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Pulse-type amplitude detection-based servo patterns have found widespread
use in disk drives. The present invention relates generally to the  These
types of patterns are often found in a dedicat- field of servo control
systems for positioning one or  ed servo environment and are to some extent
ampli- more transducer heads relative to the recording me-   5
tude-based. Such servo patterns may employ so-cal- dia in data-storage
devices as the media is transport-  led dibit, tribit, or quadbit formats
to encode position ed past the heads, such that the head(s) will locate
information. Alternatively, pulse detection-based ser- and follow along a
selected one of many data tracks  vo patterns may be embedded on disks or
recording on the media. More particularly, the invention per-  tape,
wherein the servo information is added to a tains to the recording and
reproducing of servo infor-  10  header portion of a data track or segment.
mation on the media in a novel and advantageous for-  As well illustrated
in prior U.S. Patent No. mat and located proximate to or beneath one or
more  4,007,493, which shares common inventorship with data tracks.
the instant application, a time-based system may be More particularly
still, in its most preferred form,  implemented by using a pair of
mutually-spaced ser- the invention relates to a novel servo-positioning
for-  15  vo tracks disposed along opposite sides of a data mat which makes
possible a time-based positioning  track. This system operates by comparing
the timing system. The novel format has broad potential applica-
differences resulting from detection of the transitions tion to various
forms of data-recording media having  in the two tracks, generated by
moving the storage prerecorded track-identifying and track-following  media
(i.e., rotating a disk) under two spaced heads. servo information recorded
thereon, but in a particu-  20   More specifically, the two such servo
tracks have dif- lar embodiment is especially advantageous, together
ferent servo line densities and when moved underthe with the preferred
systems for utilizing such format, in  associated heads thus generate
output pulse trains of connection with tape-form record members, i.e., mag-
different pulse repetition rates. The positioning of netic tape. In broader
aspects of the invention, how-  sensing transducers in such a system is
accomplish- ever, the encoding and decoding techniques for track   25  ed
by measuring the time relationship between the identification and the
improved servo format involved  output pulses from the two different servo
tracks. are potentially applicable to other forms of record  While such a
servoing scheme represents a poten- member and other types of media,
including disks.  tially great advance over amplitude-based servoing, As
the track density employed on data-storage  this particular system still
possesses some of the dis- media continually increases, the need for
accurate  30  advantages typically associated with priorartdedicat- and
precise head positioning becomes ever greater.  ed servo systems. More
specifically, as disclosed, Recording media having particularly high track
den-  this prior patent teaches the use of two substantially sities may
include, among others, hard orflexible disk  different servo tracks, and
such tracks are formed by memory and magnetic recording tape. Typically, to
recorded servo lines which use the same surface as achieve precise head
positioning, a servo head is  35  the data tracks, with the data lines
adjacent to but coupled to the data head so that data head position
segregated from the servo lines. Consequently, a is made a direct function
of servo head position. Ac-  considerable portion of the disk in such a
system is cordingly, by controlling the position of the servo  dedicated to
tracks of servo patterns, upon which head, the data head can also be
controlled, so as to  data cannot be recorded. Additionally, the use of two
remain properly aligned with a track upon which data  40  separate and
different mutually-spaced servo tracks is either being recorded ("written")
or reproduced  to position the transducer for a single data zone cre-
("read"). In a typical servoing arrangement, the servo  ates complex
problems in actual implementation and head is controlled by coordinating
its position with  further diminishes the amount of space on the record
servo information prerecorded on the media either  member which can be
devoted to data. along the data tracks or on one or more separate  45
Inordertofreeupadditionalspacefordatatracks tracks. Currently, three types
of servo systems are  on recording media, and thus improve the efficiency
employed on magnetic media, namely amplitude-ba-   of data storage on the
media, "burying" the servo pat- sed, frequency-based, and phase or
time-based.     terns beneath the surface upon which data is written With
the amplitude-based servo patterns, perceived  has been proposed
heretofore. For example, buried differences in amplitude between successive
sec-  50  servo schemes have been disclosed in such referenc- tions of the
servo pattern are used to obtain position  es as U.S. Patent No. 3,614,756
(McIntosh), U.S. Pa- information. Many such systems use various pulse-
tent No. 3,956,769 (Beecroft et al.), and U.S. Patent coding schemes as
well, and a good example of an   No. 4,581,663 (Tanaka). Many problems have
arisen application of such an amplitude-based servo system  with the
employment of buried servo pattern arrange- relevant to the magnetic
recording tape field is fully  55  ments as disclosed in the prior art,
however, particu- discussed in U.S. Patent No. 4,472,750, issued to  larly
since in both amplitude-based and frequency- Klumpp et al., which
interleaves the servo fields with  based systems the same head is used to
read both the data fields.                                   user data and
servo information. Thus, serious prob- 2    



3                   EP0387104B1                      4 lems arise in
distinguishing one such type of informa-  data; to provide a servo tracking
system that can, if tion from the other, and amplitude-based servo sys-
desired, be completely contained on one side of the tems experience other
serious problems due to am-   record member for optimal position control of
data plitude reduction accompanying increased track den-  heads; to provide
a servo tracking system which func- sity, i.e., signal amplitude is lost as
the track width de-   5   tions as a dedicated servoing system and yet does
creases. Furthermore, amplitude detection errors    not compete with data
for space on the same record naturally result from the employment of a
servo layer  member or require the use of a separate record mem- which is
"buried" directly beneath the user data. Fre-  ber, to provide a servo
tracking record member hav- quency-based systems experience great
difficulty in  ing first and second edges with continuous servo separating
two different servo frequencies from one   10  lines extending
substantially across the record mem- another and from the data signal
frequency. While   ber from a point proximate the first edge to a point the
Tanaka system appears to be time-based, its in-  proximate the second edge,
such that servo informa- tended use Is for a single data track. Hence, the
use  tion Is made available at any and all positions along of the Tanaka
system to function as a multiple-track  the surface of the record member;
to provide option- positioning device is neither actually proposed nor  15
ally a guard band between data and servo patterns clear once conceived.
to protect the servo patterns from. overwriting of US-A-3678220 discloses
those features set out    data, thus preventing erasure of the servo
patterns; in the pre-characterising portion of Claim 1. A rather  and to
provide an angular relationship between data similarsystem,
specificallyfora magnetic disk, is dis-  lines and servo lines so that head
azimuth effect will closed in US-A-4149198. EP-A-267669 discloses the   20
alleviate cross-talk between data gaps and servo use of a calibration
track. IBM Technical Disclosure  gaps while nonetheless permitting the data
lines and Bulletin, Vol. 16, No. 16, November1973, page 1818  servo lines
to be read simultaneously. discloses the concept of recording servo
information    Additional optional features of the invention are as a high
coercivity first layer and recording user in-  the provision of highly
advantageous phase detection formation on a low coercivity second layer.
25  and/or servo segment counting, used both to initially The present
invention provides novel and advan-  position data heads atselected
tracklocations as well tageous servoformattechniqueswhich are especially
as to subsequently maintain proper data head align- advantageous for use in
multiple-track, high-density  ment relative to an accessed data track
during a read tape recording applications, particularly magnetic  or write
cycle; the provision of an encoded indexing tape. In its broader
applications, however, the novel  30  system associated with the servo
patterns to facili- servo formats and the technology by which they are
tate the techniques of determining and maintaining implemented are also
useful in othermedia and other  data head gap position; and the inclusion
of novel cal- record types, including, for example, optical or mag-
ibration procedures, which may utilize a recorded cal- neto-optical
recording technology, and In various re-  ibration track of a type known
heretofore for servo cord types including disks. The invention may be ap-
35  tracking purposes and in effect integrate the same plicable to digital
as well as to analogue recording  into the new servo format and procedure
provided techniques.                                         herewith. A
data storage member is characterised by those     The invention may be
carried into practice in a features set out in the characterising portion
of Claim  number of ways, and one record member, a method 1.
40   of positioning a transducer head and a positioning ap- The present
Invention provides novel and highly  paratus will now be described, by way
of example, useful detection and decoding techniques which in-  with
reference to the drawings in which: crease the system reliability while
also maximising     Fig. 1 is an enlarged, fragmentary plan view of a the
available number of recording tracks, and at the    record member; same
time provides desirable system design and   45     Fig. 2 Is an exploded
perspective view of the re- manufacturing economies.
cord member of Fig. 1; Some of the more particular objectives, advan-
Fig. 3 is an enlarged, fragmentary plan view tages and features of the
invention are: to provide a   somewhatsimilar to Fig. I but. showing other
as- servo tracking system based upon a servo format of      pects of the
system; novel configuration and character, which utilises   50  Fig. 4 is a
fragmentary plan view of a small sec- time-based positioning concepts and
which provides      tion of recording media on a reduced scale, show- for
increased positioning accuracy even when used      ing relative transducer
gap positioning; with very high track densities; to provide a servo
Fig. 5 is a system block diagram showing an illus- tracking system which
allows use of a record member    trative implementation of a
servo-positioning by freeing-up portions of the record member upon   55
system in accordance with an embodiment of the which data can be
exclusively stored while specifical-  invention; ly providing an optimal
servo recording layer which     Fig. 6, comprising Figs. 6a, 6b and 6c, is
a multi- does not interfere with the writing or reading of the   ple-line
timing diagram illustrating typical opera- 3    



5                   EP0387 104 B1                    6 tion of a servo
system in accordance with Figs. I  The record member 10, as depicted in
Fig. 1, gen- and 5;                                          erally
comprises a non-magnetic substrate 12 (Fig. 2) Fig.7 is a flow diagram
depicting a preferred sys-  upon which a storage layer 14 is disposed. The
stor- tem operation in accordance herewith;           age layer 14 includes
a servo block 16, containing Fig. 8 is a block diagram similar to a portion
of   5   servo lines 18 which, in the most preferred embodi- that shown in
Fig. 5; and                       ment, are "buried" below data blocks 20.
Data block Fig. 9 is a second flow diagram which depicts the  20 contains a
plurality of data tracks 22 having nu- process followed during
servo-positioning opera-  merous data lines 23, which represent the
magnetic tions in accordance herewith.                  transitions formed
in the storage layer by operation of For purposes of description herein,
the terms "up-  10   a magnetic transducer head. While only a fragment
per," "lower," "right," "left," "rear," "front," "vertical,"  of one servo
block 16 and a fragment of one data "horizontal" and the like relate to the
orientation of the  block 20 are shown in Fig. 1, in actual use a plurality
subject matter as depicted in Fig. I However, it is to  of servo blocks 16
and data blocks 20 would typically be understood that these terms are used
for conve-  be recorded on record member 10. nience and do not imply any
specific or inherent at-  15  Each servo block 16, as illustrated in Fig.
1, in- tributes of the invention, which may assume various  cludes a
plurality of servo lines 18, each of which alternative orientations and
step sequences, except  comprises a servo segment 26 which is complement-
where expressly specified to the contrary. It Is also to  ed and mirrored
about a centrally-disposed longitudi- be understood that the specific
devices and proce-  nal axis 30 by a servo segment 28. Each of the servo
dures illustrated in the attached drawings, and descri-  20  segments 26
and 28 is skewed with respect to a bed in the following specification, are
simply exem-  transverse axis 32 by an angle alpha such that each plary
embodiments of the inventive concepts and    servo block 16 has the
appearance of a chevron. In structures defined in the appended claims.
Hence,  other possible embodiments, servo lines 18 could as- any specific
dimensions or other such physical char-  sume other shapes besides the
particular symmetri- acteristics relating to the embodiments disclosed   25
cal sidewise [err] of Fig. 1. To achieve the purposes herein are not to be
considered as limitations of the  of the present invention, nonetheless, it
is preferable invention unless the claims by their language ex-  that each
of the servo lines 18 extend substantially pressly state otherwise.
from one edge of record member 10 to the other (or Referring now in more
detail to the drawings, Fig.  at least across the recordable field thereon,
should 1 depicts a fragment of a servo-tracking record mem-  30  that be
defined more narrowly), and that each of the ber 10 in accordance with the
invention, which in the  servo segments 26 and 28 be angularly disposed
most preferred form is magnetic recording tape but  with respect to one
another. Preferably, such seg- which could also be a rigid or "hard" disk
or one of the  ments are also disposed at an angle with respect to flexible
or "floppy" type. Atypical magnetic tape is of  vertical axis 32. As will
be understood as the present the type conventionally provided in
cartridges; for ex-  35  discussion proceeds, minor discontinuities could
ex- ample, "quarter-inch" tape, which is on the order of  ist in servo
segments 26 and 28 without necessarily one-fourth inch wide, while disks,
as used in data-  impairing the use of the present invention. processing
applications, range from several inches to  It should be noted that each
servo block 16 pre- more than one foot in diameter. Both tape and flexible
ferably contains a fixed number, N, of servo lines 18, disks are usually
formed of a non-magnetic base ma-  40  corresponding to N data tracks 22
contained in data terial with a thin magnetic recording medium deposit-
block 20, to facilitate a preferred positioning system, ad on either or
both of the two opposite faces of the  the details of which are discussed
below. In the pres- base. Such disks are accurately positioned for rota-
ent example, six or twelve data tracks 22 are illustrat- tion in a f ixed
plane and rotated at high speed during  ed in Figs. 1,2 and 3, although as
will be understood operationsothateach pointon the disk passes before  45
a larger number than that could be implemented, a recording/reproduction
transduceratfrequent inter-  even on relatively narrow tape. vals.
Referring to Fig. 2, an exploded cross-sectional Fig. 1 illustrates
schematically a fragment of re-  viewofa preferred embodiment of record
member 10, cord member 10 such as may be employed in practice  the servo
lines 18 are shown buried beneath data of this invention. As illustrated
therein, the record  50  tracks 22. Although servo lines 18, in another em-
member 10 is represented as being linear in extent  bodiment, could be
written at another location in stor- rather than curved as on the actual
face of a disk in  age layer 14, i.e., in any other internal layer or on
the order to simplify the explanation. The extension ofthe  outermost
(surface) portion (for example, interposed principles disclosed to a curved
record member such  between data blocks 20) in the present example ser- as
a recording disk will be reasonably apparent to one  55  vo blocks 16 are
"buried" beneath data track blocks skilled in theart, and as a matterof
practice, thelinear  20. As is well-known in the magnetic recording media
approximation of Fig. 1 is reasonably comparable to  art, storage layer 14
may be an oxide or other mag- the outer bands of large disks.
netizable material comprising one or more specific 4    



7                   EP0387104 B1                      8 layers, carried on
a structural substrate 12 (e.g., My-  frequency serves to enhance such
filtering efforts. lar). As illustrated in Fig. 2, storage layer 12 is in
effect  In accordance with a preferred practice of the in- (or in
actuality) subdivided into three different levels  vention, after the servo
lines 18 are initially recorded or layers, namely, a first layer 114,
overlying sub-  deeply Into and throughout the storage layer 14 in the
strate 12, upon which servo segments 26 and 28 are   5   manner just
described, a high-frequency bias, for ex- written, a second layer 214 which
is used to provide  ample of about 1.5 MHZ, is applied to the aforemen- a
"guard band" separating servo lines 18 from data  tioned servo-writing
heads (which may in fact be tracks 22, and a third layer 314 in which data
tracks  erase heads, even though used initially to write the 22 are
written. These layers may in fact be constituted  servo segments) at a
level less than that used to write of different materials, each optimized
for its particular  io  the servo segments, to thereby erase the upper
stra- intended function (i.e., servo versus data). To achieve  ta 214 and
thereby create a guard band layer 214, the differenttypes of recording in
the differentstrata,  which further aids in preventing subsequent erasure
servo segments 26 and 28 are "hard recorded" deep   or modification of the
remanent deeply recorded ser- into the magnetizable layer 14, by using
high-level  vo lines 18 during ensuing read/write operations of write
current and wide magnetic gap spacing, which   15  the data lines 23 along
data tracks 22. Actual exper- force substantially the entire magnetizable
layer 14  ience has indicated that the creation of such a guard well into
saturation. Preferably, a pair of elongated,  band aids in reducing
interference and noise levels in angularly-disposed heads are used for this
purpose,  the data-read signal due to the presence of the buried each
covering half the overall width of the record  servo signals recorded
beneath the data, and to gen- member 10, at least where this comprises a
tape.  20  erally enhance the results obtained despite frequent That is,
transducer heads of the type typically  erasure and overwriting of data on
the surface portion used to write servo segments and/or user data such  314
of layer 14. as lines 23 in Fig. 2 use relatively narrow gap spac-   The
deeply recorded "buried" servo lines 18 are, ings and comparatively lower
levels of write current,  in the most typical embodiment, prerecorded in
sub- thus producing a shallower magnetic recording field,  25  surface or
layer 114 when record member 10 is initial- whereas the gap spacing (i.e.,
gap length) used to  ly manufactured, or in any event prior to use by the
write "buried" servo segments 26 and 28 are substan-  consumer, and remain
in place throughout the useful tially greater in the X direction (Fig. 2)
than gaps used  life of the record member. Preferably, each of the to read
and write user data lines 23. Consequently,  elongated servo segments 26,
28 are recorded as a the "buried" servo segments 26 and 28 are initially
30  single step, for example by using elongated heads written deeply into
the magnetizable layer 14, so that  (gaps) as noted above, each of which
writes a contin- the data lines 23 may subsequently be written over  uous
servo transition extending across approximate- the top of servo segments 26
and 28 during subse-   ly one-half the width of the media. In other embodi-
quent recording passes, without erasing the servo   ments, however, shorter
gaps could be used to write lines, assuming of course that the data-write
field is  35  the servo segments, such as those shown in Fig. 3, of the
lower intensity typically used for data-writing  by stepping them
sequentially across the media in purposes. Accordingly, the data lines 23
are thus In  synchronized fashion and timing theirexcitation so as effect
written along the surface of record member 10,  to record a succession of
mutually aligned, generally where they may be erased and rewritten without
af-  continuous segments ultimately forming the distinc- fecting the
underlying servo lines 18.         40  tive patterns shown in Figs. 1 and
2. Of course, in It is to be noted that, while perhaps not of the es-  such
a process, it is possible to leave unrecorded dis- sence, the servo
segments are desirably written at a  continuities along such servo
segments, although significantly different frequency than the user data
this is not normally desired since it is usually deemed (e.g., 45 KHZ
versus 4.5 KHZ); however, cross-talk  highly desirable to have continuous
servo information between the servo heads and the data read head (as   45
available on a track-to-track basis, and that capability well as
noise-suppression generally) is principally  Is one of the distinct
advantages of the invention. With achieved by gap azimuth angulation, as
discussed    such a sequential process, however, it may be possi- further
hereinafter. To maximize this azimuth effect,  ble to create
discontinuities in the guard bands 214, the largest servo pattern angle and
shortest servo  i.e., to create guard band areas over only the actual write
wavelength reasonably available should be   50   data tracks, and not over
any space separating the used. Generally speaking, conventional techniques
of  data tracks (where that configuration is used), such shielding and
filtering are used to reduce such ad-  that the servo segments extend
throughout the stor- verse effects as cross-feed between the data-write
age layer 14 at such locations and provide very heads and the data and
servo-read heads during      strong fields there. data-writing activities
as well as cross-talk between   55  It is regarded as desirable, although
not essen- the two servo heads during their read operation. The  tial, to
use "buried" servo lines 18 with the angularly aforementioned comparatively
wide difference be-    differentiated servo and data lines of the
invention, tween the servo-write frequency and the data-write  since this
maximizes the amount of data storage on 5    
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course, where this is done it is desirable  array of data gaps analogous to
those designated 48 to record the servo lines deeply enough within the ox-
through 51, inclusive. In the present example, data ide layer so that any
Interaction between servo lines  lines 23 are written and read in
accordance with the 18 and data lines 23 is minimized; however, other
positional orientation of data gaps 48 through 51, i.e., measures described
subsequently are also used in   5   zero degrees with respect to vertical
axis 32 (Fig. 4), accordance with the invention to minimize such inter-
although it will be understood that this specific orien- action.
tation, as well as that in which the servo segments 26 In a preferred
embodiment, N number of data    and 28 are shown, is not particularly
critical per se; tracks 22, each ofwhich includes data lines (i.e., mag-
that is, the angular relationship between the data netictransitions) 23,
are written in data block20 using   10  lines and servo lines is the
important aspect. In any the head layout 38 pictorially shown in Fig. 3.
Such a  event, data gaps 48 and 49, as well as data gaps 50 head layout is
of a composite nature, including data  and 51, are fixed along an axis
parallel to longitudinal heads generally designated by the numerals 40 and
axis 30 (Fig. 3), and data heads 40 and 42 are each 42, as well as servo
heads 44 and 46, which are in-  aligned with separate data tracks 22. In
the present terconnected in mutually fixed relation. As will be un-  15
example, data heads 40 and 42 may be conventional derstood, data gaps 48
and 50 (and any additional  STP 6500 ferrite read/write heads, with
glass-bonded such gaps 49 and 51) serve to read and write data  surfaces to
promote low wear and durability. lines 23, whereas servo gaps 60 and 62 at
least read  As further illustrated In Fig. 3, servo heads 44 servo segments
26 and 28, respectively. To effect its  and 46 include gaps 60 and 62. Each
of gaps 60 and intended purpose, composite head 38 is positioned   20  62
is, in the preferred embodiment under discussion, with its magnetic gaps in
contact with record member  skewed by the angle alpha with respect to
vertical 10 where magnetic tape or "floppy" disks are used,  axis 32 (Figs.
1 and 4) so that when servo heads 44 whereas the heads are spaced from the
recording    and 46 are vertically aligned and disposed trans- media by an
Intervening airfilm where hard disks are  versely across longitudinal axis
30, servo gaps 60 used. In either event, the general alignment is as gen-
25  and 62 are aligned with servo lines 26 or 28. As indi- erally
illustrated in Fig. 3. Data head 48 serves essen-  cated previously servo
heads 44 and 46 are prefer- tially the same purpose as data head 50, that
is to  ably coupled together (Fig. 3) and also coupled to read and write
data lines 23 in separate tracks 22. In  data heads 40, 42 to facilitate
their mutual alignment the present example, a composite data head 40 may
with the data tracks 22. Since in the preferred em- comprise a first data
gap 48 as well as a second and   30  bodiment hereof data is written
directly above the mutually-aligned data gap 49, while data head 42
buried servo lines 18, cross-talk between data heads comprises a
similarfirst data gap 50 and second data  40,42 and servo heads 44,46
should be substantially gap 51, gaps 48 and 50 typically being for
data-read  eliminated and, as discussed in further detail below, purposes
and gaps 49, 51 being for data-write pur-  this is primarily accomplished
by the angulardifferen- poses.                                        35
tatlon between data lines 23 and servo gaps 60 and In the preferred
embodiment under discussion,  62. The widths of data gaps 48 through 51, 60
and 62 data lines 23 are written on the upper surface of stor-  in the X
direction (actually, gap length; i.e., pole sep- age layer 14 in
horizontally-extending, parallel data  aration) is not a matter of
particular concern, and it is tracks 22, and comprise vertically-oriented
lines  quite suitable to use heads having gaps of conven- (short bursts)
whose axes are disposed perpendicu-  40  tional widths, thus avoiding any
undue manufacturing lar to longitudinal axis 30 of record member 10 (which
costs. A typical size for the gaps in the data heads 40, of course extends
in the direction of motion of record  42 in the Y direction, which may be
the same for each member 10). Such data is written and read by use of  of
the gaps 49 through 51, inclusive, is four mils, i.e., a combination of the
data gaps 48 through 51, i.e.,  one track-width. A typical such dimension
for the an- each of data gaps 48 through 51 preferably possess-  45
gularly-disposed servo gaps 60, 62 (which in the es the capacity to read
and write data tracks 22, so  present example are the same), Is twenty
mils. that write and read-after-write processes can be per-  Data heads 40
and 42 are preferably connected formed regardless of the direction of
motion of record  physically with servo heads 44 and 46, such that pos-
member 10. In the arrangement shown, an upper      itioning movement of
servo heads 44and 46 causes track 22' of data lines 23 can be written and
read by  50   a corresponding movement of data heads 40 and 42. data gaps
48 and 49 and a lower track 22" of data  Such positioning movement is an
integral part of the lines 23 can be written and read by data gaps 50 and
positional control of data heads 40 and 42 relative to 51. As will become
evident as the present description  data tracks 22; thus, as servo heads 44
and 46 are proceeds, the servoing process can be achieved     moved
track-to-track in a direction transverse to whether record member 10 is
being traversed left-  55  longitudinal axis 30 (Fig. 3), data heads 40 and
42 are wardly or rightwardly.                             correspondingly
moved with respect to the tracks 22. The uses to which the associated data
storage  In a preferred embodiment, the range of movement of device can be
placed are expanded by providing an  servo head 44 in the transverse
direction is con- 6    



11                  EP 0 387 104 B1                 12 strained to a
portion of record member 10 disposed  sponding to offset error may thereby
be produced. above longitudinal axis 30, and the range of move-
Conversely, the data heads may be repositioned rel- ment of servo head 46
in a direction transverse to  ative to the calibration track in a manner
maximizing longitudinal axis 30 is constrained to a portion of re-  the
resulting read channel signal, which occurs when cord member 10 disposed
below longitudinal axis 30.   5   exact read head-to-track alignment has
been ach- As a result of such constraints, servo segments 26  leved. When
this occurs, a phase difference will have can only be read by servo gap 60
and servo seg-    been created with respect to the output from servo ments
28 read only by servo gap 62. Accordingly, the  heads 44 and 46. This may
be translated into a timing data tracks 22 disposed above axis 30 are
written and  signal directly indicative of offset error, which may read by
data head 40, while the data tracks 22 below   10  then be stored and used
as a scale factor in subse- axis 30 are written and read by data head 42.
The mu-  quent positioning correction. The use of such a signal
tually-connected servo heads 44 and 46 are posi-   during the positioning
of servo heads 44 and 46 to tioned such that when they are centered about
long-  compensate for head offset is discussed infurtherde- itudinal axis
30 and record member 10 is transported  tail below. past them, each
continuous servo segment 18 (com-   15  The skewed orientation of servo
gaps 60 or 62, prising an aligned pair of servo segments 26 and 28)  and
servo segments 26 and 28, relative to data lines is, in the ideal case,
simultaneously aligned with ser-  23 and data gaps 48 through 51, is of
particular sig- vo gap 60 and 62, respectively.
nificance in minimizing cross-talk between data Due to typical
manufacturing tolerances, slight  heads 40 and 42 and servo heads 44 and
46. More variations between the specific relative positioning of  20
specifically, cross-talk may be minimized as angle al- data heads 40 and 42
and servo heads 44 and 46 are  pha (Figs. 1 and 4) is increased. Of course,
the pre- likely to be encountered. Such variations in spacing  ferred
angular relationship between servo gap 60 and give rise to offset error
between data gaps 48 through  a corresponding single data line 23 or data
gap 40 is 51 relative to data lines 23 as well as between servo  the same
as between servo gap 62 and the data lines gaps 60 and 62 and servo
segments 26 and 28 when   25  and data gaps. Cross-talk between data heads
40 recorded media is interchanged between different   and 42 and servo
heads 44 and 46 is minimized as drives. Furthermore, servo track-to-data
track align-  "azimuth deviation" (Fig. 4) between the servo gaps ment
changes occur as a function of such effects as  60, 62 and data lines is
increased. In accordance thermal and humidity changes between the time of
herewith, azimuth deviation is optimized by skewing writing and reading the
information, or upon re-read-  30  servo gaps 60, 62 with respect to data
lines 23 until ing itatsubsequent points in time, and these changes  not
more than an insignificantsignal is detected from also produce offset
errors unless suitable measures  the traversal of a data line 23 past the
servo gaps. Us- are taken. It is possible to detect and compensate for  ing
this azimuth deviation, which in the present exam- such offset errors
through employment of calibration  ple corresponds to the angle alpha (),
the servo gaps tracks 24 (Figs. 1 and 3). As illustrated, calibration   35
are skewed relative to the data gaps by an optimized tracks 24 are written
in alignment with a correspond-  deviation or, in other words, by an angle
alpha, and ing pair of referenced data tracks 22' and 22". Calibra-  servo
segments 26, 28 are written such that the ser- tion tracks 24 are
preferably positioned ata beginning  vo gaps 60 and 62 align directly with
servo segments portion of a tape or at beginning portions of preselect-  26
and 28, respectively, whenever such servo seg- ed zones or sectors
throughout a disk. Due to the in-  40   ments are traversed past their
respective servo gap. herent variability of physical factors such as are
While a specific optimized azimuth deviation forser- caused by temperature
and humidity, etc., periodic  vo gaps 60 and 62 with respect to the data
gaps (i.e., recalibration is necessary or desirable on a frequent  the
optimized angle alpha) is a question of many dif- basis. Also,
recalibration is necessary as composite  ferent factors, it may be said
that in general an angle head 38 is repositioned toward Inner radii of a
disk.  45  of [err] is likely to produce the best result, but good
Calibration tracks 24 may comprise pairs of tribit  results may be obtained
atshallower angles, e.g., ap- tracks, pairsof amplitude bursts,
oranyotherdesired  proximately 301/2 (as a practical matter, the minimum
conventional servo information.                    angle alpha which is
likely to produce effective detec- To detect offset error, servo heads 44
and 46 are  tion discrimination is thought to be on the order of at
centered about longitudinal axis 30 of record member  50  least [err] 10,
and a beginning portion of record member 10 is    Servo heads 44 and 46
comprise part of a posi- traversed past data heads 40 and 42. When servo
tioning system 64 (Fig. 5) in which servo signals are heads 44 and 46 are
disposed in this central align-  generated as servo segments 26 and 28 are
trav- ment, data-read gaps 48 and 50 preferably align di-  ersed past servo
gaps 60 and 62. Such servo signals rectly with calibration tracks 24. To
the extent that  55   are used for generation of time-based positioning in-
data gaps 50 and 51 do not so align with calibration  formation in
accordance herewith, since each time tracks 24, the amplitude of the read
channel signal  one of servo segments 26 or 28 crosses its corre- will be
diminished proportionally and a signal corre-  sponding servo gap 60 or 62,
the resulting signals 7    



13                  EP0387104B1                      14 may be compared to
indicate the difference in time      Referring to Fig. 5, an exemplary
positioning sys- between which such crossings occurred. It should be  tem
64 includes a detection sub-system 66 and a con- borne in mind that servo
information is generated in  trol sub-system 68, illustrated in blockform.
Referring accordance with the traversal direction of record   to detection
sub-system 66, outputsignals from servo member 10 relative to servo heads
60 and 62. In the   5   gaps 60 and 62 (block 70), generated as servo
signal present description, only the case for leftward traver-  block 12 on
the record member 10 is traversed past sal of record member 10 past gaps 60
and 62 is dis-  servo heads 44 and 46, are fed to amplifiers 72 and cussed,
but it should be borne in mind that an equally  74 and the resulting
amplified servo signals are in- full range of servo information is
generated when re-  putted  to, and  correspondingly  digitized  at, cord
member 10 is traversed rightward relativetoser-  10   peak/crossover
detectors 76 and 78 to provide "Con- vo gaps 60 and 62, and such
bi-directional movement  trol Signal 1 and "Control Signal 2,"
respectively. Ex- is common to tape drives used for data storage. More-
emplary output levels from peak/crossover detectors over, azimuth deviation
would remain unchanged      76 and 78 corresponding to Control Signal 1 and
Con- whether the traversal of record member 10 is right-  trol Signal 2 are
illustrated in Figs. 6(a) through 6(c) ward or leftward, so that in either
case cross-talk be-  15  and constitute pulse trains. Upon inputting
Control tween data heads 40, 42 and servo heads 44, 46      Signal 1 and
Control Signal 2 into phase detector 80, would not present impairment in
either the servoing  the phase relationship between such signals is deter-
or data-storage process. The capacity to achieve ac-  mined. In accordance
with the present example, a curate servo-positioning In either direction of
record  phase difference signal associated with Control Sig- movement is
desirable, as discussed above, and is  20   nal 1 and Control Signal 2 is
transmitted to micropro- readily effected through appropriate programming
of  cessor interface 82 in control sub-system 68. system 64. Thus, the
traversals of servo segments 26   In general, the phase difference signal
outputted and 28 past servo gaps 60 and 62 generate time-     by phase
detector 80 will reflect the position of servo based information which not
only indicates the posi-  gaps 60 and 62 relative to longitudinal axis 30.
Forex- tion of servo heads 44 and 46 with respect to the ser-  25  ample,
when servo gaps 60 and 62 are symmetrically vo tracks 22, but which also
indicates the position of  positioned about longitudinal axis 30 there will
be no the data heads 40, 42 with respect to a given data  phase difference
between the servo signals corre- track 22.
sponding to Control Signal 1 and Control Signal 2 It should be recognized
that time-based servoing  (Fig. 6[a]). As servo gaps 60 and 62 are moved
away has distinct advantages over amplitude-based servo-  30  from this
centered position, in a direction transverse ing. With time-based servoing,
control Is effected  to longitudinal axis 30, phase difference will
increase, through knowledge that a particular magnetic transi-  positively
or negatively, depending on whether the in- tion has been encountered at a
particular point in  ter-coupled servo heads 44 and 46 are moved up or
time, and the amplitude of signals associated there-  down with respect to
record member 10. As illustrated with is virtually inconsequential.
Detecting the occur-  35   more specifically in Figs. 6(b) and 6(c), when
coupled renceof a transition is far simplerthan quantifying its  servo
heads 44 and 46 are moved up relative to re- corresponding amplitude, which
is affected by many  cord member 10 (Fig. 6[b]), pulses associated with
different factors unrelated to positioning per se. For  Control Signal 2
will lead pulses associated with Con- all intents and purposes, the
accuracy of the time-  trol Signal 1, and when coupled servo heads 44 and
based system is only limited by the ability to deter-  40   46 are moved
down with respect to record member 10 mine phase differences between pairs
of detected    (Fig. 6[c]), pulses of Control Signal 2 will lag behind
signals. It is of particular significance that the many  pulses of Control
Signal 1 (Fig. 6[c]). sources of error associated with measuring ampli-
The phase difference signal generated by phase tudes is eliminated in
time-based servoing.         detector 8O is transmitted to microprocessor
interface It should be apparent by now that small disconti-  45   82 and
inputted to microprocessor 84 for comparison nuities or imperfections in
servo segments 26 and 28  with a reference signal stored in memory of
micropro- would not necessarily impair servoing. For example,  cessor 84.
Fig. 7 illustrates the logic employed to in the circumstance where part of
servo segment 26  compare the phase difference signal with the refer- has a
slight discontinuity along its length, so long as  ence signal, for
generating an error signal employed gap 60 detects any servo-transition,
albeit a signal of  50  to position servo heads 44 and 46. In the present
ex- lower level due to the presence of the discontinuity,  ample, the
aforementioned reference signal is gener- etc., there is virtually no
adverse affect on servoing.  ated by employmentofa simple "look-up" table,
which That is, it is the existence of the signal, rather than its  is
initially stored in computer memory as illustrated at amplitude, that makes
time-based servoing possible.  block 86 (Fig. 7). To compile the look-up
table, values If a defect in a servo line encountered by servo gap   55
representative of particularly identified data tracks 60 or 62 is small in
relation to the length of either gap  22 (DATR), which in the preferred
embodiment range 60 or 62, the servoing process will virtually be unaf-
from 0 to N, are stored along with the corresponding fected.
values of particular phase differences (PHDIF), i.e., 8    
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values within the range of phase dif-  servo segments 106 and 108 crosses
one or both of ference signal levels which may be transmitted from  the
servo gaps 60 and 62. When the inter-coupled phase detector 80. To maintain
the position of data  servo heads 44 and 46 are centrally disposed along
heads 40 or 42 along a selected one of data tracks 22  record member 10,
i.e., centered with respect to long- (following initial positioning during
a "seek" mode, de-   5   itudinal axis 30, index servo segments 106 and 108
scribed below), as record member 10 is traversed  are simultaneously sensed
by servo gaps 60 and 62 past servo heads 44 and 46 the phase difference
sig-  as the various servo segments 26 and 28 are trans- nal generated from
phase detector 80 is read at block  ported past the latter, and eitherof
two data tracks 22 90 as PHDIF. Once the value of PHDIF is inputted into
may be referenced (e.g., track22 ortrack22"). In this the microprocessor,
as demonstrated at block 92, the   10  central position (Figs. 1 and 3),
the first such data look-up table is accessed to correlate PHDIF with its
track 22' Is centrally positioned between 0 and +1/2N corresponding value
DATR. For user convenience,   and data track 22" Is centrally positioned
between 0 the value of DATRdetermined at block 92 is displayed  and -1/2N.
Naturally, the particular data track 22 at block 94. Moving to block 96,
the value of DATR is  which is aligned with a given data head when servo
compared to ADATR. If DATR is either greater than or  15  heads 44 and 46
are centrally disposed with respect less than ADATR, an error signal for
moving coupled  to the record member 10 is a function of the physical servo
heads 44 and 46 along a line parallel to vertical  coupling between data
heads 40 and 42 and servo axis 32, by an increment dy, is generated at
block 98,  heads 44 and 46. In a servo positioning system em- and the
routine returns to block 88. If, on the other  ploying two or more
laterally-spaced data heads, It hand, DATR is the sameas ADATR, the program
will  20  will normally be desired to program the system so that simply
loop from block 88 to block 96, holding the val-  only one such data head
is activated to read or write ue of DATR at ADATR until the user desires to
move  at a given time, so as to access only a selected one one of data
heads 40 and 42 to another data rack 22.  of the two data tracks aligned
with the two different An additional portion 66a of the present servoing
sys-  heads. In the present example, system 64 may be tem 64 is shown
separately in Fig. 8, although it  25  programmed to effect such activation
with respect to should be understood that this subsystem is actually  data
heads 40 and 42, and may further be program- part of the overall system
otherwise shown in Fig. 5;  med to select either gaps 48, 50 or gaps 49, 51
for accordingly, common elements of the overall system  reading orwriting
operation as a function of the direc- 64 are given the same reference
numerals as those  tion of motion for record member 10. used in Fig. 5. As
shown in Fig. 8, subsystem 66a in-  30  As servo heads 44 and 46 are moved
as a unit up- cludes a pair of conventional digital counters 102 and  ward
from the centrally-disposed position referred to 104 which operate to
facilitate the initial positioning of  above, and as record member 10 is
traversed past the servo heads 44 and 46 in the "seek" mode. That is,
heads, servo gap 62 is crossed by index servo seg- counters 102 and 104 are
coupled in parallel with  ment 108 before servo gap 60 is crossed by index
phase detector 80 of subsystem 66, and likewise re-  35  servo segment 106.
Depending on the extent of such ceive Control Signal 1 and Control Signal
2; however,  upward movement of servo heads 44 and 46, gap 62 the use of
such signals, and in particular those gen-  may be crossed by two or more
servo segments 28 erated by detection of index servo segments 106 and
prior to the moment when gap 60 is crossed by index 108, allows for initial
or coarse position control of ser-  servo segment 106. The number of servo
segments vo heads 44 and 46 during track "seek" operations,  40  28
crossing over gap 62 is counted by digital counter through use of a
track-counting operation. As men-  104. As soon as servo gap 60 does detect
index servo tioned above, N servo lines 18 are preferably written  segment
106, the difference in the relative number of for each servo block 16 and N
data tracks 22 are writ-  servo segments 26 and 28 which have been crossed
ten for each data block 20. Also, each servo line 18  can be determined by
use of counters 102 and 104 in is spaced apartfrom the next adjacent
congruent ser-  45  conjunction With microprocessor 83 and, due to the vo
line 18 an amount corresponding to the desired  correspondence between the
spacing and angularity width of the data tracks 22, the significance of
which  of servo lines 18 and data tracks 22, the particular will become.
more clear subsequently. Each servo  data track 22 being accessed is
readily identified by block 16 may be indexed. This may by recording an
microprocessor 83. In the presentexample, as gap 60 additional servo
segment 106 and an additional servo   50  is positioned toward an upper
edge of record member segment 108 atsome desired point in the servo block,
10, the numerical value of the data track 22 being ac- preferably near the
beginning (Figs. 1 and 2). Alterna-  cessed approaches either 0 or +1/2N,
depending on tively, one of the regularly-occuring servo segments  whether
the user is accessing a portion of record 26, 28 may be omitted, either
such approach provid-  member 10 disposed above longitudinal axis 30 or a
ing a logic state identifying a particular location on the  55   portion of
record member 10 below longitudinal axis record member 10.
30. In a theoretical sense, the servo track counting  As inter-coupled
servo heads 44 and 46 are system is initiated each time one or both of the
index  moved downward and record member 10 is traversed 9    
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gap 60 is crossed by index servo  spect to the previously-mentioned central
position, segment 106 before servo gap 62 is crossed by index  CTDIF will
be positive, and if coupled servo heads 44 servo segment 108. Depending on
the extent of     and 48 are disposed downward relative to the central
downward deflection of servo heads 44 and 46, gap  position, CTDIF will be
negative. The value of CTDIF 60 may be crossed by two or more servo
segments   5   is correlated with the look-up table, at block 120, to 26
prior to the moment that gap 62 is crossed by index  determine DATRwhich is
displayed at block 124. Pro- servo segment 108. As in the above example,
the   ceeding immediately to block 126, the value of DATR data track 22
then being accessed can be readily  Is compared toADATR If DATRis
greaterthan orless identified from the difference in relative number of
than ADATR, an error signal is generated by block servolinessocrossed.As
gap62 is positioned toward  10  128 for moving coupled servo heads 44 and
46 by an a lower edge of record member 10, the numerical val-  incremental
length dy, corresponding to movement ue of the data track 22 being accessed
approaches -  parallel to vertical axis 32, and the routine returns to 112N
(or N, depending on the convention used), as  block 114. If, on the other
hand, DATR and ADATRare above, again depending on which portion of record
equal, then the routine continues to loop from block member 10 that the
user wishes to access. It should  15  114 to block 126 until a new value of
ADATR is input- be evident that the index servo segments 106 and  ted. 108
are employed to fix the number of servo seg-     In actual practice, it
will be useful to employ ments 28 to be subtracted from servo segments 26,
phase detector 80 as well as counters 102 and 104 to orthe numberof servo
segments 26 to be subtracted  initially position data heads 40 and 42 and
subse- from servo segments 28 during the "seek" operation.  20  quently
maintain their desired position by correcting Essentially, the numberof
servo segments 26 and 28  small-scale positioning errors of data heads 40
and which cross servo gaps 60 and 62, and hence the   42 relative to data
tracks 22 (i.e., in the "tracking" number of servo segments 26 and 28 to be
used in  mode). determining the relative difference in servo seg-
Position control 86, which is responsive to error ments 26 and 28 crossed,
is limited by the moment  25  signals generated by microprocessor 83, may
be of that both servo heads 60 and 62 have been crossed  any known type and
typically comprises an actuator by at least one index servo segment 106 and
108.  motor such as a stepper which is coupled, as by de- As illustrated in
Fig. 8, Control Signals 1 and 2,  sired cams and/or linkages, to servo
heads 44 and 46, corresponding to the detected and amplified output  to
move the same as a function of the error signal. from servo gaps 60 and 62,
respectively, are Inputted   30   Upon receiving an error signal, position
control 86 into counters 102 and 104 for determining the number  thus
causes a corresponding change in position of of servo segments 26 and 28
which have crossed the  servo heads 44 and 46, moving the same up or down,
servo gaps during the time period def ined through the  depending on the
location of the particular data track use of index servo segments 106 and
108. To those  22 to be accessed. Servo heads 44 and 46 may be familiar
with the art, various schemes for indexing a   35  either directly
connected to data heads 40 and 42 as beginning portion of servo block 16
may be envi-  an integral unit or otherwise slaved thereto. Thus, the
sioned. The number of servo segments 26 and 28    movement of data heads 40
and 42 is effected by the counted prior to the crossing of both index servo
seg-  position-control means for servo heads 44 and 46, ments 106 and 108
past servo gaps 60 and 62 is cou-  i.e., position controller 86. pled to
microprocessor 83 by microprocessor inter-  40  As noted above, data heads
40 and 42 are used face 82.                                          to
calibrate servo heads 44 and 46, to compensate for The routine employed to
generate an error signal  minor offset errors in the relative position of
data in microprocessor 83 which is eventually outputted to  heads 40 and 42
as well as that of servo heads 44 and position control 86 via DAC/port 84
and D/A 85 is il-  46 in relation to each other and to the data heads. To
lustrated in Fig. 9. Analogous with the routine illustrat-  45  effect such
compensation, as the calibration tracks ed in Fig. 7, a look-up table
correlating data tracks  24 traverse data heads 40 and 42, a calibration
sig- (DATR) 0 to N with a count difference (CTDIF) is ini-  nal,
corresponding to the offset error between servo tially stored in the memory
of microprocessor 83 at  heads 44 and 46, is transmitted from data heads 40
block 112. At block 114, the user sets the numerical  and 42 to
microprocessor 83 so that an error signal value of the data track to be
accessed by one of data  50  may be generated either on a periodic or
generally heads 40 and 42. The program proceeds to read the  continuous
basis, whereby positional compensation number of servo segments 26 which
cross gap 60    is achieved for data heads 40 and 42 as well as servo
(ALNCR), at block 116, and the numberof servo lines  heads 44 and 46. 28
which cross gap 62 (BLNCR) at block 118. Control  It is to be noted that
the present invention pro- proceeds to block 120 wherein BLNCR is
subtracted  55  vides the advantage, in addition to those referred to from
ALNCR to yield the product CTDIF.            above, of an integrated yet
highly accurate servo- As would be expected, if coupled servo heads 44
tracking system that not only allows the user to max- and 46 are disposed
in an upward position with re-  imize the available surface capacity of
data storage 10    
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have available continuous position-  the entire width of the storage member
(10), and ing information for the entire data storage area. De-   in that
the user data storage field (20) comprises spite the extensive capabilities
of the servo-tracking  a layerwhich overlies the servo-information stor-
system provided, the record member 10, having pre-      age field (16).
recorded servo segments 26 and 28 disposed there-   5 on, is actually
simple in basic form, and is economical  2. A data storage member as
claimed in Claim 1 in to manufacture. Additionally, since time-based servo-
which the said acute angle is substantially 20 or ing is employed, system
resolution is optimized and     greater. data storage and retrieval
performance is substantial- ly enhanced.
10  3. A data storage member as claimed in Claim 1 in In this regard, it
should be noted that the above-   which the said acute angle is
substantially 300. described preferred one-to-one relationship of servo
lines 18 in the servo blocks 16 to data tracks 22 ex-  4. A data storage
member as claimed in any one of tending across record member 10, while
desirable, is    Claims 1 to 3 in which the complementary first not
actually essential. Such a relationship does pro-   15  and second segments
(26,28) are generally sym- vide the distinct advantage of having
(theoretically)   metrically disposed about an intermediate line exact
coincidence between servo segment detection       extending parallel to a
transport direction (30) of and data track centerline location, regardless
of the   the storage member (10). particular ratio of servo segments 26 and
28 encoun- tered at a given track location. This makes positioning   20  5.
A data storage member as claimed in Claim 4 in control aneasier matter, and
eliminates certain prom-   which the plurality of first servo segments and
inent error sources; that is, while the interval between  the plurality of
second servo segments together detection of one servo segment in relation
to another   form a chevron pattern. could certainly be timed and divided
in order to define track locations, such non-coincident procedure al-  25
6. A data storage member as claimed in any one of lows system inaccuracies
or inconsistencies, non-lin-   the preceding claims including a guard layer
earity, etc. (e.g., speed changes in the record trans-  (214) disposed
between the user data storage port system and/or in the head-positioner
response,     field (20) and the servo-information storage field
electronics drift and noise, etc.), to produce potential  (16). error.
Thus, the coincident-type system eliminates   30 certain disadvantages and
in fact provides certain   7. A data storage member as claimed in any one
of positive advantages; for example, if servo signal de-   the preceding
claims comprising an elongate tection coincidence reliably identifies track
center-   tape. line, the derivative of that signal will reliably define
the velocity of the moving heads during seek operation   35  8. A data
storage member as claimed in any one of (assuming the speed of the moving
record is either      Claims 1 to 6 comprising a rotatable disk. constant
or otherwise known), thereby enabling more rapid head positioning with
better control.          9. A data storage member as claimed in any one of
It is to be understood that the foregoing descrip-   the preceding claims
including a recorded call- tion of a preferred embodiment of the invention
is pro-  40  bration track (24). vided for purposes of the description and
illustration, and not as a measure of the invention, whose scope   10. A
data storage member as claimed in Claim 9 in is to be defined by reference
to the ensuing claims.    which the calibration track (24) comprises a ser-
ies of recorded bursts. 45 Claims
11. A data storage member as claimed in Claim 9 or Claim 10 in which the
user data storage field (20) 1. A data storage member (10) having a user
data        comprises at least one data storage track (22), storage field
(20) and a servo-information stor-    the calibration track (24) extending
generally par- age field (16), a first portion of the servo-informa-  so
allel to the data storage track (22). tion storage field having recorded a
plurality of f irst servo segments (26,28) inclined at an acute  12. A data
storage member as claimed in any one of non-zero angle to a centre line of
the storage       the preceding claims in which the first and sec- member,
and a second portion of the storage field    ond portions of the
servo-information storage having recorded therein a corresponding plurality
55  fiel are not in the same plane. of complementary second servo segments
(28,26); characterised in that the first and second  13. A data storage
member as claimed in any one of servo segments together traverse
substantially       the preceding claims including index referencing    19
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media, but also to have available continuous position-   the entire width
of the storage member (10), and ing information for the entire data storage
area. De-  in that the user data storage field (20) comprises spite the
extensive capabilities of the servo-tracking  a layer which overlies the
servo-information stor- system provided, the record member 10, having pre-
age field (16). recorded servo segments 26 and 28 disposed there-   5 on,
is actually simple in basic form, and is economical  2. A data storage
member as claimed in Claim 1 in to manufacture. Additionally, since
time-based servo-   which the said acute angle is substantially [err] or
ing is employed, system resolution is optimized and     greater. data
storage and retrieval performance is substantial- ly enhanced.
10  3. A data storage member as claimed in Claim 1 in In this regard, It
should be noted that the above-  which the said acute angle is
substantially 300. described preferred one-to-one relationship of servo
lines 18 in the servo blocks 16 to data tracks 22 ex-  4. A data storage
member as claimed in any one of tending across record member 10, while
desirable, is    Claims 1 to 3 in which the complementary first not
actually essential. Such a relationship does pro-  15  and second segments
(26,28) are generally sym- vide the distinct advantage of having
(theoretically)   metrically disposed about an intermediate line exact
coincidence between servo segment detection       extending parallel to a
transport direction (30) of and data track centerline location, regardless
of the   the storage member (10). particular ratio of servo segments 26 and
28 encoun- tered ata given tracklocation. This makes positioning   20   5.
A data storage member as claimed in Claim 4 in control an easier matter,
and eliminates certain prom-  which the plurality of first servo segments
and inenterrorsources; that is, while the interval between  the plurality
of second servo segments together detection of one servo segment in
relation to another  form a chevron pattern. could certainly be timed and
divided in order to define track locations, such non-coincident procedure
al-  25  6. A datastorage member as claimed in any one of lows system
inaccuracies or inconsistencies, non-lin-   the preceding claims including
a guard layer earity, etc. (e.g., speed changes in the record trans-  (214)
disposed between the user data storage port system and/or in the
head-positioner response,     field (20) and the servo-information storage
field electronics drift and noise, etc.), to produce potential  (16).
error. Thus, the coincident-type system eliminates   30 certain
disadvantages and in fact provides certain  7. A data storage member as
claimed in any one of positive advantages; for example, if servo signal de-
the preceding claims comprising an elongate tection coincidence reliably
identifies track center-  tape. line, the derivative of thatsignal will
reliably define the velocity of the moving heads during seek operation   35
8. A data storage member as claimed in any one of (assuming the speed of
the moving record is either      Claims 1 to 6 comprising a rotatable disk.
constant or otherwise known), thereby enabling more rapid head positioning
with better control.         9. A data storage member as claimed in any one
of It is to be understood that the foregoing descrip-  the preceding claims
including a recorded call- tion of a preferred embodiment of the invention
is pro-  40  bration track (24). vided for purposes of the description and
illustration, and not as a measure of the invention, whose scope  10. A
data storage member as claimed in Claim 9 in is to be defined by reference
to the ensuing claims.    which the calibration track (24) comprises a ser-
ies of recorded bursts. 45 Claims
11. A data storage member as claimed in Claim 9 or Claim 10 in which the
user data storage field (20) 1. A data storage member (10) having a user
data        comprises at least one data storage track (22), storage field
(20) and a servo-information stor-    the calibration track (24) extending
generally par- age field (16), a first portion of the servo-informa-  50
allel to the data storage track (22). tion storage field having recorded a
plurality of first servo segments (26,28) Inclined at an acute  12. A data
storage member as claimed in any one of non-zero angle to a centre line of
the storage      the preceding claims in which the first and sec- member,
and a second portion of the storage field   ond portions of the
servo-information storage having recorded therein a corresponding plurality
55  field are not in the same plane. of complementary second servo segments
(28,26); characterised in that the first and second  13. A data storage
member as claimed in any one of servo segments together traverse
substantially      the preceding claims including index referencing    21
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che 1 bis 6, das eine drehbare Scheibe umfal~t. 



14. Adata storage memberas claimed in Claim 13 in   9. Datenspeicherelement
nach einem der vorange- which the index referencing means comprises the
gangenen Anspruche, das eine aufgezeichnete addition or omission of a pair
of corresponding   5  Kalibrationsspur (24) umfait. first and second servo
segments. 10. Datenspeicherelement nach Anspruch 9, in wel- chem die
Kalibrationsspur (24) eine Reihe von PatentansprOche
aufgezeichneten Impulsen umfait. 10 1. Datenspeicherelement (10) mit elnem
Benutzerda-  11. Datenspelcherelement nach Anspruch 9 oderAn-
ten-Speicherfeld (20) und einem Servoinfornations -  spruch 10, in welchem
das Benutzerdaten-Spei- Speicherfeld (16), wobei ein erster Teil des Servo-
cherfeld (20) mindestenes eine Datenspeicher- informations-Speicherfeldes
eine Anzahl von er-    spur (22) umfaSt, wobei die Kalibrationsspur (24)
sten Servo-Segmenten (26,28) aufgezeichnet  15     sich im aligemeinen
parallel zu der Datenspei- hat, die in elnem spitzen Winkel ungleich Null
zu  cherspur (22) erstreckt elner Mittellinie des Speicherelementes geneigt
sind, und ein zweiterTeil des Speicherfeides dar-  12. Datenspeicherelement
nach einem der vorange- in eine entsprechende Anzahl von komplementa-
gangenen Anspriche, in welchem die ersten und ren zwelten Servo-Segmenten
(28,26) aufge-  20      zweiten   Teile   des   Servoinformations- zeichnet
hat, dadurch gekennzrichnet, dag die       Speicherfeldes sich nicht in der
gleichen Ebene ersten und zweiten Servo-Segmente zusammen
befinden. im wesentlichen die gesambe Breile des Speicher- elementes (10)
fibergreifen und dag das Benutzer-  13. Datnspeicherelement nach einem der
vorange- daten-Speicherfeld (20) eine Schicht umfalft, wel-  25  gangenen
AnsprOche, das eine Index-Referenz- chedasServoinformations-Speicherfeld
(16) Ober-    einrichtung (106, 108) umfait. lagert. 14.
Datenspelcherelement nach Anspruch 13, in wel- 2. Datenspeicherelement nach
Anspruch 1, in wel-       chem die Index-Referenzeinrichtung die Hinzufu-
chem der spitze Winkel im wesentlichen 20 oder  30  gung oder Weglassung
eines Paares von ent- gro5ier ist.
sprechenden  ersten  und  zweiten  Servo- Segmenten umfaSt. 3.
Datenspeicherelement nach Anspruch 1, In wel- chem der spitze Winkel im
wesentlichen 300 ist. 35   Revendicatlons 4. Datenspelcherelement nach
einem der Anspr0- che I bis 3, in welchem die komplementaren er-  1. Un
6elment (10) de m6moire de donn6es induant sten und zweiten Segmente
(26,28) im wesentli-      un champ (20) de memoire de donnees d'utilisa-
chen symmetrisch um sine Zwischenlinie ange-       teur et un champ (16) de
m6moire d'informations ordnet sind, die parallel zur Transportrichtung   40
d'asservissement, une s6rie de premiers seg- (30) des Speicherelementes
(10) veriluft.           ments d'asservissement (26, 28) etant enregis-
tres dans une premiere partiedu champ de m6moi- 5. Datenspeicherelement
nach Anspruch 4, in wel-       re d'informations d'asservissement en etant
inci- chem die Anzahl von erston Servo-Segmenten          nes selon un
angle aigu non nul par rapport a l'axe und die Anzahl von zweiten
Servo-Segmenten   45     de l eIlment de memoire, et une serie correspon-
zusammen ein Dachsparrenmuster bilden.              dante de deuxiemes
segments compl6mentaires d'asservissement (28,26) etant enregistr6s dans 6.
Datenspeicherelement nach einem der vorange-        une deuxilme partie du
champ de m6moire; ca- gangenen Anspriche, einschlieslich einer Schutz-
racteris6 en ce que le premier et Is deuxieme seg- schicht (214), welche
zwischen dem Benutzerda-  50  ments d'asservissement traversent ensemble
tbn-Speicherfeld (20) und dem Servoinformations-    sensiblement toute la
largeur de I'l lment (10) de Speicherfeld (16) vorgesehen ist.
memoire et en ce que Is champ (20) de m6moire de donn6es d'utilisateur
comprend une couche 7. Datenspeicherelement nach einem der vorange-
qui est superpos6e au champ (16) de mbmoire gangenen Anspruche, das sin
lingliches Band   55    d'informations d'asservissement. umfalt. 2. Un
6e6ment de m6moire de donn6es selon la re- 8. Datenspeicherelement nach
einem der AnsprG-         vendication 1, dans lequel ledit angle aigu est
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11c11 sensiblement 6gal A 20 ou superieur.             quelconque des
revendications precedentes, in- cluant un moyen de reference (106, 108) A
index. 



3. Un element de memoire de donn6es selon la re- vendication 1, dans loquel
ledit angle aigu est  14. Un el6ment de memoire de donnees selon la re-
sensiblement de 30.                       5      vendication 13, dans
lequol le moyen de r6f6ren- ce A index comprend l'addition ou l'omission 4.
Un 6l6ment de memoire de donnees selon l'une       d'une paire de premiers
et de deuxibmes seg- quelconque des revendications I A 3, dans lequel
ments correspondants d'asservissement. les premiers et deuxiemes segments
compl6- mentaires (26, 28) sont g6n6ralement disposes  10 de facon
symetrique par rapport A une ligne inter- medlaire qui satend en parallele
A une direction de transport (30) de l'element (10) de m6moire. 5. Un
element de m6moire de donneos selon la re-  15 vendication 4, dans loquol
la srie des premiers segments d'asservissement et la s6rie des deuxiemes
segments d'asservissement forment ensemble une configuration en chevrons.
20 6. Un el6ment de memoire de donnees selon l'une queloonque des
revendications precedentes, in- cluant une couche de garde (214) dispos6e
entre le champ (20) de memoire de donnees d'utilisa- tour et le champ (16)
de memoire d'informations  25 d'asservissement. 7. Un 6l6ment de memoire de
donnees selon l'une quelconque des revendications pr6cedentes, comprenant
une bande allongee.            30 8. Un 6l6ment de m6moire de donnees selon
l'une queloonque des revendicatlons 1 A 6, compre- nant un disque rotatif.
35 9. Un element de memoire de donnees selon l'une quelconque des
revendications pr6odentes, in- cluant une piste enregistr6e de calibrage
(24). 10. Un 6l6ment de m6moire de donnees selon la re-  40 vendication 9,
dans lequel la pistb de calibrage (24) comprend une sine de salves
enregistrnes. 11. Un element de memoire de donneos selon la re- vendication
9 ou la revendication 10, dans loquel  45 le champ (20) de memoire de
donnees d'utillsa- teur comprend au moins une pbato (22) de memoi- re de
donnees, la piste de calibrage (24) s'etn- dant gindralement en parallele A
la piste (22) de memoire de donnees.                       50 12. Un
element de memoire de donnees selon l'une quelconque des revendications
precedentes, dans lequel la premiere et la deuxieme parties du champ de
memoire d'informations d'asservisse-  56 ment ne sont pas dans le mime
plan. 13. Un element de memoire de donnees selon l'une 13    


