half can be discriminated from the row.of

the lower half. (Values of the column 42 shown by the cross-

hatched box differ from values of the column 43 shown by a

hatched box). The values of the bits 0 and 1 of the inserted row

"are inverted values of the corresponding bits of the central rows
of the combined upper and lower reproducing matrices,
respectively. It is clear that the bit 2 of the central row
(shown by a mark A) is different from the f£first xrow of the upper

.reproducing matrix and the last row of the lower reproducing
matrix.

. By the above-~described processes, the reproducing matrix 44

of 7 rows x 5 columns corresponding to the table of a three-to-
five conversion is introduced. Another reproducing matrix 45 of
? rows x 5 columns is formed in the same manner, and one row is
%nserted between thése reproducing mat;ices 44 and 45 and fuéther
¥ows 46 and 47 are added to the most significant bits of these
TFProducipg matrices 44 and 45 respectively, thereby forming a
r.ePrDclucing matrix of 15 rows x 6 columns. This reproducing
"?trix corxesponds to a four-to-six conversion, that is, the case

of Converting the source code of 4 bits into the channel code of

1



reference to a flowhart of FIG 17. In FIG 17, an operator[err]
represents the excl usive-OR operation, and the case that the nunber of "1"s
is not an even nunber represents a state where an error of one bit is m xed
into the reproduced data because the head crosses a boundary regi on of
adj acent two tracks. Now, both the bit-8%¢B0) and the bit 2 (B2) are not
used for the decoding of the source data, so that steps of inversion of .

t hese bit &hd 2 can be elimnated and further the decoding operation can
be perforned by using a read only nenory (ROM for the conversion. Even if

one bit error THedécpdingtmethad) wididcdd daphnie)ﬁ'datmrieﬁnaﬁyabiwiﬂf the LSB
or MSB of the channel _data th%a‘the
reference to FIG. 15 en the head crosses a boundary region of

adjacent two tracks, adjacent two bits can not be identified
accurately. The decoded track address may be any one address of
these two tracks. If one of these two bits corresponds to an
address of one of these tracks and the other bit corresponds to
an address of the other track, then the decoded address values

becomes erroneous and so it is required to detect the erroneous

state.

To this end, at first, the number of "1" is fixed to an odd

number or an even number, and so the generation of the erroneous

state can be detected by counting the number of "1*. Next, when

the occurrence of the error is detected, the-error will be two

least significant bits (LSBs). These two bits take different

values at every two tracks, so that.it is possible to determine

vhether or not error exists in these two bits by counting

the numper of "1" in these two bits. If the error is detected

in these two bits, then any one of these two bits is inverted.
Further, it is considered that there is a case where an

-exxoxr exists in the bit 2 or the ‘bit 3. This is a case where an

‘error occurs at rows 2, 6, 10 and 14 as shown in FIG. 15. The

bits 0 and 1 within cross-hatched box of each of these rows take

the same value but take different values from the values of other

rows. If the bits 0 and 1 take these values, then the error

exists at the bit 2 or 3. Further, if the decoded three least

Bignificant bits (LSBs) take values within a hatched box, then

the error exists at the bit 4 or 5. By repeating these

Processes, not only the error position can be determined but also

the erroxr can be corrxected.
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maxi mrum val ue of the error at the final binary data becones one | east
significant bit (1LSB) because the origi nal

source code is the gray code.
The four-to-six nodul ation of FIG 16 can be considered as a product codeé

of the one-to-two conversion based on a rule a and the three-to-four

conversion based on a rule b. Mre speggtically, assum ng that the source
data is divided into a code A0 of one bit and a code (A3, A2, Al) of three
bits and the channel

bi d
a code (C23, M€ aflﬁ'?ﬁ fd%q hﬂ{;&;é Q'Q"(g%'gﬂ Xoyof: fwo bits an

ese ru es a pan be represented
as foll Ox%dﬂlaé%i-t&d)ﬁﬁtabariti ecrara]e bept:heemta:-tthesix conversion is

ghown in FIG. 16. As shown in FIG. 16, each of 16 kinds of

gource data of 4 bits (gray codej (A3, A2, Al, AO) are converted

of decoding the original source data of 4 bits from the channel

data of 6 bits reproduced by the head will be explained with

reference to a flowchart of FIG. 17. In FIG. 17, an operator ®

represents the exclusive-on operation, and the case that the
number of ‘l's is not an even number represents a state where an
‘ error of one bit is mixed into the reproduced data because ‘the
head crosses a boundary regioﬁ of adjacent two tracks. Now, both
the bit 0 (BO) and the bit 2 (B2) are not used for the decoding
of the source data, so that steps of invexsion of these bits 0
aed 2 can be eliminated and further the decoding operation can be
'performed by.usiné a read only memory (ROM) for the conversion.
Even if one bit error mixed into the reproduced data exists
in any bit of the LSB or MSB of the channel data, then the
maximum value of the error at the final binary data becomes one
least significant bit (1LSB) because the original source code is
the gray cecde. _
The four-to-six modulation of FIG.

16 can be considered ae a
product code of the one-to-two conversion based on a rule a and

_the three-to-four conversion based on-a rule'g.

Moxe specifically, assuming that Ehe source data is divided
iinto a code A0 of one bit and a code (A3, A2, Ai) of three bits
‘and the channel data is divided into a code (C10, Cl1) of two
Pits and a code (C23,..., C20) of four bits, these rules a and b

fan be represented as follows whexre the operator @) represents the
xclusive-OR opexation.
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excl usi ve- OR operati on.
AO - Rule b - C20 =B2 = Al [err] 1 C21 =B3 = Al [err]A2

-21-

- Rule a

C10 = B10 = A0 @ 1
c11

Bl = A0

- Rule b
€20 = B2 = A1 ®1
C21 = B3 = Al ® a2
C22 = B4 = A2 ® A3
C23 = B5 = A3
If these rules are generalized, a channel data of (m + 2)
bits can be obtained easily from a source code of m bits (m is an
integer not less than 2), by dividing the source code (gray code)
of m bits into a code Gx of one bit and a code (Gm-2, Gm-1, cees
G0) of (m - 1) bits, and by not only converting the code of one
bit into a code (Cll, C1l0) of two bits accoxrding to a Rule A but
also converting the code of (m - 1) bits into a code (C2m-1, C2m-

2, ..., C21, C20) of m bits. These rules are as follow.

- Rule A -~
c10 = Gx Gx @1
Ci1 = Gx Gx @1
- Rule B -
C20 = GO GO D1
c21 = G0 @ G1 GODPeL®1
€22 = Gl ® 62 G1®e2®1
C2m-2 = gm-3 @ Gm-2 Gm-3 ®em-2@ 1
C2m-1 = em-2 Gm-2® 1
In

these rules A and B, two equations shown on the right and
left sides are respectively allotted to each bit of the codes Cli

and C2j, put any code composed of any combination of the

‘ This is the replacement sheet
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C22 =B4 = A2 [err] A3 C23 = B5 = A3 If these rules are generalized, a
channel data of (m+ 2) bits can be obtained easily froma source code of m

bits (mis an integer not less than 2), by dividing the source code (gray
code) of mbits into a code Gx of one_Qhit and a code (Gn2, Gnl, ..., Q)

of (m - 1) bits, and by not only coﬁegFting the code of one bit into a
code (Cl1, C10) of two bits according to a Rule A but al so converting-the

. i I, P S8y G0 eVl sy S 20 1 70115
Howevexr, at least in the rule A or B, ir if required to use odd
number of equations on the right hand in order to perform the
self clock. This requirement corresponds to a fact that
conditions for performing the self clock can be satisfied even if

any codes are used as long as odd number of "1 is included in

the first code.

In case of converting a source code of m bits into a channel
data of (m + 2) bits, a code rate becomes m/(m + 2), while this
code rate is more than 0.5 and gradually approaches to 1 as the
value m is increased.

Further, by using a product code of the encode codes
obtained by the two-to-three conversion explained with reference
to FIG. 10 and the encode codes obtained by the abové-described
rule B, it is generally possible to convert the gray code of (2n

+ m) bits into the channel code of (3n + m + 1) bits satisfying

the necessary conditions. 1In this case, assuming that minimum

values of n and m are 1 and 1, respectively, then the code rate

' becomes (2n + m)/(3n + m + 1). That is, the code rate gradually

approaches to 1 as it increases more than about 3/5 and the value
m becomes larger.

An example of method of using the servo patterns 30 - 33
shown in FIG. 5 will be explained with reference to FIGS. 182 and
18B. 1In this case, the servo siénalé-ua, Ua, Uo, Us of the servo
Patterns 32, 33, 31, 30 are respectivei& obtained (refer to FIG.
| 6) by sampling and holding an amplitude of an envelope of signals

which are reproduced by the magnetic head tracing the servo
Patterns on the magnetic disk rotated in the direction ¢ as shown
" in F1c. 18a.

Next, two-phase narrow-range track position signals Ux and

This is the replacement sheet
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C10

= X Gk [err] 1 Cl1 = & Gx [err] 1 -Rule B-
C0 =& QD [err] 1 C1 = & [err] GL QD [err] Gl
[err] 1 Q2 =Gl [err] & GlL [err] Q[err]l Cm2 = Gn3[err] Gn2
Gn3 [err]Gm2 J[err] 1 @2m1l1 = Gn?2

ol Gn2 [err] 1 In these
rules A and B, two equations shown on ?%e right and left sides are

respectively allotted to each bit of the codes di and C2j, but any code
conposed; ofar@anppeaiiédadn @heObabhieé of the following equations by using

a value k (= Tw/Tp) which is a ratio berween a heaa width Tw and
a track pitch Tp.

U« =k (Ua =~ Ug)/(Un + Us)

Uy =k (Ug = Up)/(Ua + Up)

These position signals Ux and Uy change periodically with a
pexriod 2Tp (= 360°) as a function of position of the head 9 in
the radial direction R in such a state that the phases of these
bosition signals different from each other by 90° as shown in
FIG. 18B. The position of the head in the radial direction is
divided into regions RAl, RA2, RA3 and RA4, the region RA2 being

v a region in the vicinity of a central axis of a track with an
address of an even number And Uy > 0, RA4 a region in the
vicinity of a central axis of a track with an address of an odd
number and Uy < 0, RAl a region between central axes of adjacent

. tracks and Ux < 0, and RA3 a region between central axes of

adjacent tracks and Ux > 0. In this case, the position signal Uy

changes lineally in the regions RAl and RA3 and also the position
~ signal Ux changes lineally in the regions RA2 and RR4. Thus, if
the head 9 is positioned coarsely within a deviation of ¢ 1 track
width with respect to a track of 'a desixred address, the head §
can be finally positioned to the track by using the narrow-range
} track position signal in all ranges in the radial direction R.
According to the present invention, since the code rate of a
track address (amount of original data)amount of data on the.
magnetic disk) can be increased, normal data can be recorded much
.more by decreasing a ratio of address patterns and also the seek
Speed at the high-speed seek mode can be increased.
Having described the preferred embodiments of the invention

with reference to the accompanying drawings, it is to be
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-22- equations shown on the right and left sides may be used. However, at
|l east in the rule Aor B, it is required to use odd nunber of equations on
the right hand in order to performthe self clock. This requirenent
corresponds to a fact that conditions for performng the self clock can be
satisfied even if any codes are used a24rong as odd number of "1" is
included in the first code.

understood that the invention is not limited to those precise
embodiments and that various changes and modifications thereof
could be effected by one skilled ‘in the art without departing
from the spirit or scope of the novel concepts of the invention

as defined in the appended claims.

dren s ine replacement sheet
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In case of converti ng a source code of mbits into a channel data of (m+
rate bec ),

2 while this code rate is nore than
3"!,'@:”53!&,I”U!Eﬂ'[)oaches to 1 as the value mis increased. Further, by
u3| n f the encode codegeObtai ned by the two-to-three
conver si on expl ai ed with reference to

G 10 and the encode codes
obt ai ned by the above-described rule B, it is generally possible to convert

the gray code of (2n + m hits in oA%h qupe of (3n + m+ 1) bits
satisfying the necessary c assum ng that m ni mum

val ues” of N a0, AR’ Badrédel datteiPeekl KohigndtRn 4k GPERrABLS,
wherein a gray code of a plurality of bits corresponding to a track
address of the magnetic disk apparatus is divided per 2 bits
thereof into groups, the respective groups of 2 bits are
converted into codes of 3 bits (001), (010), (100) oxr (11l1)
'depending on the value thereof, vhereby the converted codes are
recorded on the magnetic disk
2. A track address pattern for a magnetic disk apparatus,
wherein a gray code of m bits (m is an integer not less than 2)
corresponding to a track address of the magnetic disk apparatus
is divided into a code Gx of one bit and codes (Gm-2, Gm-1, ... ,
GO0) of (m -~ 1) bits, and
the code of 1 bit is converted into codes (Cll, C10) of 2
bits according to a rule A and the codes of (m - 1) bits are
convefted into codes (C2m-1, C2m-2, ..., C21, C20) of m bits
according to a fule B, whereby a code which is converted from the
gray code of m bits into a code qf (m + 2) bits is recorded on
the magnetic disk .
the rule A making the code Clj (j = 0, 1) correspond to Gx
or Gx ® 1 (®means an exclusive-OR operation), and the rule B
. making the code C20 correspond to GO or GO ® 1, the code C23 (3 =
1,e00, m =~ 2) t0 G(j - 1) ®Gj or G(j -~ 1) D Gj @ 1, and the code
C2m-1 to G(m - 2) or G(m - 2) @ 1, respectively.
3. A track address pattern for a magﬁetic disk apparatus,
. Wherein a gray code of a plurality of bits corresponding to a
track add;ess of the magnetic disk
a code of one of the divided two sets is converted into a

code according to the conversion rule A recited in claim 2,

a code of the other set is converted into a code according

This is the replacement sheet
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becomes (2n + m/(3n + m+ 1). That is, the code rate gradually approaches

to 1 ol 1 d re than about 3/5 and the value m becones |arger. An
exanp ,Hﬂﬁmaaﬂaﬂlﬁgl ng the servo patterns 30 - 33 shown in FIG 5 wll
be expiald s rence to FIGS. 18A and 18B. 1In this case, the servo

signals Uerr], Yerr], Uerr], YUerr] Ot the servo patterns 32, 33, 31, 30
are respectively obtained (refer to FIG 6) by sanpling and hol di ng an

anpl i tude of pan. &pyel QR sYleaSisAnNah &1 Cralf € reproduced by the magnetic
head traci’ng the servo patterns on the magnetic disk rotated in the

direction [ertheaswshondes wbEaGned8hy these coaversions are zombined to

thereby be recorded on the magnetic disk

pattern .
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Next, two-phase narrowrange track position signals Uerr] and - 23-
Uerr] are obtained on the basis of the follow ng equations by using a
value k (= Tw/ Tp) which is a ratio betmeen a head wwdth Tw and a track
pitch Tp. Uerr] =k (Uerr] - Yerr] )d(Uerr] + Uerr]) Yerr] =Kk

(Uerr] - Uerr] )/ (Uerr] + Uerr]) Thtse position signals Uerr] and
U err] change periodically with a

A TRACK ADDRESS PATTERN FOR A MAGNETIC DISK APPARATUS

ABSTRACT OF THE DISCLOSURE

The present invention relates to a2 track address pattern
suitable for being applied to a magnetic disk apparatus which
positions a head to a track with a desired address by a sector
servo system, for example, wherein a gray code of a plurality of
pits corresponding to a track address of the magnetic disk
apparatus is divided per 2 bits thereof into groups, the
respective groups of 2 bits are converted into codes of 3 bits
(001), (010), (100) and (111) depending on the values thereof,

respectively, whereby the converted codes are recorded on the

magnetic disk

obtained by extending the gray code with a ratio of 2 : 3 is
recorded on the magnetic disk by.satisfying such a condition that
a run-length is a finite number and so on, so that a code rate
(an amount of original data/an amount ef data on the magnetic
disk) is increased with decreasing a ratio of an address pattern
to thereby increase an amount of normal data to be recorded and
also increase a speed of the seek operation at a high-speed seek
operation. Further, the present invention intends to attain the
similar effects by a manner that a code of 1 bit is converted
into codes (Cll, C10) of 2 bits according to a predetermined rule
and codes of (m - 1) bits are converted into codes (C2m-l, C2n-2,
«ee, €21, C20) of m bits according to a predetermined rule,

whereby a code which is converted frdm the gray code of m bits

into a code of (m + 2) bits is recorded on the magnetic disk

the track address pattern. Furthermore, the present invention

intends to attain the similar effects by combining the above-

described 2 : 3 conversion and the (m - 1)

:+ m conversion.
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period 2Tp (= 360[err]) as a function of position of the head 9 in the
radial direction Rin such a state that the phases of these position
signals different fromeach other by 90[err] as shown in FIG 18B. The
position of the head in the radial direction is divided into regions RA1,
RA2, RA3 and RA4, the region RA2 being.a region in the vicinity of a
central axis of a track with an addredsldf an even nunber and Uerr] > O,
RA4 a region in the vicinity of a central axis of a track with an address
of an odd nunber and Uerr] < 0, RAl a region between central axes of

adj acent tracks and Uerr] < 0, and RA3 a regi on between central axes of
adj acent tracks and Uerr] > 0. In this case, the position signal Uerr]

FIG. 1 (PRiorR ART)

TRI (A
TR2 2A

TRN i8

2B
\ H \ {C
2C
.. ~— -
- R
MD
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changes lineally in the regions RAl and RA3 and al so the position signal
Uerr] changes lineally in the regions RA2 and RA4. Thus, if the head 9 is
positioned coarsely within a deviation of 1 track width with respect to a
track of a desired address, the head 9 can be finally positioned to the
track by using the narrowrange track 0 ition signal in all ranges in the
radial direction R According to the I nvention, since the code rate

of a track /am)unt of data on the magneti c
di sk) can b;dﬂ'ff ase?m nglpéﬂbﬁaéﬂgar recorded nuch nore by decreasing

a ratio of address patterns and al so the seek speed at the high-speed seek
p A aj p g p
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Havi ng.described the preferred embodi'ments of the invention with reference

to the acconpanying drawings, it is to be - 24-

i nvention i s not

under st ood that the

limted to those precise enbodi nents and that various

changes and nodi fications thereof could be effected by one skilled in the

art without departing fromthe spirit or scope of the novel

I nvention as defined in the appended

concepts of the
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25 WE CLAIM AS OUR I NVENTION 1. A track address pattern for a magnetic

di sk apparatus, wherein a gray code of a plurality of bits corresponding to
a track address of the magnetic disk apparatus is divided per 2 bits
thereof into groups, the respective groups of 2 bits are converted into
codes of 3 bits (001), (010), (100) Ord(iﬁl) dependi ng on the val ue

t hereof, whereby the converted codes aré
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recorded on the nagnefic disk.2. A track address pattern for a nmagnetic

di sk appar at us,

wherein a gray code of mbits (mis an integer not |ess

than 2) corresponding to a track address of the magnetic disk apparatus is

divided into a code & of one bit and codes (Gn2, Gnl, ..

bits,

and the code of 1 bit is conver

according to a rule A and the codes o§??n1-
codes (@2m1, Cm2

wher eby a code i S
of (n1¥ 2) bitéﬂﬁéiggco
2
\

A

. &) of (m-
4into codes (Cll, C10) of 2 bits
1) bits are converted into

C21, C20) of mbits according to a rule B
nverted fromthe gray code of mbits into a code

d on
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the magnetic disk the rule A making the code Clj (j = 0, 1) correspond to
&x or &[err]l ([err]means an excl usive-OR operation), and the rule B
maki ng the code C20 correspond to G or G0 [err] 1, the code Cj (j =
1,..., m- 2) to ) - 1) [err]G or ) - 1) [err] G [err] 1, and the
code @2m1l1 to Gm- 2) or Gm- 2) [err , respectively. 3. Atrack
address pattern for a magnetic disk appgﬂatus, wherein a gray code of a
plurality of bits corresponding to a track address of the magnetic disk a
code of one of the divided two sets is converted into a code according to
t he conversion rule Arecited in claim?2,

FIG.7

REARDOED S/EHAL

SYNCHRONIZING
CIRCIIT ~——1{5A
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and the two codes obtained by these conversions
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are conbined to thereby be recorded on the magnetic disk pattern.
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FIG. 13
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