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TI M NG BASED SERVO LONG TUDI NAL ADDRESSI NG TECHNI CAL FI ELD T@j%@g% q ? o

relates to tlnlng based servos for Tongitudinal recording,

Partlcularly, t o superinposing data or addressing information on
timng based servo information, and to drives for reading the st osed

E %Zta or addressing information. BAG(G?QJND OF THE | NVENTI ON One rret

gnetic tape devices utilize to maxinmize capacity is to maxim ze the
runber of parallel tracks on the tape. The typical way of nmaxim zing the
nunber of tracks is to enploy servo systens which provide track follow ng
and allow the tracks to be spaced very closely. Even so called "Il ow end"

. tape 2 devices are now enploying track follow ng to maxi m ze the nunber
~of tracks. An exanple of track follow ng servoing is the provision of

groups of prerecor degrNane! BESED GERVOU dORGETHRINAY ADDRESSING | ie between
groups of |ongitudinal data tracks, so that one or nore servo heads may

~read the servo informati on and an acconpanying track foll ow ng servo wil |

adjust the lateral position of the head .or, of the Lape~te-menntain the
servo heads centered over the CED SHEETS sSG
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TECHNICAL FIELD

This invention relates to timing based servos fo:-r
1on_g-1£ud1.na1 recording, and, more particularly, to superimposing
data oé.' addressing information onto the timing based sexvo
information, and to drivés for reading the superimposed data ox

addressing information.
BACKGROUND OF THE INVENTION

One method magnetic tape devices utilize to maximize o
capacity is to maximize the nﬁmber of pafallel tracks on the
tape. The typical way of maximizing the number ef tracks 1s to -
employ sexvo systems which provide track following and allow the

tracks to be spaced very closely. Even so called "low end" tape

_—
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correspondi ng servo tracks. The servo.heads are spaced a defined distance J

fromthe data heads, so that centering the servo heads results in the data"
heads being centered over the data tracks. The defined distance is

mai ntained for all tape drives in a particular famly allow ng exchange of
tape nedi a between tape drives in the samesor conpatible famlies. An
dxanpl e of a track followi ng servo systemparticularly adapted to tape
conprises that of the Al brecht, et al. 08-270207 application. The servo
patterns. are conprised of magnetic flux transitions recorded in continuous
| engt hs at non-parallel angles, such that the timng of the servo
transitions read fromthe servo pattern at any point on the pattern varies

conti nuous! YepscéddCardte b enPRYFING Ak £BL1Y MG ©f nakSmELé vEhe aiundiet:
For exanple, the pattern may conprise straight transitions essentially

per pendi cul af tpadke. | ength of the track alternating with sloped or slanted
transitions, each conprising a pair of transitions. Thus, the rel ative

tining of transiAs ceanpded ofytyack §P¥%ﬂ“@9§r§ﬁﬂv?kﬂﬂjFFth§$PF?Yﬁ§ﬁ9Q/°f_

by"ut 11191 nGEIUBS ot RRETeROEHPYCBALASs 19Rat FITErel SRS Van hEHBRL AN A he

ratio of tv@e&:&&@ggéor{ﬁa%r %3 Songlfud i \égltabffw, 40 Eh.hkeoﬁéaﬁlsﬁdﬁns
servo heads may xread the servo information &nd an accompanying
track following servo will adjust.the lateral position of the
head or of the tape to maintain the servo heads centered over the
corresponding servo tracks. The servo heads are spaceg a defiged
distance from the data heads, so thét centering the seivo heads
xresults in thq data heads being centered over the data tracks.
The defined.distance is maintained for,dll tape drives in a
particular family allowing exchange of tape media between ta?e
drives in the same or compatible families.

An example of a track followiﬂg servo system particulaxiy

adapted to tape comprises that of the Albrecht, et al. 08-270207
application. The sexvo patterng are comprised of maggetlc flux
transitions recorded in continuous lengths at non-parallel
angles, such that the timing of the servo transitions read froﬁ
the servo pattefn at any poiné on the pattern'va;ies continuously
as the head is moved across ‘the width of the sexvo pattern. For
example, the pattern may comprise straight transitions
essentially perpendicular to the length of the track alternating
with sloped or slanted transitions, each compris;ng a pair of

transitions. Thus, the relative timing of transitions read by a
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conpared to the interval between two di ssimlar transitions.
Synchroni zati on of the—deecoder—to the servo pattern nmay be acconpli shed by
having two separate groups of pairs of transitions, each group having a
© different nunber of pairs of transitions. Thus, t he position in the set of
groups is readily determ ned by know ng the nunber of pairs of transitions
~In the present group. Al though the determnation of the |ateral position of
\a head with respect to the width of a tape may be readily acconplished by
Such servo systems, there is no good neans of determning of the
| ongi tudi nal position of a tape. Rough. estimates of |ongitudinal position
of a tape nmay be nade by counting the nunber of rotations of an idle guide

wheel or Ofefv8Di&dd Head® Phrié®' 1 SrcHlye dBfehidihd Hbrd thie"JaKeFRY pd21 tiLBR
wheel , etc. Modre accurate |ongitudinal position information relative to

dat a records the l=adasspeed itaridamme ds phevided hyemﬁ.ﬁlsziingerascdmap
There are a nunber of problenms wth these approaches. One is a tape
cartridge 9Afi tnteplacedprdys pf Henansitiegsr angd deteymining the m off

i ndex mar ks na be neanlggless Anot her .is.locating a record based on an

| ndex t abl E¥BF Y ining, dnteryalsy T'l?adl"ﬁ&rf'é&o?ﬂ?’%ht Mouddkeytranaitions -
correct re&8ﬁ8a£%ﬁ”¥%’zhi iﬁgggmal bé%ween two dissimilar transitions.

Synchronization of the decoder to the servo pattern may be
accomplished by having two separate groups of pairs of
transltions; each group having a different numbexr of pairs of
transitions. Thus,.the position in the se£ of groups'is readily
determined by knowing the number of pairs of transitions in the -
present group.

Although the determination of the lateral position of ; head
with respect to the width of a tape may be readily accomplished
by such servo systens, there is no good means of determining of
the longitudinal position of a tape. Rough estimates of
longitudinal pogition of a tape may be ﬁade by counting the
number of rotations of an idle guide wheel or of a motor oxr reel,
for example by having an index mark on the wheel, etc. More
accurate longitudinal position information relative to data
records may be based on detection of the data records themselves.
_There are a number of problems with these approaches. One is_a
tape cartridge which was ejected without being rewound so that |
the‘cdunt of indéx marks may be meaningless. Another ishlocating
a record based_on an index table of its position by reading

records continuously until the correct record number is found.
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This is a major problen1|t one of the records i s damaged, .or if wite T
—skipping is allowed. Wth Wité skipping, nmultiple copies of a record are

al | oned, or subsets of a record are allowed, if the first copy is bad. Any
Terror recovery procedure is now conplicated by uncertainty as to which copy
- of the record is being read. Another exadple is to use a fineline
<tachoneter used to give a |arge nunber of positions per revolution of a
‘notor or reel, perhaps in the hundreds. However, the fineline tachoneter
adds to the cost of the drive, making it unusable for |ow end tape drives.
It al so occupi es considerabl e space, increasing the reel notor -spindle

hei ght and naklﬂg a Iom/helght formfactor pore difficult to achi eve and

prevent i ngThiid 18 & Fajos, prgbiens L (gne °§h§?‘? Fﬁﬁ‘!ﬁd? 18 fpppgedy- ofd £

Super | mpos SEE e Sibrabe, 480 ARFba 1 SR 2ot Vi erd, ab bR B eg o
| nf or Mat | 0B ENRYrSUM 1238 Lﬁm%wd'wls.ﬂ%sssw RicordC BeERA Elowed O iRt i On.

The servo information I's recorded in magnetic flux transition patterns
defini ng athéegiistorpyodgi badi Nany @nter! Fecuvery Procediyeé sis v ern of at

| east two repeated pairs of non-parallel magnetic flux transitions is

provi ded, cemphicateshdyouneprtaintyas tioowbloh eopth ofathe|zecoxd is
being read. N

Another example is to use a finéline tachometer used to give

a large number of posiﬁions per revolution of a motor or reel,
perhaps in the hundreds. However, the fineline tachometer adds
to the cost of the drive, making it unusable foxr low ;nd tape
drives; It also occupies considerable space, increasing the reel
motor spindle height and making a low height form factor more
difficﬁlt to achieve and preventing the use of low cost off~the-

shelf motors.
SUMMARY OF THE INVENTION

Disclosed is a magnetlc tape medla'having data information
superimposed on prerecorded track following sexvo information,
‘which data ;nformatibn may coﬁprise 1ongitud1nai addressing or
tachometer information. The servo information is recorded in
magnetic flux transition_patterns défining at least one
longitudinal serve track. A servo burst pattern of af least two
- repeated pairs of non-parallel magnetic flux transitions is

provided, at least one of which transitions of each pair is
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5 slanted or otherw se cbntinuously Iongifudihally vari abl e across the “:

W dih of tThe servo track. At Teast two transitions of the repeated pairs
.are shifted longitudinally with respect to other of the transitions of the
repeated pairs, the shifted transitions conprising the superinposed
addressing data information. Again; the %on-parallel servo transition pair
Tonprises at |east one transition which i"s slanted, etc., with respect to
the paired transition. Another aspect of the invention is a sensible
transition pattern for recording conbined servo and data information on a
recording nediumw th at |least two transitions of repeated pairs of
non-parall el servo transitions shifted longitudinally with respect to other

transiti onslaxitddiox 6pRetwisPaiontinubes i Iémyl tudanal Ly ovex iablier asicogs dat a
information. Still another aspect of the invention is a data system for
readi ng t Hehelatidthupér thposexiva rtroalck.seAt olgaat &we transitbidansg oft thege

" medium having a servo transducer sensirgh&he servo transitions in the

| ongi t udi rEAPSAYEECPRARS WS $hifteck 1pagi #ﬁﬁﬁlﬂg“§FbrE@ﬁPQﬁiﬁﬁGnPt&eF _
ahi £ s of ThaRRepEriers SoF J54 FRRERE+d innsq the RLERRH FEERBAEIOR  o-
Syst em mmy Aaa a0 EnS YIS uitacCAIARSE ) TIRS LIRORRLA. T addem it ®
ghe non-parallel servo transition pair comprises at least one
transition which is slénted, etc., with respect to the paired
transition. |
Another aspect of the invention is a sensible transition
pattern for recording combined sexvo and data 1nforma£ion on a
recording medium with at least two transitions of repeated pairs
; of non-parallel servo transitions shifted longitudinally wifh
xespect to othexr transitions of the repeated péirs, the shifted
. transitions comprising data information. |
Still anothex aspect of the invention is a data9sfsteh for
reading the data superinposed in the servo pattern on a moving
storage medium, having a servo transducer sensing the servo
transitions in the longitudinal direction with respect to the
moving storage medium, a detectbr respénslve to the sensed servo
transitions that deﬁects position_shifﬁs of the.non—parallel
servo transitions, and a decoder responsive to the detectéd
| position shifts that decodes the superimposed data. The data
‘system may also be provided as parflof a magnetic tape drive in

- another aspect of the invention.
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anot her aspect of the |nvent|on 6 Another aspect of the present L

invention is a rragnetlc tape servo witer for Wl’ltlng prerecorded Servo

zinformati on conprising pairs of non-parallel nmagnetic flux transitions with
superinposed data having an encoder for encoding data into predeterm ned
time shifts, and a pulse tinmer responsivg to the encoder for shifting the
fimng of a source of tinmed pulses to thereby shift at |east two
ron-paral l el magnetic flux transitions of pairs of transitions '
longitudinally with respect to.other transitions of the pairs, the shifted
transitions conprising data information. Fdrther aspects of the present

i nvention are a nmethod for superinposing data information in and a met hod

- for decodi ng séetheposspedtiaf ithieoprasenth iinvemtion- baralnagnesdcysape
-transitions. Another aggect of the Eresen. invention_ i s the superinposition

of differdiRFYQWELLEF HAF WHH- N RrarEcoRded I%I’-"’%W@W%"n‘l&" comerEFingie

ot esent | OGS OF PaRaPa-FHEar WaghBrPE Pt LranBitdor HAR AABETRGRFee ' "
combi ned s n2%4ng2hA éﬁ@é&é@%?”eﬁé‘&ﬁxfbeﬁaka 5 RP5 ApLehdtrningl EREEEtiC

fl ux dual

shifts, and a pulse timer responsive to the encoder for shlfting
the timing of a source of timed pulses to therebé-shift at least
two non-parallel magnetic flux transitions of pairs of > e
transitions longitudinally with respect to other transiﬁ;qg; of
the pairs, the shifted transitions comprising data information.

Further aspects of fhe present invention are a method for
superimposing data information in and a method for decoding |
superimposed data information from non-parallel servo -

transitions. . -
Another aspect of the present invention is the
 superimposition of different types of data on separate parallel
| sexrvo tracks, one of the types of data comprising address
information. - o -

Lastly, othex aspects of the preéent invention relate to a
magnetic tape media having prerecorded combined serﬁo and data
information recorded in repeated pairs of magneéic £lux dual
transitions, the servo information comprising only one of the
dual transitions, at 1e§st oﬁe_pf the dual ﬁransitions'having,a;
diffexrent width_with respect to other transitions of the repeaﬁed
pairs, the different width transitions comprising data

information.
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transitions, the servo information conpr|5|ng only one of the dual

transitions, at |east one™of The dual” transitions having a different wi dt h-
With respect to other transitions of the repeated pairs, the different
wi-dth transitions conprising data information. 7 For a fuller
under st andi ng of the present invention, reference should be nade to the
foll owi ng detail ed description takenlrfkonjunctlon with the acconpanying
drawi ngs. BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a perspective view
representation of a tape drive data storage device and assaci ated tape
cartridge in accordance w th an enbodi nent of the present invention; FIG 2
Is a schematic and bl ock di agram of a nagnetic head and servo system of the

tape drive an cartr'q e ill stragﬁ&' glﬁ; 3.is a representation
of an exenpl ary l"'sear\f"b’ 88& 'é? eTitangdng, ph,t gtprquat ARYENtlony esent at i on
of a conbpaeshafie’ 3nddachE Ahssk 43 %h&f‘ﬁé&fg&fxsx{b Aeeasdage e%\éﬁﬂ:t&tonan

enbodi ment of the present invention; representa
encoded dtalkemain ¢onjufiction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspecti#e view representation of a tgpe;Qrive
data storage'device and associated tape cartridge in accordance
with an embodiment of the present invention; .

FIG. 2 is a schematic and block diagram of a magnetic'heﬁd
and servo system of the tape drive énd cartridge illustrated in
FIG. 1; -

\ FIG. 3 is a representation of an axemplarf servo pattern of
the prior art; '

. FIG. 4 is a representation of a combined.servo and entoded o
data pattern in accordance with an embodiment of the present
inveﬁtion; -

.FI1G..5 is a representation of an encoded data pattern in

accordance with another embodiment of the present invention;'

FIG. 6 is a representation of an encoded data pattern in

accordance with anothgr embodiment of the present invention;

FIGS. 7A and 7B are pulse diagrams of the encoding/decoding

of data in accordance with the present 1nvent1on, |

FIG. 8 is a representatlon of an encoded data pattern in

accordance with a preferrxed embodiment of the present invention;

e
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—accordance—wi-th anot her_enbodi nent of the present invention; FIG 6 is a
representati on of an encoded data pattern in accordance w th-anot her

ehbodi ment of the present invention; FIGS. 7A and 7B are pul se di agrans of
t he encodi ng/ decodi ng of data in accordance with the present invention;
FLG 8 is a representation of an encodeg data pattern in accordance with a
" preferred enbodi nrent of the present invention; 8 FIG 9 is a
representation of the encoded data pattern of FIG 8 in an alternative
servo pattern; FIG 10 is a representation of an encoded data pattern

enpl oyi ng arr alternative conbi ned servo and encoded data pattern in
accordance with the present invention; FIG 11 is a block diagramof an
enbodi nent of rFacda® aisiea:cr&ms@nshembh nefickher @acodedi ddtd (patpesacof

i nvention; FIGS. 12A and 12B are bl ock diagrans of alternativé enbodinents
of peak CREGect8i dn ahamkkernarive eerve; panusrn13 is a block diagramof a bit

detector enplqoyed in the bit detectl %Hg nchrqni zati on %Iock of FIG
11 Fa 14 PG 14 Aprnesaneation SR ABFodrd Bt BAHE Bl oyed i n
the bit c%?;ﬁ%%ﬁgoén A ftertiieiVe comBirda LB alli3GhABAL dats Batedih oot Or

state mac
in accordance with the present invention;

FIG. 11 is a block diagram of an embodiment of a data
decéding system in accordance with thé present inventiong ;_
FIGS. 12A and 12B are block diagrams of alternative:. -
embodiments of peak detection channels of FIG. 11;
::FIG. 13 is a block diagram:of a bit detector employed in the
bit detection and synchronization block of FIG. 11;
FIG. 14 is a block diagram of a bit detectox state machxne
employed in the bit detector of FIG. 13; --
FIG. 15 is a flow diagram of the bit detector state machine
of FIG. 14; |
FIG. 16 1s a block diagram of a length measurement detectoi
employed in the bit detector of FIG. 13; -
.FIG..17 is a block diagram of a bit decoder employed in the
bit detector of FIG. 13; | '
FIG. 18 is a block diagram of # bit detecto; output control
employed in the bit detector of FIG. 13; '
FIG. 19 is a block diagram of a éhase-locked loop control,'
employed in the bit detector of FIG. 13; '
FIG. 20 is a combined pulse diagram and representation of a

servo pattern for the phase-locked.loop control of FIG. 19;
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-o—+H-G—14FElLG 16 is a_block diagramof a | ength neasurenent detector
enployed in the bit detector of FIG 13; FIG 17 is a btock diagramof a
bit decoder enployed in the bit detector of FIG 13; FIG 18 is a block
diagramof a bit detector output control enployed in the bit detector of
FIG 13; FIG 19 is a block diagram of agphase-locked |oop control enployed
in the bit detector of FIG 13; FIG 20 1s a conbined pul se di agram and
répresentation of a servo pattern for the phase-locked | oop control of FIG
19; 9 FIG 21 is a conbined pul se diagram and representation of a 32 bit
format of the addressing data contained in the conbined data and servo
patterns of the present invention; FIG 22 is a block diagramof a fornat
decoder enpl oy&UGi n21 hiss dnicombdnedi pwlsy sliagrai &hd reépreseh€atiaiR o4 25
and 26 are detailed bl ock diagrans of elenents of the format decoder of
FIG 22; BRGhifi7femmat nf $hecofdseseine datmacpphained iy the aembingd | - gap

" head t hat c%n wite the transitiogs of the Rresent i nvention;
data and servo patterns of the present invention;

FIG. 22 is a block diagram of a format decoder employed in
the data decoding system of FIG. 11; |

FIGS. 23, 24, 25 and 26 are detailed block diégréms of
elements of the format decoder of FIG. 22; s a

FIG. 27 is a perspective representation of a prior-ari
multi-gap head that can write the transitions of the present
invention;

FIG. 28 is a'schematic and block diagram repiesentation of a
writing generator for writing the transitions of the present.
invention; | _ 3 --

FIG. 29 is an overall schematic representation of the
writing sysﬁem of FIGS. 27 and 28; and '

FIG. 30 is a schematic and block'diagram representation of a
multi-track servo and data system in accordance with th® present

invention.
DETAILED DESCRIPTION OF THE -INVENTION

| Referring to FIGS. 1l and 2, a_timing based servo systém 10
‘is illustrated that reads a servo pattern and reads data -
superimposed in the servo pattern in accordance with an

~embodiment of the present 1nVention. Referring to FIG. 1, the

This Sheet Has Been Re(ilaced T




—-6—28-i.s..a.schemati c and bl ock dlagran1representat|on of a witing
generator for witing the transitions of the present invention; FIG 29 is-
an overall schematic representation of the witing systemof FIGS. 27 and
28 and FIG 30 is a schematic and bl ock diagramrepresentation of a
multi-track servo and data systemin aggordance with the present invention
DETAI LED DESCRI PTI ON OF THE 1 NVENTI ON Referring to FIGS. 1,and 2, a timng

bdsed -servo system 10 is illustrated that reads a servo pattern and reads
data superinposed in the servo pattern in accordance with an enbodi nent of
the present invention. Referring to FIG 1, the 10 systemincludes a

tape drive 12 that accepts a tape data cartrldge 14 and is copnected to a
host pro&¥sser imchydes caltiapeldriThel? a&!@tcaFFPPt-:@@ I&P@oﬂﬁtﬂses a housing

19 t | th of t t d 17 | ud
rocervi ngackBides TR iand el ponRected (¥4 g, Bogh PLocerasy af P¥ia Rde o

Comput or BachiaL ?%‘&ﬁ%‘ﬁ%ﬁfi?tmﬁ%’ﬁ%ﬁgsﬁ%ﬂ'{s@[lgfé%ﬁ%ﬁ%@%ﬁae{ e | BM

" RS6000" 1 effth30f faghetit €EPe 20. The tape drive 12 includes a
recei#ing slot 22 into which the.cartridge 14 is inserted. Tﬁe
host processor 16 can comprise any suitable procesébr, for

er can be

-
.

example, a personal computer such as the IBM “Aptiva”,
a workstation such as the IBM "RS6000”, or can be a systems
computer, such as the IBM "AS400". The tape drive 12 is
preferably compatible with the associated host p:ocesgors and can
aséume any one of a variety of cartridge or cassette linear
forﬁats. Examples of such tape drives include the IBM ”3490%.'
tape drive units, or "Digital Linear Tape" or "Travan"” compatihle
tapée drives. ! |

Referring to FIG. 2, éuch.tapeldrives typically include
drivé motors (not shown) for-rotating the reels of the cartridge
14 to move the tape 20 acrdss a head assembly 24. The Read
assembly ‘is shown in solid lines and 1ncludes a relatively narrow
servo read head 26 that detects a servo pattexn xecorded in a
sexvo track 27 of the tape. A data head 28 of the head assembly
is typically larger than the servo head and is positioned over a -
‘data track region 29 of the tape containing multiple data tracks
for reading data recorded-in'a'data.traCk, or for writing data in -
a data track. FIG. 2 shows a single servo read head and a single '

data head for simplicity of illustratior. Those skilled in the .-
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—coanmputer, such as the | BM "AS400". The tape drive 12 is preferably

conpatible with the associ at ed host™ processors and cam-assune any one of a.:

~variety of cartridge or cassette linear formats. Exanples of such tape
drives include the I BM "3490" tape drive units, or "Digital Linear Tape" or
"Jravan" conpatible tape drives. Referghng to FIG 2, such tape drives
typically include drive notors (not shown) for-rotating the reels of the
cartridge 14 to nove the tape 20 across a head assenbly 24. The head
assenbly is shown in solid |lines and includes a relatively- narrow servo
read head 26 that detects a servo pattern recorded in a servo track 27 of
the tape. A data head 28 of the head assenbly is typically |arger than the
servo headtawill saprowiciintecthat aost fape systens dgvenmeltiple paraipel
containing nultiple data tracks for reading data recorded in a’data track
or for WEPEVAQtERGks. mudtiple semyo repdcheddshand Bultiple datd, gepdad head

and a single dﬁta head for sinplicity of illustration. Those skilled in the
art will 2BBPELFQN®38Rat nost tape systems have multiple parallel servo
tracks, nulti 0 sapnd [ i te heads.

1 1i38030U d | i cdtbd &&knds
The servo trac gcs}%{v\gr Itli'ﬁggS IS | I"}al cat edé. as ext endi ngaééf ong ?Y?e- | engt h of

the tapealfng e IRn¢eh’ 680theahpe620S The servo read head 26 is
relatively narrow.and has a width substantially leds than the
width of the servo track 27. In accordance with the ingorporated
Albrecht et al. application, the tape is moved longitthnaily
across the tape head assembly 24 so that the servo trgck 27 is
moved linearly with respect to the sexvo head 26. When such
movement occurs, the servo Qatterh of magnetic ‘flux transitions
is detected by the servo read head 26 so that it gemerates an
analog servo read head signal that is provided.via'a-servo signal
line 34 to a signal decoder 36. The signal dacgder processes'the
servo read head signal and generates a position signal that is
transmitted via poéition signal lines 38 to a servo controller
40. The servo controller generates a servo control signal an§
provides it on control lines 42 to a servo positioning mechanism
at head assembly 24. The servo positioning mechanism responds to
the control éignal from the servo controller by.moving the
assembly including servo head 26 laterally with respect to the
sexrvo track centerline 30 to ieach the desired servo tiack:or to

maintain the sexvo héad 26 centered with respect to the servo -

‘track centerline 30,

4 g
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—relatively narrow and has a width substantlally | ess than the wi dth of the j
servo track 27. In accordance with the I ncor porated ATbrecht et al. :
application, the tape is noved longitudinally across the tape head assenbly
24 so that the servo track 27 is noved linearly with respect to the servo
head 26. When such novenment occurs, thgyservo pattern of magnetic fl ux
fransitions is detected by the servo read head 26 so that it generates an
ahal og servo read head signal that is provided via a-servo signal line 34
to a signal decoder 36. The signal decoder processes the servo read head
signal and generates a position signal that is transmtted via position
signal lines 38 to a servo controller 40. The servo controller generates a
servo controfr@i ghalllizdraceyi s exdmplargosered pateeandnt acedxiance
posi tioni ng mechani smat head assenbly 24. The servo positiofing mechani sm
respondsith the Xlbvredit etgail dpphicatdoper vThesmiskililed b Bhe/id¥E t he
assenbly including servo head 26 laterally with respectF%P the 'servo track

center| Iwné13vet=@9#%’ﬁ:i¥’laﬁet6€s??@iﬁ%aér ¢aneEERPERSANY FEFAPEF P% he servo
head 26 t th t toth | 12 FI G
Do ComRaReELe el hranph tibps ot HnchE Y8, hAGHEL G BBk bhge Yhepa 12 1 G
al . appleakkOfne Wikith ¥ bl cid éxt'é%lérf[ In the case of areas of .

magnetic flux, the edges comprise flux transitions that are

detected to generate the servo read head signal. The t:gnsggioﬁs
have two magnetic polar;ties; one on each edge of a stripe.. When
the servo read head zs.crossés a transition, it produces a pulse
whose polarity is determined by the polarity of ‘the transition.
for example, the'servo head might produce positive pulses on the
leading edge of each stripe and negative pulses on the tralling
edge. The servo pattern 44 comprises repeating transitiohs
having two different orientations. Filxst stripes or *chevzxons”
46 extend acroés the width of a servo track and have a first
orientation slantéd with respect to the longitudinal direction of
the ﬁrack. Second #tripes or chevrons 48 also extend across the
width of a servo track, but have a slanted orientation opp&sité
to that of the chevrons 46. |

— Each chevron 46 and the correspohdihg chevr;n 48 comprise a
paixr of transitions separated by a predetermined distance A,, A,,
A, and A,. In the arrangement of the Albrecht et al. |

application, each of the predetermined distances is identical.

The apex of each of the chevrons 1s located at the servo track

. _
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—wHH—recognize that the vertical Iinesm[gpfesent stripes of magnetic flux E
transitions or areas of magnetic flux that extend across the wdth of a e

servo track. In the case of areas of magnetic flux, the edges conprise flux
transitions that are detected to generate the servo read head signal. The
transitions have two nmagnetic polarities, one on each edge of a stripe.
Wihen the servo read head 26 crosses a'Pransition, it produces a pul se whose
pélarity is deternmined by the polarity of the transition. For exanple, the
servo head m ght produce positive pul ses on the |eading edge of each stripe
and negative pulses on the trailing edge. The servo pattern 44 conprises
repeating transitions having two different orientations. First stripe$s or
"chevronga Beend r iedtah g O k ﬁggg Lrst
ori ent a?ié %'rll sl'ant ed \'/rvliiltS h&?g‘?{:o‘;e}gst'\wtsoraE1 ﬂei_? gfno;'?'{ \tﬁ'ia&lgﬁad? r ect??r?%% r%‘he
track. €RaOrEreéisymMesSrOé SHoWH @he €8adk Seerfbdrdifieacr oss the width of a
servo track, but have a slanted orientation opposite to that of the
chevrons 46. Tash aelcthentape drsd moed chinempigndiltl respecth B8 acsepvose a
pair of transitions separated by a predeterm ned distance Alerr], Alerr],
Alerr] oFRpAhead, theserwo a?qaézQéﬁﬂn?e’Eﬁ“ﬁW ARpRBRERY texyo T8BMI i cati on,_
each of the, predeterm ped di stances is i,dentical. The apex .of each of the
chovr onshe PHERRICREYERS Sl BipRe Beb EH-pill effnd Rilksds §3°Ené

head is moved across the width of the track. .. This variation in

timin§ is used to determine the relative transverse pos%xiég_of
the magnetic servo read head within the servo track. Typically,
only the leading edge transitions are employed for the servo
timing measurement.

Hereinafter, "non-parallel servo transitions” or similar
nomenclature refers to a palr of transitions, at least one of~
which transitions is slanted, or otherwise continuously
longitudinal variable ac?oss the width of the servo track, with
respect to the paired transition.

The servo patterns illustrated in FIG. 3 include a first set
of pairs of transition chevrons 4§ and 48, and a second " set of
palxs of transition chevrons 46 and 49. Transitions 46 and 49
are separated by a predetermined distance B,, B,, B, and B,. The
A and B iniervais are used to generate a positién signal that is
independent of tape speed. It_is important that only the A

~ intervals, which are between chevrons at-thé oppesite sides of
the diamond-shaped pattétns, héreina:ter, the "diamonds", vary

with transverse position. -The B intervals are constant,
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“I3—Ttentertine. The chewrons 46 and_48 form di anond- shaped patterns that
are symretric about the track centerline. Thus, as the tTéapé'is noved
linearly with respect to a servo read head, the servo read head generates
an=anal og servo read head signal having peaks whose peak-to-peak tim ng
varies as the head is noved across the width of the track. This variation
intimng is used to determ ne the rel 3% ve transverse position of the
magneti c servo read head within the servo track. Typically, only the

| eadi ng edge transitions are enployed for the servo tim ng- measurenent.
Hereinafter, "non-parallel servo transitions” or simlar nonmenclature
refers to a pair of transitions, at |east one of which transitions is

of “the scrgatISal SF £RRelt kb f KHS ML TR o AL 7 RRSEAREL" '

pat t er 1 by ledfilng! ehle | inthiYald bid! deiflatihg! ehélx Fadiyl.'s Of transition
chevrons 46 and 48, and a second set of pairS of transition chevrons 46 and

49. Transiti Ghe dbihity 4D asecezépin ailtcthey digmentds eilikeé pasisndce
Blerr], Blerr], Blerr] and Blerr]. The A and B intervals are used to
gener at e P2ipgsread may qrenldetieamined by hawingndiHfexente gapscietveen sthe
i nportant_that only'the A Lntirvals whi ch_are between chevrons at the
opposi t e 9EPYEE 8? %/’H%‘"t'ﬂ%?rmn&-

vary witigah' 8BSy eEPE AR at'ed by |88 Fod it ChiiibErS 6 CHIVLRAL: in

alternating groups of diamonds. As shown in FIG. 3, 4 chevrons

46 are provided in the first group, and 5 chevrons 49 are -.
- provided in the second group.
FIG. 4 illustrates the chevrons and diamonds of FIG. 3 where
Bnes of the transitions are shifted longitudinally with respect
'to the tape to encode data into the servo track. - The data may be
encoded in any manner 80 long as the servo timing remains
corxect.
For the servo loop, the Poéiﬁibn Exxror éignal is determined
from the equation: | | |
erxor signal = (AO+Al+A2+A3)/(B0+Bl+B2+B3)
Where A0 is the distance between the first chevron of the forward
group and the first chevron of the reverse group, Al is the
distance between the second chevron of the forw;rd group and the
second chevron of the feverSe group, etc. Likewise, B0 is the
- distance between the first chevron of the forward group and the
first_chevron of the next forward group, Al is the distance
~ between the second chevron of the forward group and the second

Chevron of the next revexse group, etc.

This
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—34—+egardl ess of position. Thus, the position signal is generated by t|n1ng‘
the intervals and calculating their ratio. The ability to ascertain whether.-
di anonds or |ike pairs are being read nay be determ ned by having different
gaps between the groups of chevrons. Alternatively, the sequence of servo
skgnal s can be differentiated by dlffeﬂﬁgt nunbers of chevrons in
alternating groups of dianbnds. As sh in FIG 3, 4 chevrons 46 are
prOV|ded inthe first group, and 5 chevrons 49 are provided in the second
group. FIG 4 illustrates the chevrons and di anonds of FIG 3 where ones of
the transitions are shifted longitudinally with respect to the tape to
encode data into the servo track. The data nay be encoded in any manner SO
| ong as fighe servo timng remaing correct. For the servo |oop,- t:he Position
Error signal is determned fromthe equation: error signal =,
(AO0+A1+A2+A3) / (BO+B1+B2+B3) Where A0 is the di stance between the first
chevron of the forward group and the first chevron of the reverse group, A
i s the &Osrakbe legaiion wfe fizedrehevron of shetfrrvandigrauproup and the

second evron of the reverse u etc i kewi is the
= the Iocatxon of secgn8 éhevron o% the é%rw g group

X2

the location of thixd chevron of the forward group

X3 = the location of fourth chevron of the forward éioup

-~ .

Y0

Yl = the location of second chevron of the reverse group

the location of first chevron of the reverse group -, _

¥2 = the location of third chevron of the reverse groué

Y3 = the location of fourth chevron of the reverse group
Z0 = the location of first chevron of the next foxward group
Z1l = the location of second chevron of the next fo:ﬁard group

Z2 = the location of third chevron of the next forward group
Z3 = the location of fourth chevron of the next forward group

then:'

‘error signal YO-X0) +({Y1-X1)+{¥2-X2)+(¥3-X3))/
Z0-X0)+(Z1-X1)+(22-X2)+(23-X3))
YO+Y1+¥2+Y3)~(X0+X1+X24¢X3))/
ZO+E1+22+23) - (XO+X1+X24X3) )

((

((
error signal = ({(
: - {(

. It should be easy to see that the locations of all four members .
of a group can be offset and produce an identical result, as long

as the sum of the offsets equals zero. As an example:

N-. .
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—eh-stance between the first chevron of the forward group and the first
chevron of the next forward group, Al is the distance ™ bétween the second
chevron of the forward group and the second chevron of the next reverse
gr-oup, etc. 15 If: XO = the location of first chevron of the forward
group. X1 = the | ocation of second chevrﬂp of the forward group X2 = the
| ocation of third chevron of the forward group X3 = the |ocation of fourth
chevron of the forward group YO = the location of first chevron of the
reverse group Y1 = the |ocation of second chevron of the reverse group Y2 =
the location of third chevion of the reverse group Y3 = the | ocation of
fourth chevron of the reverse group Z0 = the location of first chevron of
t he next Ifferward group Z1 = the location of second chevron of_st he next
forward group Z2 = the location of third chevron of the next forward group
Z3 = the location of fourth chevron of the next forward group-then: error
si gnal =eXEoD-sbgnalyr X1X¥ ¥a) xp l{bW3422?¢)+(Y3*d))

((Z0- X0) +( Z1- X1) +( Z2- x % ze 1+J)+(zz+k ?‘ﬁﬁ';;”
((YO+YI +Y2+Y3) - ( XO+X1+X { Il NEHEIH LM

gives an identical result to

exxor signal = ((fo+Y1+Y2+Ys)-(xo+x1+xz+x3))/
((Z0+Z21+Z22+Z3)-(X0+X14X2+X3))

Y]

if a +b+c+d=e+f+g+h
- +lJ+k+l=e+f+g+

. which requires that:
a+b+c +d=e+f+g+rh=i+3j+k+1
if the constraint that a'diamond is written at a-time is added,
this means:
" a= e; b= f; ﬁ =g; d = h;

forcing this constgaint simplifigs the equation for the error
signal since the effect data ﬁodulation has on'the numerator is
now zero,.but it leaves'the constraint that:

a+13+c+d=_1+j;k+.1
which will always hold true if the. data moﬁulation is controlled
80 that the following is always true: |

0
g

a+hbh+c+d
i+ j+k+1

The simp;icity and separability of this is held to be a

preferred embodiment, though not an absolute ccnstraint. The

-
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((Z0+71+72+73) - ( XO+X1+X2+X3)) It should be easy to see that the |l ocations :
of all four nenmbers of a group can be offset and produce an identi¢al "
-fesult, as long as the sumof the offsets equals zero. As an exanpl e: 16
If: error signal = (((YO+a)+(Y1l+b)+(Y2+c)+(Y3+d))

((X0+e)+(X1+f)+(X2+g)+(x3+h)))/ (((ZOyj)+(Zl+J)+(ZZ+k)+(23+1))

Z((XO+e) +( X1+f) +( X2+g) +( X3+h))) gi ves Yn'identical result to error signal =
({ YO+Y1+Y2+Y3) - ( XO+X1+X2+X3) )/ ((Z0+Z1+Z2+Z3) - ( XO+X1+X2+X3)) if a+b+c
+d=e+f +g+hi +] +k+1 =e+f +9g+ hwiichrequires that: a +
b+c+d=e+f +g+h=1i+j +k+1 if the constraint that a di anond
Is witten at a-tine is added, this neans: ‘a =e; b=1f; ¢c =g, d = h;

f or ci ng Mddvwilatdaoat dﬁswa;&amnhl FEes 4 hehmmght Bomeévrthis cmnsmraﬁn'gnal si nce

the effect data npdul ati on has on the nunerator is
though one possible embodiment of FIG. 10 avolds it.

- —

One technique which quarantees that a + b + ¢ +d = 0 is to
add the constraint that data modulation will always occur by
matching the displacement of one edge with that of another (e.g.
modulation will always effect a pair of edges in equal and
opposite ways). There are numerous solutions which meet,thzs

constraint. For example: .
0
0

-b and ¢ =-d then a+b+c +d
~-§ and k=-1 then i+ J+k +1

if a
and if §

and this is'indéed one of the preferred embodiments discussed -
below. |

A key is that the chevrons be shxftad in pazrs in the same
or opposite directions or in such a manner that any changes in
the pattern offset one another from a servo timing standpoint.

This means that data can be encoded into the location of the
chevron patte;ns w;ﬁhout impacting the performance of t&é servo.
The encoded data may be used to encode address information, such
as tachometer information,'or sector 1dentificat;bn number, or to
encode other information about the cartridge, such as length of
tape, manufacturer, media type, etc.

" FIG. 5 illustrates.the simplest method for encoding data

into the servo pattern. The minimum number of chevrons in a
.group that can be used to generate a servo position error signal

and to encode data is two.

“‘ﬁﬁ?iﬁ M- -



—now zero, but it |eaves the constraint that a+b+c+d=i+j +k+1

which will always hold true if the data nDduIatlon I's controlled so t hat
the following is always true: a+b +c+d=01i +j) +k +1 =0 The

sinplicity and separability of this is held to be a preferred enbodinent,

t hough not an absolute constraint. Thejg 17 nodul ation displayed in FIG 4
through 9 neet this constraint, though one possible enbodinent of FIG 10
avoids it. One techni que which guarantees that a + b + ¢ +d =0 is to add

the constraint that data nmodul ation will always occur by matching the

di spl acenment of one edge with that of another (e.g. nmodulation will always

effect a pair of edges in equal and opposite ways). There are nuner ous
sol uti ons V\hlﬁ@hemlﬁw semdstaiaMonm 1§x&in@¢'°¢q Rx"1"- Py weving —
then a + b +

- d

k + 1 =

e
b ond frihe cheRaRE AR And (19 BREPES 12 Do BY PAEIE THES BHEYEM el on A

key i's tgiaotsetrh%oSQEﬂéPns Hfe Hlsthfide' dadiftichavieBn! ¢ Y8 is identical
in magnitude but opposite in direction. Since the chevrons mgst
be moved 1n'pa1rs, both of the chevrons comprising a diamond are
moved together as a pair. In FIG. 5, the top diamdﬁds 50
represent the normal spacing of the chevrons without da%g,;ggd
the bottom pattern of diamonds 51 are shown as encoding thé bits
"0 0 1 1", reading from left to right.
The major disadvantage with only two chevrons per group is
that it is difficult to disttnguish a "00000" pattern from a
"11111" pattern withéut the drive speed being éonstant and knewn.
Velocity independgnt designs are'difficﬁlt with enly two chevrons
per group. |
However, velocity independent designs are possible if three
or more chevrons are used per group, as illustrated in FIG. 6.
The upper part of FIG. 6 comprises groups 55 of three chevrons_
each without data and at a normal spacing. The lower part of
FIG. 6 111ustrates an embodiment of the present invention with
groups 56 of three chevrons each where the first two chevrons of
each group are shifted_to encode data. In the_illustrated
method, a "0" is encoded by-shifting_the first two chevrons of
the group apart and a "1" is encoded by:shifting the_first two
chevrons of the group together. So long as the shifts are of the

same mégnitude, they will offset from the standpoint of the servo
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or_opposite directions or in such a manner that any changes in the pattern

of fset one another froma servo timing standpoint. This means that data can
be encoded into the l|ocation of the chevron patterns w thout inpacting the
performance of the servo. The encoded data may be used to encode address

i nf ormati on, such as tachoneter information, or sector identification
number, or to encode other informatiofn®about the cartridge, such as |ength
of’ tape, manufacturer, nedia type, etc. FIG 5 illustrates the sinplest

met hod for encoding data into the servo pattern. The m ni rum nunber of
chevrons in a group that can be used to generate a servo position error
signal and to encode data is two. 18 An exenplary encoding algorithmis

t v b [ nat t s " 9" '
Lo noteeherty By L INANSLARCLRORS AT o8 L EnERE R ety B 47V
| dent | CalinigMRABeiIG RHLIOPROTELE Nk Uor2BLt Ohervd NorslBrgheV T ONS Must
be noved in pairs, both of the chevrons conprising a dianond are noved

t oget hepoadtiaondng . signadlsGCfox, tichekt fylldbwdngids 50 represent the normal
spaci ng of the chevrons w thout data, and the bottom pattern of dianonds 51
are shown asSthdorefenztingitosFIG. 06 from thadstapdpaint oft the right.

encoded data, if X is the distance between the first two chevrons

~

and Y is the distance between the second and third chevron 6f a
group, then a "0" is decoded if X is greater than Y, ang.a;;l" is
decoded if Y is greater than X. Thus, 'x,, and Y, decode as a "or,
X, and Y, decode as a "0", X, and ¥, decode as a "1", etc. The
illustrated pattern will work so long as the media on which the
pattern is written is moving. It is velocity independent from

group to group. .
In the 1ilustrated method and pattern, the data encoded on
the reverse chevrons of the servo pairs, e.g., diamonds, does hot
have to mirror the data encoded on the forward group. If the
write drivers for the forward group are not connected to the
write drivers for the reverse group, the independent data can be
written to either group. If the servo write drivers are t;ed
together, then the'da;a in the reverse group will mirror and
duplicate the data in the foxward-group; ‘
FIG. 7A illustrates pulse patterns of another embodiment of |
the invention employing four chevrons per group for data. In a
preferred embodiment of the inéention, these'pulsé patterns are
employed in the alternating four Ahd five diamond bursts
illﬁstratgd in FIG. 8. The fifth chevxon in each five chevron ..
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~—+he—mjor di.sadvant age mnth only two chevrons per group is.that it is
difficult to distinguish a "00000" pattern froma ™ IITIT  pattern wthout
the drive speed being constant and known. Vel ocity independent designs are
difficult with only two chevrons per group. However, velocity independent
designs are possible if three or nore %?evrons are used per group, as
illustrated in FIG 6. The upper part FIG 6 conprises groups 55 of

t hree chevrons each without data and at a nornmal spacing. The | ower part

.of FIG 6 illustrates an enbodi ment of the present invention w th groups
56 of three chevrons each where the first two chevrons of each group are
shifted to encode data. In the illustrated nethod, a "0" is encoded by

shifti ngiidiond 58! nd¥edbdedForOdat i MiR RBOALREE andl provigesogded by
shifting the first two chevrons of the group together. So | org-ras the

shifts ssynahirohlieatior ofdhe sdquende\ofibursesf sndidating hishatdepaaht of
the servo 19 detector and the resultant servo ratio of Atimng

i nt er valthe (¥°B=t pfi ercadad bisssini the fiine @ad: four sequencecpfopairmsver se
posi tion nals fQr track fqollowing. Still referring to FIG 6, from

t he staﬁﬂggi 8? tH 88°898d: if X is the distance between the first_

two chevronsThe pulse patterns of FIGS. 7A &and 7B represent the chevrons
of FIG. 8. As illustrated in FIG. 8, the chevrons of both the
forward group and the reverse group are shifted together? :Ehis
is accomplished in the servo write process by tying togethér the'.
write drivers for the forward group and the write drivers for the
reverse group. The resultant pattern 15 analogous to rhat of '
FIG. 5, but is extended to groups having a minimum of four
diamohds, which provides the ability to encode two bits of data
per diamond by shifting either the first two diamonds of each
group or the third and fourth diamonds of each group. The uppexr
set of diamonds 60 has no data and the chevrons are at nominal
distances. The lower set of diamonds 61 has the illustrated data
pattern encoded by shifting the darkened chevrons. -
FIG..7B illustrates the shifting of pulses obtained from
reading the servo data and illustrates the decoding of the
pulses. FIG. 7B also illustrates the shifting of the fifth
chevron in a fivé_chevron group to provide a synch mark for
identifying a word of data. For‘exemple, a vord of data may

comprise a 32 bit sequence, and the eynch mark will indicate the

end of one word and the beginning of the next.

-
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t he di stance between the second and third chevron of a group,

-

t hen’

and Y is

a "0" is decoded if X is greater than Y, and a "1" is decoded if Y is
.greater ‘than X. Thus, X err] and Y[err] decode as a "0", X[err] and Y[err]
decode as a "0", Xferr] and Y[err] decode as a "1", etc. The illustrated
pattern will work so long as the nedia on which the pattern is witten is
froving. It is velocity independent from%ﬁ(nu)to group. In the illustrated

et hod and pattern, the data-encoded on the reverse chevrons of the servo

pairs, e.

forward group.

witten t
t he data

forward gi9s9pP FfGlianonds,usachtef the Theppbh céncodl
the i nvention enpl oying four chevrons per group for

g., dianonds, does not have to mirror the data encoded on the

in the reverse group will mrror an |

ta.

enbodi nent¥8f ChEEXONR @t Rokimenin thig embpdinentis Fhasgrpheyeds mltdags
ag ég#r and, five diagnqg ursts illustrated in FIG 8. The fifth

on iA'e s??\?'é:ﬂ&vf\oﬁ“- °S¢hs BrdRtersalibetcaBdd- fdroffmes in this
enbodi menpa3pg Pighd19%hdopposite offsets which cancel one another) in

alternati
chevron i

each diamond burst so that the position servo information will be

unaffected by the data modulation. .

FIG. 9 illustrates the arrangement of FIG. 8, but empioying
one transition which is perpendicular to the longitudinal

direction of the servo track and another which is slanied for

each pair of transitions comprising the "diamond". This and many

other alternative types of transjtions forming the equivalent of
“chevrons" and "diamonds" may be envisioned by those of skill in
the art as not departing from the present invention. '

A "dual tramsition” pattern is illustrated in FIG. 10, where
data is encoded by varying the widths of the dual transitions 65.
Typically, servo chevrons comfrise two actual transitiofis, a
first t;ansition having a first switch in magnetic polarity
followed by an opposite switch in polarity. But, typically, the
servo system on1§ reads or recognizes one direcéion of polarity

switching, ignoring the other. For éomparison, the "transitions“

- of the previously describéd,patterns are of the'typical type and,

' although the chevrons have two opposite polarity transitions, -

they are regarded as .a single transition.

Th

is Sheet Has Been Replaced

[

If the wite drivers for the forward group are not connected
to the wite drivers for the reverse group, the independent data can be
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synchroni zati on of the_sequence of bursts indicating which two of the four -

of encoded bits in the five and four sequence of pairs of chevrons is being
decoded. The pul se patterns of FIGS. 7A and 7B represent the chevrons of
FIG 8. As illustrated in FIG 8, the chevrons of both the forward group
and the reverse group are shifted togetﬁgr. This is acconplished in the
servo wite process by tying together t wite drivers for the forward
group and the wite drivers for the reverse group. The resultant patterin is
anal ogous to that of FIG 5, but is extended to groups having a m ni nmum of
four di anonds, which provides the ability to encode two bits of data per

di anond by shifting either the first two di anonds of each group or the ~

third and f ourThe ¢imbodddentfofaxtie gmventidhereiredented Oh Fidinhylsaflshas
no data agg t he chevrons are at nom nal distances. The | ower get of

di anonds B3VeRkage,of suGht Fupiepld sexvoasystems hyoemployisdidie of the

dar kened LS EIG_ /B illustrates the shifting of pul ses obtained from
readi ng t X Servo POAPRLE¥ (EF9R BEc83 FRCR ddtRngand employiingesher| G 7B
al so il uséxent hEL4 L fth chevr L.n_a five chevron group
to provide a sgﬁctﬁi&%aéelé%%%gd’%rnatn%? ?F%ﬁg ai]sv\oernc'f o8P dREa - F4is EE‘QW‘BI@,’ a wor-d
of data nehe vl peaka 88, bidadiequeReh 1A d215HBE NN Tealltnly baghCat e

the end of one word and the begi nning of the nex
transitiop of chevrons 65 provides positive peaks, and the

trailing edge transition of the chevrons provides negative .peaks.
In the.illustrated example, the leading edge positive peaks
comprise the servo information as illustrated in serve pattern
67, and the trailing edge negative peaks provide the encoded
data. rhus, the width of the dual transitions is modulated to
provide modulated, intervals between each positive peak and the
following anative peak for decoding the data. -~

The modulation or encoding of the dual transition widths may
‘take eithef of two forms; In bhe form, the modulation may be the
distance between the leading and trailing edges, or the timing
between the positive and negative transitions. 1In another form,
the modulation may be the distance between the trailing édges, or
the ;1ming between thg negaﬁive transitions.

FIG- 11 is a block diagram of aﬁ emhodiment.of‘a data
decoding systeﬁ in accordance with the present invention which is
incorporated in servo_sighal decoder 36 of FIG. 2. _

The analbg output of the servo.hegd is provided on line 34
to a peak detection channel 70 which provides output siénals of

| the pqsitive and negative peaks of the servb transitions to servo
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21 In order to maintain the appropriate servo intervals over a group of .-

dr anonds, each of the chevron encodi ng designs- shifts two chevrons at a
_time in this enbodiment. Thus, there is always an offset of the A and of
the Bintervals by +.and - d offset pairs (equal and opposite offsets which
cancel one another) in each dianond burst so that the position servo
cinformation will be unaffected by the d&Ba modulation. FIG 9 illustrates
the arrangenent of FIG 8, but enploying one transition which is

per pendi cular to the longitudinal direction of the servo track and anot her
which is slanted for each pair of transitions conprising the "di anond".
This and many other alternative types of transitions forning the equival ent

of "chevr qreditdon edroPDSTGnalHPEYS gaNefdtad ci¥chiesye 1l oxkihs in the art
as not departing fromthe present invention. A "dual transitien” pattern is
i || ust r at ékndorpdirated 0Allwteschet ttt ali sapplicaedohy VZw yaddgtilba wbdt hs of the
dual transitions 65. Typically, servo chevrons conprise two actua

transiti orﬂ’fm’éq‘ii“HsPhFr&%iﬁq senEEoL nthe, Seavedngwpt cthe headgant thepol arity

f ol | owed ' i tch i larity. But, typically, th
 system onlSFRBYREeE 4} Eedilnn do' Bren Yo deRsRTorbpokeAd cySE.EREIFRAER, -

200 D2 IS, BAREheE9 T YR paB0uabl iU hAPORe ] S REENE S

two opposigapspbetibéd tHeUHdvirdn8, as described in the Albrecht et al.
application. Referring additionélly.to FiG. 8, PES cirguiggy 71
counts the chevrons to establish the longitudinal position. of the
servo head wiﬁh respect to the chevrons and provides one of four
signals at each gap. Specifically, OUT1 is provided upon
cdunting the five following chevrons of a diamond pattern, CLR1
ig¢ provided upon counting the next four chevrons and sensin& a
gap, OUT2 is provided upqn counting the following-four chevrons
of the diamond pattern, and CLR2 is provided upon counting the
next five chevrons and sensing ‘a gap. PES circuitry provides
these signals on lines 73 in FIG. 11 to bit detection and
synchronization logic 75.

The ouiput signals of peak detection channel 70 are also
supplied to bit detection and synchronization logic_75. Logic
ciécuitry 15 decodes .the detected positive peak; of the chevron
transitions of FIGS. 8 or 9, or the positive and negative peaks
of the chevron transitions of FIG. 10, based on thé intervais

between the peaks to decode thé encoded data bits. The bits are

supplied to format decoder 77 to be formatted into words and the
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they are regarded as a single transition. 22 The enbodi nent of the LT

I nvention represented in FIG 10 takes advantage of such typical servo
_systens by enploying one -of the opposite polarity transitions as servo
data, and enploying the other of the polarity transitions as encoded dat a.
As shown by the data peaks 66, reading fromleft to right, the |eading edge
ctransition of chevrons 65 provides posi2#ve peaks, and the trailing edge
transition of the chevrons provides negative peaks. In the illustrated

exanpl e,

t he | eadi ng edge positive peaks conprise the servo. i nformation-as

illustrated in servo pattern 67, and the trailing edge negative peaks
-provi-de the encoded data. Thus, the width of the dual transitions is

dul at ed ' dyl ated. int | t h_positjve peak and th
ol | o ngResbeRh el SFrPafokb IR PHBRILS. CoribaaRRatFbYE of oncoding
of the dugepti@idd gngefﬁg%éésé@’ &\?’é&eiﬁtwﬁcé’fvsﬁ"“’ forms. In- one form

t he nodul ati on may dr stance between e |l'eading and trailing edges,

or the tinm ng 16 WAt BEreestiy \Fr 31¢,. Ne0ahdy G dKeARahly! £O5ms |dhRARENE!

form the nodul ati on nmay be the di stance betvieen the trailing edges, or the
tim ng benatker tdf preference tbyntid ilogic dédignkl.i sThebforkowlirggr am of an-
enbodi ment of a data "

description is one example of the many'forms that. may be
utilized. - -

FIG. 12 presents two alternativgs for the peak detection
channel 70 of FIG. 11. FIG. 12A comprises an analog peak-;
detection channel which is well known to those skilled in the art
for detecting the peaks of the output from the servo head at line
34. The peak detection channei of FIG. 12A provides an output
signal on line 80 having a tiﬁing designatiﬁg the timing of ;he
peak of the analog signal received on ling 34. FIG. 12B
comprises a digital peak detection'channel which performs the
same function as the analog peak deteptioﬁ channel by providing
an outpﬁt signal'on line 80 having a timing designafing the
timing of the peak of the analog signal recelved on line 34
within a given samplé timé. A digital peak detection channel
also em§19ys an asynchronous clock so that a digital signal may
be pro;ided on line 81 indicating the precise pé;k arrival time,
for.decreasing the éhance of error with respect to the peak
détéction..-ﬁigiiallpeak detéctién-chéﬁhelé'are alsg weli known
to those of skill in the art, and the choice between circuitry
such as that of FIG. 12A and circui’try such as .that of FIG. 128

will be made by the designer. . .-

. Th
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decodi ng systemin accordance with the present I nvention which is

—1ncorporated in servo signal decoder 36 of FIG 2. The anal og out put of t he

_servo head is provided on line 34 to a peak detection channel 70 which
provi des out put signals of the positive and negative peaks of the servo
transitions to servo 23 position err@s signal (PES) generation circuitry
/1 of the incorporated Al brecht et al. application. In addition to
providing the PES to control the servoing of the head in the transverse
direction in order to center the head over the track, PES Circuitry 71 al so
provides signals indicating the various gaps between the chevrons, as
described in the Al brecht et al. application. Referring addltlonally to
FIG 8, PES C|B&L#¥¢qplﬁioéoﬁngtct¢ﬁxqumeryone pex fraima thies futdisi-drordg bidi nal
posi tion the servo, head with respect to the chevrons and pfovi des one of

four sign Fi%‘écarpdgégncéﬁ%-f-?‘?"c‘aﬂﬂ y-o9&eT15 |‘§5-3p1r &ﬁ SGICEM drdefilyg t he

Counti oG tﬁ.‘sﬂﬁg%?eesvern‘&fés EReE s Tha 8o fa e 2iouzees X 4R Hed upon
counting EBeréebAcViviy aixeuane w}sbgé Loge di dppe&éé-nmegﬁéﬁgg IS

provi ded upon counting the. next five chevrons and sensing a
Circuitrytheopréetous'die ScUbet Sstitd oEethd it dﬂc@deiel to bit detection

and Referring to FIG. 13, bit detection control logic 83
determines the state of the received peak, e.g., which gf the -
transitions the peak represents, ahd.provides a digitalfsiinal on
lines 84 indicating the state of the detected peak. Bit
deFectioh logic 85 &etermines, based on the timing of the
intervals between the peaks whose state was identified by 'bit
detectioﬁ control logic 83, the bits (in pairs or dibit f?rmJ
encoded in the transitions, and provides the dibits on lines B86..
PLL 87 responds to the OUT1 and odfz'éignals to provide ; sample
clock signal which indicates the gap between diamonds and thereby
controls the cutput of a new dibit from bit detection logic 85.
PLL 87 provides sample clqck signals at rates of about 20 to 30
megahertz. The interval clock employed by bit detection logic 85
to determine the interﬁal between peaks operates at about 20 to 3
50 times the sample elock rate. l

| An example of bit detection control logic 83 is illustrated
by reference to the logic block diagram of FIG. 14 and the flow
diagram of FIG. 15. State machine combinatorial logic 90
preferably comprises fixed combinatorial logic created by high

level logic design language. For the illustrated example, the

-
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synchroni zation logic 75. The output signals of peak detection channel 70 -
are also supplied to bit detection and synchroni zation logic 75. Logic '
.circuitry 75 decodes the detected positive peaks of the chevron transitions
of FIGS. 8 or 9, or the positive and negative peaks of the chevron
transitions of FIG 10, based on the in grvals bet ween the peaks to decode
¢t he encoded data bits. The bits are supplied to format decoder 77 to be
formatted into words and the 24 resultant data streamis then supplied
to the tape drive controller mcroprocessor over interface 78. The |logic
circuitry of FIG 11 may take nany forns and are a matter of preference by
the logic designer. The follow ng description is one exanple of the many

f orms t hagtatmy maehihe| 90 aspexrialtes 4a atesedince Woth! £86 NBldw @hafeT ofhe peak
detection channel 70 of FIG 11. FIG 12A conprises an anal og peak
det ecti oF¥$rark®el which is well known to those skilled in the art for

detecting theﬁﬁesks of the output fromthe servo head at |ine 34. The peak
detection chafiSh 8f B 92p igpgdsEecedves,,£xam theES JegicndsgoRedying a

i ng dog) GhaiAg ANGeddd udnihe! BEabe s ilar' NEMALRLEP o YRk HECCINEY O7

the beginning state of the state machine, having bgen reset by

the, SMReset signal, the state provided on line 84 is 0. As

illustrated in FIG. 15, the SMReset signal may be receivgdfgg any

time, rxesetting the machine to 0. This is to insure that_the

state machine always begins at the correct point, even if one of

the peaks was not detected. The state machine then waits for the

first peak in state 1, recycling with each'interval pulse until

the peak is detected. Upon detection, the state machine is -

1ncremented to state 2, which identifies that the first interval

D, between the first t:ansition or chevron and the second chevron

is in process and is to be timed by the bit detection logic BS 6f

FIG. 13. Upon detection of the second peak, the machine changes

to state 3, indicating the next transition or second chevron has

been .identified, ending the D,inteivél, and beginnihg the timing -

of the D, interval. ?he process continues until all three

intervals D,, D, and D, for the encoded data have' 5een .tdehtif.ied

at state 5. The. last chevron in-the instance of the five chevron

' diamond,_is identified at state 6 as D,, for synch marﬁs. Upon
encountering one of the gaps, sugesét resets the state machine to

state 0..
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'conprises a digital peak'detection channel whi ch perfornms the sanme functi on

as the andl og peak detection channel by providing "an ouf put signal on'line
80 having a timng designating the timng of the peak of the anal og signal
received on line 34 within a given sanple tine. A digital peak detection
channel al so enpl oys an asynchronous clock so that a digital signal may be
provided on line 81 indicating the pre037se peak arrival tinme, for
decreasing the chance of error with respect to the peak detection. Digital

peak detection channels are also well known to those of skill in the art,
and the choice between circuitry such as that of FIG 12A and circuitry
such as-that of FIG 12B will be made by the designer. 25 An exanpl e of

| ogi ¢ circuitrin FAGPELEPrthd ardnglé fadal (o ! 4§

synchroni zation | ogic 7% will be desglr%iubée)c?r%r %g?%&v\%ﬂtx %'%rgéei eregn%% to FIGS.

13 - 20. untidhapHagedesand Rhet ateredegratxcsignals préviidd bl 1onedigs St ate,

and "P state" represents the previous bit or bit state of the bit decoder.

Referrind Bpdated, the quuxesti shatehecomesothe Boevious: stats amb ist at e
e trapnsitions the peak represents,

ngt Breo:/iesg'gg\égd& S?%%%gfé%}?aﬁmabﬁhﬁ% &Y onndtees iRy the state of the -
detected peakpiBi jetection logic 85 of FIG. 13 1s described with
reference to FIGS. 16 - 17. ' )

In FIG. 16, the high rate interval clock signal is supplied
on line 98 to interval counter 99. -Comparator 101 resets.counter
99 each time there is a state éhange. To account for the
bidirectional tape motion, combinatori#l-logic 102 is irovided
for responding to the tape direction énd the states of the state
machine to gate the app;ogriaté counts of countexr 99 to -
appropriéte-interval length registers 103, 105, 107 and 109. The
combinatorial logic is preferébly fixed logic created by high
level logic design language. The logic is illustrated in FIG.
16, where "f" indicates that the tape is moving in the forward
direction, "R" indicates that the tape is moving in the xeverse
dixection, "5 Burst" "0" indicates a 4 chevron burst, "S Burst"
"1" indicates a 5 chevron burst, and the numbers beIOW'"pO",
'"Dl“,.and "D2" and "D3" indicate the gtates of.the state machine
for providing the Do, D1, D2 and D3 intervals. For example, with
the tape moving in the fOrward.direCtion with_a'é chevron burst,
combinatorial logic 102 gatés the count of interval counter 99 to
DOLEN register 103 upon detecting state 2, providing the interval

count representing the D, interval length. Combinatorial logic

— T ey,
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detection logic 85 determ nes, based on the timng of the intervals between —
—The peaks whose state was identified by bit detection control |ogic 83, the
bits (in pairs or dibit forn) encoded in the transitions, and provides the
“dibits on lines 86. PLL 87 responds to the QUT1 and OUT2 signals to provide
a sanpl e clock signal which indicates tgg gap between di anonds and t hereby
.controls the output of a newdibit fro It detection logic 85. PLL 87
provi des sanple clock signals at rates of about 20 to 30 nmegahertz. The
interval clock enployed by bit detection logic 85 to determine the interval
bet ween peaks operates at about 20 to 50 tines the sanple clock rate. An
exanpl e of bit detection control logic 83 is illustrated by reference to
the | ogi ctigdateisaghancaint-ldE iptezwdl t hendilow, diagreydstlerFb.o5, 1dnd St at e
machi ne conbi natorial |ogic 90 preferabl conprises fi xed conbi natori al
| ogi ¢ cregﬂﬁﬁflﬁ?ehFQH“Fe%%liqﬂﬂﬁ“éldégng |Bin§eanegistar 167 .i |.EEsa riived

| e, st h 90 t d th the fl
chart of PHETop SRRkt ErdTiREisRy CPBRLPA AL #GALF GATTHNEESORBEI oF | o
ORed to pgﬁg@fyala}abﬁ%ﬁggggglgg §§§? Hqggnal (SMReset) on line 91. At the

begi nning state o avi ng been reset by
Referring additionally to FIG. 17, the outputs of the

interval length registers are provided to combinatorial logic 110
for decoding in accordance with the logic illustrated in FIG, 7.
Combinatorial logic is preferably fixed logic created by. high
level logic design ianguage. The decoded dibit is stored in
register 111 and provided on output line 86 as also 111ustr;ted |
in FIG. 13. A delayed dibit is stored in register 112 and
provided ¢n ouﬁput-line 113. The delayed dibit is provided In
this embodiment because both chevrons of each diamond are
- simultaneously written and are.identically modulated and’ the
delayed dibit provides error checking hy matching the two dibits.
Still referring to FIG. 17, QR circuit 115 responds to CLR 1
. or CLR 2 from the PES circuitry or to the PLL clock to update the
'registers.
1f the combinatorial logic 110 does not redeive the correct
sequence of lengths, Qr there 18 an error in précessing through
- all.the states, an error is indicated and a signal provided to
Exasure register 117 and provided on line 118 and delayed line -
119 to indicate that the dibits provided on lines 86 and 113-ﬁay

~ be incorrect.
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t he SMReset signal, the state provided on line 84 is 0. As illustrated |n-

FTG 15, the SMReset Signal may be received at any tine, resetting the _
.machine to 0. This is to insure thatthe state machi ne al ways begins at the
correct point, even if one of the peaks was not detected. The state machine
tthen waits for the first peak in state 1, recycling with each interval

pul se until the peak is detected. Upon %etectlon the state machine is
incremented to state 2, which identifies that the--first interval Derr]
between the first transition or chevron and the second chevron is in
process and is to be tined by the bit detection IQgic 85 of FIG 13. Upon
detection of the second peak, the machi ne changes to state 3, indicating
the next tranist d8BcREsEECABBIE;NANEOBIERSHORRR ehdbdbd fddid agddi ng the .
Dierr] interval, and beginning the timng of the Dlerr] Interval. The
process cpxﬁﬁenabiyuatrdngaéd irrehe ifodmrofiwor@ser sepatitdd byaadsihexr] for
t he encoded data have been identified. at state 5. The last chevron in the
i nst ance Wk Ha theeccurrent embhogdimant. | Compdnatodrial atogicaildocdesedserr ],
for synch marks. U on encounterlng one of the gaps, SVReset resets the

state macHih&¥NGhshark apd proyideq g signad tPhEeSi‘%t‘E%‘ H2n&PsIFR &tored +n

regi ster Qi bbalf 3 e 131" BRaShEl§Le713hg 2hpnal s provided on lines

The need for the delayed signals is to avoid erroneous data
by making sure the two chevrons patterns match. In'FIGi_ls,
comparator 125 compares the current dibit from lines 86 to-the
delafed dibit from lines 113 to insure that they are the same.

If not, an error is indicated on line 126. Any of the erxor
_ signals indicated on line 126 or the erésureisignals provided on :
' line 118 or delayed line 119 is ORed at circuit 127 to provi&é an
| Eraseout error signal on line 128 at FIG. 13. -~ |
The synch signal and delayed synch sxgnal on lines 121 and
122, respectively, are ANDed at circult 129 and a SyncOut s1gna1
provided on line 130 of FIG. 13.° '
The PLL contxol logic 87 of PIG. 13 is. xllustrated by
- xeference. to the: logic diagram of FIG. 19 and the combined
diamond and pulse diagram of FIG. 20. Bfiefly, the PLL control
logic responds to the combination of OUT2 and st;te 5, and to the
combination of OUT1 and state 6, by providing.a PLL sample clock
'pulse on line 135 of FIG. 13, whiéh sample pulses indicate the
gaps between diamonds. ' |
Referring additionally to FIG. 13, the data decoded by the

- bit detection logic comprises 4 bits for each PLL clock.

“ﬁﬁ?iﬁ‘li‘ii:ﬁﬂi“fﬂﬂ

—



—\Wen updated, the current state becones the previous state and is stored in
regi ster 94 and provided on lines 95. Bit detection logic 85 of FIG 13 is
described with reference to FIGS. 16 - 17. In FIG 16, the high rate
interval clock signal is supplied on line 98 to interval counter 99.
Conparator 101 resets counter 99 each tigge there is a state change. To
account for the bidirectional tape notion, conbinatorial logic 102 is
ptovi ded for responding to the tape direction and the states of the state
machine to gate the appropriate counts of counter 99 to appropriate
interval |length registers 103, 105, 10-7 and 109. The conbinatorial logic
Is preferably fixed logic created by high | evel |ogic design | anguage. The
logic is illust¥au &l idepktts dife adiangembne iRl Gorhbabs tdged R ouRg
nmoving in_the forward direction, "R' indicates that the tape I*s-noving in
the reveri® the staxven diagopg transi®ionsndi Ties elibité abeviITusiyatied a5

Burst" "lge'rm%éggﬁﬁ g 2, chevron burst, and the nunbers below "DO', "D1",
and "D2" ATRI- PHaAeLkEed  hines o204 Sheifpur bits pficeach digmopdouiei ng

he DO, ' ] | h [ ' h
Forvard o raeares n SeERid 5 ot ld Tirny nadori il B de0spavec ¢ he

count of amtsﬁpa{ateauayefhggsf&pgigyaig)gi ster 103 upon detecting state 2,
providing the interval count represénting the Derr] interval |ength.

Conbi nat ori al Anogmbodiment of format decoder 77 of FIG. 11 is illustrated

in greater detail in FIG. 22. The dibits from the bit detection
and synchronization logic are provided on line 86 to a shift
registex 201. An additiénal bit position 202 {s provided in the
shift registexr for the erase out-sighal from line 128. The shift
register loads a byte of the superimposed data and transfers the
byte of data over lines 204 to data b?té registeré 208.
Addressing and control logic 210 causes the bytes to accumulate
in the byte registers 208 until a word is complete and transfers
the word to shadow byte registers 212. The superimposed data
word is then available to be gated_out of the shadow byte
registexrs 212 on lines 214.

The superimposed data of the present embodiment may be read
whether the tape is bgipg moved forwarxd or backward.. Thus,-the ,
tape drive controller identifies the tape direct}on on line 220
to shift register 201 to control the direction of loading the
bits into the shift :égister‘ and on line 222 to addressing and
control logic 210 to control. the direction of loading the byte

registers 208. 1In order to-load the bytes backward,'the tape
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28 then gates the count of interval length Djerr] to register 105, and -
—vgates—the count of inmtervair—Tength D2 to register 107. |If a five chevron
.group is detected, conbinatorial |ogic gates the count of interval |ength
D3 to register 109. Referring additionally to FIG 17, the outputs of the
iI'nterval length registers are provided to conbinatorial |ogic 110 for
-decodi ng in accordance with the logic il ustrated in FIG 7. Conbi natori al
logic is preferably fixed logic created by high level |ogic design
| anguage. The decoded dibit is stored in register 111 and provi ded on
output line 86 as also illustrated in FIG 13. A delayed dibit is stored in
regi ster 112 and provided gn output line 113. The delayed di bit is provided

in this efbpsd donk S t [ ously
rBggars£ do ﬂaeme\ﬂe@st ”@@%g?.gye Y Fl))?t\“ LIRS

witten and are identically nodul ated an rror
checki ng Wwordraircliingst P24t wo dibits. Still referring to FIG. 17, - OR circuit
115 responds to CLR 1 or CLR 2 fromthe PES circuitry or to the PLL clock
to update thethgtb?epcrp¢$etdﬂapconﬁﬂtns(ﬂﬁmﬂreldgreCQJIbnyi&sdunalreceive

t he correct se% uence of ngths, or there is an error in precessing through

all the Refidd “&ﬂgeFFSﬁ’h? |tr?dt85t EEPRFixesthARl TRIGINTOR t0 Erasure -
regi ster éﬁa@xs%a’lgagéﬁ hg f‘jrh% gﬂ‘ééﬁi‘g r%&&?e ygﬂelégpe ]dlr% to indicate that

t he di bits provi
controller microprocessor, position comparison logic 230 may be

provided. The tape drive controller provides a target eddress.on
lines 232, and the position comparison logic compares the-iarget
address to the address of the data from the shadow byte registerxrs
on lines 234.
N In the event a closer 1dent1fication of position is desired,
'diamond counter 240 is provided which identifies the current
position yithln the word, based on the number of-the diamond
whose data is being transferred to the byte register 208. This .
diamond cbﬁnt'is.pfovided to the tape drive controller and to the
position comparison logic 230 on lines 241. _.'
FIG. 23 illustrates.the erasure Siﬁ'logic 202 and the shi:t'
register 201 of FIG. 22 in greater detail.. Base& upon the
direction signal on line 220, shift reglster 201 either loads the
. superimposed data bits on llnes 86 1nto the forward 250 or _
reverse 251 side of the shift register, and the shift register
_eitﬁer shifts in the forward or the reverse direction. Each
“dibit is 1oaded upon the receipt'of a sample pulse from the PLL
on 1ine 135. The erasure bit is maxntalned a "0" in regxster 254

until an erasure signal is received on line 128 together with a

This Sheet Has Been

AW fill



be incorrect. 29 As di scussed above, the bits of the encoded data are _ -

preferably arranged i A" The Torm of. words,

.current enbodi nent. Conbinatorial logic 110 detects the synch mark and
a signal to register 120 to gate a synch signal on line 121 and
del ayed line 122. The need for the delayed signals is to avoid erroneous

“provi des

data by

maki ng sure the two chevrons paBerns match. In FIG .18,

conparat or 125 conpares the current dibit fromlines 86 to the del ayed
dibit fromlines 113 to insure that they are the same. If not, an error
d on line 126. Any .of the error signals indicated on |line 126 or
the erasure si-gnals provided on |line 118 or delayed line 119 is ORed at
1eYodlo sdigoal den ali e dI50ut TRer efasir@Nditobs | then LhangedFts »18.

i ndi cat e

circuit
The sync

h signal and del ayed synch signal on lines 121 and 122,

respect i V@A maéméaAnEﬁdﬂbtllc@r oert byte s deingyreceived g!salinp!uoatelﬂdomn
éff FFS@ Tq§?PLL control logic 87 of FIG 13 is illustrated by
e -1 oghe ghifk &'ﬁgéFtFFC?“HRJ‘taﬁé frkitHni REQVdRedoM and
FIG 20. Briefly, the PLL control logic responds to the

|ine 130
ref erenc
pul se d|
conbi nat

|on 2 and state 5, and to the _
Byte addressing and control logic 210 and diamond counter

240 of FIG. 22 are illustrated in FIG. 24. Tha forward or
reverse directicn signal received on line 222 operates the
addressing logic to either load a "0" or the maximum byte address
from line 224 into the address register 260 and to either
increment the address from "0" or decrement the address from the
maximum. The address reqgister is reset upon the receipt of a
synch identifier on line 130, which indicates the beginning 6E.a
new word. Addiess regigster 260 is then iqcremented or
decremented at each sampie time from the PLL at line 135.
Alternatively, the byte address may be divided by the number of

bits in a byte to provide a byte identification. Diamond counter

' 240 comprises a register 264 which is incremented each sample

clock and reset at each synch pulse from line 130 when gated by
the clock signal 135, which, in the illustrated embodiment, is at
c¢ount "15". The diamond count is provided on lfne 265. The
count is also provided to register 266, which.delays the diamond

count one clock period to operate the shadow register, as will be

explained.

PIGS. 25 and 26 Lllustrate the byte reglsters 208 and shadow .

o byte regxsters 212 of FIG. 22, respectively. Byte address

-
»,

separated by a synch mark in the

S
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conbi nati on. of OUT1 and state 6, by providing a PLL sanple clock pul se on

line 135 of FIG 13, which sanple pulses indicate the gaps between

Jdi anonds. Referring additionally to FIG 13, the data decoded by the bit

detection logic conprises 4 bits for each PLL cl ock. 30 FIG 21 depicts

‘the arrangenment of the words of data encoded in the servo di anond

transitions. The dibits are illustrated as ggparated by dotted |ines, and
e

the four bits of each dianond are illustrat as separated by solid |ines,
and.a full word is shown ‘as separated by the synch signals. An_ enbodi nent
of format decoder 77 of FIG 11 is illustrated in greater detail in FIG

22. The dibits fromthe bit detection and synchronization |ogic are

provi ded on |Iing 86 to a shifi%re i ster 201. An additional bit positjon 202
n& 36d I EIGr A% JFSUDPIASH FP SFRARRaxAters.

i s provided i hAMtHERANOM £rey; _ _ | .
et SORTLS RO pRA Sl BUBBR THESERTh8 SRChAARES (e
ST \odCrdamserntlesb it eherepu A b Uosliges [ S 20"
212. The supeoa npireed 38atathos M iamondegoanti dfll o gatebetpot eshtutitsobLt BRe
shadow/byte shift register from lines 256 to the one of registers 280 - 283
‘designated by the byte address indicated b& the comparators 270 -
273.' As the regisﬁers 280 - 283 are filled, the data comprising
the full word of superimposed data is assembled in the r;gisters.
This data is available on lines 285.

Upon filling the registers 280 - 283, the full word of
superimposed data is complete and available on 1ines 285. At'
about that time, the diamond counter is reset to. "0" and the "O"
count is detected by Eombarator 289 which gates lines 285 to a
corresponding set of shadow registers 290' - 293. The shadow
register output then comprises the complete superimposed word,
which is maintained until the next word is completed.

The shadow register output is provided on lines 214 as
illustrated in FIG. 22 and comprises the output of format decoder
77 in FIG. 11, which is provided to the tape drive controller
over 1nterfaé; 78. l

One skilled in the art will recognize that many alternatives
exist to provide the logic to extract the superimposed data from

the servo transitions.
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regi sters 212 on lines 214. The superinposed data of the present enbodi nment
may be read whether the tape is being noved forward or backward. Thus, the
stape drive controller identifies the tape direction on line 220 to shift
regi ster 201 to control the direction of loading the bits into the shift
register, and on line 222 to addressing and control |ogic 210 to control
the direction of |oading the byte registen§§ 208. In order to |load the bytes
backward, the tape 31 drive controller also identifies the nmaxinmm
nunber of bytes in a word on lines 224. For the purpose of providing a nore
direct |ongitudinal positioning feedback to the tape drive than relying on
transm ssi on .of the superinposed data to the tape drive controller :

mi croprocessor, pusiedaspleonaan Steragtivesto mae o€ gr syngk chapdctegpfor
drive controller_ provides a target addressg on, l.ines 232 .and.the’pgsition
conpari son | Ba® cEQxmat, desofsE 15 e “Ed‘df’gs§ 434 rﬁ?d&dHPé‘gg ’orfcqt%d%gdat a
fromthe shadow bvte regi.ste o) " 3 eygn 2

i denti ficatiBhe %Dg"p"zfssu Sigh ééﬁe%’*deféigdlga%%%ﬂ]c%%'erxg25{1011'} gﬂ%?%\rficﬁéﬁed'

whi ch identifies g6, Gipienbs @sid ictitotithy paititulerdy basesbln fidke nurber
of the dianond .

encoding sequential tachometer data in the four bit pattern of

each diamond comprises'a base 13 system.

The base 13 téchnique for enéqding the numbers uses 4 bit

~

symbols which will create a (0,4) data stream with a highef
.information content and simpler hardware realization than the 8/9
(0,3) code. ' |
A key point is that no special "synch mark" transition
shifting arrangement is required to establish the word format.
The synch mark occupies several bits in each woxd .encoded with an
exéluded pattern. Other excluded patterns may be uéed foi other
purposes. Changing the 'k’ constraint of the RLL code has no
impact other than requiring that the minimum sync mark pattern
which would work effectively is a 1 and 5 0's instead of a 1:and
4 0's - normally the 'k' constraint guarantees a PLL a minimum
update rate, but that does not apply here. The (0,4) realization
basically counts -:I.n base 13. That is if we 1ooJ€ at four .hit'
- symbols, it can be seen that if we exclude 3 of them we create a

system base 13 which will always encode to realize a (0,4) code,

because no symbol begins or ends with more than 2 '0's:

. This heet Has Been Replaced -
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mhose data is being transferred to the byte register 208. This dianond
count is provided to the tape drive controller and to the position
conparison logic 230 on lines 241. FIG 23 illustrates the.erasure bit
ngic 202 and the shift register 201 of FIG 22 in greater detail. Based
upon the direction signal on line 220, shift register 201 either |oads the
superinmposed data bits on |lines 86 into thes orward 250 or feverse 251 si de
of the shift register, and the shift register either shifts in the forward
or the reverse direction. Each dibit is |oaded upon the recei pt of a sanple
pul se fromthe PLL on Iine 135. The erasure bit is maintained a "0" in
regi ster 254 until an erasure signal is received on line 128 together with
a 32 cl ock si g@gt eOfs | | NBagl3a3 - The ermsy §3Pkhothdden changed to "1°
and mai nt ai ned unt gppd New dpdiRnded belng recei-ved as indicated on line 265.
The shift registergooiput cdxcludeds i s provided on |lines 256. Byte
addressi'ng and conppdd | ogi c ®@I® and di anond €ounter 240 of FIG 22 are
illustrated in FIGOO2%. The f@Mard.or revers8 direction signal received on

line 222 operates 0ABOaddresdl logic to eitBer load a "0" or the maxinmum
byt e address fron1p Hé 224-|rgigo he address rggister 260 and to either,
0111 0111 7
1000 excluded -
1001 1001 6
1010 1010 5
1011 1011 4
1100 1100 3 .
1101 1101 2 S
1110 1110 1
1111 1111 0

FIG. 27 is taken from the Albrecht et al. application and .
comprises a head 402 for recording the chevron or diamond sexvo
pattern, employing patterned gaps 414.

In FIG. 28 and 29, head 402 is illustrated as writing the
servo pattern on a tape 504, thch is moved between reels 520 and
522 in the direction of arrow 512. Pattern generator 516 of FIG.
28 is illustrate in FIG. 27 and comprises a controllexr 432 and
encoder 433, The encoded data is loaded from the encoder to
shift register 435 under the control of the controllgr and is
shifted to pulse generator 518. The shift register représents

’-the timing of the supply of pulses by the pulsefgenerator to
cause head 402 to write the chevron on tape 402Q Thus, rather
than a regular.répeating chevron pattern of the Albrxecht et al.
application, the shift register data controls the timing of the
pulse detector much more precisely so as to shift the chevrons to

superimpose the desired data on the servo pattexrn.
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I ncrenent the address from"0" or decrenment the-address fromthe maxi mum.
The address register.-is reset. upon the-receipt of a synch identifier on
Jine 130, which indicates the beginning of a new word. Address register 260
is-then increnented or decrenented at each sanple time fromthe PLL -at |ine
135. Alternatively, the byte address may be divided by the nunber of bits

in a byte to provide a byte identification.36D anond counter 240 conprjses a

regi ster 264 which is incremented each sanple clock and reset at each synch
pul se fromline 130 when gated by the cl ock signal 135, which, in the

Il lustrated enbodinent, is at count "15". The dianond count is provided on
line 265. The count is also provided to register 266, which del ays the

- diamond count one hleOpke P& QférleaBL’ 2h& Hlides Gedevht sl axleSuepqesiili |45 be
explained. FIGS. 25 and 26 illustrate the ‘byte registers 208 and shadow

byt e regi st endedlooboth Gattérnedsgapsi 4B \of Bebd €02 esslterndiively) netid on

fromline 261 in FIG 24 is supplied to conparators 271 - 273. Di anond
count er out plrat&ern genexstexs andp Sebarate mdseageneratins may beacontrcted
conbi nati on of a sanple clock signal_on line 135 with a dianmpnd count of 3,

gates the corffefBShoFhewEcn 1ot gapaghit erte MEPVILARCILISERFINS fAtacke ¢ach
registers Zs%hhv%gﬁ. o .

~Referring to FIG. 29, the encoded servo pattern is detected
by read head 524, amplified by circuit 526 and verified by
pattern verifier'sza. _ : :

FIG. 30 illustrates a duplicate servo and supeximposed data
system, having duplicate servo tracks 27 and 27°', rea& by servo
read heads 26 and 26" of ‘head assembly 24°'. The servo tracks are
read simqltaneously and grovide a more accurate positioning of
dafa head 28a and 28b by sexrvoing the servo heads .over both servo
track centerlines 30 and 30', whose averagé oxr combined position
is more accurate than that of a single head. Signal decoder 36°'
may be identical to that of signal decoder 36 and, empioying the
identical superimposed data decoding arrangement, provide
additional data. As an example, servo track 27 may provide
addressing data, and servo track 27' may prbvide.a description of
the tape which may be employed for indexing, suéﬁ as the tape

- length, or may indicate the type of media, the manufacturer, etc.
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‘desi gnated by the byte address indicated by the conparators 270 273. As the
registers 280 - 283 are filled, the data conprising the full word of :
‘superinposed data is assenbled in the registers. This data is available on
| i,mes 285. Upon filling the registers 280 - 283, the full word of. :
superinposed data is conpl ete and avail able_on lines 285. At about that
tinme, the dianond counter is reset to "0" adtl the "0" count is detected by
conpar at or 289 whi ch gates lines 285 to a correspondi ng set of shadow
registers 290 - 293. The shadOM/reglster out put then conprises the

conpl ete superlnposed word, which is maintained until the next word is
conpl eted. The shadOM/reglster output is provided on lines 214 as
illustrated in Fl ghiZe eyl preFRirreadsenbéd Mdntsl off the 'griseneC 2H@enton N
FIG 11, which is provided to the tape drive controller over -interface 78.
one skil'l ed- ihavehbeentillddtratedginzdetail, mxnghoikld rbsiapparenki shat o

provi de the Ioglc to extract the superinposed data fromthe servo

transiti ons. modificakiena ipde adaphatieag rtmithoset enbodingnts Meyceraiatact er

for the format degggf is the use of a data code which includes characters
whi ch can ge@BPaFE &I&Y it ther REE §1ﬁk?qttﬂ§955§&F9b%EPm the scope of the

present invention as set forth in the following claims.

'slslliifltllliiiﬁliﬁlllleﬂm



An exauple of data encoding particularly suitable for encoding sequential.

tachonmeter data in the four bit pattern of each dianond conprises a base 13
systenmmmngmuﬂﬂ"unhm gue for encoding the nunbers uses 4 bit synbol s
whi €h 4) data streamw th a higher information content and
si npl er *haf dwar & r &al *zat'i on than the 8/9 (0,3) code. A key point is that
no special "synch mark" transition shiftigg arrangenent is required to
establish the word format. The synch mark¥dccupi es several bits in each
word encoded with an excluded pattern. O her excluded patterns may be used
for other purposes. Changing the 'k' constraint of the RLL code has no

i npact other than requiring that the nChAIEMS sync masrk pattern whi ch woul d
~work effectively is a1l and 5 0's instead of a 1 and 4 0's’- normally t he
'k' constrai dt gulirsensiddes tPansithomipattegpdfior regordingt combined cienvet

apply here. The (O, 4) reallzatlon basically counts in base 13. That-is if
“we | ook at f@&nd ‘fasgnm"g 1pn en R peecording agdiym \ﬂ@féaaépadétsleﬁsqm we

prente 2 oS aPaRn il Vheh Wbl ercode forealize a (0,4), code

. Base 13 ' Bag SoulrstS pattB2R%dof at least two repeated pairs of non-

: parallel'seﬂsiblé transitions, at least oﬁe of which transitions
of each pair is continuously longitudinallf variable transverse
to said track, said non-parallel transi%ions coﬁprising servo
information, a£ least two of said transitions of said repeated
pairs shifted longitudinally with respect to other of said
transitions of said repeated pairs, said shifted trahsitions

comprising data information.

2.- The sensible transition pattern of Claim 1, -wherein said
burst pattern repeated pairs of transitions comprise parallel
first transitions of said pairs and parallel second transitions

~of said pairs.

3. .The sensible transition pattern of Claim 2, wherein said
burst pattern repeated pairs of transitions are interlaced such
that first transitions of said pairs are grouped together and

second transitions of said pairs are grouped together.

4. The sensible transition pattern of Claim 1, comprising at
least three said pairs of transitions wherein at least one group

of two transitions of said repeated pairs are shifted
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0000 excl uded - : - 0001 excl uded 0010 0010

C 0011 - 0011 B 0100 0100 A 0101
0101 901t 0110 3 _ 8 0111 0111 .

7. 200 - 1001 1001 : 6 1010
1010 l","”m im“llpll 1011 4 1100 1100

3 110 - .2 1110 39 1110 ' 1 1111
1411 0 FIG. 27 is taken fromthe Al brecht et al. application

and conprises a head 402 for recording the chevron or dianond servo
pattern, enploying patterned gaps 414> In FIG 28 and 29, head 402 is
illTustrated as witing the servo pattern on a tape 504, which is mved

bet ween r eel §°590t‘a41’d‘53-’}2’ Fﬁtphﬁe%ﬁ’?"é'ctti"oﬁ“%h%ﬁ’ r‘iﬁﬁ"ﬁ&?mpa?ﬁ &tdener at or
encoder 433, %énsas%iL%éérsaé?aﬁgﬁ%&ééd?ﬁgﬁ% CHRETREBAR o chirt v ogistor
435 under the control of the controller and is :
5. The senS1b1e transition pattern of Claim 4, “iherein sa;d two
transitions of said at least one group are sh;fted in opposite
directions, respectively toward or away from each other, said
shift toward each other representing one bit and said shi:ﬁ away

from each other representing the opposite bit. -

6. The sensible transition pattern of Claim 4, wherein said
group of two transitions comprises a pair 6: transitions, both
said transitions of said.pair shifted in the same direction,-said
shift in a first direction representing one bit and said shift in.

the opposite direction representing the opposite bit.

7. The sensible transition pattern of Claim 1, comprising a
plurality of said burst patterns, each of said two shifted

transitions representing one bit in a set of data.

8. The sensible transition pattern of Claim 7, wherein said set

- of data comprises address information.

9. The sensible transition pattern of Claim B, wherein said set
of data comprises four bits representing 13 code words of address

information.

-
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shifted to pul se generator 518. The shift register represents t’he timng of

t he—supply—of pulses by the pul se generator to cause head 402 to wite the

hevron on tape 402 Thus, rather than a regul ar repeating chevron pattern

l " |ﬂ l . application the shift register data controls the
t|m etector much nore precisely so as to shift the
chevrons to superlnpose the desired data o9 he servo pattern. 36 The

pattern generator and pul se generator are depicted as tied to both
patterned gaps 414 of head 402. alternatively, the pattern generator and
separate pul se generators nmay be connected to each chevron of gaps 414, to.
provide different data to each chevron. Referring to FIG 29, the encoded
servo pattern is detected by read head 524, anplified by circuit 526 and
verified by, pattern verifier 528. FIG 30 illustrates a duplicate servo and

super i nposed 19at a B?s%%’%ﬁi%tﬁgn%bi?%aﬂ%‘t@éﬂveft?h%-"f& Ly7 vhggesn one Qf by
d heads 26 d h K d

it ancous P LA AORTRR T o FERBSLELINSF AL PRI (o R RANE A 25a and

28b by ServoigaQa Bfie SPING 13% %iud?ﬁ%i%ﬁ%ﬁn%%ﬂetE@%&.ﬁ?%:%k' nes 30 and

30", whose averag or conb I n

11. The sensible transition pattern of Claim 1 for providing
longitudinal synchronization, comprising a plurality of said
burst patterns having alternating numbers of said repeated._pairs

of non-parallel sensible transitions.

12. The sensible transition pattern of Claim 11, comprlslng five -
repeated pairs of non-parallel sensible transitions in one
altexnating burst, and four repeated pairs of non—parallel

-

sensible transitions in the other alternating burst.

—_—
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i s nore accurate than that of a single head. Signal decoder 36' may be

of si‘gnal decoder 36 and, enploying the identical
superlnposed!ﬁ@é dlng arrangenent, prOV|de addi tional data. As an

exa 7 may provi de addressing data, and servo track 27
nay erlptlon of the tape which may be enpl oyed for indexing,

such a% t%e tape length, or may indicatétthe type of nedia, the

manuf acturer, etc. 37 While the preferred enbodi nents of the present
i nvention have been illustrated in detail, it should be apparent that
nodi frcati ons and adaptations to those enbodi nents may occur to one skilled-
in the art wthout departing fromthe scope of the present invention as set

forth in tise fal haghélﬂx@ﬁp@smedia%ﬁig ?eiecoz&é%ﬂih@dt 5&85% 1
an

pattern for recording conmbi ned servo ta information on a recordi ng
medi um defdat@ndgnfornatinn secordedi indiagneticatkyx crgnsitiog: patwrt‘st '
pattern of gt least two repeated pairs of non-

defining at least one longitudinal sexrvo track, comprising:

a burst pattern of at least two repeated pairs of non- -
parallel maénetic flux transitions at least.one of which
transitions of each pair is continuously longitudinally variable
across the width of said track, said pairs of non—parallel'
trxansitions comprising track following servo informationadefxnzng
said longitudinal track, at least two of said transitions of said
repeated pairs shifted longitudinally with respect to other of
said transitions of said repeated pairs, said shifted transitions

comprising data information.

14. 'Tho magnetic tape media of Claim 13, whexein said burst

pattern repeated pairs of transitions afe 1ntef1aced such that
first transitions of said pairs are grouped together and second

- transitions of said pairs are grouped together.

15. The magnetic tape media of Claim 13, wherein said burst
pattern repeated pairs of transitions comprise porallel first
txansitions of said pairs and parallel second transitions of said

pairs.

16. The magnet;c tape media of c1aim 13, comprising at least

three said pairs of transitions where;n at least one group of two
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-——TEUT_IS cont i nuousl

-

-

*
-

paral l el sensible tran5|t|ons at | east one of which transitions of each-~

' gltudlnally vari able transverse to said track, said

nsitions conprising servo information, at |east two of said
g““geated pairs shifted |ongitudi naIIy with respect to
n

non- para

transitions of

.ot her ﬁ& ‘& ns of said repeated pairs, said shifted transitions
corrprlm or frat i on : The sepysible transition pattern of Claim
1, wher@&in®said burst pattern repeated pairs of transitions conprise
:parallel first transitions of said pairs and parallel second transitions of
said pairs. 3. The sensible transition pattern of Caim2, wherein said
burst pattern repeated pairs of- transitions are interlaced such that first

Lransi {1 ongg0ka pal el el o of’ AURPCeAUELECha A HRCARLeLLENSI L ONS Of

said pairs are grouped together. e sen e transition pattern of
Caimil, chopgisedinslily sdsh réspa:tseuod apathér o&rat:fsaltabhi ofssaierei n at

| east one group of two transitions of said repeated pairs are shifted

| ongi t udi nBeP§aLRd IPaixsp&ot Provideisadd dasasinfammatiopai d repeated pairs to
provi de said data information. 5. The sensible transition pattern of
Claim4, wherein said two transitions of said at | east one group are

shifted 'n19pquﬁé‘%agnet1c tape media of Claim 16, wherein said two
transitions of said at 1east one group are shifted in opposite
directions, respectively toward or away from each other, said
shift toward each other représenting one bit and said sﬂ;gt away

from each other rxepresenting the opposite bit.

18. The magnetic tape media of Claim 16, wherein said group of
two transitions comprises a pair of transitiens, both of said
transitions of said pair'shifted in the same direction, said

H

shift in a first direction representing one bit .and said shift in - -

the opposgite direction representing the opposite'bit.

19. The magnetic tape media of Claim 13, comprising a plurality
of said burst patterns, each of said shifted pairs of transitions

representing one bit in a set of data.

20. The magnetic tape media of Claim 19, wherein said set of
data compr;ses address information representing the longitudinal

position along said tape media.

fS
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directions, respectively toward or away from each other, said shift toward __
each oth Hag—oene bit and-said shift away from each other
~representing the opposite bit. 6. The sensible transition pattern of
"Claim 4 lmmmm]“l“; M‘oup of two transitions conprises a pair of
transhtl ®ransitions of said pair shifted in the sane
directiof, Sai'd shift in a first directi &% representing one bit and said
shift in the opposite direction representing the opposite bit. 7. The
Sensible transition pattern of aim1l, conprising a plurality of said
burst patterns, each of said two shifted transitions representing one bit
in a set of data. 8. The sensible transition gattern of Caim?7, wherein

sai d set oRfldatThedpanedds 2appemsdiniaf FAaieN20o wherpdis said| st of

transition ttern of d ai wherein said set of data ¢ rises four bits
represent | ﬂggifwﬁﬁfr %sgégsaﬁﬁ?’éﬁeqtﬁf’gr t?%% "°rd50°gg£d%%s§ensi bl e
trans!tioniR§6£ﬁg£%éH_C]ajn11, wherein one of said non-parallel transitions
of said palrs Is slanted in a straight line longitudinally transverse to
said track. 11. The sensible transition pattern of Claim1 for providing
| ongi tudi nal synchroni zation, conprising a plurality of said -

- 22, The magnetic tape media of Claim 16, wherein said burst

pattern repeated pairs of transitions are 1nteriééed such that
first transitions of said pairs are grouped together and second
transitions of said pairs are grouped together and compt{sé said

address information.

23. The magnetic tape media of Claim 13, wherein one of said
non-parallel transitions of said pairs is slanted in a straight
i

line longitudinally across the width of the track.

24. The magnetic tape media of Claim 13 for providing
longitudinal synchronization, comprising a plurality of said
burst patterns having alternating numbers of said at least two

repeated pairs of non-parallel magnetic flux transitions.

25. The magnetic'tépe media of c1aim,24;-comprising five
. repeated pairs of nonfparallel_magnetic flux transitions in one
alte:nating burst, and four repeated pairs of non-parallel '

~magnetic flux transitions in the othex alternating burst.

g



burst patterns having alternating nunbers of said repeated pairs of .

~

te
L d

L]

non-par al | el _sensi transitions. 12. The sensible transition pattern of ™

damill,

A megnet |

conprising five repeated pairs of non-parallel sensible

tr i “\mmm“ | ternating burst, and four repeated pairs of
an“ﬂ“\ﬂﬂn‘ I e transitions in the other alternating burst. 41 13.
¢ tApe® nedi a having prerecorded #bnbi ned servo and data

information recorded in magnetic flux transition patterns defining at |east
one |l ongitudinal servo track, conprising: a burst pattern of at |east two
repeated pairs of non- parallel magnetic flux transitions at |east one of

shich U1 ansas onk lorkAL Bkt deu\THg lok i gl o VL

across the w dth of “sai _ _ n- _ ST
conpri si ng daeskidfornaniits Secoradd il MAGASEL SISk Egaﬁéiﬁiiérprﬁtttﬂgitmgal
e

track, at

sai d pai non-par a

| east two of said transitions of said repeated pairs shi d

| ongi t udi nadefinving) ar pdprality of lparatdfielalchditadinhl oseres taricks)epeat ed
pairs, said shifted transitions conprising data information. 14. The
magnet i ¢ t aPEBRIRIRGSf C aj m 13, wherein said burst pattern repeated pairs

of transitions are intgégﬁggp suc tgagufirst transitions of said pai'rs ar.e

gr ouped toget her gﬁ&rg

paralle rst patterns, each set of burst
batterns representing one or more of said parallel longitudinal
servo tracks, each set of burst patterns having at least two
-repeated pairs of non-parallel magnetic £lux transitionééqf least
one of which transitions of each pair is continuously
longitudinally.variable across the width of said track, said non-
parallel transitions comprising track fdllowing servo inforﬁatidn
defining said parallel longitudinal track§, at least two of said
tfansitions of said repeated pairsg in éach of said plurality of
parallel burst patterns'shifted longitudinally with respect to

other of said transitions of said repeated pairs in said burst

pattern, said shifted transitions comprising data information.

27. The magnetic tape media of Claim 26, wherein the data in one

of said plurality of para;lel burst patte;ns'comprises addressing

| information relating to the longitudinal posltioh along said

magnetic tape media.

\
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transitions of said pairs are grouped together. 15. The magnetic tape nediaf
of O ai m-13—wherein sai d burst pattern repeated pairs of transitions “

conpri se fid ransitions of said pairs and parallel second
transit |\iﬂﬁl@\‘“§§“{“‘\‘gm‘s 16. The magnet *8 tape nedia of daim 13,

conpri si Lcast three said pairs of transitions wherein at |east one
group of two 42 of said transitions of said repeated pairs are shifted

|l ongitudinally with respect to another transition of said repeated pairs to
provide said data information. 17. The mmgnetic tape media of O aim 16,
wher ei n sai @8t woAtdatmsisyistem 66xsceéating dasst superipposedains ansewel in
opposite directions, respectively toward or away. from each other, ‘said

shif.t t owar BAESERN Sthé& MO¥APESERRTIAF RMRGLBMy SATA SATYSRRFESE g, each
other repr eEEPL{éQ%f [}gﬁgpgg Lt?n-%}ératﬂ%l 506s MBH0 S d ot %Eﬁng.Fngéhspftht arm
p of two transitl air o i ons,

16, wherein sard gro ons conprirsesa p rans

both of sai dxtedsidteral19f wéeh drdspdcts bl E8Ed | Movfify StERage 'Médiva). sadd
shift in a first direction representing one bit and said shift in the

opposi t e di sapérimpossad datat compiimimpsedettedi said Trahsdt honys athif tedp

media of Claim13, conprising a plurality _ -
longitudinally with respect to said moving storage medium,

comprising: o

a servo transducer sensing said sensible servo transiéions
along said longitudinal direction with respect to said moving
storage medium; '

a deteétbr reéponsivé to séid sensed servo transitions that
detects position shifts af ones of said non-parallel sensible
transitions; and - -

a decoder responsive to said detected position shifts that

decodes said superimposed data.

29. The déta system of Claim 28, wherein said shifted non-

parallel transitions are in gr&ups of two, shifted in position

longitudinally with respect to other;of'said non-parallel

transitions to provide said superimposed data, akd said detector
- detects the shift in position of said shifted groups of two

transitions with respect to said other transitions.

30. The data system'of Claim 29, wherein a group of two of said

shifted non-parallel transitions in each said burst axe shifted
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of said burst patterns each of said shlfted pairs of transitions
representing one bit in a set of data. 20. The magnetic tape nedi a of d ai'm
219, wh data conprises aggress information representing the
Iong| tmﬂm"ﬂmﬂ" ﬂ')"\ﬂul ong said tape rredlﬁla 43 21. The magnetic tape
medi a ‘of 20, swherein said set of data conprises 4 bits representing
13 code mords of address information. 22. The magnetic tape nedia of Caim
16, wherein said burst pattern repeated pairs of transitions aré interlaced
such that {4 ro?pdsﬁ.ﬁeslbh@iﬁxﬁna&ahﬁraéﬁ&l@r eSpasetFe 1y GAWASH 3R dawgyond
transitions of said pairS are grouped together and conprise sai d address

i nf or mat i ofxon? 2achhethegnatherdinpsanddsiei ff 1@ positfon wWiersaid one of said
non-parallel transitions of said pairs is slanted in a straight |ine

| ongi t udi ribnarsﬁieseposstomm ethenerqpmﬁentﬂonﬂmwdetsaedt ahifted a

of Caiml for rovidin ngi t udi nal s nchroni zat i .on risin

plurality Bﬂrgf' %%1‘[ é"g" sﬁﬁﬁ?% ﬁYelfﬁ'ﬁ’Pl ﬁifrhtﬂm’(ﬁr Prgig'dt%t

| east two é@%@gw@ by 2huHi3R1ROE L el RADE! heelLil dHPBRLFECRR- 25- The

magnetic tape I'a of
position of said shifted transitions toward or away from each

—

other, and sald decoder is responsive to sazd detection of the
shift in position toward each other as one. hit and responsive to
said detection of the shift in position away from each other as

an opposite bit.

31. The data system of Claim 29, wherein a pair of said shifted
non-parallel t;ansitions in eéch said burst are shifted in Epe
same of two opposite longitudinal directions, wherein said shift -
in position of said pairs in one said longitudinal direction
represents one bit and in the opposite said longitudinal
directioﬁ represents the opposite bit, wherein said detector
detects the shift in position of said shifted pairs in said one
longitudinal direction or in sai& opposite longitudinal.
direction, and said decoder is responsive to sa:l.'d detection of -
the shift in position in said one direction as one bit and
responsive to said detection of the shift in position in said

opposite direction as an opposite bit.
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repeated pairs of non-parallel magnetic flux transitions in one alternating
burst, and Tour repeated pairs of non-parallel magnetic flux transitions in
ih g burst. 44 26. A magnetic tape medi a having
prjr'ﬂ“'ﬁﬂ”imﬁmmmp servo and data inforfetion recorded in nmagnetic flux
trarsitiom patterns defining a plurality of parallel |ongitudinal servo
tracks, conprising: a plurality -of parallel burst patterns, each set of
burst patterns representing one or nore of said parallel |ongitudinal servo
tracks, eacEzset of burst patterns having at |east two repeated pairs of
non- par al | eP?maghat 4244 Systemnef(Clada 29,| ehereimesaiid whifted fftdps @#s of

each pair | opi.l sly Longitudinally variable across the wdth of said
‘track, sai dé‘ﬁgn?%)’gé%%o&\é FF&ﬂsF?P’Eﬁ%e"@GnﬁP? skl i &cisetopf oitay aadvo

i nformati onggdedi 4y [ . lQnaiitudi nal tracks, at |east two of

sai d transi tigéls&cﬁ&g? 3agggé§%§$a rcgdleﬁ %aag‘*‘u st §§i gapa fzam spig

paral |l el bubstspatterns shifted longitudinally with respect to other of

said transitions of said repeated pairs in said burst pattern, said shifted
transitions conprising data information. 27. The magnetic tape nedia of
Claim 26, wherein the data in one of said plurality of parallel burst
patterns conprises addressing
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information relating to the Iongltudlnal position al ong sai d magnetic t ape
nede&————JH;4§L_ﬁedata system for readi ng data superinposed in a servo
tern on noving storage nedium said g&rvo pattern having bursts of

Hll HHUE #’MI el sensible servo tranSPtions that extend laterally with
ving storage nedium said superinposed data conprising .

selected said transitions shifted longitudinally with respect to said

*noving storage nedlun1 conpr|5|ng a servo transducer sensing said sensible

servo transﬁ [ O:@dl %gi J&gg_gkt 9‘;’) te% ?‘3}‘ 'H}‘ e.gﬁgggglt o said

novi ng stor age Sive sen servo

transiti Onspésﬁ%t:.oﬂebﬁcé Smcﬂﬁﬁigt magnetid tétc&fag%nﬂéd%m Sevdh ROBeP¥b3patiern

sensi bl e transitions; decoder responsive to said detected position

shifts t hatord@aedeﬁoemgi mgmi&pssmhwmdmﬁ §aid dedrves yateexrnf hdiaign
28, wherein said shifted non- parallel transitions are in groups of two,

shifted i nbunsitsi of Paixs (afdineat-pgrallel magnetict Slux rervef trangitions

non-parallel transitions to provide said superinpgosed data, and said
detegtor that extend fhteraf%y with respect %o sggd moving magnetic

storage medium, selected_groups of two of said transitions
shifted longitudinally with respect to said moving magnetic
storage medium for encoding said address information, compflsing:
a servo transducer sensing said magnetic flux sexvo
transitions along said longitudinal direction with respect to
- sald moving magnetic storage medium and providing signals
xrepresentative of said magnetic flux servo transitions;
a detector responsive to said sensed serto transition -
| signals that detects‘positien'shifts of ones of said groups of
non-parallel magnetic flux transitions; and '

a decoder responsive to said detected position shifts that

decodes said address information encoded in said position shifts.

34, The addressing system of c1a1m 33, wherein said shifted
groups of non-parallel transitions comprise pazrs of transitions
shifted in position longitudinally with respect to other pairs of
nonfparallel_transitions to provide said encoded address
information, and said detectdt eetects,the shift in position of
said magnetic flux servo transitions to identify seid shifted

pairs with respect to said other pairs.'

_—
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detects the shift in position of said shifted groups of two transitions
Wth respect to said other transitions. 30. The data system of C aim 29,
wher etfi—a—group—of two of said shifted non-parallel transitions in each

“said I Iof 46 in opposite ?%ngitudinal di rections,
resp “‘ﬁﬁﬁjﬂ t'ﬂtl away from each other, wherein said shift in position
.of sal oward each other represents one bit and said shift in

position of said transitions away from each other represents the opposite
bit, wherein said detector detects the shift in position of said shifted
transitions toward or away from each other, and said decoder is responsive

to said detegtiog of e shift _in posigi.gn.toyward,each o . bit and
responsi ve ?g'sa_ oae‘{ isgﬂgo?yfth sﬂﬁtFﬁaFﬁ o'_si‘fr}e(fne é‘vv%g%r%?f'iéeyagp ot her
as_an opposg&susgtof n-ph281 98] e arliRTol £ %481 3aiWh8OLsE donpitieeOf
said shifted non-parallel transitions in each said burst are shifted in the
sane of twotweppesanisitdiong shHifted Ih loppbsite, loiyittidinadi diséet ionisn
position of said pairs in one said |ongitudinal direction represents one

bit and in raspeppiralye towand| omg@Ewaniifram ek¢he ather,r apdesaid Latestopposite

bit, wherein said detectaor detects the shift_ianosition of said shifted -
pairs in safl§t@pts the shift in position of said shifted groups of two

transitions toward or éway from each other..

36. The addressing system of Claim 33, wherein one d;;ectional
said shift in position of said gﬁoups of tramsitions répresents
one bit and an opposite directional said shift in position of
said groups of transitions represents the opposite bit, and said
decoder is responsive to said detection of said one directiona}

shift in position as one bit and responsive to said detection of

said opposite directional shift in position an opposite bit.

37. The addressing system of Claim 36, wherein each of said
shifted groups of two transitions represents one bit in a set of
data, and said decoder additionally decodes said encoded address

 information from said-sgt of data bits.

3s. The addressing system of Claim 37, wherein said burst
' patterns are arranged in sets of four groups of two transitions

representing four bits of said encoded address information, and

;
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| ongi tudi nal directi r in said opposite longitudinal direction, and sard

decode#«+5'ré§56ﬁgrtgn?g said detection of the shift in position in said

one direct.d wgmgit and responsive_tg said detection of the shift in
posiﬁm“\tﬁmm\‘ ' ite direction as an %pposi te bit. 47 32. The data
syst ammeaR val m 29, " wherein said shifted groups of two transitions each

.represents one bit in'a set of data, and said decoder additionally decodes
said set of data fromsaid bits. 48 33. An addressing systemfor

tiet erm ni ngat el ONAI UDALs POSIA [HL AR BBV JTRANGRE Cof B AR TR UM
froma servo pattern on salrd noVving nmagnetic storage medium <Ssaid servo
pattern hagpig Pi¥sl s of pairs of non-parallel magnetic flux servo.
transitions that extend laterally with respect to said noving magnetic
storage nedium selected groups of two of said transitions shifted
longitudinally with respect to said noving nmagnetic storage nedi um for
encodi ng sdPed dthe addnessingosysnen efnflpinnd8, wherein said sets of four

groups of two transitions comprise 13 code words of address
information, and said decoder decodes said encoded address
information of said sets of four bits into ones-of said 13 code

words.

40. The addressing system of Claim 37, wherein said burst’
pattern repeated paixs of transitions are interlaced such that
first transitions of said pairs are gfouped together and second
trxansitions of said pairs are grouped.together, and said detector
is responsive to said groupings to detect said position shifts of

said ones of said pairs of transitions.

-l
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a servo transducer sensing said nagnetlc flux servo traﬁgrriﬁﬁ;?ﬁﬁﬁﬁ_Eéra"
| ongitudinal direction with respect to said noving magnﬂ"mm m
and providing signals representative of said magnetic f ﬂwuﬂﬁﬂ"rﬂﬂﬂJ

- transitions; a detector responsive to sa|g1sensed servo tfrahsitioh signal s
I hat det ect s position shifts of ones of sard groups of non-parall el
magnetic flux transitions; and a decoder responsive to said detected
"position shifts that decodes said address information encoded in said
position shifts. 34. The addressing system of C aim 33, wherein said

Shifted oropps. aln NAR-8E Rk ClyddeA Tk QBB ARHINGS EnB2L iy udindgs! ti ons

shifted in p05|t|on ongl respect ot her palirs o

non- par al | gpod Faidn! bhOHSméﬁxD# dghRtIal St addadn’ £66m idieobFaRi On, and
sai d detector detects the sh in position of said nmagnetic flux servo

transi ti onspXuwrdldeyt ofyparalil ehildngd tpdinsl ddxvor paptetnsd @ giaddombeing
pairs. = 49 35. The addressing systemof C aim 33, wherein said shifted
groups of mgml stprage mediums spAdesetve a:aétsyngth%w byparstRoof |

t t hi ft te | t udj di
Lonard or BRSPS (BnPRRCRABR TS MARRLELF Gt SEPYP HEPRLLLL G CBAE( hfena -
position Ofléfﬂfifig'aigﬂ B Yo 5904 moving magnetic storage medium,

selected groups of two of said transitions éhif;ed long;tudinélly

with respect to said moving magnetic storage medium, one .of which
longitudinal servo patterns encodes sald address information,
comprising:
servo transducers sensing said magnetié flux servo
~transitions of each of said parallel longitudinal sexvo patterns
along said 1oﬁg1tudihal direction with respect to s&id mov;hg
'magnétic storage medium and providiag Signals representative of
sald magnetic flux serv§ transitions;
- a plurality of detectors, each responsive to said sensed '
servo transition signals of one of said transducers that detects
position shifts of ones of said non-parallel magnetic flux |
transitibns; and _ |
a decoderx respbnéivé tp ones of-said-detecéed position

- shifts that decodes said address information encoded in said

position shifts of said groups of two of said transitions. .

//
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transitions toward or away from each other. 36. The addre55|ng syst em of
Cl aim 33, wherein one directional said shift in position

transitions represents one bit and an opposite di rectlonalmuﬂmlmlmuﬂrw
position of 'said groups. of transitions refesents the oppdsite bit* ahd *
.sai d decoder is responsive to said detection of said one dir.ectional shift

I n position as one bit and responsive to said detectlon of said opposite
directional shift in p05|t|on an opposite bit. The addressing system

of Clain13§ rein egach |d shifte r Qups of t. Wo éran3|t

represent s *8ne g?t a4 ?’ dﬁ?§° aHE g°8e’8ﬁﬂﬁt’§d P‘PFoﬁ ?/'c?ébodes
d d t

2ddr east g SdZRRRERY 4t Yor det AMRHA CAE 1000t Bidindh Boadbiodh |

sets of fogaidrfadte®ic el mBASat £4016 o RNEAGbASHH fsitvobphtitéfn Sor d
encoded address informati on, and 50 sai d decoder decodes said encoded

address i nsaddemagmetic deipe abdiarsdid $im3flg Based dkryes pagteys thawing

Claim 38, wherein said sets of four ups of two transitions conprise 13
code wor ds bUFsEa e A lxs G’tfrr&PPDBarﬁ%@Js&ﬁﬁ"ﬁ%&‘éd@“’ﬁé@ﬁﬂ@stEwﬂmed

address | nQLIRLL o P A3 a8 dieck L5 4LES MSREL 25E a0

selected groups of two of said transitions shifted longitudinally

with respect to said magnetic tape media encoding said address
information, said timing based servo system having'a sarva
transducer sensing said magnetic flux servo transitions along
éaid longitudinal direction with respect to said magnetic tape

.media, salid addressing system comprising:

a2 detector responsive to said sensed servo fransitions for

~ detecting position shifts of ones of said non-parallel magnetic
flux transitions; and _

a decoder responsive to said detected position shifts fox
decoding said address information encoded in said position
shifts.

- 43. The addressing system of Claim 42, whereln'said groups of -
two shifted non-parallel transitxons are shifted in positxon
longitudinally by equal magnitudes with reSpect to other said

- non-parallel transitiqné to provide said encoded address
inférmation while preserving éaid time based séfﬁé_pat:e:n,_and

said detector detects the timing based spacing between said

' “‘ﬁﬁimi*iiiﬁﬁi uﬁin



words. 40. The addressing system of Caim 37, wherein said burst pattern
repeated pairs of transitions are interl ag&d such that fj M“ mnm‘ﬂ:ﬁl of
said pairs are grouped together and second™transitions CH“E‘” 1 r

" grouped together, and said detector is responsive to said* groupings £o *
detect said position shifts of said ones of said pairs of transitions.

.51 41. An addressing systemfor determning the |ongitudinal position on a
novi ng magnetic storage nediumfromone of a plurality ofggarallel

1 ongi t udi nafagReYiF Fflu¥e SREVENtEMSL thonsh§ondgratity sddageitedim said

Crandi {1 onsPPRATEH (o 445, EpSrrof fourdrsdBia ot in herSRRUER Faid WhiE

storage nedepahsfEide.ed groups of two of said transitions shifted

longitudinally with respect to said noving nmagnetic storage nmedi um one of

whi ch | ongi tudi-nal servo patterns encodes said address information,

conprising: servo transducers sensing said magnetic flux servo transitions

of each of 44id The Addzessingi systemlofs Sladmpsd ; erheredinosgid agxpups of

| ongi t udi nal dirgction Wi, th resgfct to said nnviqg na%pgtic st or age .nedi_um
transit

and provi di F§°sP4Baid sbifted patrs ot mon-paralle ions are shifted -

in opposite longitudinal directions, respectively toward or away
from each other, and said detector detects the shift 1h position

of said shifted transitions toward or away from each éther.

45. The addressing system_of Claim 43, wherein said groups of
two of said shifted non-parallel transitions comprise pairs ofl
transiﬁions shifted in the same directions, said ‘pairs shifted
away from 6r toward each, and said detector detects the sﬁift in
position of said shifted pairs toward or away from each other as

said encoded addreéss information.

46. The addressing system of Claim 43, wheréin one directional'
said shift in position of said groups of transitions represents
one big and an opposite directional said shift in position of
said groups of trapsitions.represents the. opposite bit, and said
decoder is responsive to said detection of said one directional
shift in position as one bit and resppnsive to said detectioh of

said oppbsite directionél'shift in-pdsiﬁion an opposite bit.
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said magnetic flux servo transitions; a plurality of defectors, each

responsive to said sensed servo transition signals of o
transducers that detects position shifts of4 ones of sai m Imﬂl" ml "IIII
magnetic flux transitions; and a decoder responsive to @

detected position shifts that decodes said address information encoded I n
.said position shifts of said groups of two of said transitions. 52 42.
In a timng based servo system for nagnetic tape nedia, an addressing
System for d@terThei adideszingngiystien ot qlaimt 465 whersdind exefnefi saidipe
media froma timng based servo pattern on said magnetic tape nedia, said
timng base§hifred graurs 9fhsvPntrangitionsf cppresenss 9o8- bikainer amgwét i c

ape modi 8, %8BR et had Aeciief et By, dheoads 7B 18, phrede addliE ' ©
| ongi t udi nag_hgoi%ga&{a%}gﬁt sggdsg%a JBYURL gitape media encoding sai d

address information sed servo system having a servo
transducer sensing said magnetic flux servo transitions along said-
| ongi tudinal direction with respect to said nagnetic tape nedia, said
addressi ng 48st eThe adsxessingg sysiedn b iCladmpdhsivherednssaild Slunsstd servo —
transitions for
patterns are arranged in sets of four groups of- two transitions
representing four bits of said encoded address information: and
said decoder decodes said encoded address information in sets of

four bits.

49. The addressing system of Claim 46, wherein said burst

, battern repeated pairs of transitions are interl&ced such that
first transitions of said pairs are grouped together and ;;cond

: transitions of said pairs are grouped together, and said detector
is responsive to said groupings to detect said position gpifté of

said ones of said groups of transitions.

50. The addressing system of Claim 42, wherexn said plurality of
said burst patterns have alternating numbers of said at least two
repeated paixs of non-parallel magnetic flux transitions for
providing longitudinal syndﬁronization,'and said detector is
additionally responsive to'séid alternating numbers of
transitions of said bu:st patterds for detecting the timing based

spacing between said magnetic flux servo transitions to identify

Thls Sheet
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det ecting position shifts of ones of sald non- par al | el maW
transitions; and a decoder responsive to said detected po s for
.decodi ng sai d address information encoded i85 said positio '!M g"m mmm
addressing system of C aim 42, wherein said groups of two

non-parallel transitions are Shl fted in position |ongitudinally by equal
magni tudes with respect to other said non-parallel transitions to provide
sai d encoded address information while preserving said tinme based servo
pattern, ands&fd bHiFeeshOpod et £6d o Rel bRk b HAI[Y WE?QQOP%%tﬁth
53 magnetlc flux servo transitions to identify said shift in position o

sai d shiftedhdavingisaiidnposdithon estiifitls .t 0 said other transitions. 44. The -
addressi ng system of C aim43, wherein said groups of two of said shifted
pai rs of non- par allel transitions are shifted in opposi te | ongitudi nal
directi ons, t|v toward or away from each other, and said detector

. Esér— £,

detects the PPLRE FYatem ofnCiainy 30, wherpdnssidaltesnasing
of tuo of Sar ‘*’?‘%Pﬁoﬂﬂ%‘ée? I8 BPEAER Hnie ok Ao Bl poletig e
- flux transitions in one alternating burst, and four repeated -
pairs of non-parallel magnetic flux tranéitions in the other
alternating burst, and said detector is res-ponsive to ;said- |
altérnatlng burst patterns for detecting the ones of said groups

of transitions having said position shifts.

T
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transitions shifted in the sane directions, said pairs shifted away from,
toward each, and said detector detects the shift in p
shifted pairs toward or away from each other as said ﬂmmmmmﬂmﬂ“l
*information. 46. The addressing system of sgl ai m 43, whérefn 'onéd di’reéti onal
said shift in position of said groups of transitions represents one bit and
.an opposite directional said shift in position of said groups of
transitions represents the opposite bit, and said decoder is responsive to
Said detection of said one directional shift in position as one bit and
responsi ve 6@.sah dnaiierdici tapefdshral hawingi hecokhh dd aeavostoitzrdln sgssehi on
an opposite bit. 54 47. The addressing system of C aim 46, wherein each
of sai d shi Ppadlepdippdisnlt addressing isvssemefor seagnetifetape medi s&prof

data; and i d decoder additiopal ecodes . sai d encoded addye . -
oot ondePerilamg sBe pnalfudinals B355R 157 dn HRIRCBeBREELS SApm BRdERai m

47, wherei neagh dy LS, EQ?EQEHE?I?;S%g?{ @g?gggﬂ: ”tdaxé znggﬁaf 04 ; §' gl Of - two

transitions representi.n our enco re§s 1n ormat’i on, and

i e cicpaitetomanybtree e Wihante AT eameicTale bl
servo trangitions that extend laterally with respect to said
magnetic tape media, selected groups of-two-of‘;aid transitions
shifted longitudinally with reSpectlto sald magnetic tape';edia
encoding said address information, said magnetic tape drive
comprising: _

a magnetic read and/or write head and read/write channel for
reading and/or writing data on said magnetic tape media;

- a drive  mechanism for moving said magnetic tape medier
longitudihally with respect to said magnetic read and/or write
head for reading and/or writing on said magnetic tape media;

a servo transducer sensing said magnetic flux sServo
transitions along said longitudinal direction with respect to
said magnetic tape media as said drive mechanism moves said
‘magnetic tape iongitudinally and providing signﬁls representative
‘of said magnetic flux servo transitions;

- a detector reépohsive to said sensed servo transition
signals for detecting the timing based spacing between said
magnetic flux servo transitions to'identify said position shifts
of ones of said groups of two non-parallel magnetic flux;

transitions; and

—_—

This Sheet Has Bee

N



TR

pattern repeated~patrs of—t-Hanstt-romsTare THU er | aced s h that firs
transitions of said pairs are grouped together and sec @g #ﬂw

,said pairs are grouped together, and said detector is 1” ,gl
groupi ngs to detect said p03|t|on shifts of said ones of séldlgrm
~transitions. 50. The addressing system o87C ai m 42, wherein said pIurallty
of said burst patterns have alternating nunbers of said at |east two
repeated pairs of non-parallel nmagnetic flux transitions for providing

| ongi t udi nal synchroni zation, -and said detector is additionally responsive
to said alternating nunbers of transitions of said burst patterns for
detecting the &i deeoddmsmspopadivegthaiatskdesactiedppsitiionf Bhkfterfar
transitions to.identify 55 said shift in position of the_ ones of said
groups of 94&coA<ng; spid MWSSAF@EB%%‘WOG’@HFF‘PSM $eidrResititfRssi ng

syst em of g:%ts m 50, wherein said alternating burst patterns have five

r epeat ed 5 O6f non-parallel magnetic flux transitions in one alternating
burst, and four repeated pairs of non-parallel magnetic flux transitions in
the other alternating burst, and said detector. is responsive to sai'd

al ternati 53.burhée magrieties thpe deivsioMTlalin S2pswirein Said oskpifted -

transitions having said position shifts.
groups of two non-parallel transitions are shifted in position
longitudinally by equal magnitudes with respeét to other non-
parallel trangitions to provide said encoded address inforiétion,
and said detector detects the shifts in position of said shifted

groups with regspect to said other transitions.

54. The magnetic tape drive of Claim 53, wherein said two
shifted non-parallel transitions in each said,groﬁp are shified
in opposi;e longitudinal difections, respectively toward or away
from each qther, and said éetector detects thé shift 1ﬁ position

of said shifted transitions toward or away from each other.

55. The ﬁagnetic tape drive of Claim 53, whexein said gfoups of
two of said shifted non-parallel transitions comprise pairs of
transitions shifted in the same directions, said pairs shifted
away from or toward each; and said detector detects fhe shift in
position of said shifted pairs toward or away from each other as

sald encoded address 1nformation.

This Sheet Has Been Reﬂlaced
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56 52. A magnetic tape drive having a conbi ned servo contTo

| ongi tudi nal addressing system for magnetic tape nedia, f Lhing the
| ongi tudi nal position on said magnetic tape nedia froma Q m&%’g H",
* [ *

said magnetic tape nedia, said servo pattern having bursts

non-paral l el magnetic flux servo transitions that extend laterally with
réspect to said nagnetic tape media, selected groups of two of said
transitions shifted longitudinally with respect to said nagnetic tape nedia
encodi ng said address information, said magnetic tape drive conprising: a
magnetic read and/or wite head and read/ wBte channel for reading and/or
writing data on said nagnetic tape nedia; a drive nmechanismfor noving said
magnetic tape nmedia longitudinally with respect to said magnetic read
~and/ or wite head for reading and/or witing on said magnetic tape nedia; a
servo transducer sensing said magnetic flux_servo transitions along said

| ongi t udi nal 38 r 1 ARIMELHCr BIRR Ardve oFi GlatBEdi Wheapdn BRr A4ectipgal

i gnal o 1 opr BRI A% 5y RePALRAGT FH% iR 4 BenkeREPaf Pebiases o

responsi ve tgngah e SERF e %_ﬁbMQiEé affdcdtdBnal said shift in position of
said groups of transitions represents the opposite bit, and said
decoder is xesponsive to said detection of said one directional
shift in position as one bit and responsive to said detection of

said opposite directional shift in position an opposite bit.

57. The magnetic tape drive of Claih 56, uherein sach of said
shifted groups of two transitions represents one bit in a set of
data, and said decoder additionally decodes said encoded address
information from said set of-data bits. 1

. i
58. The magnetic tape drive of Claim 57, wherein said groups of
trxansitions are arranged in sets of four groups representing:four
bits of said encoded address information, and said decoder

decodes said encoded address information in sets of fouxr bits.

59. The magnetic tape drive of Claim 58, wherein said sets of
four groups comprise 13 code words of address information, and
said decoder decodes said encoded address information of said

sets of four bits into ones of said 13 code words.

60. The magnetic tape drive of Claim 56, wherein said burst

pattern repeated pairs of transitions are interlaced such that
_
. This Sheet Has
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signals for detecting the timng based spaci ng between sard—maghet+e—fHux—

servo transitions to identify said position shifts of ones _of said group
_of two non-parallel nmagnetic flux transitions; and 57]

S
responsive to said detected position shifts for decoding HMMBHMMMHHH

I'nf ormati on encoded in said position shifts. 53. The nagnetic tape drive "of
£ aimb52, wherein said shifted groups of two non-parallel transitions are
shifted in position longitudinally by equal magnitudes with respect to

ot her non- parallel transitions to provide said encoded address

I nformation, and said detector detects the shifts in position of said
shifted groups with respect to said other ®Pansitions. 54. The nmagnetic
tape drive of Claimb53, wherein said two shifted non-parallel transitions
in each said group are shifted in opposite |ongitudinal directions,
respectively toward or away from each other, and said detector detects the
shift in position of said shifted transitions toward or away from each

ot her. 55. ThEl¥figAaRngitipes drf \saidf palus raxBs grahpedi trgatinergpndpseednd wo
of said shifted ngon-parallel transitions conprise pairs of transitions

shifted in t FARGHEIANFCRT | S Ra4Fg 5P GFQRer| Equether and comprise said

address information, and said detector is responsive to said
groupings to detect said position shifts of said ones of said

groups of transitions.

61. The magnetic tape drive 6f Claim 52, wherein said plurality
of said burst patterns have alternating numbexs of said at-least
two repeéted pairs of non-parallel magnetic flux transitions for
providing longitudinal synchronization, and Said detector is
additionally rxesponsive to sald alternating numbers of
transitions of said burst patterns for detecting the ones of said

groups of transitions having said position shifts.

62. The magnetic tape drive of Claim 61, wherein said
alternating burst patterné have five repeated pairs of non-
pargllel magnetic flux transitions in one alternating burst, and
four repeated pairs of non-parallel magnetic flux transitions in
the othexr alternating burst, and said detector 1§'re5ponsive to
said alternating burst patterns for detecting the ones of said

groups of transitions having said position shifts.

This Sheet Has Been Re’ilaced




-away fromor toward each, and said detector detects the éﬁrFF_Tﬁ_E6§TT‘Un-——

of said shifted pairs toward or away from each other as s
address information. 58 56. The magnetic tape drive of ﬂMH ’H’
one directional said shift in position of said groups of tTaﬁBIEIOHS
represents one bit and an opposite directional said shift in p05|t|on of
said groups of transitions represents the opposite bit, and said decoder is
responsive to said detection of said one directional shift in position as
one bit and responsive to said detection of said opposite directional shift
In position an opposite bit. 57. The magré®tic tape drive of C ai m 56,
wherein each of said shifted groups of two transitions represents one bit
in a set of data, and said decoder additionally decodes said encoded
address information fromsaid set of data bits. 58. The nmagnetic tape-

drive of Cle8m A7 mayhet et Nsse ca:ﬁwunavﬁ)ﬁg td oinihe8Ss & HdntRg ds*mte%?t S

of four groups representing four bits of Said encoded address In I on,
and sai d dewstidrongdtudisak aadiiressdngdsgstier tord nhghstid atape) nea@ia, Ofof our
bits. 59. The magnetic tape drive of Claim58, wherein said sets of four
groups comfleterminingqehectengisudingl cpesitian wat sakd maghetdicd tdpe ovedia

decodes saﬁp encoded addr SS |nfor¥at|on of said,
rom one of a urallty of parallel longitudinal servo patterns

on said magnetic tape media, said servo pattern having bursts of
pairs of non-parallel magnetic flux servo transitions that extend
laterally with respect to said magnetic tape media, sélected
groups of said transitions shiftéd longitudinally with respect to
said magnetic tape media encoding said address information, said
magnetic tape drive comprising: '

a magnetic read and/or write head and read/write channel for
reading and/og writing data in parallel longitudinal tracks on
said magnetic tape media; -

a drive mechanism for moving said magnetic tape media
longitudinally with respect to said magnetic read and/or write
head for reading and/or writing on said magnetic tape media,-

a plurality of servo transducers, each sensing said magnetic
flux servo transitions in one of said plurality of parallel
longitudinal servo pattérns along said longitudinal direction
with respect to said magnetic tape media as said drive mechanism
moves said magnetic tape longitudinally and providing signals
representative of said magnetic flux servo transitions;

a detector responsive to said sensed servo transition
Signals of at least one of said servo transducers for détecting

the timing based spacing between said magnetic flux servo

l Thllsllslllli,Tlilili li RT i
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sets of four bits into ones of said 13 code words. 60. Th i
drive of Claimb56, wherein said burst pattern repeated p !ﬁﬂfmquﬂ ws
are interlaced such that 59 first transitions of said- "

. together and second transitions of said pairs are grouped together and
_conprise said address information, and said detector is responsive to said.
groupi ngs to detect said position shifts of said ones of said groups of
* transitions. 61. The magnetic tape drive of Caim52, wherein said
plurality of said burst patterns have al@lernati ng nunbers of said at |east
two repeated pairs of non-parallel magnetic flux transitions for providing
| ongi tudi nal synchroni zation, and said detector is additionally responsive
to said alternating nunbers of transitions of said burst patterns for
detecting f i p bkl Ty i idion
shifts. 65&-3%%9%%&??:1? Sgéﬁgrﬁg f %lequn %ﬁ?fﬁ\grfeigﬁaga?%%ir nati ng
burst pat iggblips Né¥ endri-paragpedt magmiics fatixnefanPiyidnise reprgsmiting | ux
transitions in one alternating burst, and four repeated pairs of
non- par al keidnegeeded: addressr anfoxmation;n and ot her al ternating burst, and

said detector is responsive to said alternating bur st Ratterq? for
detecting the ardecqder; regponsive to saild detected position shifts for

decoding said address information encocded in said position

‘s

shifts.

64. The magnetic tape drive of Claim 63, additlonally comprising
at least one detector responsive to said sensed servo transitions
of other of said sexrvo transducers for detecting the timing based
"spacing between said magnetic flux servo transitions of said
'transitions to identify said position shifts of ones of said
groups of non-parallel magnetic flux transitions representing

infoxmation other than said address information.
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groups of transitions having said position shifts. 3 0 ARR=I999 6063
magnetic tape drive having a conbined servo control system and | on ItUdlﬂ
uuﬁ al

addressing system for nagnetic tape nedia, for deterninif Hlllliﬂilll L\M‘I

position on said nmagnetic tape nedia fromone of a plura
| ongi tudi nal servo patterns on said magnetic tape nedia, $ai @ servo pattern
havi ng bursts of pairs of non-parallel nagnetic flux servo transitions that
extend laterally with respect to said magnetic tape nedia, selected groups
of said transitions shifted longitudinally with respect to said magnetic
tape nedi a encodi ng said address information, said nmagnetic tape drive
conpri si ngf5a ragremagnetie tand Gerwpi velbteadanhdriting wiexeadrdedel for
readi ng and/ or WW|t|ngtdata in parallel longitudinal tracks on said

magneti c (PR IEH 197 Ve A8nPRERSIS i g s AF AP HbgHRR RAYEEPBS edi a
| ongi t udi ’%f%;ﬁg.t? rféﬁ’ggtoﬁé’ lso@i tﬁﬁ%?i'&eﬁveoa‘irggﬁl 0Laif! éete:\)?: %91%?50

readi ng an I'ng 0N nedi a, a p ur al
t ransducergav8af twoeB8phted Sa’r’gbaﬁk-ﬂﬁ&'l%' QIExJné%t§ Ha¥Qnl' aa&;samqeln qaps, of

said plurality of parallel longitudinal servo patterns along said
| ongi t udi net XBasEcbnenof which is continuously longitudinally variable
across the width of the track, a drive for moving a magnetic tape
longitudinally across saild write eléments at a predetermined
velocity, and a source of timed pulses to cause said spaced apart
write elements to write patterns corresponding to said non-
parallel gaps, saild patterns arranged in pairs comprising track'
following servo information defining said longitudinal servo
track, a data Qriter for superimposing data on said magnetic flux
.transition patterns,'comprising:

an encoder for encoding data into predetermined time shifts;
and

a pulse timer responsive to said encoder for shifting the
timing of said source of timed pulses to thereby shift a pattern
of at least a group of two non-parallel.ﬁagnetic flux transitions
longitudinally with respect to énother of said pairs, said

shifted pairs comprising data information.

66. The data writer of Claim 65, wherein said encoder encodes

Sequential address data into said predetermined time shifts.
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with respect to said magnetic tape nedia as said drive négﬁaﬁﬁﬁmjnzﬁébégg;L=
magnetic tape longitudinally and providing signals representative of said
magnetic flux servo transitions; a detector responsive toum,ﬂuﬁmu : o]
transition signals of at |east one of said servo transduck¥ lﬂ”tﬁ"ﬂ :
the tim ng based spaci ng between said magnetic flux servo 61 'trdnsftions
to identify said position shifts of ones of said groups of non-parall el
magnetic flux transitions representing said encoded address information;
and a decoder responsive to said detected position shifts for decodi ng said
address information encoded in said position shifts. 64. The magnetic tape
drive of Claim63, additionally conprisifi§ at | east one detector responsive
to said sensed servo transitions of other of said servo transducers for
detecting the timng based-spaci ng between said magnetic flux servo
transitions of said transitions to identify said position shifts of ones of
sai d groupe7 of Madaghetikl ehpsbginid antll datd rafivelki o8 weptisenting

i nformati on other than said address information,

prerecorded sexvo information with data superimposed thereon
recorded in magnetic flux transition patterns defining at least
one longitudinal servo track, comprising:

two spaced apart write elements having non-parallel gaps; at
least one of which is éontinuously longitudinally variable across
the width of the track;

a drive for moving a magnetic tape lorigitudinally acréss
said write elements at a predetermined velocity;

an encoder for encoding'data into predetermined time shifts;

a source of timed pulses to cause said spaced apart write
elements to write patterns corresponding to said non-parallel
gaps, said patterns arranged in pairs comprising track following
sexvo information defining said longitudinal servo track; and

a pulse timer responsive to sald encodexr for shifting the
timing of said source of timed pulses to thexeby shift a pattern
of at least a group of two of said non-parallel magnetic flux
trangitions longitudinally with réspect to other of said
transitions, said shifted groups of transitions comprising data

information.

_—
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65. In a magnetic tape servo witer for witing prerecorded-servo
i nformation recorded in nagnetic flux transition patterns defining at |east

one | ongitudinal servo track, said servo witer having tmﬂmmmm'"")m””"l
wi.te el ements having non-parallel gaps, at |east one of '

continuously longitudinally variable across the width of ‘the frdck,* asdritve
for moving a magnetic tape longitudinally across said wite elenents at a
predeterm ned velocity, and a source of tined pul ses to cause said spaced
apart wite elenents to wite patterns corresponding to said non- parallel
gaps, said patterns arranged in pairs conprising track follow ng servo

I nformati on defining said | ongitudinal servo track, a data witer for
superi nposi ng data on said magnetic flux ffansition patterns, conprising:
an encoder for encoding data into predetermned tinme shifts; rand a pul se
timer responsive to said encoder for shifting the timng of said source of
timed pul ses to thereby shift a pattern.of at |east a group of two

non- par al | e§s Imagnaiethod| fér tswRAimpoBIng OMatid Uthfoambyion tin paspecoft non-
another of said pairs, said shifted pairs conprising data information. 66.
The data wpazsllsfl Sexven BEansitdionsnonad dStarasse led B d RPRISYISS: Frp

address data into said predeternmned tine shifts.
spaced apart write elements having non-parallel gaps, at least

one of which is continuously longitudinally variable in a
direction transverse to said storage medium, and a drive for
moving said storage medium in the longitudinal direction across
said wrxite elements at a predetermined velocitg, comprising the
steps of: -

encoding data information into predetermined time shifts;

providing timed pulses to sald spaced apart write elements
to simultaneously write patterns of pairs of servo transitions
corresponding to said non-parallel gaps; and

shifting the timing of said timed pulses in accordance with
said predete;mined time shifts to thereby shift at least a group
of two of said nﬁn-parallel magnetic flux transitions
longitudinally with respect to other of said transitions, said

shifted transitions comprising data information.

-
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63 67. A magnetic tape servo and data witer for witing prerecorded servo
informati on with data superinposed thereon recorded in magnetic fl ux
transition patterns defining at | east one |ongitudinal ser

conprising: two spaced apart wite el enents having non- parmlm”m!m”lmt"l!u
| east one of which is continuously longitudinally variabl e facrcoss t he w

of the track; a drive for noving a nagnetic tape longitudinally across said
wite elenents at a predeterm ned velocity; an encoder for encodi ng data
into predetermned tinme shifts; a source of tined pul ses to cause said
spaced apart wite elenments to wite patterns corresponding to said
non-paral l el gaps, said patterns arrangeg In pairs conprising track
foll owi ng servo informati on defining sai 5Iongitudinal servo track; and a
pul se timer responsive to said encoder for shifting the timng of said
source of tinmed pulses to thereby shift a pattern of at |east a group of
two of ‘said non-parallel magnetic flux transitions longitudinally with

respect toS8rhef Bethed for faAingudata AupesHmpPERd gib Fh$eEVOL PARLSED AT
COWDFISIngaﬁ%&gihgfé¥g¥§§EPQEdium' said servo pattern having bursts of

pairs of non-parallel sensible servo transitions that extend
laterally with respect to said moving storage medium, said
superimposed data comprising selected groups of two of said
transitions shifted longitudinally with respect to said moving
storage medium, comprising the steps of:
' sensing said sensible servo transitions along said
longitudinal direction with respect to said moving storage
medium; |

detecting, in response to said sensed servo transitions,
position shifts of ones of sald groups of-two non-parallel
sensible transitions; and .

decoding, in response té said detected position shifts, said

superimposed data.

-
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64 68. A nethod for superinposing data information in pairs of non-

paral l el servo transitions on a storage nedium enployin t
write el enments having non-parallel gaps, at |east one ofﬂ"‘gjﬂﬂﬂmmr@lﬂnm
continuously longitudinally variable in a direction transvers uSalsd '«
storage nedium and a drive for noving said storage nediumin the

| ongi tudi nal direction across said wite elenents at a predeterm ned

vel ocity, conprising the steps of: encoding data information into
predetermned tine shifts; providing timed pul ses to said spaced apart
wite elenents to sinultaneously wite paggerns of pairs of servo
transitions corresponding to said non-parallel gaps; and shifting the
timng of said tined pulses in accordance with said predeterm ned tine
shifts to thereby shift at |east a group of two of said non-parall el

magnet i ¢ fly tRagshLigne |0naludhnallve ey G885k RBThel ssAldl

transitions, said rte ransi nms conprising data I'nfornation. .
69. A met hothd Aathcafestndtalich DAPEr FEBOSHhg ReditR! A dingchl DBast NGHE Ng

storage nedium said servo pattern having bursts of pairs of non-parallel
sensi bl e sdrongrittudidsal i trescX hatompxieimig :

a burst pattern of at least two repeated pairs of non-
parallel sensible dual transitions a least one of which dual
transitions is continuously longitudinally variable trahsverse'to
said track, sald non-parallel dual transitions comprising servo
information, at least one of said sensible dual transitions
having a different width than other said sensible transitions,

said different width dual transitions comprising data

information.

71. The sensible transition pattern of Claim 70, whexein sai&
burst pattern repeated pairs of dual transitlong are interlaced
such that first dual transitions of said paixrs are grouped

together and second dual transitions of sgaid ﬁairs are grouped

together.

72. The sensible transition pattern of Claim 70, wherein said
burst pattern repeated pairs of dual transitions'comprise
parallel first transitions of said pairs and parallel second

transitions of sald pairs.

- ) \H\x
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laterally with respect to said noving storage nedium said superinposed

data conprising selected groups of two of said transitioens—shifted =

lLongitudinally with respect to said noving storage nedium conprising the

steps of: sensing said sensible servo transitions al Qng;ﬂﬂ[ﬂ” ln"t ni
direction with respect to said noving storage nedi um detkasi #' "“ﬂ'
response to said sensed servo transitions, position shifts 6f bne¥ of said
groups of two non-parallel sensible transjtions; and decoding, in response
to said detected position shifts, said sd%%rinposed dat a. 66 70. A
sensible transition pattern for recordi ng conbi ned servo and-data

I nformati on on a recordi ng nedi um defining at |east one |ongitudinal track,
conprising: a burst pattern of at |east two repeated pairs of non- parallel
sensi bl e dUa. t Ramsguebis tarec astignkavingpreiredandied recombimednsergo and
continuousgr | ongi tudinally variable transverse to said track, said
non- par al | d2t@uinfeFrmasian Krcordrer i mapnatico IRk b FARS IFiona PALESERS one of

sal d sensi bl Quak AL aeldd AR RBXEDA S bere8! YAdL dA1RRiBERG! S2i
a burst pattern of at least two repeated pairs of non-

parallel magnetic flux dual transitions at least one of which”
dual iransitions is continuously longitudinally variable across
the width of the track, said pairs of non-parallel dual
transitions comprising track following servo information defining
said longitudinal_track, at least one of said repeated palrs of
dual transitions having a different width with respect to other
of said dual transitions, said different width: transitions
comprising data information. '
74. The magnetic tape media of Claim 73, wherein one transition
of said magnetic flux dual transitions is a positive-going -

transition, and the other transition of said magnetic flux dual

transitions is a negative-going transition.

75. The magnetic tape media of Claim 74, wherein said burst
pattern repeated pairs of dual transitions are interlaced such
that first dual transitions of said pairs are grouped together

and second dual transitions of said pairs are grouped together.

-
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said different width dual transitions corrprl sing data information. 71. The
sensible transition pattern of Claim70, wherein said bﬂiﬂﬂlmmllmmll”““'
Jepeated pairs of dual transitions are interlaced such

‘transitions of said pairs are grouped together and second ddal “tr&nsiti‘ons
of said pairs are grouped together. 72. The sensible transition pattern of
€l aim 70, wherein said burst pattern repeated pairs of dual transitions
conprise parallel first transitions of $#d pairs and parallel second
transitions of said pairs. 67 73. A magnetic tape nedia having
prerecorded conbined servo and data information recorded in magnetic flux
transition patterns defining at | east one |ongitudinal servo track,
conprising6.a Bbesmagratisr rrape aedlaast Gladm é‘ﬁeavwﬁ;iai saigf bRERt paral | el
magnetic flux dual transjtiqons at | east one ,of which rg‘TsI tran%% ons is

‘cont i nuouPAFEIRGFEREATER RALFSr PALRRAL FRANSIHEENG; CRPPTAS S RETR sai d
pairs of nqu. aﬁﬂgi%r%ﬁ (33t EQP? %a ang Hf‘ﬁiﬁ Tl ?W ag%fervo

i nf or mat i GAGet I Ni ng s ongi t'udr na east one of sald repeated
pairs of qYalnsitabistéPsaitn\Walgsa different w dth with respect to other

I
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of said dual transitions, said different width transitions—fanﬂT?ﬁTﬁITﬂiig——“
I nformation. 74.

The magnetic tape nedia of Caim73, whergl ““
transition of said nagnetic flux dual transitions is a pos{\m&mﬂa“%“‘““
transition, and the other transition of said magnetic fl ux rarsi 5 ofis

IS a negative-going transition. 75. The gagnetic tape nedia of O aim74,
wherein said burst pattern repeated pair§ of dual transitions are

i nterlaced such that first dual transitions of said pairs are grouped

t oget her and second dual transitions of said pairs are grouped together,

68 76. The magnetic tape nedia of Claim 74, wherein said burst pattern
repeat ed pll+s dfdag@abystemsfeor arendiogpAnte prpenimposer &R J 3% ansi ti ons

of said pairs and parallel second dual transitjons of | [ i3 0 APR

1903 BaPAST Ak & BGELEh opraedengua; s kb pae e Bas e Rl idrd, o

pattern on,g-Igy iJ}:g'pEIiQ‘Eagf H&qlwalﬁ@.ld safs ¥R P drRoNddaYi Bfansitions
that extend laterally with respect to said moving storage medium,
sald superimposed data comprising selected ones of said dual
transitions of different width with respect to other sald dual
trangitions, comprising:

a servo transducer'sensing said sensible servo dual
transitions along said longitudinal directibn with respect to
said moving storage medium;

a data detector respénsive to.said sensed servo dual
transitions that'detects said different width of ones of said
non-parallel sensible dual transitions; and

‘ a decoder responsive to said detected different width

transitions that decodes said superimposed data.

78. The data system of Claim 77, wherein one tramsition of said
sensible servo dual transitions is a positive-going transition,
and the other transition of said sensible servo dual transitions
' is a negative-going transition, and said data system additionally
comprises:
a servo detector responsive to only one of said pogitive-
going or said negative-going transitions of each of said sensed

servo dual transitions for detecting said servo information; and

_—
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bursts of pairs of non-parallel sensible servo dual transitions that extend
|aterally with respect to said noving storage nedi um said-superinpased
data conprising selected ones of said dual transitions of different width

with respect to other said dual transitions, conprising: aJ uﬁlllﬂmnﬂmﬁ"l
sensing sai d sensible servo dual transitions along said | ongl
direction with respect to said noving storage medium a data detedtof $ *

responsive to said sensed servo dual transitions that detects said
different width of ones of said non-parallg sensible dual transitions; and
a decoder responsive to said detected different width transitjons that
decodes said superinposed data. 78. The data systemof Claim77, wherein
one transition of said sensible servo dual transitions is-a positive-going
transition, and LQ?d%@Q@J cfert%@ﬂ:%:' 98:9(§eée%t‘1n eﬂik?%@ﬁ%&tﬂ“ﬁhal
transitions is a negative-golng trafsitron, anfd sal ata system

addi tional | xxaABREL6RS i x&%?)éﬁsﬂ@é?@é %oﬁlﬁ%ﬂ@ﬁsbﬁgiﬁﬁr@@holn?nﬁn_&fs§ﬂ d
positive- going or said negative-going transitions of each of said sensed
servo dual negativecgsligrtraasdtiong cfiishisesensedf gerw iduwal &pansitikhs.

79. The data system of Claim 78, wherein said different
transition width pairs of non-parallel transitions in each of
said burst patterns represents one bit in a set of data, and said

decoder additionally decodes said set of data from said bits.

80. The data system of Claim 79, wherein said set of data
comprises addresses representing a. longitudinal position on said
Poving storage medium, and said decoder additionally decodes said

longitudinal position address from said bits.

R—\
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said data detector for detecting different wi dth dual transiti+oens—s :
responsive to both said positive-going and said negative-goi
of said sensed servo dual transitions. 79: The data system t‘iﬂl‘! im'ﬁ ‘“‘
wherein said different transition width pairs of non-paral
i each of said burst patterns represents one bit in a set :.of data, and
sai d decoder additionally decodes said set of data fromsaid-bits. 80. The
data systemof Claim?79, wherein said set of data conprises addresses
representing a |longitudinal position on said noving storage nedium and
sai d decoder additionally decodes said |ongitudinal position address from
said bits. 71 81. A magnetic tape drive having a conbined servo contro
system and | ongi t udi nal addressing system for magnetic tape nedia, for
determ ning the | ongitudinal position on said nagnetlc tape nmedia froma
sai d.ser attern havi

d d
o pai e of hon b HAeeEienEaRE  HETA BRvaBe.A SARREHARETY? GO SERFER
aterally vl EaRRGhba153kd- SFONE lsat8R% S Hane el bl i 0

transitions ferent w respect to-others of sai d gual

transiti onsdeesiatiting hled18fg: €5dinall @o8PE1idH onS @hﬁldnﬂﬂjﬁéﬂﬂ: tape medye
conpri si ng:

from a servo pattern on said magnetic tape media, sald sexvo
pattern having bursts of pairs of non-parallel magnetic flux
servo dual transitions that extend laterally with respect to said
magnetic tape media, selected said dual transitions having
different widths with respect to others of said dual transitions,
encoding said address information, said magnetic tape drive
comprising:

‘a magnetic read and/ér_write head and read/write channel for
reading and/or writing data on said magnetic tape media;

a drive mechanism for moving said magnetic tape media
longitudinally with respect to said magnetic read and/or write
head for reading and/or writing on said magnetic tape media;

a servo transducer sensing said magnetic flux servo dual
transitions along said longitudinal direction with respect to
said.magnetic tape media as said drive mechanism moves said
magnetic tape longitudinally and providing signals representative
of gsaid magnetic flux servo dual transitions;

a data detector responsive to said sensed servo dual
transition signals for detecting the widths of said magnetic flux
servo dual transitions to identify said different width ones of

said non-parallel magnetic flux dual transitions; and

-
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a magnetic read and/or wite head and read/wite channel ff#—#iﬁﬂﬂiﬁljﬁgﬂi%%__
witing data on said nmagnetic tape nmedia; a drive nechani smfor noving sa
magnetic tape nedia longitudinally with respect to said njﬂ"ﬂ”Mﬂ _
and/or wite head for reading and/or witing on said magnets u, ﬂwuﬂﬂa
servo transducer sensing said magnetic flux servo dual transitiohs %l ong=*
said longitudinal direction with respect to said nagnetic tape nedia as

sai d-drive nechani sm noves said nagnetic tape |ongitudinally and providing
signals representative of said magnetic fng servo dual transitions; a data
detector responsive to said sensed servo dbtal transition signals for
detecting the widths of said magnetic flux servo dual transitions to
identify said different width ones of said non-parallel magnetic flux dual
transitions; and 72 a decoder responsive to said detected different

wi dt h transiti omasdecoderamipmpsize|tadsaist ddtecsedodi tfexantoréddthn sai d
position shifts. 82. The nmagnetic tape drive of Claimg8l, wherein, one
transitiorl?ﬁaﬁ§&Fé°ﬁ§gfﬁﬁiq?qui%gséFsg pTess AnSprpation engoded; i\ gl ng
transition, anq.the g%?gr transition of said nagnetic flux servo dual
transition®9 éoﬁeﬁ V%igoing transition, and said

82. The magnetic tape drive of Claim 81, wherein one transition
of said magnetic flux servo dual transitions is a positive-going
transiﬁion, and the other transition of said magnetic flux servo
dual transitions is a negative-going transition, and saiaq
magnetic tape drive additionally comprises: .

a sexvo detector responsive to'only one of said ébsitive-
going or said negative-going transitions of each of said sensed
sexvo dual transitions for detecting said servo information; and

said data detector for detecting different width éual

‘transitions is responsive to both said positive~going and said

negative~going transitions of said sensed sexrvo dual transitions.
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magnetic tape drive additionally conprises: a servo detector responsive to

only one of said positive- going or said negative-going ty

of said sensed servo dual transitions for detecting sai d “H I";I'ﬂ lml ﬁm
and said data detector for detectlng di fferent wi dth dual transutlenss|3*
résponsi ve to both said positive-going and said negative-going transitions
of said sensed servo dual transitions. 3 0 APR 1999 73 83. A nethod for
superinposing data information in pairs of non- parallel servo dual
transitions on a storage nedi um enploying two spaced apart wite el ements
havi ng non-paral | el gaps, at |east one of9ghich is continuously
longitudinally variable in a direction transverse to said storage nedi um
and a drive for noving said storage nediumin the |ongitudinal direction
across said wite elements at a predetern1ned veIOC|ty, conprising t he

o hg Bredh el ol ShBt R e BE R P LS ALY, non-
patterns Opapghisy @ez%r uqaduekam@ﬂﬁist oAna E@éfef‘g%‘)%dhﬂﬂ { ity ng
non-paral | el gaps; and ding said tinme delays to selected said tined
pul ses in two spaced apart write elements having non-parallel gaps, at
least one of which is continuously longitudinally variable in a
direction transverse to said storage medium, and a drive for .
moving said storage medium in the longitudinal direction across
said write elements at a predetermined velocity, comprising the
steps of:
encoding data information into predetermined time delays;
providing timed pulses to said spaced apart write.elements
to write patterns of pairs of servo dual transitions
corresponding to said non-parallel gaps; and
addinq said time delays to selected said timed pulses in
accordance with said éncoding to thereby altex the width of at
least a one of said servo non-parallel dual transitions to a

different width than other of said dual transitions, said

different width transitions comprising data information.

) _ g



accordance wth said encoding to thereby alter the mﬁdth~9i_aL‘Lg§§£\E%;:E;L
of said servo non-parallel dual transitions to a different width than

Qf said dual transitions, said different width transiti(i@iﬂﬁm i a
i nf ormati on. 74 84. A nethod for reading data superi Wm ﬂ#?m)
pattern on a noving storage medium said servo pattern haviﬁg bur%tss ofs
pairs of non-parallel sensible servo dual transitions that extend laterally
wi:t h“respect to said noving storage nmedium said superinposed data
conprising selected pairs of said dual transitions having different w dths
with respect to others of said dual transitions, conprising the steps of:
sensing said sensible servo dual transitidfis al ong-sai d | ongi t udi nal
direction with respect to said noving storage medi unm detecti'ng, in

response to said sensed servo dual transitions, ones of said non-parallel
sensi bl e dual transitiqgs'havin said different. widths; and decoding, in

response t 088ai dARYNLFoF FRAALRG . IRk sPPSﬁ%W??%ﬁ?\ﬁnﬁﬁhé?rgaiaatt n on

Funer) o eq, Wakus Sl THIRH, Blsd SAEAOORELET Do g i 0 one
pairs of non-parallel sensible servo dual transitions that extend
laterally with respect to saild moving storage medium, said
superimposed data comprising selected pailrs of said dual
transitions.having different widths with respect to others of

said dual transitions, comprising the steps of:

sensing said sensible servo dual transitions along said
longitudinal direction with respect to said moving storage

medium;

detecting, in respcnse to said sensed servo dual
trangitions, ones of sa%d non-parallel sensible dual transitions
having said different widths; and

decoding, in respOngé to said detected different dual
transition widths, said supexrimposed data.

85. The method for reading data o£'01aim 84, wherein one ~
transition of said sensible servo dual transitions is a positive-
going transition, and the other transition of said sensible servo
dual transitions is a negative-going transition, and said method

additionally comprises:
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going transition, and the other transition of said sensibte servo dual

transitions is a negative-going transition; and said neth
conpri ses: 75 a servo detecting step of detecting onl y: glmmll Imammnl
positive-going or said negative-going transitions of each sal sensed
servo dual transitions for detecting said servo |nfornat|on and said
different wi dths detecting step conpri ses detecting both sald

posi ti ve-going and sai d negative-going trgnsitions of said sensed servo
dual transitions.

a servo detecting step of'detecting only one of said
positive-going or said negative-going transitions of each of said
sensed servo dual transitions for detecting said sexrvo
information; and

said different widths deﬁecting step comprises detecting
both said positive-going and said negative-going transitions of

said sensed servo dual transitions.
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