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RATE, 47 (n+1) CODE FOR EMBEDDED SERVO ADDRESS ¢ 22y : .
ENGODI.NG BACKGROUND OF THE IN\/ENTI soe e .
The present B!Ei&l on relates to encodi ng and decodi ng of track 5 addr ess.

"patterns in d and nord7parti cul e ~ereedqd
Gray-coded tr q‘h ’tﬂmmﬁrn used with conputer H‘lékSi'éﬁﬁTvléA%ﬁEENrrs.
uch ds 4 hard disc apf&adM8 or g f| opBEPAGKD

A magnetic disc, s
apparatus, is used as a data storage and retrieval mediumTtor a comnputer.
Dat'a Is stored in ("witten to") and retrieved (" read ) fromthe
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of the track address identification to include one parity bit x, positioned in the

interior of the track address pattern and selected to maintain a selected panty for
the embedded track address patterns of adjacent tracks.

‘ ' o 2. The track address pattern of claim 1, wherein the track address
' pattern of an m® track address identificationt differs from the track address
10  pattern of an (m-1)® track address identification in éxactly two bit locations, and
wherein the track address pattern of the m® n'ack address identification differs
from the track address pattern of an (m+1)* track address identification in
exactly two bit locations. o ' ‘
3. The track address pattern of claim 1, wherein the parity bit, X,
15  is positioned at the center of the encoded track address.
4, ' The track address pattern of claim 3, wherein bits of the Gray
code represeﬁtgtion are rearranged around the. parity bit to form the track
address pattern. | |
@ 5. The track address pattern of claim 4, wherein bits of the Gray.
20 code representauon are rearranged in an alternating manner such that even
numbered bits of the Gray code representation are arranged on one side of the
parity bit and such that odd| numbered bits of the gray code representation are
arranged on an opposite side of the parity bit. _ _
6. . The track address pattern of claim 1, wherein the Gray-code
25  representation G; of a track address iqenﬁﬁcaﬁon is denoted by Gy =
{b,b;bs...b,}, and wherein the corresponding track address pattern E; for said
track is denoted by Ey = {...b,sby 36y X bybysbas-..}, Where X is the parity bit.
7. The track address pattern of claim 1, wherein a Gray-code
entation G; of a track address identification is denoted by G, =
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'retrreval region of the magnetic disg is s_pecrfred by the track
(track” address) and the sector nQTrb!er Th,eosect o'r’s:are j°urt—her
nto a . - servo zone which provi dg ppsi tr»om.ng 1nfprrrat-| Gwe f.or
/write magnetic .. head and.a nornal data zohe wHar&=bi nary *dat a
stored. The posttienihg -infarmati on [ n the servo zones includes a
tfack address for c rse 0si tioning FagRet--c—head d a

bur'st pattern for f L"’mmnﬂmf t he rragnet | THIS SHERE HAS BﬁEN.he_ i ke.

Each track, T, on t has a uni que addr REPLACED

|dent|f|cat|on nunber dan be represented by a G ay-code binary bit
sequence address pattern G[err] of a certa® bit | ength using the well
“known G ay- - codi ng, schene. The address pattern Gerr] of a track Tis
recoded into a Ior{QéthSb3 %W&Fﬁ%ﬁlc m@@dm&tm&ﬁ%mppmmeﬁqnforﬁpﬂrr],

S6rvo zond of 1 ho UREBACERRHEICES Trie e heitbetos- > B X3 ARafly B

Gray-code address gpattern Gf&&fa]ck'ﬂﬁﬁ:s&flﬁtt@ﬁ%ﬁbédlféé'm@@@rﬁ%eaﬁﬁdmm in a
address pattern E[err] is to generate an E[err] pattern which the magnetic

recording - d@ertion eb track therein for reprasentingea trackeaddsess ddényifichtion omthe
S{C%r [J]SQE?E)tG(Za&r'ag The it | &e?rack address pattern exgbedﬁedo’ 2the medium being recoded from
a Gray-code representation of the track address identification, the track address
pattern comprising the following constraints:
o ' i) binary bits of a track address pattern defining an m®
" track address identification differ from binary bits defining an
10 (m-1)* track address identification in exactly two bmary bit.
locations; and _
ii) bmary bits of a track address pattet'n defining the m® track
address identification differ from bit cells defining an (_m+1)"’
track address idexitiﬁc_:ation in exactly two bit cell locations.

15 9. The track address pattern of claim 8, further comrising a
constraint wherein: when a "1" occurs in the same bit location in two adjacent
track address patterns, then the parity up until said same bit iecation is the same
for both the m™ and the (m-1)* track address patterns and for the m® and the

‘ _ : (m+1)® track address patterns. | '
fﬂ = 20 10. The track address pattern of claim 9, wherein the track address

pattern includes a parity bit, X, posmoned in the center of the track address

pattern. ‘

11. The track address pattern of claim 10, wherein bits of the Gray

code representation are rearranged around the parity bit to form the track
25  address pattern. '

12. The track address pattern of claim 11, wherein bits of the Gray

code representation are rearranged in an alternating manner such that even

._____numbeted—bm-]of the Gray code representation are arranged on one side of the .

=5

REPLACEMENT SHEET SRR =

C | e TR




-2- the bit count :\:"'I'*‘%ngth of the G[err]o\@q I’*n to the bit count SIHP
| ength of the E[err] pattern is cal |l ed rate of the code. The cory
hi ghey the rate, the nore efficient is the code. The

recor?i ng techni ques described in the prior art do not achieve
maxi num possi bl e efficiency represented by an n/(n+l) rate track agsis

5 g@de where n [er . I'n facy, Slﬁ?'g!' din tk or
art for such I dings is ‘ﬁé%«@s 0 i ecause :
usual et hod fmm%n&mmmmmm mm-rm-pmodmﬁmohmwecm

therein for 6auu1 S S brt—to—assure—a-ftux
reversal is g"@ "éf’ﬁ'"‘c’]’%'f%?&eﬁamc"ﬁm ay- code U&% (0 fnternabonal Fyblication Number: WOW
storage of fhe FHEAVERAsses. However, |

@5 HseiionMPubifeationBhee> 1 Qo SR Ber 1996 (19.12.9¢
4, ne on Duges, 190X

teach 10 :

E[err] patt gk mibmdaSbipbication Number: ”+21"'c.'rf0955/o@ﬂ Sthtes! 1P S, Europesn patent (AT, BI
Nonet hel éss ”}’ls Is still not the nost "5(; ef f | CH, DRIDK, ESaEk, B5H, UhHie, NL, P
rate possi bl &2) International Filing Date: 7 June 1995 (07 RY 8 THE | NVENTI ON

The preséent i nvention provides a track address pattern enbedded 15 in a

st orage nedi mwtwmwmw@mrtm Ie Palilkhed epr esenting a track
address ideftifi W%ﬁg&’sb gt h "Wk incemmiarional segrehirepertidr es s
pattern |um|s recoded froma G ay-code

repr esent at ij @ track address |dant|f|cat|on and has a binary
bit length f"sﬂwﬂm I'P “a(&' !’60"'”' VOLZ, anong ot her things, a code
of rate n/( 1+1) 1 oded track address pattern

(or codewor g mdelsmﬂvﬁm;om wherein a plurality of bit
cells corre: ,pondpg?)ﬁ’ggslam %WW%W% dat a . st or age appar at us
are recodedjto i

a parity bit selected tlo maintain a sel ected
parity for {{1e spmecHaandivasee, O.oKibrey & Lange, P.A., Suite .

. 1500, 625 4th Avenue South, Minneapolis, MN 55415-1659
(US).

(54) Title: RATE n/(n+1) CODE FOR EMBEDDED SERVO ADDRESS ENCODING
(57) Abstract

A track address pattemn embed- Track
ded in the servo zones of a storage Number
medium for representing a track ad-
dress identification having a binary
bit length "n". The track addresses
.| pattem embedded in the medinm is
recoded from a Gray-code representa-
tion of the track address identification
and has a code rate of n/(n+1), where
n 2 2. The recoded track address pat-
temn (or codeword) i3 modeled from
a Gray-code representation wherein a
plurality of bit cells corresponding to
4 track address of the data storage ap-
paratus are recoded to include a par-
ity bit selected to maintain a selected
parity for the track address
More particularly, when a "1" occurs
in the same bit cell location in two
adjacent track address pattemns, then
the parity on "1"s up until the same
bit cell location is the seme for both
of the m® and the (m-1)® track ad-
dress patterns and for the m* and the
(m+1)® track address pattems. Fur-
thermore, the codewords provide that
the bit cells of an m'h track address
differ from the bit cells of an (m-1)th
track address in exactly two bit cell
locations, and that the bit cells of an
m® track address differ from the bit cells of an (m+1)® track address in exactly two bit cell locations. One of the positions in which
neighboring codewords differ is the parity bit position.

Bncoded Address Pattern
b,
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Anot her aspect of the invention is to provide an enbedded track 25
address pattern recoded froma G ay-code representation of the track

addr ess identification to include one parity bit, X positioned in
the interior of the track address pattern and selected to maintain a
sel ected parity for the enbedded track address pattern. WO
96/ 41342

PCT/ US95/ 06255 - 3-

The enbedded track address pattern further provides that when a"1l"
occurs in the sanme bit location in tw adjacent track address patterns,

t hen the parity on "1"s up until the sanme bit location is the sane
for both of the nferr] and the (m1)[err] track address patterns and
for the nferr] and the (mtl)[err] track 5 address patterns.

Furthernore, the track address pattern provides that the bits of an

nerr] track address identification differ fromthe bits of an (m1l)[err]
track
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address idenification in exactly two bit |locations, and that the bit of an
nerr] track address identification differs fromthe bits of an
(mtl)[err] track address identification in exactly two bit cell

| ocatyi ons. One of the bit positions in which 10 t he adj acent track
address patterns differ is the parity bit position.

According to the present invention, the parity bit, X is |ocated

the center or bit 3?’1' , counting fromthe left, represented ggrlpﬁg/oszss
I nt eger equal to or otherw se next larger than, (n+l)/2 of the track
address pattern, where n is the nunber of bits in the track address
pattern. The G ay-code 15 representation Jerr] of a track address
identification is denoted by Jerr] = {b[err]b[err]b[err]...b[err]},
and the correspondi ng enbedded track address pattern E/err] for said

track address identification is denoted by E[efk-] = {...

b[err]b[err]b[err] Xb[err]b err]bLtL where X is the parity
bit. Another encoding tec OB, mtmmsmvo ADDRESSt i on-

i s deter,m ned by reversing the posi tion of ke significant bit and 20
the second | east significant bit when construc?l ng the E[err] codewor ds.

Thi s encodi ng techni que al BAC ] ] I renments

bet ween adj acent track S

{...b[err]b[err] b[err] X b[errfﬁéﬁﬁ%’?w&wéw@ﬁﬁw&({g@i
parity bit. o address pattems in dBRBﬁﬁgDEﬁﬁPihﬁldﬁfpﬂiﬁEﬂW\Mflmn&ﬂed
Flgurellsata e show G ay-c atfern for et o

ei ght tracks as knovvnlb‘ﬂ"'ﬁg@g gl’&% tfxcomputerdigkﬁ ¥ RS2 is a
tabl e show ng the magnetlzatlonA%agaaﬁ@am@rsﬁchasahardmsatippﬁdmbb:hmapﬁybis&
Gray-code pattern of Figure 1 as known in thmgrlqr

apparatus, is used as a data storage and retrieval medmm for a computer. Data
is stored in ("written to") and retrieved ("read") from the magnetic disc in a

10  magnetic recording device using a "read/write" magnetic transducer or "head"

positioned adjacent the magnetic disc as it rotates. The magnetic disc is divided
into concentric tracks along radial directions across the disc. The magnetic disc
is also divided into angular sectors between selected radii of the disc. The
storage or retrieval region of the magnetic disc is specified by the track number
15  (track address) and the sector number. The sectors are further divided into a
servo zone which provide positioning information for the read/write magnetic
head and a normal data zone where binary data is stored. The positioning
information in the servo zones includes a track address for coarse positioning
of the magnetic head, and a burst pattern for fine positioning of the magnetic
20  head, or the like. '

"Each track, T, on the magnetic disk has a unique address or
identification number which can be represented by a Gray-code binary bit
sequence address pattern, Gy, of a certain bit length using the well known Gray-
coding scheme. The address pattern Gy of a track T is recoded into & longer

. 25  operational binary bit sequence pattern, Ey, which is written as the address of
that track in, for example, a servo zone of the magnetic disc. The objective of
d recdding the Gray-code address pattern Gy into the operational code track

address pattern E; is to generate an E; pattern which the magnetic recording
device can detect and recognize more reliably than the Gy pattern. The ratio of

SUBSTITUTE SHEET {RULE 26)
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Figure 3 is a table showi ng the voltage signals produced during t he
read. back operation by the 3-bit G ay-code pattern of Figure 2 as known in
the prior art. Figure 4 is a table showi ng an encodi ng
schene for 3-bit Gay- 5 coded track identifications accordi

present inventi on. WO96/41342 Figure 5 is a table sho%z[?sg%&”
encodi ng schene for 4 bit G ay- coded track identifications
according to the present invention. DETAI LED DESCRI PTI ON OF THE
PREFERRED EMBODI MENTS Traditional Gay Scal e Track Address
Encodi ng Constraints 10 " A Gray-code is often used to
represent the track address identificatign nunber on a magnetic

di sc, because only one bit is different in adj acent code
representations for adjgCeipbodnt Wﬂpdo Eci Htle@ﬁ

the efficiency and conplexi ty I n k| ng%t'rr ack adg%eg&; |dent|flggg!t%| Onpattemm

determinations. Mre paatedthe e of thacaieayThedigher theustecthe moenefficient is sheicode.
that the address - Yof the niBEroraRa sEngng -8 RE e GRY RO T o BHTE,
Gray-code address of tRRe maximum possible efficiency represented by an n/(n+1) rate track address
5  code, where n > 2. In fact, the typical rate achieved in the prior art for such
recordings is 1/2 for all values of n, because the usual method for encoding
track addresses is to provide two bits therein for each Gray-code track address
bit to assure a flux reversal is obtained for each Gray-code bit in the servo zone
storage of the track addresses. However, U.S. Patent No. 5,274,510 does teach
10  a method that converts a Gy pattern of length “n" into an E; pattern of length
"n+2" for a code rate of n/(n+2). Nonetheless this is still not the most
efficient track address code rate possible.
SUMMARY OF THE INVENTION
The present invention provides a track address pattern embedded
15  in a storage medium in a portion of a track therein for representing a track
address identification having a binary bit length "n". The track address pattern
embedded in the medium is recoded from a Gray-code representation of the
track address identification and has a binary bit length of "n + 1” so as to
provide, among other things, a code of rate n/(n+1), where n > 2. The
20  encoded track address pattern (or codeword) is modeled from a Gray-code
wherein a plurality of bit cells corresponding to a track address of the data
storage apparatus are recoded to inciude a parity bit selected to maintain a
selected parity for the track address pattern.
Another aspect of the invention is to provide an embedded track
25  address pattern recoded from a Gray-code representation of the track address
identification to include one parity bit, X, positioned in the interior of the track
address pattern and selected to maintain a selected parity for the embedded track
address pattern.



preceding or (m1l)[err] track in exactly one bit location in the code words
representing each, "m' representing an arbitrarily selected track nunber.
The address of the nferr] track also differs fromthe address of the
next -or (mrl)[err] 20 track in exactly one bit location. Figure 1

Il lustrates. an exanpl e of such use of G ay-coding in which a set of

ei ght different trv%gg%ers are each assigned a 3-bit Ip&g[e,%fm

Gray-code address. be seen, the encoded binary bit

address pattern of the third track (011), for exanple, differs fromthe
encoded binary address pattern for the adjacent second track (001), in _
exactly 25 one bit position-the second bit. Simlarly, the encoded binary
address pattern of the third track (011) differs fromthe encoded

bi nary address pattern of the adj acent fgurth track (010) in exactly
one bit ,position-the third bit. The recoded binary bit

sequence address patterns (codevitelnibedded track ddBfe@piriind RAMERBRRdeS tlh Shen

medi a produces a pattern of |ocalized nmagnetization_ WO 96/ 41342
PCT/ US9%/ 06255 a "1" occurs in the same bit location in two adjacent track address patterns, then

the parity on "1"s up until the same bit location is the same for both of the m®
and the (m-1)® track address patterns and for the m® and the (m+1)® track
5  address patterns. Furthermore, the track address pattern provides that- the bits
of an m® track address identification differ from the bits of an (m-1)* track
address identification in exactly two bit locations, and that thie bit of an m™ track
address identification differs from the bits of an (m+1)® track address
identification in exactly two bit cell locations. One of the bit positions in which
10  the adjacent track address patterns differ is the parity bit position.

According to the present invention, the parity bit, X, is located
at the center or bit position, counting from the left, represented by the integer
equal to or otherwise next larger than, (n+1)/2 of the track address pattern,

where n is the number of bits in the track address pattern. The Gray-code
| 15 representation Gr of a track address identification is denoted by G, =
{b,b,b...b,}, and the corresponding embedded track address pattern E; for said
track address identification is denoted by By = {...b,sbs3bs;XD.b;sbos. .},
where X is the parity bit. Another encoding technique according to the present
invention is determined by reversing the position of the least significant bit and
20  the second least significant bit when constructing the E; codewords. This
encoding technique also maintains the parity requirements between adjacent
track address patterns and is expressed by E; = {...b,4b,2b, X b, ,b,:b,s...},
where X is the parity bit.
BRIEF DESCRIPTION OF THE DRAWINGS

25 Figure 1 is a table showing a 3-bit Gray-code pattern for a set of

eight tracks as known in the prior art.
. Figure 2 is a table showing the magnetization orientations
produced by the 3-bit Gray-code pattern of Figure 1 as known in the prior art.



- 5- regi ons or donmains, one for each bit, each of which is called a

bit cell. Mre particularly, a binary bit of value "1" of a bit
sequence address pattern is represented by a direction of
magneti zation in the bit cell therefor which is - opposite the

direction of magnetization occurring in the previous bit cell on the 5
track. A binary bigt - \gg ue "0" of a bit sequence address patte\;ﬁpr,v%s
represent ed &"B%/g rection of nmagnetization in the bit ce ere (s)r

which is the sane as the direction of magnetization occurring in the
previous bit cell on the track. The magneti zation patterns that are
produced on the nmagnetic nedium by the track addresses in Figure 1

are shown in Figure 2, for which it is assuned that the 10 bit cells are
encountered fromleft to right and that the exis}ing nmagnetization
orientation in the bit cell representing the bit"to the left of the left

nost bits in the table isfromleft-tosright, . .
During bit sequence pattern retrPMn% B fotable; , Mﬁéﬁf@#ﬁﬂ?ﬂmm
direction transition beha'\Rad badk opeRitibn GPHRS-bit Gidyadé patted 6f Figire!d ds 16RWnSn

I nduces, 15 or changes a circuit paraneter to provide in the magnetic
recordi ng device read the prior #fbad ci rcuitry, an electrical voltage pulse in

the output signal waveform from Figure 4 istd'@ble ' @A éncddihg! Sdheéinefor 3NGHEERAL -
each such vol tage pul se due to a magneti zation flyx direction

reversal between ad} aceededrackddentifications accerding 1o the present faVeglon. i git " 1" as
a bit of the track address patte &Pﬁ:T r'M-PBf mﬂﬁi\ﬁh&% it &24y-
pul se produced i s al ways opposi tie= e'h%oﬂogirﬂ?ts§ 0 taﬁe previ ous yfoer(%:{

produced pul se due to tcodsbtrdckidentifications Accorsding-tocthe present dnvemion. absence of
such a vol tage pul | AR TON SR HE PREFERRED RMBUDRES bi t
cells represents Tt grt ~u.. " S L

particularly, the value of tI#

identification number on a magnetic disc, because only one bit is different in
adjacent code representations for adjacent tracks in Gray-coding which improves
the efficiency and complexity in making track address identification
determinations. More particularly, a Gray-code is used to encode track numbers
15  into binary bit sequence address patterns (or codewords) such that the address
of the m™ track in this coding differs from the Gray-code address of the
preceding or (m-1)* track in exactly one bit location in the code words
representing each, "m" representing an arbitrarily selected track number. The
address of the m™ track also differs from the address of the next or (m+1)"
20 track in exactly one bit location. Figure 1 illustrates an example of such use of
Gray-coding in which a set of eight different track numbers are each assigned
a 3-bit long Gray-code address. As can be seen, the encoded binary bit
sequence address pattern of the third track (011), for example, differs from the
encoded binary address pattern for the adjacent second track (001), in exactly
25  one bit position—the second bit. Similarly, the encoded binary address pattern
of the third track (011) differs from the encoded binary address pattern of the
adjacent fourth track (010) in exactly one bit position—the third bit.
The recoded binary bit sequence address patterns (codewords)
stored in the magnetic disc media produces a pattern of localized magnetization



"1" is determined to have occurred if the voltage in the output signal

equal s or exceeds a predeterm ned threshold value, and a "0" is
determ ned to have occurred if the output signal voltage is |ess

t han. t hat predeterm ned threshol d. A bit in a bit sequence address
pattern having a value of "1" produces a pul se WO 96/ 41342

PCT/ US96/ 06255 . I n the head out put signal waveform nR9s/663ss
anplitude of, forwé%(oaff?ﬁ%, val ue A. Although a bit in a Eﬁﬂﬂgquence
pattern having a value of "0" should ideally not produce any vol tage
I n the correspondi ng head out put signal waveform spuri ous

el ectrical noise does often produce a voltage having sone anplitude x, 5
which is typically a fraction of the anplitude A of an output signa

wavef or m pul se due to retrieving a "1". Fi gure
3illustrates the electrical signals that shoul'i?'be pr oduced

regions or domains, one for each bit, each of which is called a bit cell. More

. ' particularly, a binary bit of value "1” of a bit sequence address pattern is

represented by a direction of magnetization in the bit cell therefor which is
opposite the direction of magnetization occurring in the previous bit cell on the
5 track. A binary bit of value "0" of a bit sequence address pattern is represented
by a direction of magnetization in the bit cell therefor which is the same as the
direction of magnetization occurring in the previous bit cell on the track. The
magnetization patterns that are produced on the magnetic medium by the track
addresses in Figure 1 are shown in Figure 2, for which it is assamed that the
10  bit cells are encountered from left to right and that the existing magnetization
orientation in the bit cell representing the bit to the left of the left most bits in

the table is from left-to-right.
During bit sequence pattern retrieval operations, a magnetic flux
direction transition between adjacent magnetization regions, or bit cells, induces,
15  or changes a circuit parameter to provide in the magnetic recording device read
head circuitry, an electrical voltage pulse in the output signal waveform from
that rcad head. In this arrangement, each such voltage pulse due to a
magnetization flux direction reversal between.adjacem bit cells represents a
binary digit "1" as a bit of the track address pattern. The polarity of any such
20  voltage pulse produced is always opposite the polarity of the previously
produced pulse due to these flux reversal representations. The absence of such
a voltage puise in the output signal obtained from adjacent bit cells represents

a binary digit "0". ‘
More particularly, the value of the head output signal voltage
, 25  waveform obtained from a bit cell is determined using a threshold detector. A
*1" is determined to have occurred if the voltage in the output signal equals or
. exceeds a predetermined threshold value, and a "0" is determined to have

occurred if the output signal voltage is less than that predetermined threshold.
A bit in a bit sequence address patiern having a value of "1" produces a pulse



during an address bit sequence pattern retrieval or the read operation for
t he Gray-code track address bit sequence patterns shown in Figure 1.
Again, this 10 assunes the head encounters the bit cells for the bits
shown fromleft to right, and the bit cell preceding the bit cel
representing the left nost bit was magnetized so its flux was

directed fromleft to right. An arrow in Figure 3 denot e ,&@Huégf
pul se, and the di e the arrow i ndicates whether the pCE pul'se™1s

positive or negative. An upward facing arrow indicates a positive 15

pul se, and a downward facing arrow i ndi cates a negative pul se.

When a head is to seek a particular track on the magnetic disc. t hat
head is directed to scan inwardly or outwardly across the disc. As the head
noves fromtrack T[err] to an adjacent track T[g%r], the head is
progressively subject to more flux fromthe bit cells of the latter

track and less flux frgmt @Wg Ov?ﬁrefbrﬂfhﬁ%gaﬁﬂﬁlﬁﬁﬁdébﬁcf&é@m?ﬂ?%ﬁl@e

head read output signal I's due ] bits stor . inthe latter
track than the forner tA.aAkhoufha bitripbitsequencepattero having 8 yalue ofi U adould ideally

i n the head read out put_signal e bl . Jher il 1.Qg
bits cells b[ er HOPP%PE%?&* Xﬁﬁﬁﬁﬁﬁ&w&%%%ﬁ%%@ wm%hﬂ,
respectively. The icns elettricalooist doéscofien ipeoduge vhitage havingsoole amplitue x|,
on the track T[err] ha%it'ﬁg@ cells %. d?gfrgéﬁaﬁgﬂp%%[%%re
denoted as [err] 9 W (R @I??c?l?ﬂﬂg, ydE X R rgragm
between bit cells of t due to retric¥] mr.tracks T[err] and T[err], the
anplitude of the pulse, p, seen hy the thres

combi nation of the anplitude of Figurg %Mg&l‘ %ﬁ%Fﬁ?‘?%F%MSWgW

[err] of the respectiveyhhdak 3dandhichic bifedde Pauirh rOiFievdl ior RS rédll (GpeLatibe Foraae

: Gray—cbde track address bit sequence patterns shown in Figure 1. Again, this

10  assumes the head encounters the bit cells for the bits shown from left to right,

and the bit cell preceding the bit cell representing the left most bit was

magnetized so its flux was directed from left to right. An arrow in Figure 3

denotes a voltage pulse, and the direction of the arrow indicates whether the

, pulse is positive or negative. An upward facing arrow indicates a positive
| 15  pulse, and a downward facing arrow indicates a negative pulse.

. ‘When a head is to seek a particular track on the magnetic disc,

| that head is directed to scan inwardly or outwardly across the disc. As the head

moves from track T, to an adjacent track T, ., the head is progressively subject

to more flux from the bit cells of the latter track and less flux from the bit cells

20  of the former track so thﬁt the head read output signal is due more to bits stored

in the Jatter track than the former track. The amplitudes of the pulses produced

in the head read output signal due to each bit cell in track T, having bits cells

base D, and by are denoted as pupy Papay and P, respectively.  The

amplitude of the pulse produced in each bit cell on the track T,,, having bit

25  cells by, Duyips and Dy are denoted as Py sy Pasnazs 304 P iyess

respectively. Thus, when the head is positioned between bit cells of two

adjacent tracks T, and Ty, the amplitude of the pulise, p, seen by the threshold

detector is 2 combination of the amplitude of the individual bit cells p,.,, and

D+t Of the respective tracks. Wher, the head is positioned m_idway between
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adj acent tracks T[err] and T[err] (each track having G ay-code track
addr.ess bit sequence patterns), the anplitude of the head read

out put signal presented to the t hreshol d detector of the pul se,
[err], resulting fro fl uxes of each of the adj acent pBirfus6éijeh
"b[err]" fromthewﬂl?)g)“{ cks is given by: 5 [err] = 0. 5[errl»FJr}FS s
0.5[err] Equation 1. One of the problenms which may
arise if Gray-code track address bit sequence patterns are witten
directly on the disc as the operational code address paterns is
illustrated using Figures 2 and 3. Wen the head is | ocated m dway

between tracks T[err] and T[err], the anplitudqs_of the read back voltage
10 signals produced at the threshold detector”s input for each adjacent

gl)gi f?l)lnspfilnr each tr ac%?cghtmf“r%g?feﬁ{ S@Myﬁ%%ﬁé@ %r a nssll;it
[err] = 0.5[err] + O.5feguénce pattdriis),Ghe amplitide))f the ead read outpuf signal preséntéd torthd
o 28D 50D il o e ok, e e bl
value is set at 0.5A jdjsieni Bi€cells "b," from the two tracks is given by:

| ‘5 Pus = 0.5P,0 + 0.5P .10 Equation 1.

One of the problems which may arise if Gray-code track address
bit sequence patterns are written directly on the disc as the operational code
address patterns is illustrated using Figures 2 and 3. When the head is located
midway between tracks T, and T,, the amplitudes of the read back voltage

10  signals produced at the threshold detector’s input for each adjacent bit cell pair
from these tracks for the three successive bit cell positions in each track is
determined using Equation 1, wherein:

P = 0.5p505 + 0.5pie, = 0.5(0) + 0.5(0) = 0
j Pz = 0.5P255 + 0.5pp)ez = 0.5(0) + 0.5(A) = 0.5A
| 15 Py = .59y + 0.505ny = 0.5(A) + 0.5¢-A) = 0
5 If the predetermined threshold value is set at 0.5A, then the
threshold detector detects the pattern to be "010" indicating to the magnetic
recoding device that the head is positioned on track T,. However, this is
incorrect as the head is in fact positioned between tracks T, and T;.
20 ‘When the head is positioned midway between two adjacent tracks,
T, and T,,,, if the threshold detector correctly detects all the bits in which the
addresses of the tracks agree, then the detector’s decision about the head
position will be either track T, or T,,, depending on whether a "I"ora"0"is
detected in the only bit cell in which the two track address patterns differ. With
: . 25  particular regard to the above example where the head is between tracks T, and
| T,, although the third bit is the same in the track address patterns for both
. tracks, it was wrongly decided by the threshold detector resulting in erroneous
information about the head position. The error occurred because the number of
*1°s" from left to right until, but excluding, bit cell b, in the Gray-code track



threshol d detector detects . the pattern to be "010" indicating to the

magnetic recodi ng device that the head is positioned on track T4.
However, this is incorrect as the head is in fact positioned
between tracks T2 and T3. 20 When the head is positioned
m dway between two adj acent tracks, T[err] and T[err], if the

t hreshol d detector tly detects all the bits in which the

addresses of the tV égﬂfggbree then the detector's decision aboufqﬂ§ﬁwwﬂs
position will be either track T[err] or T[err] depending on-whether a "1"
or a "0" is detected in the only bit cell in which the two track
address patterns differ. Wth 25 particular regard to the above exanpl e
where the head is between tracks T2 and T3, although the third bit
is the sane in the track address patterns for bgih tracks, it was
wrongl y "deci ded by the threshold detector resulting in erroneous

i nformati on about the w r efl PnnHiy‘é
of "1's" fromleft to rlgﬁ? untl ﬁ v %1’!' ng, b|?§ce {)P!edrﬁ?

in the G ay-code trackﬁomleﬁmngh&nmt&@:unmh@mg,b:tcellb,mtheGray-codeuackaddress
PCT/ US95/ 06255 pattern for track T, is an odd number. If the number of "1’s" in a track address

pattern is even, the track address pattern is said have even parity. If the number
5 of "I’s" in a track address pattern is odd, the track address pattern is said to
have odd parity. The difference in parity between the track address patterns of
tracks T, and T;, for example, resulted in voltage pulses of opposite polarity in
bit cell by for the two tracts. This difference in polarity in turn forced the
threshold detector to detect a "0" when the head is positioned midway between
10  the tracks instead of a "1". With reference to Figure 3, a similar problem may
occur if the head is midway between tracks T, and T, or midway between tracks
T and T,.
-code Track Address Constraint

The present invention particularly recognizes that all codewords
15  (encoded Gray-code track addresses) must have the same parity. Even more,
the present invention establishes a new constraint in that: when a *1" occurs at
the same bit position in neighboring codewords, parity until that bit position
must be the same in both codewords. With Gray code track addresses subject
to this additional constraint to form operational code track addresses, and in the
20  absence of noise, the threshold detector will always correctly detect all of the
bits in the operational code track address pattern when the head is positioned
midway between two adjacent tracks. In order to achieve this level of
efficiency, the operational code track address pattern according to the present
invention has an overhead cost of just one bit per each track address pattern so
25  that the rate of the encoding is n/(n+1). The additional bit is referred to as a
"don’t care” bit, because the threshold detector’s decision on this bit is ignored
in determining the track address. The "don’t care” bit is also interchangeably
referred to as a "parity bit", X, because it ensures that the parity on "1°s" in ail

encoded address patterns is the same, whether it is odd or even.



- 8- address pattern for track T[err] is an even nunber, whereas the

hunmber of "1's" fromleft to right until, but excluding, bit cell
b[err] in the Gray-code track address pattern for track T[err] is an
odd -nunber. If the nunber of "1's" in a track address pattern is

even, the track address pattern is said have even parity. If the nunber 5
of "1's" in a track a ss pattern is odd, the track address paﬂl{‘lﬁﬁﬁgtﬁ.ﬁs
said to 9(9gga‘gari ty. The difference in parity between e rac'rk

addr ess patterns of tracks T[err] and T[err], for exanple, resulted
I n voltage pul ses of opposite polarity in bit cell b[err] for the
two tracts. This difference in polarity in turn forced the t hreshol d

detector to detect a "0" when the head is positioned m'dvvay bet ween 10
the tracks instead of a "1". Wth reference to Eigure '3, a simlar problem
occur if the head is m dway between Pr acks T[err] and T[err] or

may .

m dway between tracks T[err] andﬂlir!! Algoritt A
New Gray-code Track Address Constrai nt The present
invention particularly recogni zegn hlbittlont Gra§@d@ Sit stquéiee pattedn,CGHSBr each track
G ay-code track addresses) nust have the sane parity. Even nore, t he
present invention est aBlonthemagnetic\giscopedivmiindenoled; hat ©  when a "1" occurs
at the sane bit 05| ORy i N N hbori ng codeword j4y until that
bit position nust’ t’ erb’sarre%l% bot h codewords. Wth G ay code

track addresses sulj ecaccordmg to the present invention andin satisfagtion;of thy Bew genstraint on
oper a1 onal £ X1 acK A5 oAl ko ISR el g
the operational code t track isadeferasisedobasedron mbasting ke tnsledying Guayicodewsing the
ct {16l ency. the operat e cRaR el Lo bt tern accordi ng o t he
present i nventi gp =hQs arbQvBLNBAd XC Bt by Q,fb,,hust .JoiBguigidn Jrer each
20K 3007 PR Sl sy Rl o T S i
t hr eshol d detector’s d%n%r%ﬁd%iyhﬂn& the dhoice db@ﬂmhﬁihe value of X for each track. In
other words, if it is decided that the parity will be odd, then the parity bit X is
predetermined to be either a "1" or a "0" for each track address to ensure that
each track address has odd parity. If it is decided that the parity will be even,
15  then the parity bit X is predetermined to be either a "1" or a "0" for each track
address to ensure that each track address has even parity. The location of the
parity bit is always at the bit position, counting from the left, represented by the
integer equal to or otherwise next larger than, (n+1)/2, where "n" is the
number of bits in the track address pattern. This bit position is the center bit
| 20  position of the track address pattern. In addition, the rules regarding Gray-code
track address patterns are now modified in forming the new operational code
such that: neighboring codewords must differ in exactly two bit positions, and
one of the bit positions in which the neighboring codewords differ is the parity

bit position. .
. 25 After the parity bit is determined for each track address pattern,
the operational encoded track address pattern E; is constructed by starting with
. just the parity bit X. The length of the encoded track address pattern Ey is then

increased using the following two steps: First, starting from b,, every other bit



in determning the track address. The "don't care" bit is also

I nt er changeabl y referred to as a "parity bit", X because it ensures
that the parity on "1's" in all encoded address patterns is the
same, whether it is odd or even. WD 96/ 41342
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The Encoding Al gorithm An n-bit long G'aypeg SEDSWSE
sequence pattern 9&4?:142 for each track T on the magnetic =
medi um i s denot ed: Gerr] = {b[err], Dbl[err], ,b[err]}

Equation 2. 5 According to the present i nvention and in satisfaction of
the new constraint on Gray-code track addresses, an operati onal
encoded address pattern, Eferr], for each track is determ ned based

on recodi ng the underlying G ay-code using.the -10-

in G is placed to the right of X. Second, starting from b,.;, every other bit is
placed to the left of X.

Figure 4 illustrates the encoded track address pattern E; for the

3-bit Gray-code track address patterns of Figure 1 where G; = {b,, b,, b;}.
5  Using Equation 3, the encoded track address pattern E is expressed:
Er = {b, X, by, by}.

Figure 5 illustrates the encoded track address pattern E; for all
4-bit Gray-code track address patterns where G, = {b;, b,, b;, b,}. Using
Equation 3, the operational encoded track address pattern E; is given by:

10 Ep = {by, b, X, by, ba}.
f That ed ati e New Parity C

While Figures 4 and 5 illustrate the operational encoded track
address pattern Ep for all underlying 3-bit and 4-bit Gray-code track address
patterns, the new “parity” constraint also applies to an encoded track address

15  pattern of any length n. A proof is now made by mathematical induction that
any Gray-code pattern encoded using Equation 3, satisfies the new panty"
constraint for any n-bit long Gray-code patierns.

Let any n-bit long Gray-code patiern G; for a track an the
magnetic disc media be defined as in Equation 2 above. Using Equation 3

20  above, the encoded Gray-code track address pattern for odd values of "n” is as
follows:
= {b,, by, bps + « «» Dpys X, by, byay - . ., by} Equation 4.
If the encoding method works for n-bit long Gray-code patterns,
then it works for (n-+1)-bit long Gray-code patterns because "n" is arbitrary.
25  The list of Gray-code patterns of length *n" is denoted by "A", and the list of
Gray-code patterns of length (n+1) is denoted by "C". The list "C” is formed
using the following procedure:
| 1. List all the members of "A". The set "A" contains L=2"
members.



foll ow ng encodi ng al gorithm E[err]={..., b[err], Db[err],
bferr], X, b[err], b[err], blerr],...} Equation 3, 10 where X is the
parity bit. A decision is made a pr|0r| whet her E[err] shoul d have

even-or odd parity and the choice determ nes the value of X for each track.
In other words, if it is decided that the parity will be odd, then
t he parity bit X i predeterm ned to be either a "1" or 0

each track addreséanwgﬁgﬁre t hat each track address has§8883”&&&5
parity. If it is decided that the parity will be even, 15 t hen the
parity bit X is predetermned to be either a "1" or a "0" for each track
address to ensure that each track address has even parity. The | ocation of

t he parity bit is always at the bit position, counting fromthe
| eft, represented by the i nt eger equal gﬁ or otherw se next | arger
than, (np+l1l)/2, where "n" is the nunber Of bits in the track address

pattern. This bit position is the cenker% 28 ppsition of the track
address pattern. In addition, the rules r af‘a' s G‘g‘j code track

address.patterns are now rmdl fi ed. BeloWotAN, figmd i kst "BV tieap eomtaine the | menslskes of "A"

such that: neighboring codewords,nyst differ in exactly two bit positions,
and one of the bit posit iHHE BYFIRIEEF-t he nei ghbori ng codewor ds
differ is the parity bit posiBi@nga,, 43,, A, ... } After the
parity bit is determ ned for eachtrack ad ress pattern t he

operati onal encodedStrack addres3- But# &0'nbaforeevery; membes of "ACt ed by starting
wth just the parity bit gXpylhegd lh%ﬂfe? Rgeged track address
pattern E[err] is then [ r?crlenais.':%j Eés?lﬁrﬁmvg% ovm% two steps:

First, starting fromb[err], eveNP“btlﬂe"D"lﬁemtethehﬂOfmded dress patterns for "A"
" such that every member of list "D" has odd parity. Let "E" denote the list of

encoded address patterns for list "B", such that every member of list "E" has
10  even parity. Now, construct a list "E* as follows:
1. List all the members of list *D".
'. D = {Dy, D;, D, ... D} :
2. Below list "D", list all the members of list "E".
E = {E. E, E, ... K}
15 3. Put a "0" before every member of list "D". Rename this list
; "G".
: 4. Put a "1" before every member of list "E". Rename this list
"He.
Then, the list "F" consists of the lists "G" and "H" with list "H"
20  written below list "G". From list "F*, it is apparent that all of the members of
list "G" have odd parity on "1"s and that all of the members of list "H" also
have odd parity. Therefore, every member of "F" has an odd parity on "1’s".
The lists "G" and "H" also satisfy the "parity” constraint mentioned above
wherein: if a "1" occurs in the same bit cell location in the encoded address
25  patterns (codewords) of two adjacent tracks, then the parity on "1’s" until that
location is the same in both the encoded address patterns (codewords). The
members of list "F" also satisfy the "parity” constraint. However, since the
lists "G" and "H" individually satisfy the constraint, it is only necessary to
verify that the constraint is satisfied at the boundary of "G" and "H".
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iin Jerr] is placed to the right of X. Second, starting fromb[err], every
other bit is pl aced to the left of X Fi gure
4 illustrates the encoded track address pattern E[err] for the

3-bit Gray-code track address patterns of Figure 1 where Jerr] _= rrl,
b[efr], b3[err]}.w°9§’“3"bsi ng Equation 3, the encoded track add@gﬁé’érn
E[err] is expressed: . E[err] = {Db[err], X Db[err], b[err]}.

Figure 5 illustrates the encoded track address pattern Eferr] for all

4-bit G ay-code track address patterns where (Qerr] = {b[err], b[err],
b[err], b[err]}. Using Equation 3, the operational encoded track
address pattern Eferr] is given by: 10 E[errgg.= {b[err], bl[err], X
b[err], bl[err]}. Proof That The Encoded Patterns Satisfy The

:\IFYVUSP?; :atg tCﬁgsE)[ngr 2% i onal encogg{jmtlyrga(!ll? of “n“\,/\m&m Is‘ﬁg"a??‘%%i%og?r] o#’or
al|l underlying 3-bit oanf the bist GByeopde paitern i5a{100ad@}.c Yising Equation 3 shet following
pactern of any I engtn fiaion @l PR bibe bhnllnBE RECH BN FLOIOE T
‘any Gray-code pattern encoded udiastgmémbentn Gn 3,0 80 .i. <0)i ®¥..t Ae new "parity"”
5 First member in H: 1 000... (1) 000... 1
Last member in H: 1 000... (0) 000...0 .
First member in G: 0 000... (1) 000... 0
The bit in the parentheses ( ) denotes the parity bit, X. Thus, it
is clear members at the boundary of lists "G" and "H" satisfy the "parity”
10  constraint, and thus ail the members of list "F" satisfy the "parity" constraint.
Finally, to conclude the proof for odd values of “n", it is easily verified that the
list formed by applying the encoding algorithm on the list "C" .is list "F".
Now, for even values of "n", Equation 3 above produces the
following encoded Gray-code track address patterns:
15 E;={b, b3, bs, ..., by, X, b, b,s, ..., b} Equation5.
As above, if the encoding method works for n-bit long Gray-code
patterns, then it works for (n-+1)-bit Gray-code patterns. The list of Gray-code -

patterns of length "n" are again denoted by "A", and the list of Gray-code

patterns of length (n+1) are again denoted by "C".

20 The list *C" is formed using a similar procedure as above, but is
repeated in its entirely for completeness as follows:

1. List afl the members of "A". The set "A" will contain L=2"

members._
A= {Al’ Az, A3, .es AL}
25 2. Below "A", form a list "B" that contains the members of "A"

in the reverse order.
B= {Al.’ Abl- AL—Z! LAl Al}
3. Put a "0" before every member of "A".
' _ 4. Put a "1" before every member of "B".



constraint for any n-bit |ong G ay-code paterns. Let
any n-bit long Gray-code pattern Jerr] for a track an the magneti c
di sc nedia be defined as in Equation 2 above. Using Equation 3 20 above,
t he encoded G ay-code track address pattern for odd values of "n" is as

fol |l ows: E[err] = {Db[err], b[err], b[err],..., b[err], X Dbl[err],
b[ferr],..., b[err]} Equation4. : If the en '
met hod wor ks for r&‘b?"?‘mﬁng Gray- code patterns, t hen it%%?s

(n+l)-bit long Gray-code patterns because "n" is arbitrary. 25 The |ist
of Gray-code patterns of length "n" is denoted by "A", and the |ist of
Gray-code patterns of length (n+l) is denoted by "C'. The list "C' is

f or med using the follow ng procédure: 1.
List all the nenbers of "A'. The set "A" contai ri§ L=2[err]
menbers. WO 96/ 41342 i

PCT/ Usd5/ 06255 Now, let "D" denote the list of encoded address patterns for "A"

such that every member of list D" has odd parity. Let "E" denote the list of
encoded address patterns for list "B" such that every member of list "E" has
even parity. Now, construct a list "F" as follows:
5 1. List all the members of D.
D = {D,, D,, D3, ... Dy}
2. Below D, list all the members of E.
E={E,E,E, ... E}
3. Put a "0" after every member of D. Rename this list G.
10 4. Puta "1" after every member of E. Rename this list H.
Then, the list "F" again consists of the lists "G" and "H" with list
"H" written below list "G". From list "F", it is apparent that all of the
members of list "G" have odd parity on "1"s and that all of the members of list
"H" also bave odd parity. Therefore, every member of "F* has an odd parity
15 on "1's". The lists "G” and "H" also satisfy the "parity” constraint mentioned
above wherein: if a "1" occurs in the same bit cell location in the address
patterns of two adjacent tracks, then the parity on "1’s" until that location is the
same in both the address patterns. The members of list "F" also satisfy the
“parity" constraint. However, since the lists "G" and "H" individually satisfy
20 the constraint, it is only necessary to verify that the constraint is satisfied at the
i boundary of "G" and "H".
As above, for any value of "n", the first Gray-code pattern is
{000... 0}, and the last Gray-code pattern is {100... 0}. However, using
Equation 4 the following situation occurs in "F" at the boundary of "G" and
25 "H".
Last member in G: 1 000... (0) 000... 0
First member in H: 1 000... (1) 000... 1
Last member in H: 0 000... (0) 000... 1
First member in G: 0 000... (1) 000... 0



-11- A= {Aerr], Aerr], Aerr],... Aerr]}
2. Below "A", forma list "B" that contains the nenbers of "A"

in the reverse order. B={Aerr], Aerr],
Alerr],...Aerr]} 5 _ 3. Put a "0" before every nenber of
"A". 4. Put a "1" before every nenber of "B".

Now, let "D' denote the |jist of encoded address patterns for "A"
such that every nenNBEM B2 | i st "D' has odd parity. Let "E" denotlémf se951o¢|szg§

of encoded address patterns for list "B", such that every nenber of
list "E'" has 10 even parity. Now, construct a list "F' as follows:
1. List all the nenbers of list "D'. . D =
{jerr], Derr], Derr],...Derr]} 2. Below list "D',
list all the nenbers of list "E". -14- E = {Eerr],
E[err], Elerr],...Eerr]} 15 3. Put a "0" before every

menber of list "D'. Renane this lAisﬁﬁ] it 3 parentheses : el
before every nmenber of list "E". enénthg?lhll%mfi st ()denotthhéDHirit?bxf,LX.
"H. Thus, itTisclear mrembierssat the boundary of lists{"G"hand TR satis(y the
and "H" with list "H" 20 _ . W] |4 pCH r g enticf fHal nloSen
apparent that all of th@%n%%%&gg’gﬂﬁws&%%wg;\%logdsﬁgﬁp{f er?ﬁty
"1"s and that all of t heonsteafiiter Einslly, ito sonclide the prwof for even vilaescofotid, jtcis ieasily

TP o ot B e 3 B 9 et it gp g
is the list *F".
er New i ori
According to the present invention and in satisfaction of the new
Gray-code constraint, an operational encoded address pattern, E, for each track
10  is determined using the following the same basic encoding algorithm as in
Equation 3, except that the positioning of the least significant bit (LSB) and the
most significant bit (MSB) are reversed as are the bit positions of the bits
selected based thereon. This new encoding algorithm is expressed as follows:
E;r ={. .., by by b, X, by, bys, bys, . . .} Equation 6,
15  where X is the parity bit. Again, a decision is made a priori whether E, should
ﬁave even or odd parity and the choice determines the value of X for each track.
_ In other words, if it is decided that the parity will be odd, then the parity bit X
_* is predetermined to be either a "1" or a "0" for each track address to ensure that
each track address has odd parity. If it is decided that the parity will be even,
20  then the parity bit X is predetermined to be either a "1" or a 0" for each track
address 1o ensure that each track address has even parity. “The location of the
parity bit is again always at bit position, counting from the right, represented
by the integer equal to or otherwise next larger than, (n+1)/2, where "n" is the
mamber of bits in the track address pattern. As with Equation 3, the rules
25  regarding Gray-code track address patterns are now modified in forming the
new operational code such that: neighboring codewords must differ in exacﬂy
two bit positions, and one of the bit positions in which the neighboring
codewords differ should be the parity bit position.



wherein: if a "1" occurs in the sanme bit cell location in the encoded
address 25 patterns (codewords) of two adjacent tracks, then the parity
on "1's" until that | ocation is the sane in both the encoded
address patterns (codewords). The menbers of |list "F' also satisfy
the "parity" constraint. However, since the lists "G' and "H'

I ndi vidual |y satisf
that the constrai nWYOM44% i 5fjed at the boundary of "G and "H' . PCT/USISNE2SS
WO 96/ 41342

PCT/ US95/ 06255
For any val ue of

"n", the first Gay-code pattern is {000... 0},

the constraint, it is only necessary to verify

-12-

and the |l ast Gray-code pattern is {100... 0}. Using Equation 3 the
"situation occurs in "F' at the boundary of "G' and "H'.

foll ow

ng

Last nenber

menber

in H

in G

10

15

25

0 000 ... (0) 000... 1 5 -15- Fi r st
1000 . ..

1)000... 1
(1) After the parity bit is determined for each track address pattern,

the operational encoded track address pattern Ey is constructed by starting with
just the parity bit X. The length of the encoded track address pattern E; is then
increased using the following two steps: First, starting from b,, every other bit
in G; is placed to the left of X. Second, starting from b,,, every other bit is
placed to the right of X.

Figure 6 illustrates the encoded track address pattern E; for the
3-bit Gray-code track address patterns of Figure where G; = {b;, b,, b,}.
Using Equation 5, the encoded track address pattern E; is expressed:

Er = {b,, b,, X, by}.

Figure 7 illustrates the encoded track address pattern E; for all
4-bit Gray-code track address patterns where G, = {b,, b,, b;, b,}. Using
Equation 5, the operational encoded track address pattern E; is given by:

Er = {b,, b, X, by, by}.

While Figures 6 and 7 illustrate the operational encoded track
address pattern E; for all 3-bit and 4-bit Gray-coded track address patterns, the
new "parity” constraint also applies to an encoded track address pattern of any
length n. The proof of this proposition is not included herein, but rather maybe
determined using mathematical induction approach similar to that preformed
above for equation 3.

ck Addre tte i

At the time of reading back the operational code bit sequence
address pattern, the decision made by the threshold detector in the parity bit
position is ignored. Rather, the decision of the threshold detector is considered
only in the remaining bit cells. With such an approach, it is observed that
whenever the head is positioned between two adjacent tracks T, and T,, in the
absence of noise, the detector indicates that the head is on either T, or T,, but
not elsewhere. ' '



Last nenber in H 1000 ... (0) 000... O Fi rst
menber in G 0 000 ... (1) 000... O The bit in the
par ent heses () denotes the parity bit, X Thus, it is clear nenbers
at t.he boundary of lists "G' and "H' satisfy the "parity” 10

constraint, and thus all the menbers of list "F' satisfy the "parity"

constraint. Finally, to conclude the proof for odd val ues

it i's easily veri f QP42 ¢ he list formed by applying tﬁﬁ&ﬁ%@’&?‘sﬁg
algorithmon the list "C'" is list "F". Now, for even
val ues of "n", Equation 3 above produces the - follow ng encoded
Gray-code track address patterns: 15 E[err] = {b[err], Db[err],
b[err],. . ., b[err],X Db[err], b[err],. . ., b[err]} Equation 5.

As above, if the encoding nethod works for n-bitjgong G ay-code
patterns, then it works for (n+1)-bit Gray code patterns The |ist of

G ay- code patterns of |engfga %ﬁg“ﬁ@“
list of Gray-code patterns of lendgth (n+1?gare agal El(eg ﬁ(;mg

20 Then¢oding and decading-algerithmsis eesilx o,ommc@d ysingchigkry andliogxc
above, but is Fl% k2R

1. List all the nenbers%ghe&uk ﬁ?[v&v&%ﬁm cont al n = fgﬁt&gkﬁﬂﬁ%t
menbers. provxdedherem. A={Aerr], Aerr], Aerr],

A 25 2. B N
The hbnbers of "A' 3 g B gl BB oin oo k%
B ={Alerr], Alerr], Al espreferred emBditmedhts, workersskﬂledmtbeartwﬂlrecog’inzelﬁﬂtcmn Eh

Prgl;rgrere g}/e'r' é -menber of m’éﬁy be made in form and detail without depamng from t}lc s;t))g; %rxdescg}fféé’

the mventlon.
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Now, let "D' denote the |ist of encoded address patterns for "A"

such that every nmenber of list "D' has odd parity. Let "E' denote the |ist

of encoded address pattern for_List ";d'l/\sahﬁr‘! at every nmenber of
list "E" has parlty Now, TH18 r8HtE it "F" asf

1 List all the n¥ASRAERE D REPLACED | Wﬁ’“
Dierr], Derr], ... D[err]}. . - 2. BelowD Ilst all the
menbers of E. ' E = {Eerr], E[err], E[err],
E[err]} 3. Put a "0" after every nenber—of D Rename
this list G 10 4. Put a "1" after every

Renane this Iist H. Then the |ist Em l"—“gb‘

of theFJists 'G'" and "H'" with |ist “H-Written bel sFrem
| i st It 1s appareg e menber s of Ilst "G' have

odd parity on "1"s andlikili Rinerbers of |ist "H' al so

have odd parity. Therefore, evewmfpmgm babedded 9 d mgémm in a
portion of a track therein for representing a track address identification on the
medium, the embedded track address pattern being recoded from a Gray-code

5  representation of the track address identification to include one parity bit, X
positioned in the interior of the track address pattern and selected to maintain
a selected parity for the embedded track address pattern.
2. The track address pattern of claim 1, wherein the track address
pattern of an m™ track address identification differs from the track address

10  pattern of an (m-1)* track address identification in exactly two bit locations, and
wherein the track address pattern of the m" track address identification differs
from the track address pattern of an (m+1)® track address identification in
exactly two bit Jocations.

3. . The track address pattern of claim 1, wherein the parity bit, X,

15  is positioned at the center of the encoded track address.

4. The track address pattern of claim 3, wherein bits of the Gray
code representation are rearranged around the parity bit to form the track
address pattern.

5. The track address pattern of claim 4, wherein bits of the Gray

20  code representation are rearranged in an alternating manner such that even
numbered bits of the Gray code representation are arranged on one side of the
parity bit and such that odd numbered bits of the gray code representation are
arranged on an opposite side of the parity bit.

6. The track address pattern of claim 1, wherein the Gray-code

25  representation Gy of a track address identification is denoted by G; =
{b;b,b,...b,}, and wherein the corresponding track address pattern E; for said
track is denoted by E; = {...b,sbnab,, X bb,,b, ...}, where X is the parity bit.

7. ‘The track address pattern of claim 1, wherein a Gray-code
| representation Gy of a track address identification is denoted by G; =

—

Thls Sheet Has Been Re.
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15 on "1's". The lists "G' and "H' also satisfy the "parity" constraint
nment i oned above wherein: if a "1" occurs in the sane bit cell

| ocation in the address patterns of two adjacent tracks, then the
parity on "1's" until that location is the sane in both t he address

patterns. The nenbers of list "F' al sopsatist "parity"”
constraint. However, since the lists " dHﬁnﬁ"gﬁJf HK%(%Eﬂ\'C ual l'y Saﬁ@é%m&?s
the constraint, it WO g6 2y necessary t. verlﬁﬁi?l-ﬁ t he jconst r ai

satisfied at the boundary of "G~ and "H'.

above, for any value of "n", the first Gay-code patter
0}, and the last Gray-code pattern is {100... O0}. Hovveve
Equation 4 the follow ng situation occurs i_n "F' at the “mwuﬂmﬂ"ﬁnd

25 "H. Last nenber |n G 1 0

First nmenmber in H 1 000... (1) 000 ... 1 Last

menber in H 0 000. o....1, ] First ber . j n

G 0 000... (1) 000 {éh &andwhmwsh@mmmmkmsmmﬂf?guﬁ

PCT/ US95/ 06255 track is denoted by Er = {...5,(b,2b, X b, b,3b,s...}, where X is the parity bit.
8. A track address pattern embedded in a storage medium in a

portion of a track therein for representing a track address identification on the
5  medium, the track address pattern embedded in the medium being recoded from
a Gray-code representation of the track address identification, the track address
pattern comprising the following constraints:
i) binary bits of a track address pattern defining an m®
track address identification differ from binary bits defining an
10 (m-1)" ‘track address identification in exactly two binary bit
locations; |
ii)  binary bits of a track address pattern defining the m® track
address identification differ from bit cells defining an (m-+1)*
track address identification in exactly two bit cell locations; and
15 9 The track address pattern of claim 8, further comrising a
constraint wherein: when a "1" occurs in the same bit location in two adjacent
track address patterns, then the parity up until said same bit location is the same
for both the m™ and the (m-1)™ track address patterns and for the m® and the
(m+1)" wack address patterns.

20 10. The track address pattern of claim 9, wherein the track address
| pattern includes a parity bit, X, positioned in the center of the track address
pattern.
11. | The track address pattern of ciaim 10, wherein bits of the Gray

code representation are rearranged around the parity bit to form the track
25  address patters.

12. The track address pattern of claim 11, wherein bits of the Gray

code representation are rearranged in an alternating manner such that even

numbered bits of the Gray code representation are arranged on one side of the

This Sheet Has Been Rer

|



-14- Again, the bit in the parentheses ()denotes the

parity bit, X Thus, it is clear nenbers at the boundary of lists
"G' and "H' satisfy the "parity" constraint, and thus all the
menbers of list "F' satisfy the "parity"” constraint. Finally, to

concl ude the proof for even val ues of |t

the |ist forrred by a ng t he encoder TEH!
is the list " %&Pﬂz g(erE

5 verified t hat

s BEREfy Encodi 7US9S/06255
Al gorithm Accord'.t,fnﬁ ntion and in

satisfaction of the new G ay- code constral nt operatlonal R —
encoded address pattern, Eferr], for each track is detﬁ'

the foll owi ng the same basic encodi ng al gorithm as | n m ,!ﬁ Iﬂm”m
except that the positioning of the |east si gnlf#ﬁant ‘bit (LSB) d&ndtt

nost significant bit (MSB) are reversed as are e bit positions of the

bits sel ected 1t har, 10y

expressed as foll ows: B&ﬁ?q’“&gfgrri = d . g| errig,CH g%e%a? B| er“, '52,'“°“‘°
b[err], .b[err], Db[err] arranged jonBagopposite side of thie parighbite X is the parity bit.
Again, a decision is nmade a priori whether Eferr] should have even

or odd parity and the choice determ nes the value of X for each track.

I'n other words, if it i3 deCIdedmehnicktmrewpamvnﬂéla:hwpddmmw

parity bit X S predeter ed.to b : ch
track address to eRsur EEPFEfgRtation G, of, 35 rﬁé‘i@sﬁdﬂﬁ@gé“ﬂ 'Bcﬂf“?}ﬁé Eé?11
it is decided that the(pguly yrishd whereREe nagom.ﬁgm&acmmwmmétfoxsm

predeterm ned to be ei "0" for each track ress to

ensure that each tracktrackiisderotethy Bn (. hastas8ss Xiinbasbec ol ivheresX is the parity bit.
PSH Eageg!t EadI s again & \f?%: ﬁ]t lélger equai‘af?%ssgéw%{fdher vmiisl@n?é)%ﬂ%ig?gg?m?han
(n+1)/2, where "n" i s rd:pmesemanon Grnofriactrackf address identification s kdenoted cbys Gy =
pattern. As with El%u at I{Q,B,b?b&,}r)eané %lgr%in the corresponding track address pattern E; for said
track is denoted by E; = {...b, (b, sb, X b, ;b, 3, s...}, where X is the parity bit.
15. A track address pattern embedded in a storage medium in a
portion of a track therein for representing a track address identification having
a binary bit length "n", the track address pattern embedded in the medium being
15  recoded from a Gray-code representation of the track address identification and
having a bmary bit length of "n 4+ 1", wherein adjacent track address patterns
differ from each other in exactly two binary bit locations.
16. The track address pattern of claim 15, wherein each track address
embedded in the medium includes a parity bit, X, which is selected to maintain
20  a selected parity for each track address pattern, and wherein the parity bit X is
positioned at the center of the track address pattern.
| | 17. The track address pattern of claim 15, wherein the Gray-code
representation Gr of a track address identification is demoted by G; =
{b,b,b;...b,}, and wherein the corresponding track address pattern E; for said
25  track is denoted by E; = {...b,sb,3b,4 X b.b,2b,4...}, where X is the parity bit.
18. The track address pattern of claim 15, wherein a Gray-code
. _representation Gy of a track address identification is demoted by G, =
{b,b,b,...b,}, and wherein the corresponding track address pattern E, for said
track is denoted by E; = {...bygb,2b, X b,,b, 30, 4...}, where X is the parity bit.

is easily

e ——
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25 regardi ng Gray-code track address patterns are now nodified in formng

t he new operational code such that: nei ghboring codewords nust
differ in exactly two bit positions, and one of the bit positions

i n which the nei ghboring codewords differ should be the parity bit
position. WO 96/ 41342 ) : _

PCT/ US95/ 06255 e oL

After the parity V@93t ernined for THIS QMEET H (?Fglgs patterpnc'rms;ghmss
t he operational encoded track address pl onstructed by
starting with just the parity bit X The Iength of the—encodedtrack

address pattern E[err] is then I ncreased usi ng the foII
steps: First, starting fromb[err], every other bit ‘Mﬁlﬂ“ﬂ“lll“l“l
placed to the left of X Second, starting fromgferr], ev

pl aced to the right of X

19.  The track address pattern of claim 15, wherein the track address
pattern satisfies the following constraints:
D all track address patterns have the same parity;
if)  adjacent track address patterns differ from each other in
5 exactly two bit positions;
iii)  one of the positions in which the adjacent. track address
patterns differ from each is the parity bit position; and
iv) when a "1" occurs at the same bit position in adjacent
track address patterns, parity until that position is the
10 same in both track address patterns.

This gp,

—_—
Wi



Figure 6 illustrates the encoded track address pattern Eferr] for the

3-bit Gray-code track address patterns of Figure where Jerr]

= {b[err],

b[err], b[err]}. Usi ng Equation 5, the encoded track address pattern
E[err] is expressed: 10 E[err] = {Db[err], b[err], X
b[err]}. Figure 7 illustrates the encoded track
address pattern er al | 4-bit G ay-code track add

pat t'er ns where G{&I’f)‘ ?b[err], b[err], b[err], bl[err]}. Usmgi’&?,%sgm
Equation 5, the operational encoded track address pattern E[err] is given
by: E[err] = {Db[err], b[err], X, b[err], b[err]}. 15
While Figures 6 and 7 illustrate the operational encoded track

address pattern Eferr] for-aII 3-bit and 4-bit Gay-coded track address
patterns, the new "parity™ constraintyjgl so applies to an encoded

track agddress pattern of any

i's not

nathenatlca

At the ti rre off.readi ng ba he anepnrinnal code hite sequende

addr ess patter[, t he quISIO made t he tnresholdodetector |n thegparlty

bi t p o sp--ef—-5—grrotgth—Ratirer—tirerdecrsronof—teTthreshotd
detector is cofsidered 25 )nly in®Ghe renpining b0t cells) Wth sdch an
approach, it i obseryed tha whenever the head is pgsitione

bEPV\/een two adi_acent ¥l’a(‘k'§ Erpl’rl :Q’ld ILe[rL Ln Iﬁ P Mngi__Lq
noi se, the detfctor igdicate;s t hat tche head|is on etther T[err] or ferr],
but not e .

i ncl udeg

Iength n.

duct |'naclapproch simlar to tha(ﬁrzwr&fdarl?antrﬂo

The proof of t

hIS prop05|t|on

above f or

Number

1Track Address Pa

ttern Dgcodlng

0

1

S {— | =

FIGURE 1
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-The encodi ng and decoding circuitry for useably inplenenting the
encodi ng and decoding algorithmis easily constructed using binary and

| ogi c circuit principles well known to those skilled in the art for
sone tine and is provi ded herein. 5 . rﬁésts@ h
the present i nven\gﬁéﬁ"ﬁ% been described with reference Fco.rpre ge)"’lrsl’ged

enbodi ment, workers skilled in the art will recognize that changes
may be made in formand detail w thout departing fromthe spirit and scope
of the i nvention.

17
2/7
Magnetization Orientation
Track Number l?:;irgo i o b: bs
1 000 emnmaamn > —————> ————————>
2 001 emmocame > ———emene > D S —
3 011 ————————> < ememmeen SR S
4 010 B > D — P S
5 110 S e I >
6 111 | K emmeeene mmennaee > R
7 101 S < momeeneen —r
8 100 & memmenan < wrmeemven < ammevass

FIGURE 2



CLAI M5 1. A track address pattern enbedded in a storage
mediumin a portion of a track therein for representing a track address
identification on the nmedium the enbedded track address pattern being
recqqded froma G ay-code representation of the track address identification
to include one parity bit, X, positioned in the interior of the track
address pattern and selected to maintain a selected parity for ed
track address patV@®#38% adj acent tracks. 2. Thei&f]g%%ﬂ?&g
address pattern of claim1, wherein the track address pattern of an track
address identification differs fromthe track address pattern of an
(m1)[err] track address identification in exactly two bit | ocations, and
wherein the track address pattern of the nferr] track address
identification differs fromthe track addres3/hattern of an (ml)[err]
track address identification in exactly two bit locations. 3.

The track address pattern of claiml, wherein the parity bit, X 1is
positioned at the center of the encoded track address 4, The
track address pe =7 ' ' y ; ' I; =
representation

to fOfnthe t rack bz

The t ack addr ess

address patter

pattern of gl aim4,
wherein bits o

----: I I’\ 3 —

al ternating mafner sgch thgt evegpinunbey ed biis of
representation T
nunbered bits

ode r@r esent ati orrare_alranged on an oppodite

side of the paffity b| 010 he track addfess pattern jof claim1,
wherein the G - °entutrcn ff—f—ar—

5 110 t { S

6 111 1 i 4

7 101 t e !

8 100 t ——

FIGURE 3



track address identification is denoted by Gerr] =
{b[err]b[err]b[err]...b[err]}, and wherein the corresponding track address
pattern E[err] for said track is denoted by E[ferr] = {...b[err]b[err]b[err]
X b[err]b[err]b[err]... }, where Xis the parity bit. 7. ' The
track address pattern of claim1, wherein a G ay-code representation Jerr]
of a track address _identification is denoted by Jerr] =
{b[er"’r]b[err]b[erer.o.%f%?r]}, and wherein the correspondi ng t r aBKVHSHORES
pattern E[err] for said track is denoted by E[err] = {...b[err]b[err]b[err]
X b[err]b[err]b[err]... }, where Xis the parity bit. 8. The
track address pattern of claim1, further conprising a constraint wherein:
when a "1" occurs in the sane bit location in two adjacent track address
patterns, then the parity up until said same B/t location is the same for
both thegnferr] and the (m1)[err] track address patterns and for the
nerr] and the (mtl)[err] track address patterns. 9. The

representation fre rearr e
address pattern| ’lglt‘zlill{)er attern

? b, by b, b,

0 0 0

1 1 0

3 1 ] 0

0 0 0

f- 0 0 1

1 1 1

] 1 1

0 0 1

FIGURE 4



10. The track address pattern of claim9, wherein bits of the
Gray code representation are rearranged in an alternating nmanner such that
even nunbered bits of the Gray code representation are arranged on one side
of the parity bit and such that odd nunbered bits of the gray code
representation are arranged on an opposite side of the parity bit. 11.
The track address of claim8, wherein the G ay-code repr

Gl of* a track addr‘ggé&?‘é&ntlflcatlon is denoted by Jerr] = ﬁ?ﬁfﬁsﬁ}o&zgg
{b[err]b[err]b[err]...b[err]}, and wherein the corresponding track address
pattern Er for said track is denoted by E[err] = {... b[err]b[err]b[err] X
b[err]blerr]b[err]. }, where Xis the parity bit. 12. The
track address pattern of claim8, wherein a Gray-code representation Jerr]
of a track address identification is denoted $f/ Gerr] =
{b[err]Rferr]blerr]...b[err]}, and wherein the correspondi ng track .address
pattern Er for said track |s denoted by E[err] :{ b[err]b[err]b[err] X
b[err]b[err]b[efTT v T,
track address ptt‘%qkn q
has a binary bi§ Nuamhgr i

length of "n + ", and.

T} rack MP@%@MQ@Q& Pﬂﬁ%"@tlon
fdiesqy pattgrn It
rgés patferns E,a fﬁrﬁi bm éach b
other in exactl!} TV (PPN DV DN SRS JRI S .| V-1V S——
address pattern of 1c|a|mJg3 whcgreln ghe pam ity t(]t Xg i

the center of t oddrgsS—patterm
pattern of claifn 13 erdl njthé8 aay Ocogle }eresﬁantat i0on

address identiffcatd on “IS enot ed by efr], =
{b[err]b[err]b[ 3 di ——-a%""l "‘hgﬁ Hl:h - -: d
pattern E[err] for sai @ troack i & dé¢notted| byd Effer rjj {1

X b[err]b[err]b erTg...},Ownrelx srjne pabrl y%lt.- :
6 0 1 1 1 0 1
7 0 ] 0 i 0 0
8 0 1 0 0 0 0
9 1 I 0 0 1 0 ﬂ
10 1 1 0 1 1 0 I
11 1 1 ] ! ] ] |
12 ] I I 0 ] ! l
13 1 0 1 0 1 1
14 1 ) 1 1 1 1
15 1 ] ] 1 1 4
16 | 1 0 0 0 1 0

FIGURE 3



16. The track address pattern of claim 13, wherein a G ay-code
representation GI of a track address identification is denoted by Jerr] =
{b[err]b[err]b[err]...b[err]}, and wherein the correspondi ng track address
pattern Er for said track is denoted by E[err] = {... b[err]b[err]b[err] X
b[err]b[err]bl[err]. , Where X is the parity bit. 17. The track address
pattern of claim ]l I n the track address pattern satisfies

fol | ofi ng constralﬁpgﬁnﬁhg all track address patternsrhisgmvwgs
sanme parity, . i) adjacent track address patterns differ from
each other in exactly two bit positions; 1) one of the
positions in which the adjacent track address patterns differ from each

is the parity bit position; and i V) when a " 1 " occurs at the
sanme bit position in adjacent track address pa&/Uerns,

parity ugptil that position is the same in both track address patterns.

WD 96/ 41342 PCT/ US95/ 06255
F . —
Track u Gray Code Pattern Encoded Address Pattern
Number b, b, b, _
1 0 0
2 0 1
3 0 1 1
’ 4 0 ] 0
| 5 u 1 ] 0
o | o+ | 1 |
T 0 1
8 " l 0 0

FIGURE 6



parity bit and such that odd nunbered bits of the gray code representation
are . arranged on an opposite side of the parity bit. 13.
The track address pattern of claim9, wherein the Gay-code 5
representation err] of a track address identification is denoted by

dJerr] = {bl[err]b[err]b[err]... b[err]}, and wherein the
corresponding tra s pattern E[ferr] for said trackg] d
by E[err] = {. bﬁg‘r)r;i!ai err]lbf[err] X b[err]b[err]b[err]...}, V\helr’&éﬁgé;s@%{e
parity bit. 14. The track address pattern of claim?9,
wherein a Gay-code representation Gerr] of a track address

I dentification is denoted by Jerr] = 10 {b[err]b[err]b[err]...b[err]},
and wherein the corresponding track address pattern E[err] for sai d
track is denoted by E[err] = {. b[err]b[err]l?{?srr] X
b[err]blgerr]b[err]...}, V\/nereXisthe parity 15. A
track address pattern enbedded in a storage nediumin a portion of a
track therein for representing a track address identification having,

a binary bit le ==

being 15 recoflegaéi o) 2 G Graf 0d@e PRAEMSENt & | ON OfEﬁé%ﬁeémkesi“i’;&@ﬁP

i dentification &nNhmber Taqyr g [T Tar ot eyt of wrerer
adj acent track fddress [patyerjnsba | by dif ftar r@m ch hzt Hbﬂ'ltvn exact|y b,
two binary bit Jocatio 14. e track addrRBit€Xpatt er n| of
cl ai m 15, whereffn each r adqr egs erfpeaded |
a parity bit, a(ipl ectbd It 0 Qnpilnt&i dl 2 arlkel arPtylfob
each track addrss pattjery gnd gangreign gheyp rlt(y H|t1X| 0 0
positioned at t of—tihe—trgqok-—adgresspatterm :
The track addreps phttdrn ®f |cl & m{151 wherkirf tHe Gray-c 1 0
representation er t rjack, address (i dentli f i cath on, | d
qgrr] = ] hfq)nrr EFD Al rq_wl_ L) ]1“ ‘fﬁvw ¥ a) )r nis. Py 0 ]l
correspondi ng tyacksad esos Qat tier 5 Efier 4] (ﬁor sa d 0 1 0 u
6 || o ] 1 1 1 N 1 o |
7 0 1 0 1 1 1 B 0 0
8 0 1 0 0 1 | oo YR8 o 0
I o 1 i 0 0 1 Rk 0 1
10 1 1 0 1 1 1 0 1
{1 | ] 1 1.0 1 e ]
l 1 i i 0 1 R B ]
13 1 0 I 0 0 e B 1
14 1 0 1 1 0 L 1 1
15 1 0 0 1 0 e 0 1
ﬂ 16 1 0 0 0 0 0 |~Hg 1

FIGURE 7




25 ot k gdenot ed by E .b b b[err] X
2 R S DL T ) X hea e

track address pattern of claim 15, vvherell a Gray-code
representatlon Jerr] of- a track address “i'denification is denoted by err]
= {b[err]b[err]b[err]... b[err]}, and wherei- rrespondi ng

track addr tt E f i d track =
2 prerr]blerr]blerr] [xeL{]errfL[Z?'r]b[errﬁMs b Cwh Wﬁiﬂ@ﬂ@ I
: 9

bit. WO 96/ 41342 5606255

-20 - 19. The track address pattern of claim 15, wherein the
track ad ress satisfies the follow ng constraints: .

i) al I track addy$&ek addess partetn spbeqdsd ina 3orags medium in a portion of a track

i1)  adPEdniorrrRierenLRg R susk addressridentification on the mediudh ths emehedrled tack address

exact | y Patierp peing segoded frem a Gray-code representation of the)racl addres$s idémsifioationt toons i n

whi ch t hisclidf aoe paritytbita ¥k pasidoressin the interior of the track address pdttern and selected to
maintain a selected parity for the embedded track address patterns of adjacent tracks.

2. The track address pattern of claim 1, wherein the track address pattern of an m®
track address identification differs from the track address pattern of an (m-1)® track address
identification in exactly two bit locations, and wherein the track address pattern of the m™ track
address identification differs from the track address pattern of an (m+1)® track address
identification in exactly two bit locations.

3. The track address pattern of claim 1, wherein the parity bit, X, is positioned at the
center of the encoded track address.

4. The track address pattern of claim 3, wherein bits of the Gray code representation
are rearranged around the parity bit to form the track address pattern.

5. The track address pattern of claim 4, wherein bits of the Gray code representauon
are rearranged in an alternating manner such that even numbered bits of the Gray code
representation are arranged on one side of the parity bit and such that odd numbered bits of the
Gray code representation are arranged on an opposite side of the parity bit.

6. The track address pattern of claim 1, wherein the Gray-code representation Gy of a
track address identification is denoted by Gp = {b,b,b,...b,}, and wherein the corresponding track
address pattern E, for said track is denoted by E; = {...b,sb,.sb.; X b,b, ,by4... }, where X is the
parity bit. -

7. ' The track address pattern of claim 1, wherein a Gray-code representation Gy of a
track address identification is denoted by Gy = {b,b,b,...b,}, and wherein the corresponding track
address pattern E. for said track is denoted by E; = {...b, b, ,b, X b,.,b,. ,bn,s .}, where X is the
parity bit.

, 8. The track address pattern of claim 1, further comprising a constraint wherein:

r when a "1" occurs in the same bit location in two adjacent track address patterns, then the parity

up until said same bit location is the same for both the m® and the (m-1)® track address patterns
and for the m™ and the (m+1)™® track address patterns.

9. The track address pattern of claim 8, wherein bits of the Gray code representation
are rearranged around the parity bit to form the track address pattern.




pattgrns.differ fromeach is the parity bit position; and '-BEPMCE _

i V) when a "1":occurs at the same bit position .in adjacent MENT SHEET
track address patterns, parity until thatypositi on’i’s_;[_b_e__lg____,__,,.
same in both track address patterns. .
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10. The track address pattern of claim 9, wherein bits of the Gray code representation
are rearranged in an alternating manner such that even numbered bits of the Gray code
representation are arranged on one side of the parity bit and such that odd numbered bits of the
gray code representation are arranged on an opposite side of the parity bit.

11. The track address pattern of claim 8, wherein the Gray-code representation G; of a
track address identification is denoted by G = {b,b,b,...b,}, and wherein the corresponding track

address pattern E.. for said track is denoted by Ey = {...b,sb,4b,., X b,b,2b,4... }, where X is the
parity bit.

12, The track address pattern of claim 8, wherein a Gray-code representation G of a
track address identification is denoted by G = {b,b,b,...b,}, and wherein the corresponding track

address pattern E; for said track is denoted by E;= {...b, b, ,b, X b,,b,3b,s..-}, where X is the
parity bit.

13. The track address pattern of claim 1, wherein the track address identification has a
binary bit length "n", the track address pattern has a binary bit length of "n + 1", and adjacent
track address patterns differ from each otber in exactly two binary bit locations. '

14. The track address pattern of claim 13, wherein the parity bit, X, is positioned at
the center of the track address pattern.

15. The track address pattern of claim 13, wherein the Gray-code representation Gy of
a track address identification is denoted by Gp = {b,b,b,...b,}, and wherein the corresponding
track address pattern E; for said track is denoted by Ey = {...b, sb, sb..; X b.b,3b,... }, where X is
the parity bit. _

16.  The track address pattern of claim 13, wherein a Gray-code representation Gy of a track
address identification is denoted by G; = {b,b,b,...b,}, and wherein the corresponding track
address pattern E; for said track is denoted by E; = {...b, b, ,b, X b, ,b.3b,s...}, where X is the
parity bit.

17.  The track address pattern of claim 16, wherein the track address pattern satisfies the
' following constraints: '
i all track address patterns have the same parity;
ii) adjacent track address patterns differ from each other in exactly two bit positions;
iii) one of the positions in which the adjacent track address patterns differ from each
is the parity bit position; and
iv) when a "1" occurs at the same bit position in adjacent track address patterns,
parity until that position is the same in both track address patterns.
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