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SYSTEMS USING SUPERIMPOSED, ORTHOGONAL BURIED SERVO SIGNALS

Technical Field
The present invention generally relates to increasing

the data storage capacity of systems using magnetic media
by increasing the ability to record and reproduce more
tracks in the same area of recording media; i.e., the
recording and reproducing of data tracks at very high track
densities.

The inventien specifically relates to the
generation of reference location data (indicia! on or in
magnetic recording media by the generation of
configurations of such reference data at buried locations
in such media, to enable accurate lateral positioning
control of a read and/or write head relative to which the
media travels longitudinally, to the extent that more
information data can then be provided (magnetically
recorded) on the media.

There has been a consistent increase in data
storage densities of other devices using magnetic media
such as floppy discs and Winchester discs. The density of
data storage on Winchester disc drives and helical scan
tape drives has increased much faster than areal densities
of conventional longitudinal recorders, i.e., tape.

The density of data storage canability on
longitudinal tape recorders and floppy discs has increased
more slowly than on Winchester and helical scan devices,
particularly as to increasing the number of data tracks per
inch recorded/reproduced, i.e., the lateral storage
density. Some reasons for this are: Winchesters use
various servo locating reference modalities to” accurately
locate the data record/reproduce (or write/read) head over
the track when it is recorded or reproduced. Helical scan
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recorders guide tape carefully on "fences" or leads around
a cylindrical drum, and use servo schemes to position the
head over the relocated data track, when reading data.

Longitudinal recorders employing one quarter inch
data cartridge drives have generally used less accurate
head reference or locating schemes. They have depended on
holding "open loop" tolerance accumulations to tape, guides
and head track variations to position the write head
approximately on or at a required physical location. In
the read mode, most conventional tape drives use the same
approach of "open loop" positioning (no servo feedback) to
position the read head. This requires that space be left
between the tracks to allow for these tolerances. These
are called "guardbands." Some drives have used servo
approaches as outlined below. However, because of the
relatively coarse or approximate head positioning for
writing, azimuthal recording is not being used because the
tolerance accumulations would not, in practice, allow "zero
guardband recording,"” i.e., the tolerance variations are
too large.

As will be explained, the present invention
directly addresses the problem of accurate track location
relative to the write/read head for the initial write or
recordation of data and the subsequent reproduction of
data. The invention provides location reference
information by (a) an approach that does not use media
surface area to record reference data, and (b) a technique
enabling unusually precise head location relative to a data
track. The use of so-called "buried servos” (i.e.
reference data locations deep in the media) was proposed
some time ago, i.e., as in IBM tech. Disclosure Bulletins
Vol. 23, #7A, Dec. 1980 and Vol. 23 July 1980. Such buried
servos were difficult or impractical to implement in disc
drives. One buried servo scheme used a combination of
recording separate signal frequencies in separate sub-data
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media areas and then comparing amplitudes of respective
frequencies to determine head position. This amplitude
sensing and comparison approach is less accurate, and more
difficult to implement than the signal phase techniques
discussed herein.

It is a principal object of the invention to
overcome the restrictions and limitations on track density
of previous approaches, and to provide means to record a
precisely located series or matrix of superimposed,
orthogonal successive magnetic transitions. The resultant
orthogonal pattern recorded at a buried level in the media
is characterized by relatively long wave-length.
Convergent azimuth patterns other than orthogonal can be
used.

Basically, the invention is embodied in track
means having two levels, one for recording of data, and the
other for recording of servo information, and employs
recorded magnetic transitions at the second level defining
the servo information, the transitions arrayed along the
track means as groups of converging intersecting lines
which extend in superimposed relation to multiple tracks,
i.e., crosswise or spanwise of the tracks.

As will appear, the transitions are typically
"buried" at a level closer to the substrate; and the groups
of transitions define sequences or transitions including a
first sequence of parallel transitions extending at one
angle, and a second sequence of parallel transitions
extending at a second angle, the transitions of each
sequence extending in superimposed relation to multiple
t~acks.

It is another object to provide a means to record
this servo information on multiple tracks or magnetic
flexible tape in which case the buried servo transitions
are straight, or alternatively on a disc,'in which case the

groups of servo transitions are spiral shaped.




WO 91/13433 PCT/US91/01243

10

15

20

25

30

35

4

Further objects include the provision, in such
buried servo systems of

1.1 means for providing continuous high
precision tracking input to tracking servo
for recording and for playback;

1.2 means for high precision location of tracks
at instant of recording such data tracks;

1.3 means for minimizing the effects of track-
to-track crosstalk resulting from head off-
track wandering, head dimensional tolerances.
and environment influences (drift, due to
temperature and humidity);

1.4 means for providing multiple parallel tracks
using azimuthal recording in order to speed
up transfer of information to and from the
tape;

1.5 means for permitting substantial storage
enhancement for exiting tape storage
hardware and retaining majority of essential
components;

1.6 means to generate positioning servo data
source readily and rapidly without need for
complicated and expensive processes and
instrumentation.

A further object is to provide magnetic head
means having data read/write flux gaps for writing and
reading data on parallel tracks and wherein a first two of
the data flux gaps extend at an obtuse angle B relative to
the leading and tracking direction, and a second two more
of the data flux gaps extend normal to the leading and
trailing direction. In this regard, the second two flux
gaps arerspaced longitudinally along the direction, and the
first two flux gaps'are spaced between the second two flux
gaps. Further, the "rotated” gap'configuration allows
reading of data on "alternative azimuth" data tracks, as
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well as on conventional linear type conventional data
tracks.

A further object is to provide servo and data
heads providing unusual advantages in construction and
modes of operation, and affording unique results.

These and other objects and advantages of the
invention, as well as the details of an illustrative
embodiment, will be more fully understood from the
following specification and drawings, in which:

Brief Description of Drawings

Fig. 1 is a tape/head schematic diagram;

Fig. 2 is a schematic showing data tracks as
related to buried servo transition bands;

Fig. 3 is a view of a servo record head face
(surface in contact with magnetic tape);

Fig. 4 is an enlarged view showing one possible
emodiment of servo transition bands;

Fig. 5 is a two channel data track write pattern;

Fig. 6 is a two channel (chevron) azimuthal head
construction;

Fig. 7 is a schematic showing phase error signal
generation;

Figs. 8 and 9 show forward and reverse data
writing modes;

Fig. 10 shows head location when reading the
data pattern;

Fig. 11 is a view of a modified head;

Fig. 12 is a view of yet another modified head;

Figs. 13 and 14 are views showing alternative
data and servo core (gap) configurations in heads;

' Fig. 15 is a view like Fig. 6 showing a

madification; .

Fig. 16 is a circuit diagranm;
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Fig. 17 is a modified head configuration reading
alternate azimuth data: and

Fig. 18 is a view of the Fig. 17 head reading
conventional linear spaced data.

Detailed Description

Fig. 1 shows magnetic media such as tape 10 which
includes magnetic layer 11 fixed on a flexible plastic
substrate 12, The tape is passed or driven relatively
pasta a magnetic read/write head means 13, longitudinally
forwardly (see arrow 14) or reversely (see arrow 15).
Servo information (magnetic transitions) is recorded at a
"buried” level 16 in media 11, and data is recorded at a
level 17 closer to the media surface 1ia. Thus, level 16
is closer to substrate 12 than level 17. Servo information
is read by the head and transmitted at 18 to a processor
18a, which in turn controls an actuator 19 to precisely
locate the head laterally, relative to multiple data tracks
20 extending longitudinally in or on the media at level 17.
See Fig. 2 indicating 124 such tracks. Eight "buried”
servo information carrying bands are also indicated at 21
in Fig. 2, each such band laterally spanning (at level 16)
multiple data tracks ( at level 17). other numbers of
servo tracks and data tracks are possible. These numbers
are sued only as an example.

Fig. 7 schematically shows two orthogonal servo
transitions 23 and 24 recorded in the tape that pass the
head "sensors" (flux gaps) 25 and 26, and read, with the
head aligned or centered relative to the head; and two
subsequent transitions 232 and 24a recorded in the tape
media that pass the sensors 25 and 26, the tape having
become misaligned laterally by amount "d" when 23a and 24a
are read. This causes a reading timewise phase error ¢ due
to reading of 23a by 25, and later reading of 24a by 26.
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this phase error ¢ generates an error signal that is
transmitted to processor 18, as described, to control the
head so that it follows the tape laterally and precisely
aligns with the tape for aligning the data read/write
magnetic (flux) gaps with the data track being read or
written.

Servo Writing on Tape
Servo writing can be done with two heads writing

simultaneously on one pass over the tape, one head to write
transitions 23, and the other to write transitions 24. See
Figs. 3, 4, and 7. Both heads are wider than the tape, and
each has a diagonal flux gap which spans the full width of
the tape. The gaps or cores are oriented at the desired
positive and negative angles for the servo pattern (i.e.,
+ 45°). The servo pattern is written at a current which
saturates the full depth of the oxide coating. The
wavelength of the servo signal is a low frequency compared
to the data frequencies in order to minimize servo to data
channel cross-talk and vice versa.

The heads are located in leading and trailing
configurations, and the leading head is a normal head with
a continuous gape 30 over its length. Ssee Fig. 3. The
trailing head is identical to the leading head, except that
its gap 31 is oriented at the opposite azimuth angle, and
has notches 32 machined into its face in the gap area (see
Fig. 3). The head magnetic core material that is removed
in the notching operation is replaced with a nonmagnetic
material, such as a ceramic. The width and tolerance on
each notch is n:/* critical, and has no effect on the
accuracy of the servo information.

With this configuration, the leading head writes
transition signal at one azimuth angle over the full width,
and the trailing head:overwrites this signal with new
bands, or strips, of transition signal at the opposite
azimuth angle. The resulting composite signal consists of
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lateral servo bands 35 with zig-zag segments 352 and 35p
written at alternating azimuth angles with the timing (the
gap line) of all the bands with the same azimuth angle
precisely aligned and synchronized (see Fig.4).

The location of the servo signal laterally on the
tape is not critical. Fixed heads with normal guiding
tolerances provide adequate accuracy. Drives using this
technique of track following may determine a desired
distance from any of the coincident points 27 in the
pattern when starting to write the first data track on the
tape, and then use the servo information to maintain this
position and locate all remaining tracks.

In the read mode, the drive locates a reference
burst (like the zero track burst in quarter inch cartridge
committee formats) to determine the relationship between
the data tracks and the servo signal. Once this
calibration procedure is completed for the starting track,
the drive again uses the servo information to maintain this
position and locate all remaining data tracks. This self-
calibrating scheme eliminates the many dimensional
difference and tolerance problems between the writing and
reading heads, and allows for different servo head and data
track configurations. The diagonal dotted lines in Fig. 4
indicate that the transitions are written by the same head,
in order to maintain alignment. Alternately, the serve
pattern can be written by a narrower head (i.e., the head
in a drive) in several passes, progressing across the width
of the tape, electronically synchronized.

Iwo Data Channel Azimuthal (Chevron) Format

The data tracks 20 may be written two at a time,
side-by-side, and backand forth as the tape is transported
forwardly and reversely. By "painting" the tracks at the
proper pitch, the desired track width is achieved for all
tracks, exéept for the last one recorded. Writing two
tracks at a time reduces time required to transfer a given
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amount of data by a factor of two. See Fig.5 for a two-
track scheme, and note overlap.

Referring to Fig. 6, the head configuration is a
six-core head with four read or write cores 41-44 and two
servo cores 30 and 31. they are arranged as shown, with
gap 31 extending at angle a« and gap 30 at angle B, where
a = 180° ~ B . The R/W cores are double the final data
track width. They are arranged so that each set of heads
overlap the centerline reference by .5 data track widths.
the servo cores are centered on the reference centerline,
and they are four time (or other even multiples of) the
servo track widths.

When writing the data, the tracks are trimmed as
shown in Figs. 8 and 9, in the forward and reverse
directions to their final width.

When reading the data tracks, the heads are
offset by 1/2 track width so that cores of both heads 41
and 42 overlap both edges of the track, as do cores 43 and
44. The overlap for this arrangement is 1/2 track on
either side of both heads. This head is easier to produce
(six cores) than other two channel bi-directional read
after write heads (seven or more cores). Fig. 10 shows the
position of the read heads when reading data.

Head Construction
Figs. 13 and 14 show alternative servo and data

head gap (core) arrangements as labeled and with relative
width as seen.

In Fig. 15, the modified head gaps 30a, 3ia,
4la--44a are arranged as shown, with lengths and azimuth
angles as in Fig. 6, gap 30a serving an erase function to
erase previously recorded data. Tape moves in direction
70. Gap 3l1a operates as a servo. Gaps 41a--44a are
shifted toward longitudinal edge 72, as shown. Head
structure 80 supports the gaps.

Fig. 16 shows associated circuitry, including




WO 91/13433 PCT/US91/01243

10

15

20

25

30

35

10

head coil 73, and servo drive amplifier 74 with inputs 74a
and 74b connected via filter 75, with coil terminals 73a
and 73b. High frequency erase signal is transmitted at 76
to core 30a.

In Fig. 15, gap 30a extends at angle B , and gap
3la extends at angle a , where o = i80° - B.
Additional Description

This invention wutilizes two proven recording
technologies and combines them to provide benefits that
cannot be achieved with either technology alone, nor with
any other known technology. Furthermore, this invention
provides solutions for the practical problems that have
prevented the combination of these technologies in the
past, in linear recording.

These solutions include:

. A head design with complexity and tolerances

comparable to today's commonly used heads
but provides significantly more data
capacity.
A simple, single pass mode for servo writing
the tape with a "generic" servo pattern that
does not dictate the number of tracks, the
data density, the format, or even the
recording method, and vet provides the
precision necessary for high track
densities. This servo pattern can be used
for several generations of products.

. A multiple track, zero guardband, read/write
format nhecessary to reduce data transfer
times at gigabyte capacities, and which does
not impose difficult tolerances on the head.

While the discussion has proceeded with reference
to magnetic tape, the. invention is also applicable to other
magnetic media, such as magnetic discs (floppies, etc.).

The servo transitions that may extend upward to
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level 17 do not interfere with read data because of their
low frequency and azimuthal misalignment with the data
heads. See Fig. 1.

A representative specification, buried servo,
zero guardband format, is as follows:

1) Storage Capacity - 5.9 GB, formatted.

2) Servo - 16 bands, servo pitch Sw = .0156"
width, buried, orthogonal pattern recorded at +45° on .25"
magnetic tape.

3) Tape Speed - 120 IPS.

4) Servo Density '- 1000 FCI.

5) Data Density - 38,750 FTPI or 51,667 BPI.

6) Encoding Scheme - RLL 1,7.

7) Number of Tracks - 124, alternate azimuth,
zero guardband, recorded at + 10° or 20° and 0°.

8) Data Channels - 2.

9) Head Lateral track Width - .0036 IN.

10) Track Pitch (Recorded Track Width) -

.0019 IN.

11) Dump Time - 77 MIN. (for signal channel).

12) Data Rate - 775 kilobytes/sec.

13) Head Type - 2 servo and 4 R/W heads (see
Fig. 6 for possible configurations).

14) Tape Type - 900 Oe, 750 FT., full size data
cartridge. will also work with 215 FT, DC-2000 900 Oe mini

cartridges.
15) Positioner resolution - .0002 IN maximum.
Referring to Figs. 17 and 18, the head
configuration 140 is a four core head, i.e., four

read/write cores 141-144. thus, it is similar to Fig. 10
and also to Fig. 6 except that servo cores shown in Fig. 6
are omitted. (Such servo cores may be used in conJunctlon
with servo transitions as seen in Fig. 4.)

In Figs. 17 and 18, data read/write cores 141 and
142 are aprallél and extend normal a = 90° to the length
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direction of the data tracks shown (tracks 180-181); and
data read/write cores or gaps 143 and 144 extend at angles

relative to such data track length directions. is 135°
for example. 1If servo reference transitions are used at
angles a and B, as per above, then should differ from «
and B, for example be 120°. The length of cores 143 and
144 is about three data track widths; and the length of
cores 141 and 142 is two data track widths. (Note that the
projected length of each of 143 and 144 normal to tape
direction is two-track width.)

The "rotation" of the heads 141 and 142 still
retains the desired difference in azimuth between the heads
that provides the benefits of alternate azimuth recording,
and yet leaves one set of head cores available to read and
write linear perpendicular azimuth formats without the need
to add additional head cores. Heads 141 and 142 read
magnetic data transitions 210, and heads 143 and 144 align
with and read transitions 211. Heads 141 and 142 cannot
read transitions 211; ang heads 142 and 143 cannot read
transitions 210. Al1l heads are on a single carrier 213.

In reading the "alternate azimuth data track
pattern" of Fig. 17 (data on alternate tracks 180 and 182
has conventional linear format, and data on alternate
tracks 181 and 183 has angled azimuthal configuration,
typically where = 135°), the cores 141 and 142 laterally
bridge the entire width of track 182, reading data thereon,
and also extend partly over tracks 181 and 183, but not
reading data thereon since these data magnetic transitions
are angled relative to cores 141 and 142. The cores 143
and 144 align azimuthally with angled data transitions on
track 181, as shown, réading data thereon, and they also
extend partly over tracks 180 and 182, but not reading data
on the latter since the data transitions on 180 ang 182 are
not aligned angularly with cores 143 and 144. Therefore,
the tracks may exXtend directly adjacent .one another,
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laterally, as shown, and no guardband is needed. the core
lengths are typically:

- length of each <core 141 and 142 =

approximately two track widths

- projected length normal to the direction of

each core 143 and 144 = approximately three
track widths.

In Fig. 18, the cores 141-144 are the same as in
Fig. 17. data tracks 184 and 185 are conventional, with
linear spaced transitions 186 extending normal to the
longitudinal length directions of the tracks (i.e., such
transitions have "zero azimuth"). A narrow guardband 187
is employed between the tracks 184 and 185, as is
conventional. Cores 141 and 142 can read those transitions
on track as at 185, since those cores align with those
transitions. Cores 143 and 144 are not then used. Cores
141 and 142 may be regarded as effectively ‘"rotated”
relative to corresponding cores 41 and 42 in Fig. 10. Note
that cores 141 and 142 bridge the entire width of track
185.

Cores or flux gaps 141 and 142 may be regarded
as extending at different azimuth angles relative to cores
143 and 144 and vice versa.

The drawings may be considered as examples of
applicability to 1linear magnetic tape, or to magnetic
discs, or spiral tracks.

In Fig. 11, a composite head 250 has data
read/write core or flux gap elements 141a, 142a, 143a, and
l44a that respectively correspond to elements 141~144 of
Figs. 17 and 18. Elements 141a and 142a are laterally
offset (direction 251) relative to elements 143a and 144a,
the same a in Figs. 17 and 18, and relative to the tape
tracks. Core elements 141a and 142a are carried by head
block part 252 which interfits with head block part 253,
for example, and at the notching indicated at 254.
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Servo flux gapes 130a and 131a correspond to
those shown at 30a and 31a in Fig. 15; however, gaps 130a
and 131a are now laterally offset fronm one another, ang
located between 141a and 142a, and between 143a and 14432 as
indicated. they may be carried by a head block part 255
interfitting 252 and 253, as shown.

By placing the two identical servo gaps in Fig.
11 in laterally offset relation, the accuracy of lateral
head position correction relative to the tape track (being
read or written upon) is enhanced, as contrasted with the
Servo gap arrangement seen in Fig. 15,

Fig. 12 shows, schematically, an arrangement like
that of Fig. 11 but modified in that two sets of servo
cores are provided, i.e., set 230a and 231a, and 330a and
331a. The cores 230a and 231la are directly laterally
spaced apart, as are the cores 330a and 331a; and the first
set (230a and 231a) is longuitudinally offset from, but
close to, the second set (330a and 331a). The
corresponding detected time Phase differences developing,
in case of yaw or lateral misalignment of the tape relative
to the head, allow lateral offset (misalignment) of the
tape to be Separated from yaw offset. This provides a
means for correcting for both lateral offset and yaw offset
at the data read/write cores or heads.

From the foregoing, it will be understood that
the combination provides a method for recording data on
track means defined by magnetic recording media on a
substrate, the media along the track means having two
levels, including a first level for recording of data, and
a second level for recording of servo information_in the
form of transitions arrayed along the track lneans as groups
of converging lines which extend in superimposed relation
to multiple tracks.

The method includes the steps:

a) recording data as magnetic. transitions

"
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spaced along the track means at the first level, such
recording including operating a record head,

b) and operating servo means for sensing such
converging servo lines, and to control lateral movement of
the record head relative to the track means, in response to
such sensing.

In this regard, the operating step typically
includes providing servo magnetic core means on the record
head; and the data magnetic transitions are advantageously
recorded azimuthally angularly relative to the track means
length direction. Highly accurate recording of data is
then made possible without guard bands.

Further, a data read magnetic core is typically
provided on the head in travel direction alignment with a
data record magnetic core on the head, and the cores may be
operated to record data, and immediately thereafter to read
data. Such write/read mode of operation, using azimuthal
cores and transitions, is useful for example in comparing
data written with data read for accuracy.
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Claims

1, In the method of recording magnetic servo
transitions in magnetic media on a substrate, and along
track means having two levels, one for recording of data,
and the other for recording of said servo transitions, the
steps that include

a) magnetically recording said transitions at
said second level to array the transitions along the track
means as groups of converging intersecting lines,

b) and causing said lines to extend in spanwise
relation to multiple tracks.

2. The method of claim 1 in which the data
transitions are recorded closer to the media surface than
the servo transitions.

3. The method of claim 1 including recording
said servo transitions to define sequences of lines
including a first sequence of parallel servo transitions
extending at one angle, and a second sequence of parallel
lines extending at a second angle, the 1lines of each

sequence extending in superimposed relation to multiple
tracks.

4. The method of claim 3 including locating
said first and second sequences of transitons to extend
lengthwise in laterally adjacent relation, with pairs of

transitions in the two sequences defining chevron
configurations.

5. The method of claim 4 including detecting
the lateral misalignment positioning of said chevron
configurations relative to a magnetic head as phase
variations, and controlling the lateral positioning of the
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head as a functioning of said phase variations to reduce

said misalignment.

6. The method of claim 5 including azimuthally

recording data transitions on or along the track means.

7. The method of cliam 4 wherein said method is
carried out using multiple magnetic flux write gaps in
recording head means, said gaps including a first elongated
gap extending at an angle a, and a second gap extending at
an angle B, relative to the direction of travel of the
media past and adjacent the head means, and spacing said
gaps in leading and trailing relation in said direction and
so that each of the gaps spans multiple of the tracks.

8. The method of claim 7 including providing
gap interruptions along the trailing gap, whereby the
interruptions will not cause erasing of transition lines
written by flux from the leading gap, at locations along
said transition lines transversed by said interruptions.

g, The method of claim 7 wherein a = 180° - B.

10. The method of claim 1 that includes:

c) simulateously writing the data upon first
and second side-by-side tracks to produce transitions on
the first track that are angled relative to transitions

produced on the second track.

11. The method of claim 10 wherein said a) step
is carried out while the media is transported relatively
forwardly, and including

4a) subsequently simultaneously writing the data
upon third and fourth side-by-side tracks to produce
transitions on the third track that are angled relative to
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transitions produced on the fourth track, and while the
media is transported relatively reversely.

12. The method of claim 11 wherein said b) step
is carried out to cause data on the third track to at least
partially overwrite data on the second track.

13. The method of claim 1 including:

c) recording said data as magnetic transitions
spaced along the track means at a first of said levels,
said recording including operating a record head,

d) and operating servo means for sensing said
converging servo lines, and to control lateral movement

ofthe record head relative to the track means, in response
to said sensing.

14. The method of claim 13 wherein said

operating step includes providing servo magnetic core means
on said record head.

15. The method of claim 13 wherein said data
magnetic transitions are recorded azimuthally angularly
relative to the track means length direction.

16. The method of claim 15 including providing
a data read magnetic core on said head in travel direction
alignment with a data record magnetic core on said head,
and operating said cores to record said data, and
immediately thereafter read said data.

17. The method of claim 1 that includes:

c) magnetically writing data magnetic
transitions on the track means, and azimuthally angularly
relative to the track means length direction,

d) and immediately thereafter magnetically

a

on
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reading said azimuthally angular transitions.

18. The method of claim 17 including providing
a read/write head means with read/write magnetic cores
which are azimuthally angled rel: ive to the track means
length direction, and operating said cores to carry out
said a) and b) steps of claim 46.

19. The method of claim 18 including providing
a guidance system, and operating said system to laterally
guide said head means to maintain the read core in angular
alignment with azimuthally written data transitions.

20. A track defined by magnetic recording media
on a substrate for use in the method of claim 1, the media
along the track means having two levels, one for recording
of data, and the other for recording of servo information,
the combination comprising recorded magnetic transitions at
the second level defining the servo information, the
transitions arrayed along the track means as groups of
converging lines which extend in superimposed relation to
multiple tracks.

21, The combination of claim 20 wherein said
transitions are at the level closer to the substrate.

22. The combination of claim 20 wherein said
groups of lines define sequences of lines including a first
sequence of parallel lines extending at one angle, and a
second sequence of parallel lines extending at a second
angle, the lines of each sequence extending in superimposed

relation to multiple tracks.

23. The combination of claim 22 wherein said

first and second sequences of lines extend lengthwise in
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laterally adjacent relation, with pairs of lines in the two
sequences defining chevron configurations.

24. The combination of claim 23 including
detector means to detect the laterally misalignment
positioning of said chevron configuration relative to a
magnetic head as phase variations, and control means
responsive to said phase variations to correct the
positioning of the head to reduce said misalignment.

25. The combination of claim 24 including
magnetic core means on the head to azimuthally record data
transitions in and along the track means.

26. The combination of claim 20 wherein said
track means and media define one of the following:
i) a flexible tape
ii) a rotary disc
iii) a rotary disc wherein the track means
has spiral configuration on the disc.

27. The combination of claim 20 for magnetic
recording media on a substrate, there being side-by-side
parallel data tracks at a first level in the media, and
there being parallel servo information containing bands at
a second level in the media underlying the first level,
comprising

a) servo transitions spaced along said bands to
define lines extending at first azimuth angles,

b) data transitions spaced along said data
tracks and extending at second azimuth angles which are
different from said first azimuth angles.

28. The combination of claim 27 including
read/write heads overlying the media and with flux gaps

e
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overlying at least two data tracks to simultaneously write

data transitions onto said tracks.

29. A magnetic read/write head having multiple
flux gaps for use in conjunction with magnetic recording
media on a substrate for use in the method of claim 1,
there being side-by-side parallel data tracks at a first
level in the media, and there being parallel servo
information containing bands at a second level in the media
underlying the first level, there also being:

a) servo transitions spaced along said bands to
define lines extending at first azimuth angles, pairs of
said lines extending azimuthally convergently, and

b) data transitions spaced lengthwise along
said data tracks and extending at second azimuth angles
which are different from said first azimuth angles,

the head having;

c) first flux gaps which are relatively long,
and azimuthally corresponding to said servo transitions,

d) a sequence of data read/write flux gaps
which are relatively short, which are spaced lengthwise of
said first flux gaps, and which azimuthally correspond to
said data transitions.

30. The head of claim 29 wherein two of said
data flux gaps and one of the first gaps extend at angle a
relative to the leading and trailing direction, and two of
the data flux gaps and the other of the first gaps extend
at angle B relative to said leading and trailing direction
where a = 180° - B,

31. The head of claim 29 wherein each of said
first gaps is a servo gap, one extending at angle «
relative to said leading and trailing direction, and the
other extending at angle B relative to said leading and
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trailing direction, where o = 180° - B,

32. The head of claim 29 wherein one of said
first gaps is a trailing servo gap connected with a servo
drive for the head, and the other of said first gaps is a
leading data erase gap, said one gap extending at angle «
relative to said leading and trailing direction, and the

other extending at angle B relative to said direction,
where a = 180° - B.

33. The head of claim 29 wherein a first two of
said data flux gaps extends at an obtuse angle B relative
to said leading and trailing direction, ang a second two of

said data flux gaps extend normal to said leading and
trailing direction.

34. The head of claim 33 wherein said second two
data flux gaps are spaced longitudinally along said
direction, and said first two data flux gaps are spaced

between said second two flux gaps, and offset laterally
relative thereto.

35. The head of claim 34 where said angle B =
1357,

36. The head of claim 34 where the Projected
length of each of saif first two flux gaps is about twice
the data track width.

37. The head of claim 34 where the length of

each of said second two flux gaps is about two times the
data track width.

38. The head of claim 34 wherein there are four
parallel data tracks subtended by said data flux gaps, and
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arranged as follows:

i) the first, second and third data tracks are
subtended by each of said first two data
flux gaps,

ii) the second, third and fourth data tracks are
subtended by each of said second two flux
gaps,

iii) the second data track is completely bridged
by the first two flux gaps,

iv) the third data track is completely bridged
by the second two flux gaps. |

39. The head of claim 38 wherein data
transitions on the first and third tracks extends normal to
the length direction of the tracks, and the data
transitions on the second and fourth tracks extends at said

azimuth angle

40. The head of claim 38 wherein:
X1) the first and second tracks extend
directly adjacent one another,
x2) the second and third tracks extend
directly adjacent one another,
X3) the third and fourth tracks extend
directly adjacent on another.

41. The head of claim 29 “aving data read-write
flux gaps for reading data transitions on parallel tracks,
and wherein a first two of said data flux gaps extend at an
obtuse angle relative to said leading and trailing
direction, and a second two more of said data flux gaps
extend normal to said leading and trailing direction.

42. The head of claim 41 wherein said second two
flux gaps are spaced longitudinally along said direction,
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and said first two flux gaps are spaced between said second
two flux gaps, and offset laterally relative thereto.

43. The head of claim 42 wherein there are four
parallel data tracks subtended by said data flux gaps, and
arranged as follows:

i) the first, second and third data tracks
are subtended by each of said first two
data flux gaps,

ii) the second, third and fourth data
tracks are subtended by each of said
second two flux gaps,

iii) the second data track is completely
bridged by the first two flux gaps,

iv) the third data track is completely
bridged by the second two flux gaps.

44. The head of claim 34 wherein there are two
parallel data tracks separated by a narrow guardband, and
furhter arranged as follows:

i) the data transitions on both tracks are
normal to the track length, and spaced
therealong,

ii) both data tracks are subtended by the
first two data flux gaps,

iii) only the second data track is
completely subtended laterally by each
of the second two flux gaps.

45. The head of claim 29 having multiple flux
gaps for use in conjunction with magnetic recording media
on a substrate, there being paralle], lengthwise extending
data tracks at a first level in the media, and there being
parallel servo information containing bands at a second
level in the media underlying the first level, comprising:
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a sequence of data read flux gaps which are spaced apart
lengthwise of said data tracks, said flux gaps extending at
azimuthally different angles relative to said 1length

direction.

46. The head means of claim 45 wherein two of
said data flux gaps extend at angel a relative to said
length direction, and two more of the data flux gaps extend
at angle relative to said length direction, where a =
90°.,

47. The combination of claim 29 wherein there
are at least two of said first flux gaps which are
laterally spaced apart and which extend in convergent
relation.

48. The combination of claim 29 wherein there
are two pairs of said first flux gaps, the pairs
longitudinally spaced apart, the first flux gaps of each
pair being laterally spaced apart and extending in

convergent relation.

PCT/US91/01243
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