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memory storage disks. In one known servo seeking and tracking sys- This
invention relates generally to servo seek-  tem, each surface of each disk
includes servo ing and tracking systems for use in computer disk
information pre-recorded within radially spaced ser- drive units and the
like.                      6   vo segments or sectors. This type of servo
system, In recent years, micro-computer equipment,      commonly known as
an "embedded" servo sys- such as so called personal and desk top comput-
tem, provides data which is read by the relevant ers, has become extremely
popular for a wide        head for the purpose of seeking and tracking a
variety of business and educational and other uses.  designated data track.
During head traverses to Such computers commonly include a main central  10
seek a new specified data track, the head responds processor unit having
one or more memory storage   to embedded track address information within
the disks for storage of data. In many modern comput-  servo sectors to
identify a specified destination ers, a plurality of the storage disks, of
a type   track. While such embedded servo systems have sometimes referred
to as "hard" disks are provided  functioned generally satisfactorily, such
systems as part of a Winchester-type disk drive unit, in  15  inherently
include track seeking or access speed which the storage disks are supported
in a stack on  limitations due primarily to the limited sample rate a
rotary spindle within a substantially sealed disk  at which the head can
read and respond to servo drive housing. The disks are rotatably driven in
information within the servo sectors. This inherent unison by a small
spindle motor within the disk   access speed limitation is rendered more
signifi- drive housing, and one or more electromagnetic  20  cant when
relatively high track densities are used. heads are displaced by a head
positioner assembly   Moreover, an embedded servo systems fixes the to
traverse surfaces of the rotating disks for the  number of available data
and servo sectors in a purpose of reading and writing data. Such Win-
manner which is incompatible with some types of chester-type disk drive
units are generally pre-   controller interfaces. ferred in comparison with
so called "floppy" disk   25  So called "dedicated" servo systems are also
drive units due to their higher memory storage      generally known in the
art, wherein servo seeking capacities and faster operating speeds.
and tracking information is pre-recorded onto one In a typical
Winchester-type disk drive unit,   surface of a selected memory storage
disk in a data is recorded onto magnetisable surfaces or     disk drive
unit having multiple disks. The servo surface films on the memory storage
disk in the   30  seeking and tracking information is detected by an form
of data bits adapted to be encoded and de-     associated servo head for
the purpose of identify- coded in binary form. The data is recorded within
ing track crossings effected by the servo head the confines of narrow
concentric tracks defined on  during seeking and accessing and for the
purpose the disk surfaces, with track densities in the range  of displacing
and aligning a respective data head of 500 to 1,000 and more tracks per
inch (19.69 to  35   with a designated data track. Such dedicated servo
39.37 and more tracks per mm) being relatively      systems are preferred
in certain multiple disk well known. The total memory storage capacity for
microcomputer applications since they can permit any selected disk drive
unit is directly proportional  an overall increased data storage capacity.
How- the number of available data tracks. Thus, when  ever, as with the
embedded servo systems de- the disk drive unit includes multiple storage
disks,  40  scribed above, track seek/access errors can arise the total
number of available data tracks and thus  as a result of small disk
imperfections which can the total memory storage capacity is increased.
generate false track crossing readings. Moreover, In normal operation of a
Winchester-type disk   in order to prevent head overshoot during track
drive unit, a system controller is provided for iden-  seeking, head
deceleration at the conclusion of tifying the location of data which has
been re-  45  track seeking must normally be designed for a corded upon the
storage disks, typically through    relatively slow, worst case condition.
Such prior art the use of directory name, file name, and/or data  systems
are described in US-A-4 682 253. address information. When reading of
specific data    There exists, therefore, a significant need for tracks is
desired, the system controller signals the  an improved servo seeking and
tracking system for head positioner assembly to displace the heads to  50
use in computer disk drive units, wherein the sys- the desired position for
accessing the data. Alter-  tern is relatively simple and operates
automatically natively, when data recording or writing is desired,  to
prevent and/or correct track seeking and head the system controller signals
disk drive circuitry to  positioning errors. In accordance with one aspect
of command the head positioner assembly to displace   the present
invention, there is provided a servo the heads so as to align one head with
a vacant  55  address system  for a computer disk drive unit data track.
For accurate track seeking and head     having a plurality of memory
storage disks, the alignment therewith, detectable servo information is
address system comprising a servo head in oper- normally pre-recorded onto
one or more of the      ative association with a dedicated servo surface 2
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the storage disks, and servo    tectable by the servo head throughout each
revolu- data recorded in generally concentric tracks ("0" to  tion of the
disk in use. "7") on the dedicated servo surface, the servo data   In a
preferred form of the invention, the repeat- being readable by the servo
head and comprising    ing groups provide unique address information cor- a
succession of synchronising bits recorded at   5   responding with a small
annular band of adjacent regular intervals in each of said tracks to define
tracks on the servo disk, for example four adjacent there-between a
plurality of bit frames; charac-   tracks. The data bits within the bit
frames may then terised In that the servo data comprises a plurality
represent primary digits of a binary address code of servo bits ("A" to
"D") recorded within each of  unique to the small band of tracks, and these
the said bit frames so as to form in one of a first  10  primary digits may
be combined with secondary and a second distinct pattern on the opposite
com-  digits derived from comparing position error signals bination, each
combination being interpreted as    in quadrature to provide a unique
binary address one of the two values of a single binary digit after  code
for each track. detection and reading by the servo head a selected
Preferably also,the synchronising bits demar- successive plurality of the
bit frames for each of  15  cate the leading and trailing edges of each bit
the tracks defining a unique track address, wherein  frame, and each bit
frame is sub-divided into first each track address is represented by a
unique       and second portions having data bits recorded plurality of
said binary digits in binary code.    therein with one of two durations
detectable and In its preferred form, as described below, the
distinguishable by the servo head. For example, servo address system
provides unique, positive   20  the data bits may be recorded in the first
and address identification for each of a large plurality of  second
portions of each bit frame in combinations the concentric tracks on the
dedicated servo sur-   of relatively long and relatively short durations,
face. The servo data is pre-recorded onto the dedi-  which represent the
digit "1" or the digit "0" in cated servo surface for detection by the
servo head  binary code. A preferred arrangement features ten during
operation of the disk drive unit. The de-  25  successive bit frames
providing an address so that tected servo data comprises a unique data
pattern   a total of ten digits "1" or "0" and combinations for each track
or group of tracks, and the servo   thereof for the address code unique to
the specific system responds to the address information pro-    track.
vided thereby to verify head position for the pur-     The invention also
features a memory storage pose of preventing seeking and tracking errors.
30  disk for a computer disk drive unit, comprising a In the described
embodiment, the dedicated      dedicated servo surface on one side of the
disk, servo surface comprises one side of one of a        and servo data
recorded on the dedicated servo plurality of memory storage disks arranged
in a     surface in a plurality of concentric tracks ("0" to computer disk
drive unit for rotation as a group    "7"), characterised in that the servo
data defines, about a common spindle axis. A head positioner  35  for each
of the tracks, a track address repeated in assembly carries a plurality of
electromagnetic    succession throughout the track, the track address heads
in individual flux coupled association with   being defined by a repeating
succession of a se- the disk surfaces, for example with two heads
lected plurality of bit frames, each having a plural- being provided on
opposite sides of each memory     ity of servo bits ("A" to "D") recorded
therein in storage disk. One of the heads comprises the ser-  40  the form
of a first and second distinct pattern or the vo head for reading the servo
data on the dedi-     opposite combination, each combination being in-
cated servo surface, whereas the remaining heads   terpreted as one of the
two values of a single comprise data heads for reading and/or writing data
binary digit. relative to the associated disk surfaces. A conven-
According to another aspect of the invention, tional system  controller
operates through appro-  45  there is also provided a method of tracking a
priate disk drive circuitry to command the head     plurality of data heads
relative to a corresponding positioner assembly to displace all of the
heads as  plurality of data surfaces on a plurality of memory a group with
respect to the disk surfaces. The      storage disks arranged in a stack
within a computer servo head attracts the servo data throughout such  disk
drive unit for rotation together about a com- displacement to identify and
verify the position of  50   mon axis, the method comprising the steps of
the servo head, thereby also identifying and verify-  recording servo data
in a plurality of generally ing the position of the data heads.
concentric tracks ("0" to "7") on one surface of a The servo data
conveniently includes in each    selected one of the memory storage disks,
the one of the bit frames at least one and preferably a     surface
comprising a dedicated servo surface, de- sequence of the data bits, the
bit frames being  55  tecting and monitoring the servo data with a servo
repeated in groups with each group defining a       head to identify the
track aligned therewith, and unique address corresponding with a specific
track.  displacing the servo head into alignment with a The groups thus
provide a repeating address de-    specified track so as to displace the
data heads 3    
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alignment with respective tracks  having an electro-magnetic servo head 12
(Figure the corresponding data surfaces, characterised   2) for detecting
servo data pre-recorded onto a in that in the recording step the servo data
is     dedicated servo surface 14 on one side of one of a recorded onto the
dedicated servo surface in the   plurality of memory storage disks 16. The
remain- form of a succession of individual bit frames for   5   ing
surfaces of the storage disks 16 comprise data each of the tracks, each of
the bit frames including  surfaces 18 for reading and/or writing data
through the servo bits in the form of a first and second    the use of a
corresponding plurality of electro- distinct pattern or the opposite
combination, each  magnetic data heads 20. In accordance with the
combination being interpreted as one of the two     invention, the servo
head 12 responds to the values of a single binary digit and a selected   10
prerecorded servo data to permit verification of successive plurality of
the bit frames defining an  track position of the data heads 20, for the
purpose address which repeats throughout the respective    of identifying
and correcting seeking and tracking track, the pattern of servo bits within
the address  errors. being unique to that track.
The servo address system of the present in- The present invention will be
described further,  15  vention provides the capability for more accurate
by way of example, with reference to the accom-    data seeking and faster
data seeking times in Win- panying drawings, in which:-
chester-type disk drives used in modern personal Figure 1 is a plan view of
a computer disk drive  and desk top computers. The system  utilises a unit
including a servo address system embody-    specific pattern of servo data
bits recorded in con- ing the present invention;                  20
centric tracks on the dedicated servo surface 14 to Figure 2 is a schematic
view illustrating multiple  permit the servo head 12 to identify the
specific memory storage disks of the disk drive unit of   track aligned
therewith. That is, the servo system Figure 1, one of the disks including a
dedicated  utilises this identification information to verify align- servo
surface and having a servo head asso-      ment with a respective track
designated by a sys- ciated therewith;                           25  tem
controller 22 (Figure 2) and to correct seeking Figure 3 is a schematic
view illustrating initial  and tracking errors, if present. With this
arrange- magnetisation of the dedicated servo surface;    ment, the disk
drive unit may be designed for Figure 4 is an enlarged, developed diagram
faster track seeking and data access times in com- showing a pattern of
bits recorded in a bit frame  parison with prior art units, since the servo
address to provide address information on the dedicated   30  system
provides means for self-correcting tracking servo surface;
or seeking errors which might arise, for example, Figure 5 is a diagram
representing the detection  by slight overshoot of the servo head during a
of the bits in the bit frames as shown in Figure  seeking operation. 4, for
the purpose of identifying and verifying     As shown generally in Figure
1, the computer the rotational position of the dedicated servo  35  disk
drive unit 10 comprises a so called "hard" surface relative to the servo
head;              disk drive of the general type used in modem Figure 6 is
a timing chart showing flux change   personal computers and the like. The
disk drive signals corresponding with first portions of the  unit
conventionally includes a substantially sealed bit frames on adjacent
tracks of the dedicated    housing 24 defined by appropriate
inter-connected servo surface;                              40  housing
members to enclose the various disk drive Figure 7 is a timing chart
similar to Figure 6, but  components. The sealed housing typically has gen-
showing flux change signals corresponding with   erally standardised
external dimensions selected to second portions of the bit frames on
adjacent    fit within an Installation envelope of limited size tracks of
the dedicated servo surface;           within a cabinet (not shown) of a
central processor Figure 8 is a diagram representing position error  45
for a computer. The disk drive housing 24 encases signals derived from the
position of the servo   a vertically stacked array of memory storage disks
head relative to adjacent tracks on the dedicated  16 (Figures 1 and 2)
mounted spaced from one servo surface, and the use of such position error
another upon a spindle 25 and rotatably driven as a signals in quadrature
to generate binary code   group by a spindle motor. The disks 16 preferably
signals representative of servo head cross over  50  have diametric sizes
of about 5.25 inches (133.35 from one track to another; and
mm) or about 3.5 inches (88.9 mm) to correspond Figure 9 is a chart
illustrating the use of bit  with standard disk sizes in the computer
industry. frame address information and position error     The disks 16 are
mounted within vertical limits signals to create unique multi-digit
addresses in  permitting the disk drive unit to fit within a space binary
code corresponding with each track on   55  having a standardised full
height dimension of the dedicated servo surface.                     about
3.25 inches (82.55 mm) or a half height As shown in the drawings, a
computer disk       dimension of about 1.625 inches (41.28 mm). Pref- drive
unit 10 includes a servo address system      erably, up to five storage
disks 16 are incorporated 4    



7                 EP0335517B1                         8 into a disk drive
unit of half height dimension.   The servo track writer 42 is
conventionally supplied The illustrative disk drive unit 10 includes a
with an appropriate electrical current and displaced head positioner
assembly 26 mounted within the     in steps radially across the disk 16 in
close over- sealed housing 24 at a position alongside the disk  lying
relation with the disk surface 14, as indicated stack. The head positioner
assembly 26 is movably   5   by arrow 43. supported by means of a bearing
28 or the like,        The servo track writer 42 is thus used to apply and
carries a plurality of generally parallel arms 30,  the desired pattern of
servo data onto the disk each having a respective one of the electro-mag-
surface 14 in appropriate concentric tracks. More netic heads 12 or 20 at
the distal end thereof. In  specifically, with reference to Figure 4, the
bit the illustrated embodiment, the lowermost one of  10  pattern for the
servo data is shown with respect to the arms 30 carries the servo head 12
in close      a single bit frame 44 and is recorded onto a total of
proximity with the dedicated servo surface 14,      eight adjacent tracks
"0" to "7", with the numbers shown as the under surface of the lowermost
disk   of these tracks increasing in a radially inward direc- 16 in Figure
2. The remaining heads 20 are dis-    tion from the outermost track "0" on
the disk. It will posed respectively in close, flux coupled proximity  15
be understood, of course, that these illustrative with the remaining upper
and lower disk surfaces   tracks represent a large plurality of
approximately for reading and writing data on these disk surfaces.  500 to
1,000 or more tracks per inch (19.69 to A suitable positioner mechanism 34,
such as a       39.37 tracks per mm) which may be formed upon moving coil
actuator, forms a portion of the head  the servo surface 14. positioner
assembly 26 and responds to com-   20      The servo track writer 42
records the servo mands from the system controller 22 (Figure 2) to   data
in the form of a repeating pattern in the bit displace the heads 12 and 20
as a group radially  frames 44 for each discrete servo track. Each bit
relative to the respective disk surfaces, as indi-  frame 44 includes an
array of servo bits identified cated by arrow 37 in Figure 1, in a well
known      generally by the reference letters "A" to "D", these manner.
Such displacement of the heads functions   25  data bits comprising
localised flux regions of pre- to align a selected one of the data heads 20
with a  determined direction and time duration when the selected one of a
plurality of data tracks 38 on the  disks are rotated at a normal operating
speed, associated disk surface for the purpose of reading  typically about
3,600 revs per minute. A successive and writing data.
plurality of the bit frames collectively define an In general terms, in
accordance with the inven-  30  "address", which can be detected and
recognised tion, the dedicated servo surface 14 on the lower-  by the servo
head 12 and the address reader 39 most disk 16 includes pre-recorded servo
data      during normal operation of the disk drive unit, as arranged in a
predetermined pattern of bits de-     described in more detail below. While
the number signed to represent a unique address for each of a  of bit
frames 44 per track, i.e. per turn of the disk, large plurality of
concentric servo tracks. The servo   35  and the number of bit frames 44
used to define address system includes a servo address reader      one
address may vary, a preferred arrangement 39 for interpreting the bit
pattern comprising the  provides a total of ten successive bit frames 44 to
servo data in a manner permitting accurate servo    define one address,
which is repeated throughout head 12 seeking and tracking alignment with a
the track With bit frames having an individual time specific servo track,
and further permitting the ser-  40  span of about 12.8 micro-seconds,
approximately vo head to seek and align with a new servo track    1,305 bit
frames can be recorded onto a single as specified by the system controller
22. Detection  track of a servo surface 14 having a conventional of the
servo data on the dedicated servo surface 14  disk diameter of about 3.5
inches (88.9 mm). With permits the servo  head 12 to identify and verify
this arrangement, with ten bit frames per address, alignment with the new
servo track at the conclu-   45  the address can be repeated 130 times for
each sion of seeking, or to correct any seeking or track-  track on the
servo surface. ing error. Significantly, this accurate and self-cor-  The
leading and trailing edges of each bit recting operation of the servo head
12 permits the  frame 44 are characterised by synchronising bits remaining
data heads 20 to be positioned with       45 which are recorded onto the
servo surface 14 at great precision, since each one of the data heads   50
regular intervals. The synchronising bits 45 are 20 moves with the servo
head 12 and thus is         preferably applied to the servo surface 14 by
the aligned with a corresponding track on the asso-     servo track writer
42 by initially positioning the ciated data surface 18 of the respective
disk 16.  track writer 42 with its radially inner edge posi- In accordance
with a preferred form of the      tioned at the track "0" and then
controlling ener- invention, the dedicated servo surface 14 of the   55
gisation of the track writer 42 in a manner so as to lowermost disk 16 is
prepared initially at the fac-  record initial portions of the
synchronising bits 45 tory, prior to consumer purchase and use of the
onto the servo surface 14. The track writer 42 is disk drive unit, by means
of a servo track writer 42.  then indexed radially inwardly one half step
for 5    
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the track "0" and the synch-      identifying the end of a track revolution
as repre- nising bit recording step is repeated. This pro-   sented in
dotted lines in Figure 5, the following cess is repeated in one half step
increments, rather  synchronising pulse 45' associated with the first bit
than in full step increments, to permit simultaneous  frame for each
revolution can be identified as the recording of the various servo bits "A"
to "D" in   5   reference point. the bit pattern described below. When the
servo        With further reference to Figure 4, the servo track writer 42
is ultimately indexed to the radially  bits "A" to "D" are recorded within
both of the first innermost track position on the servo disk surface,  and
second portions 48 and 50 of each bit frame the resultant synchronising
bits 45 comprise radial  44 by the servo track writer 42. These servo bits,
in bands or segments in the form of stripes emanat-  10  accordance with
the preferred form of the inven- ing outwardly from the centre of the disk.
These   tion, are recorded in a repeating pattern within a bands have their
leading edges, in the direction of  small annular band of adjacent tracks
as the track rotation of the disk, spaced apart by a predeter-  writer 42
is indexed radially inwardly in one half mined time span during steady
state disk rotation,  step increments, as previously described. such as by
a span of about 12.8 microseconds. In  15   More particularly, at a
predetermined time in- addition, the trailing edge of each synchronising
bit  terval following the trailing edge of the synch- 45 is positioned a
predetermined time span follow-  ronising bit 45, the track writer 42
records a servo ing the associated leading edge, such as a span of  bit
"Al" having its radially inboard edge aligned about 1,200 nano-seconds.
with the track "0". This first servo bit "A1" is As shown further in Figure
4, the bit frame 44   20  positioned within the first portion 48 of the bit
is further characterised by an intermediate code bit  frame 44. A similar
servo bit "A2" is recorded 46 recorded in the form of a radial band or
stripe at  within the second portion 50 of the bit frame 44, at the same
time as the recording of the synch-        a predetermined time following
the trailing edge of ronising bits 45. This code bit 46 is positioned at a
the code bit 46. While the time span between the predetermined point
between the associated pair of  25  synchronising bit 45 or code bit 46 and
the follow- synchronising bits 45, and further has a width or   ing servo
bit "A" may vary, one preferred form of time span which differs from the
time span of the  the invention records the servo bit "A1" at 800 other
servo data, for example a time span of 600    nano-seconds following the
synchronising bit 45, nano-seconds. The presence of this code bit 46
and the servo bit "A2" at 600 nano-seconds follow- permits the servo head
12, during disk drive opera-  30  ing the code bit 46. As shown in Figure
4, the time tion, to distinguish between a first portion 48 and a
durations of the servo bits "A1" and "A2" are second portion 50 of each bit
frame 44.             different, with the time duration of the servo bit
The code bit 46 may be omitted for some of      "A1"  being 450
nano-seconds and the time dura- the bit frames 44. Such omission may occur
in a    tion of the servo bit "A2" being 750 nano-seconds, regular pattern
for the majority of each track, and   35  for example. This combination of
a short servo bit further may include a sequence of successive code  in the
first portion 48 of the bit frame 44, together bit omissions at one region
of the track. This ar-  with a long servo bit in the second portion 50 of
the rangement can be detected during disk drive op-     bit frame 44,
provides information readable by the eration by the servo head 12 to
identify a precise  servo head 12, as will be described below in more
starting point for each track revolution. By identify-   40  detail, in
binary form such as the digit "0". A ing such a starting point, the servo
head 12 and    combination of a long servo bit in the first portion related
circuitry may then count the succession of  48 and a short servo bit in the
second portion 50 of synchronising bits 45 to identify precisely the rota-
the bit frame 44 may then be readable by the tional position both of the
servo disk and the other  servo head 12 as the digit "1". disks in the
stack.                            45      When the servo track writer 42 is
indexed one For example, as viewed generally in Figure 5,   half step into
centered alignment on the track "0", the servo head 12 can be designed to
detect each    additional servo bits are recorded in the first and
synchronising bit 45 of each track, such as by peak  second portions 48 and
50 of the bit frames 44. As detection of the flux change created by the
leading  shown in Figure 4, a short servo bit "Cl" is re- or the trailing
edge thereof to generate a train of  50  corded within the first portion 48
with its leading synchronising pulses 45'. The time span between    edge at
a predetermined position relative to the the synchronising pulses 45' is
recognisable by the  synchronising bit 45, and with a short time span servo
head 12 to discriminate and count the pulses  similar to the servo bit
"A1". A long servo bit "C2" 45' from a reference point. The occurrence of
the  is recorded in a similar fashion within the second code bits 46 is
also detectable to generate an over-  55  portion 50, wherein the servo bit
"C2" has a long lying train of code bit pulses 46'. When a succes-  time
span corresponding with the servo bit "A2". sion of bit frames 44 are
detected with the code    The track writer 42 is then indexed another one
half bits 46 omitted, such as a succession of frames    step for alignment
with the track "1", and a pair of 6    
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"B2" are recorded respectively  synchronising bit 45, since these bits "A1"
and within the first and second portions 48 and 50 of   "B1" are only half
aligned with the servo head 12 the bit frame 44. These servo bits "B1" and
"B2"    when the head 12 is properly tracked on the track also have
respectively short and long time dura-    "0". The servo head 12 then
detects the edges of tions and are located at precise positions within   5
the servo bits "Cl" as a flux change of full mag- their respective frame
portions. After another one  nitude since that bit is centered on the track
"0". half step indexing of the track writer 42 for align-  The head then
fails to detect the servo bit "D1", ment with the track "2", a pair of
short and long  which is fully out of alignment with the track "0", bits
"D1" and "D2" respectively are recorded In     before detecting the leading
and trailing edges of the frame portions 48 and 50 and at predetermined
10  the code bit 46. The servo head 12 then detects in positions therein.
Finally, the track writer 42 is  a similar sequence the servo bits recorded
in the indexed into alignment with the track "3" and the   second portion
50 of the bit frame 44, as viewed in pattern of servo bits is repeated by
recording addi-  Figure 7. However, since the servo bits "A2" to tional
bits "A1" and "A2" at timed positions and    "D2" are longer in duration,
the time spans de- spans corresponding with the bits "A1" and "A2"   15
tected between the leading and trailing edges of described previously. The
succession of servo bits  these servo bits are different from those
detected is repeated until the last or radially innermost servo  in the
first portion 48 of the bit frame 44. track is reached on the surface 14 of
the disk 16.     The servo head 12 functions through the ad- Accordingly,
the first portion 48 of each bit   dress reader 39 to generate position
error signals frame 44 includes a timed succession of servo bits  20  of
the type known in the art for the purpose of "A1" to "D1" which over-lap
the tracks "0" to "3"  tracking the servo head 12 with a selected servo in
varying degrees, whereas the second portion 50  track. More particularly,
with reference to Figure 8, of the bit frame 44 includes a similar timed
succes-  the position error signals are generated in quadra- sion of servo
bits "A2" and "D2" over-lapping the  ture through a comparison of the
detected flux same tracks in a similar varying manner. This gen-  26
changes representing the leading and trailing eral pattern of servo bits is
repeated for all of the  edges of the various bits to provide a maximum bit
frames 44 throughout the full length (i.e. one  position error signal when
the leading and trailing turn) of each of the tracks "0" to "3" and is also
edges of the bits are detected as flux changes repeated as the track writer
42 moves radially      having equal magnitude, such that the magnitude
inwardly through successive groups of each four  30  of the position error
signal decreases as the head tracks. However, the arrangement of the short
and   moves away from  alignment with the specified long servo bits in the
bit frames 44 for any given  track. In a quadrature servo system, this
provides a track will exhibit a regular pattern for the purpose  pair of
sine-like error signals, shown in Figure 8 as of providing a distinct track
address.              a dotted line "SIN" curve for the track "0" and the
The above described pattern of servo bits is  35  even numbered tracks and
as a solid line "COS" detectable by the servo head 12 during disk drive
curve for the odd numbered tracks. The address operation to identify the
track with which the head  reader 39 is designed to respond to these
position is aligned by a specific track address. More specifi-  error
signals to maintain the head on a selected cally, as shown in Figures 6 and
7, the servo head  track. In other words, the address data is utilised 12
has the capability of detecting the various bits  40  for positioning
purposes relative to a designated recorded in any specific track by peak
detection of  track. the flux changes represented by the leading and
Moreover, the servo address reader 39 is able trailing edges of the bits.
The magnitudes of the  to discriminate between the time spans of the
detected flux changes are a function of the degree  various bits detected
as viewed in Figure 7. That is, to which the detected bits track beneath
the servo   46  the system is able to identify each synchronising head.
Moreover, this detection of the flux changes  bit 45, each code bit 46 and
the intervening short at leading and trailing edges of the bits permits the
or long servo bits. As stated previously herein, the servo head 12 to
distinguish by time duration be-  servo address reader 39 interprets a
combination tween the various types of bits, such as the synch-  of short
servo bits in the first portion 48 of the bit ronising bits 45, the code
bits 46 and the various   so  frame 44 with long servo bits in the second
portion short and long servo bits "A" to "D".               50 of the bit
frame 44 as the digit "0" in binary With reference to the track "0" in
Figures 6    code. Conversely, the reader 39 interprets the op- and 7, the
servo head 12 initially detects the lead-  posite combination, namely, long
bits in the first ing and trailing edges of the synchronising bit 45.
portion 48 and short bits in the second portion 50 Thereafter, the head
detects in sequence the lead-  55  as the digit "1" in binary code. When a
succession ing and trailing edges of the servo bits "Al" and   of several
bit frames in each track is used to define "B1", with the flux changes in
respect of these   a track address, each bit frame 44 can provide one
having a magnitude of fifty percent of that of the  primary digit of a
multi-digit address in binary 7    
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regard, it will be understood that the  rapidly to a specific track as
commanded by the address digits will preferably be written in so called
system controller 22, and to lock onto that track, grey code, and the
discussion herein of "binary"     whereby accurate positioning of the
remaining data code, etc. is intended to encompass both binary      heads
20 relative to the corresponding tracks on and grey code techniques. This
address informa-   5   the associated disk surfaces can be achieved. tion
is depicted in Figure 9, which charts each      When the servo head 12
arrives at the designated track with repeating groups of ten bit frames
pro-  track, the servo head is able to identify the track by viding
repeating ten primary digit addresses for    its unique address for the
purpose of confirming a each adjacent group of four tracks on the servo
proper track seeking result without positioning er- surface 14. For
example, for tracks "0" to "3", the   10  ror. If a positioning error
exists, the servo head 12 repeating bit frames 44 are recorded with
combina-  is able to self-correct by virtue of the address tions of short
and then long servo bits to provide a  reader 39 directing the head
positioner assembly ten digit address represented by ten "0"'s. The      26
to adjust the head position. The use of the first next group of four tracks
"4" to "7" includes sets   and second portions 48 and 50 for each bit frame
of ten bit frames defining a different binary address   15  44 comprising a
sequence of long-short or short- code, such as by recording the first bit
frame of   long bits, beneficially provides positioning informa- each ten
frame group to include long and then        tion for both types of bits for
off-setting or averag- short servo bits and  the remaining bit frames as
ing any errors which might be attributable to pulse before, thereby
defining an address represented by   crowding. a "1" followed by nine "0"
's. Similar variations   20  The track address identification and
verification may be used to provide each group of four tracks     system of
the invention permits the disk drive unit with a unique address code.
to be designed for relatively faster track seeking Each track within any
given group of four        and access times, in comparison with the prior
art, tracks can then be distinguished by comparison of    since the servo
head 12 and address reader 39 will the position error signals, described
above, to pro-   25  self-correct any positioning errors, such as head vide
a pair of secondary digits for the unique       overshooting. The
positioner mechanism 34 of the address code. More particularly, as shown in
Fig-    positioner assembly 26 may thus be designed for ure 8, and as is
known in the art, the quadrature   initially and rapidly displacing the
data heads 20 in position error signals can be compared to define     a
gross seeking step to a position approximating the transition points
associated with track cross   30  the position of the specified track,
after which the over during head displacement in track seeking,      servo
head and address reader will fine tune auto- thereby permitting the servo
head 12 to seek and     matically for proper track alignment. find a
designated track starting from an initial refer-  A variety of
modifications to the described ser- ence point, such as the track "0".
However, in       vo address system will be apparent to those skilled
accordance with the invention, these position error   35  in the art. For
example, each bit frame 44, compas- signals are further compared to define
a binary      sing a sequence of long-short or short-long bits, digit "1"
when the "SIN" signal is greater than the  beneficially provides
positioning information for "COS" signal, or a binary digit "0" when the
both types of bits for off-setting or averaging any COS" signal is the
greater. Similarly, the error  errors which might be attributable to pulse
crowd- signals are compared to provide a digit "1" when   40  ing. The
particular electronic construction of the the "SIN" signal is greater than
the inverse of the  address reader may vary but, as described herein, "COS"
signal (referred to in Figure 8 as "C*"), or a  may comprise conventional
flux change detection digit "0" when the inverted "COS" signal is the
components and signal generation and comparator greater. These additional
two binary digits compris-  circuity associated therewith. ing the
secondary digits for the track address are   45 shown for tracks "0" to
"11" in Figure 9 which       Claims indicates a code of "1" and "1" for the
track "0", a code of "1" and "0" for the track "1", etc. As a    1. A servo
address system for a computer disk result, a unique pair of secondary
digits for the first  drive unit having a plurality of memory storage to
fourth track of each group of four tracks is  so      disks (16), the
address system comprising a provided. When the secondary digits are consid-
servo head (12) in operative association with a ered in combination with
the primary digits derived      dedicated servo surface (14) provided on
one from the bit frames 44, the servo head 12 and the        of the storage
disks, and servo data recorded servo address reader 39 are able to identify
each       in generally concentric tracks ("0" to "7") on discrete track on
the servo surface 14 for positive  55  the dedicated servo surface, the
servo data track identification.                                    being
readable by the servo head and com- The foregoing track identification
servo system      prising a succession of synchronising bits (45)
advantageously permits the servo head 12 to move        recorded at regular
intervals in each of said 8    
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regard, it will be understood that the  rapidly to a specific track as
commanded by the address digits will preferably be written in so called
system controller 22, and to lock onto that track, grey code, and the
discussion herein of "binary"     whereby accurate positioning of the
remaining data code, etc. is intended to encompass both binary      heads
20 relative to the corresponding tracks on and grey code techniques. This
address informa-   5   the associated disk surfaces can be achieved. tion
is depicted in Figure 9, which charts each      When the servo head 12
arrives at the designated track with repeating groups of ten bit frames
pro-  track, the servo head Is able to identify the track by viding
repeating ten primary digit addresses for    its unique address for the
purpose of confirming a each adjacent group of four tracks on the servo
proper track seeking result without positioning er- surface 14. For
example, for tracks "0" to "3", the   10  ror. If a positioning error
exists, the servo head 12 repeating bit frames 44 are recorded with
combina-  is able to self-correct by virtue of the address tions of short
and then long servo bits to provide a  reader 39 directing the head
positioner assembly ten digit address represented by ten "0"'s. The      26
to adjust the head position. The use of the first next group of four tracks
"4" to "7" includes sets   and second portions 48 and 50 for each bit frame
of ten bit frames defining a different binary address   15  44 comprising a
sequence of long-short or short- code, such as by recording the first bit
frame of   long bits, beneficially provides positioning informa- each ten
frame group to include long and then        tion for both types of bits for
off-setting or averag- short servo bits and the remaining bit frames as
ing any errors which might be attributable to pulse before, thereby
defining an address represented by  crowding. a "1" followed by nine "0"'s.
Similar variations   20  The track address identification and verification
may be used to provide each group of four tracks     system of the
invention permits the disk drive unit with a unique address code.
to be designed for relatively faster track seeking Each track within any
given group of four        and access times, in comparison with the prior
art, tracks can then be distinguished by comparison of    since the servo
head 12 and address reader 39 will the position error signals, described
above, to pro-  25  self-correct any positioning errors, such as head vide
a pair of secondary digits for the unique       overshooting. The
positioner mechanism 34 of the address code. More particularly, as shown in
Fig-    positioner assembly 26 may thus be designed for ure 8, and as is
known in the art, the quadrature   initially and rapidly displacing the
data heads 20 in position error signals can be compared to define     a
gross seeking step to a position approximating the transition points
associated with track cross   30  the position of the specified track,
after which the over during head displacement in track seeking,      servo
head and address reader will fine tune auto- thereby permitting the servo
head 12 to seek and     matically for proper track alignment. find a
designated track starting from an initial refer-  A variety of
modifications to the described ser- ence point, such as the track "0".
However, in       vo address system will be apparent to those skilled
accordance with the invention, these position error   35  in the art. For
example, each bit frame 44, compas- signals are further compared to define
a binary      sing a sequence of long-short or short-long bits, digit "1"
when the "SIN" signal is greater than the  beneficially provides
positioning information for "COS" signal, or a binary digit "0" when the
both types of bits for off-setting or averaging any COS" signal is the
greater. Similarly, the error    errors which might be attributable to
pulse crowd- signals are compared to provide a digit "1" when   40  ing.
The particular electronic construction of the the "SIN" signal is greater
than the inverse of the  address reader may vary but, as described herein,
"COS" signal (referred to in Figure 8 as "C"), or a  may comprise
conventional flux change detection digit "0" when the inverted "COS" signal
is the      components and signal generation and comparator greater. These
additional two binary digits compris-  circuity associated therewith. ing
the secondary digits for the track address are   45 shown for tracks "0" to
"11" in Figure 9 which      Claims indicates a code of "1" and "1" for the
track "0", a code of "1" and "0" for the track "1", etc. As a     1. A
servo address system for a computer disk result, a unique pair of secondary
digits for the first  drive unit having a plurality of memory storage to
fourth track of each group of four tracks is  50     disks (16), the
address system comprising a provided. When the secondary digits are consid-
servo head (12) in operative association with a ered in combination with
the primary digits derived     dedicated servo surface (14) provided on one
from the bit frames 44, the servo head 12 and the       of the storage
disks, and servo data recorded servo address reader 39 are able to identify
each       in generally concentric tracks ("0" to "7") on discrete track on
the servo surface 14 for positive  55  the dedicated servo surface, the
servo data track identification.                                   being
readable by the servo head and com- The foregoing track identification
servo system      prising a succession of synchronising bits (45)
advantageously permits the servo head 12 to move        recorded at regular
intervals in each of said 8    
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define therebetween a plurality of bit  7. A system according to claim 6
characterised in frames (44); characterised in that the servo        that
the code bits recorded in adjacent tracks data comprises a plurality of
servo bits ("A" to     on the dedicated servo surface are positioned "D")
recorded within each of the said bit           in generally radial
alignment. frames (44) so as to form a first and a second    5 distinct
pattern or the opposite combination,    8. A system according to any of
claims 1 to 7 each combination being interpreted as one of
characterised in that the synchronising bits re- the two values of a single
binary digit after        corded in adjacent tracks on the dedicated
detection and reading by the servo head, a           servo surface are
positioned in generally radial selected successive plurality of the bit
frames   10  alignment. (44) for each of the tracks defining a unique track
address, wherein each track address is     9. A system according to any of
claims 1 to 8 represented by a unique plurality of said bi-
characterised by means for identifying a refer- nary digits in binary code.
ence synchronising bit for each of the tracks to 15      demarcate a
starting point for rotation of the 2. A system according to claim 1
characterised in       storage disk providing the dedicated servo sur- that
the selected successive plurality of the bit    face relative to the servo
head. frames defining the address are repeated throughout the associated
track.                 10. A system according to any of claims 1 to 9 20
characterised in that the servo bits are re- 3. A system according to claim
1 or 2 charac-           corded within the bit frames in a regular re-
terised in that each of the bit frames includes a    peating pattern for
each of a plurality of adja- first portion (48) and a second portion (50)
in      cent ones of the tracks to define a unique succession, the servo
bits recorded within           address for the adjacent tracks, and in that
each bit frame being recorded within the first  25   means are provided for
generating and com- and second portions in opposite ones of the
paring position error signals in quadrature to first and second patterns.
obtain additional signals representable in bi- nary to distinguish each of
the adjacent tracks 4. A system according to claim 3 characterised in
from one another. that the first pattern of servo bits in the first  30
portion of a respective one of the bit frames    11. A memory storage disk
for a computer disk followed by the second pattern of servo bits in
drive unit, comprising a dedicated servo sur- the second portion of the
respective one of the      face (14) on one side of the disk, and servo bit
frames comprises the digit "0" in binary         data recorded on the
dedicated servo surface code, and in that the second pattern of servo   35
in a plurality of concentric tracks ("0" to "7"), bits in the first portion
of the respective one of   characterised in that the servo data defines,
for the bit frames followed by the first pattern of      each of the
tracks, a track address repeated in servo bits in the second portion of the
respec-      succession throughout the track, the track ad- tive one of the
bit frames comprises the digit       dress being defined by a repeating
succession "1" in binary code.                         40       of a
selected plurality of bit frames (44), each having a plurality of servo
bits ("A" to "D") 5. A system according to claim 3 or 4 charac-
recorded therein in the form of a first and terised in that the first
pattern comprises servo    second distinct pattern or the opposite com-
bits having a relatively short duration when         bination, each
combination being interpreted detected by the servo head during rotation of
45    as one of the two values of a single binary the storage disk
providing the dedicated servo       digit. surface, and in that the second
pattern com- prises servo bits having a relatively long dura-  12. A disk
according to claim 11 characterised in tion when detected by the servo head
during         that the servo bits are recorded within the bit rotation of
the storage disk providing the dedi-  50  frames in a regular repeating
pattern for each cated servo surface.                                 of a
plurality of adjacent ones of the tracks to define a unique address for the
adjacent 6. A system according to any of claims 1 to 5           tracks,
and in that means are provided for characterised in that a plurality of the
bit         generating and comparing position error sig- frames further
include code bits (46) disposed   55  nals in quadrature to obtain
additional signals at generally intermediate positions therein.
representable in binary to distinguish each of the adjacent tracks from one
another. 9    17                 EP0335517B1                        18 



13. A disk according to claim 11 or 12 charac-         nisationsbits (45)
umfassen, die unter regelma- terised in that each of the bit frames
includes a   Bigen Intervallen in jeder der Spuren aufge- first portion
(48) and a second portion (50) in     zeichnet sind, um zwischen sich eine
Vielzahl succession, at least one servo bit recorded        von Bitrahmen
(44) zu definleren, dadurch ge- within each bit frame comprising a
plurality of   5  kennzeichnet, daB die Servodaten eine Vielzahl the servo
bits recorded within the first and        von Servobits (A  bis 'DI)
umfassen, die in second portions in opposite ones of a first and    jedem
der Bitrahmen (44) derart aufgezeichnet second pattern.
sind, daB sie ein erstes und ein zweites unter- schiedliches Muster oder
die entgegengesetzte 14. A disk according to any of claims 11 to 13,  10
Kombination bilden, wobei jede Kombination characterised in that a
plurality of the bit       als einer von zwei Werten einer einzigen bina-
frames further include code bits (46) disposed     ren Ziffer nach der
Detektion und dem Lesen at generally intermediate positions therein.
durch den Servokopf interpretiert wird, wobei eine ausgewAhIte
aufeinanderfolgende Vielzahl 15. A method of tracking a plurality of data
heads   t5  von Bitrahmen (44) fOr jede der Spuren eine relative to a
corresponding plurality of data       eindeutige Spuradresse definiert und
jede surfaces on a plurality of memory storage           Spuradresse durch
eine eindeutige Vielzahl disks arranged in a stack within a computer
der biniren Ziffern im Binarcode dargestellt disk drive unit for rotation
together about a       ist. common axis, the method comprising the   20
steps of recording servo data in a plurality of  2. System nach Anspruch 1,
generally concentric tracks ("0" to "7") on one     dadurch gekennzeichnet,
daB die ausgewahite surface (14) of a selected one of the memory
aufeinanderfolgende Vielzahl von Bitrahmen, storage disks (16), the one
surface comprising     die die Adresse definieren, Ober die gesamte a
dedicated servo surface, detecting and moni-  25  zugeh8rige Spur
wiederholt ist. toring the servo data with a servo head (12) to identify
the track aligned therewith, and dis-  3. System nach Anspruch 1 oder 2,
placing the servo head into alignment with a        dadurch gekennzeichnet,
daB jeder der Bitrah- specified track so as to displace the data
men elnen ersten Abschnitt (48) und einen heads (20) concurrently into
alignment with  30     aufeinanderfolgenden zweiten Abschnitt (50)
respective tracks on the corresponding data         einschlieBt, und daB
die in jedem Bitrahmen surfaces, characterised in that in the recording
aufgezeichneten Servobits in den ersten und step the servo data is recorded
onto the dedi-      zweiten Abschnitten in entgegengesetzten der cated
servo surface in the form of a succes-        ersten und zweiten Muster
aufgezeichnet sind. sion of individual bit frames (44) for each of  35 the
tracks, each of the bit frames including the  4. System nach Anspruch 3,
servo bits in the form of a first and second        dadurch gekennzeichnet,
daB das erste Muster distinct pattern or the opposite combination,
der Servobits in dem ersten Abschnitt eines each combination being
interpreted as one of       jeweiligen Bitrahmens gefolgt von dem zweiten
the two values of a single binary digit and a   40  Muster der Servobits in
dem zweiten Abschnitt selected successive plurality of the bit frames
des jewelligen Bitrahmens die Ziffer '0, im defining an address which
repeats throughout        Binarcode bildet, und daB das zweite Muster the
respective track, the pattern of servo bits     der Servobits in dem ersten
Abschnitt eines within the address being unique to that track.
jeweiligen Bitrahmens, gefolgt von derr ersten 45      Muster von Servobits
in dem zweiten Abschnitt PatentansprUche
des jeweiligen Bitrahmens die Ziffer 1 im Binarcode bildet. 1.
Servoadressensystem far eine Computer-Plat- tenlaufwerk-Einheit mit einer
Vielzahl von Spei-  5. System nach Anspruch 3 oder 4, cherplatten (16),
wobei das Adressensystem    60    dadurch gekennzeichnet, daB das erste
Muster einen Servokopf (12), der betriebsmABig einer       Servobits
umfaBt, die sine relativ kurze Dauer dedizierten Serv6oberflache (14)
zugeordnet         bei ihrer Detektion durch den Servokopf wah- ist, die
auf einer der Speicherplatten vorgese-     rend der Drehung der die
dedizierte Servo- hen ist und Servodaten umfaBt, die In allge-
oberflache bildenden Speicherplatte aufweisen, mein konzentrischen Spuren
('0' bis '7') auf  55    und daB das zweite Muster Servobits umfaBt, der
dedizierten Servooberflache aufgezeichnet       die sine relativ lange
Dauer bei ihrer Detektion sind, wobei die Servodaten durch den Servo-
durch den Servokopf wahrend der Drehung der kopf lesbar sind und sine Folge
von Synchro-        die dedizierte Servooberflache bildenden Spel- 10 I
11111111111111111111111 11111    
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aufweisen.                              zeichnet ist, wobei jede
Kombination als einer ,. ;von zwei Werten einer einzigen binaren Ziffer 6.
System nach einem der Ansprache 1 - 5,             interpretiert wird.
dadurch gekennzeichnet, daB eine Vielzahl der Bitrahmen weiterhin Codebits
(46) einschlieBt,   5   12. Platte nach Anspruch 11, die aligemein an in
der Mitte liegenden Positio-   dadurch gekennzeichnet, daB die Servobits in
nen in diesen angeordnet sind.                     den Bitrahmen In einem
regelmaBigen sich wiederholenden Muster fUr jede einer Vielzahl 7. System
nach Anspruch 6,                            von benachbarten der Spuren
aufgezelchnet dadurch gekennzeichnet, daB die in benach-   10    sind, um
eine eindeutige Adresse flr die be- barten Spuren auf der dedizierten
Servoober-       nachbarten Spuren zu definieren, und daB Ein- filche
aufgezeichneten Codebits in aligemein       richtungen vorgesehen sind, um
Positionsfeh- radialer Ausrichtung positioniert sind.            lersignale
in Quadratur zu erzeugen und zu vergleichen, um zusatzliche Signale zu
gewin- 8  System nach einem der AnsprUche 1 - 7,     15      nen, die in
Binarformat darstellbar sind, um dadurch gskennzeichnet, daB die in benach-
jede der benachbarten Spuren von einer ande- barten Spuren auf der
dedizierten Servoober-       ren zu unterscheiden. flache aufgezeichneten
Synchronisationsbits in einer aligemein radialen Ausrichtung positio-  1.
Platte nach Anspruch 11 oder 12, niert sind.
20       dadurch gekennzeichnet, daB jeder der Bitrah- men
aufeinanderfolgend elnen ersten Abschnitt 9. System nach einem der
AnsprUche 1 - 8,             (48) und elnen zweiten Abschnitt (50) emn-
gekennzeichnet durch Einrichtungen zur Identi-     schlieBt, und daB
zumindestens ein Servobit, ffkation eines Bezugs-Synchronisationsbits fUr
das in jedem Bitrahmen aufgezeichnet ist, eine jede der Spuren zur
Markierung eines An-  25       Vielzahl von Servobits bildet, die in den
ersten fangspunktes far die Drehung der Speicher-         und zweiten
Abschnitten in entgegengesetzten platte.
Mustem von einem ersten und elnem zweiten Muster aufgezeichnet sind. 10.
System nach einem der Ansprache 1 - 9, dadurch gekennzeichnet, daB die
Servobits in  30  14. Platte nach einem der AnsprUche 11 - 13, den
Bitrahmen in einem  sich regelmdBigen          dadurch gekennzeichnet, daB
eine Vielzahl der wiederholenden Muster fUr jede einer Vielzahl
Bitrahmen weiterhin Codebits (46) einschlieBt, von benachbarten Spuren
aufgezeichnet sind,        die an aligemein in der Mitte liegenden Positlo-
um eine eindeutige Adresse fOr die benachbar-      nen in diesem Rahmen
angeordnet sind. ten Spuren zu definieren, und daB Einrichtun-  35 gen zur
Erzeugung und zum Vergleich von        15. Verfahren zum NachfUhren einer
Vielzahl von Positionsfohlersignalen in Quadratur vorgese-      Datenk6pfen
bezlglich einer entsprechenden hen sind, um zusatzliche Signale zu
gewinnen,      Vlelzahl von Datenoberflachen auf einer Viel- die in
Binarformat darstellbar sind, um jede der   zahl von Speicherplatten, die
in einem Stapel benachbarten Spuren von einer anderen zu   4o     in einer
Computer-Plattenlaufwerk-Einheit zur unterscheiden.
gemeinsamen Drehung um eine gemeinsame Achse angeordnet sind, wobel das
Verfahren 11. Speicherplatte fUr eine Computer-Plattenlauf-     die
Schritte der Aufzeichnung von Servodaten werk-Einheit mit einer dedizierten
Servoober-     In einer Vielzahl von aligemein konzentrischen flache (14)
auf einer Seite der Platte und mit  46  Spuren ('0' bis 7) auf einer
Oberfiache (14) auf der dediziprten Servooberflache in einer       einer
ausgewAhIten der Speicherplatten (16), Vielzahl von konzentrischen Spuren
('0' bis 7)     wobel diese eine Oberflnche eine dedizierte aufgezeichneten
Servodaten,                        Servooberflache bildet, der Detektion
und der dadurch gekennzeichnet, daB die Servodaten         Oberwachung der
Servodaten mit einem Ser- fUr jede der Spuren eine Spuradresse definie-  50
vokopf (12) zur Identifikation der hiermit ausge- ren, die
aufeinanderfolgend Uber die gesamte       richteten Spur und der Bewegung
des Servo- Spur wiederholt wird, daB die Spuradresse          kopfes in
Ausrichtung mit einer bestimmten durch eine sich wiederholende Folge elner
Spur umfa~t, um auf diese Weise gleichzeitig ausgewahiten Vielzahl von
Bitrahmen (44) defi-     die Datenkdpfe (20) in Ausrichtung mit jeweili-
niert ist, in denen jeweils eine Vielzahl von   56  gen Spuren auf den
entsprechenden Daten- Servobits ('A' bis 'D') in Form eines ersten und
oberfilchen zu bewegen, dadurch gekenn- eines zweiten unterschiedlichen
Musters oder       zeichnet, daB in dem Aufzeichnungsschritt die der
entgegengesetzten  Kombination aufge-          Servodaten auf der
dedizierten Servooberfla- I I!IIIIJ 111111  11111 11111 IN HI  11 * C   L
M   S   *   
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Folge von einzelnen Bitrah-       d'asservissement enregistr~s dans chaque
se- men (44) fOr jeqle der Spuren aufgezeichnet         quence de bits
etant enregistr~s dans la pre- werden, wobel jedoer der Bitrahmen die
Servo-       misre et la seconde parties en opposition pour bits in Form
eines ersten und sines zweiten        la premibre et la seconde
configurations. unterschiedlichen Musters oder der entgegen-   a gesetzten
Kombination einschlieSt, wobei jede   4. Systeme selon la revendication 3,
caract6ris6 Kombination als einer von zwei Werten einer         en ce que
la premibre configuration de bits einzigen binarenm Ziffer interpretiert
wird und     d'asservissement dans la premibre partie eine ausgewdhlte
aufeinanderfolgende Vielzahl       d'une donn~e des s~quences de bits
suivie de der Bitrahmen eine Adresse definiert, die sich   10  la seconde
configuration de bits d'asservisse- Uber die gesamte jeweilige Spur
wiederholt,         ment dans la seconde partie de cette s~quen- wobei das
Muster von Servobits in der Adres-        ce de bits donn~e comprend Is
chiffre "O" en se fUr diese Spur eindeutig ist.                    code
binaire, et en ce que la seconde configu- ration de bits d'asservissement
dans la pre- Revendlcatlons                                15       mikre
partie de l'une donnde des s6quences de bits suivie par la premilre
configuration des 1. Systeme d'asservissement d'adresses pour
bits d'asservissoment dans la seconde partle une unitd de disque
d'ordinateur comprenant        de cette s6quence correspondante des s6- une
pluralit6 de disques (16) de mdmoire, le       quences de bits comprend le
chiffre "1" en u     systeme d'adressage comprenant une tote  20
code binaire. d'asservissement, (12) fonctionnellement asso- ciee A une
surface (14) d'asservissement af-    5. Systbme selon la revendication 3 ou
4, carac- fectee prevue sur l'un des disques de m6mol-       teris6 en ce
que la premibre configuration re, et des donneps d'asservissement enregis-
comprend des bits d'asservissement ayant une tr6es sur des pistes
g6ndralement concentri-  25    donnee relativement courte lorsqu' ils sont
de- ques ("O" a "7") sur la surface d'asservisso-       tect~s par la tote
d'asservissement pendant la ment affect~e, les donn~es d'asservissement
rotation du disque de stockage portant la surfa- dtant lisibles par la tate
d'asservissoment et      ce affectde a l'asservissement et en co que la
compronant une succession de bits (45) de           seconde configuration
comprend des bits d'as- synchronisation enregistres a intervalles regu-  3o
servissement ayant une durde relativement Hers sur chacune des desdites
pistes pour          longue lorsqu'ils sont d~tect6s par la t~te d'as-
d6finir entre eux une pluralite de sequences        servissement pendant ia
rotation du disque de (44) de bits ; caractnris6 en ce quo les don-
stockage portant la surface affectde & l'asser- n~es d'asservissement
comportent une plurali-      vissement. tW de bits d'asservissement ("A" a
"D") enre-  35 gistres dans chacune desdites sdquences (44)    6. Systeme
selon l'une quelconque des revendi- de bits de maniere a constituer une
premiere        cations 1 & 5, caract~ris6 en ce qu'une plurali- ot une
seconde configurations distinctes ou        te des s6quences de bits
comprend en outre -.. -  une combinaison oppos~e, chaque combinai-
des bits de code (46) plac~s dans cette s6- son 6tant interpr~t~e comme
l'une des doux   40     quence g6n~ralement en des positions inter- valeurs
d'un chiffre binaire unique aprbs ddtec-    mediaires. tion et lecture par
la tOte d'asservissement, une pluraIite successive choisie de s~quences
7. Systeme selon la revendication 6, caracterisd (44) de bits pour chacune
des pistes dbfinis-       on ce quo les bits de code enregistr~s sur des
sant une adresse unique de pistes, dans lequel  45  pistes adjacentes de la
surface affectoe a l'as- chaque adresse le pistes est repr6sentde par
servissement sont positionn~s d'une fagon ge- une pluralite unique desdits
chiffres binaires on  n6rale en 6tant alignes radialement. code binaire. 8.
Systbme selon l'une quelconque des revendi- 2. Systbme selon la
revendication 1, caractdrisd   50  cations 1 & 7, caracterisd en ce quo les
bits de en ce que la pluralit6 successive selectionn~e      synchronisation
enregistrds sur des pistes ad- de s~quences do bits d6finissant l'adresse
est     jacentes de la surface affectee a l'asservisse- rep~t~o pour toute
la piste associ~e.               ment sont positionnds d'une fagon gen~rale
on dtant alignes radialement. 3. SystAme selon la revendication 1 ou 2,
carac-  55 teris6 en ce que chacune des s6quences de       9. Systbme selon
la revendication 1 & 8, caract6- bits comprend une premibre partie (48) et
une      ris6 par des moyens d'identification d'un bit de seconde partie
(50) successivement, les bits        synchronisation de r~f~rence pour
chacune I 111111] 111111 IlIJI 11111 1 1111        12   
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reperer un point de dcpart      ralite de bits d'asservissement enregistrds
x,>   de la rotation du disque de stockage portant la     dans la premibre
et la seconde parties oppo- surface affecteb d I'asservissement par rapport
sees pour la premibre et la seconde configura- A la tote d'asservissement.
tions. 5 10. Systbme selon l'une quelconque des revendi-     14. Disque
selon l'une des revendications 11 & 13, cations 1 a 9, caracterise en ce
que lea bits       caract6ris6 en ce qu'une pluralite de s~quen-
d'asservissement sont enregistres dans les as-      ces de bits comprend en
outre des bits de quences de bits suivant une configuration re-       code
(46) places en gen6ral en des positions gulibre qui se repete pour chacune
des plates  tO  intermediaires. adjacentes de la pluralite de pistes pour
ddfinir une adresse unique des pistes adjacentes, et    15. Procede
d'asservissement en position d'une en ce que des moyens sont prevus pour
for-          pluralite de totes de donn6es par rapport & une mer et
comparer des signaux d'erreurs de            pluralite correspondanta de
surfaces de don- position en quadrature afin d'obtenir des si-  15   ndes
sur une pluralit6 de disques de memoire gnaux supplmentaires representatifs
en binai-     disposds en une pile dans une unit6 de disque re afin de
distinguer chacune des plates adja-      d'ordinateur pour Otre entraTnee
en rotation en- centes l'une par rapport a l'autre.                 semble
autour d'un axe commun, le proced6 comprenant lea operations
d'enregistrement de 11. Disque de mdmoire pour une unite de disque   20
donn~es d'asservissement sur une pluralite de d'ordinateur, comprenant une
surface (14) af-       plstes g~ndralement concentriques ("O" a "7") fectee
a l'asservissement sur une face du dis-      sur une surface (14) de l'un
s6lectionn6 parmi que, et des donnees d'asservissement enregis-       lea
disques (16) de m~moire, la surface consi- trees sur la surface affectee a
l'asservissement    d~roe comprenant une surface affectea A l'as- dans une
pluralit6 de pistes concentriques ("0   26  servissement de d6tection et de
surveillance A "7"), caract6ris6 en ce que lea donn6es           des
donnees asservies au moyen d'une tOte d'asservissement d6finissent, pour
chacune          d'asservissement (12) pour identifier la piste des pistes,
une adresse de piate repetee suc-       align6e avec elle, et le
d6placement de la tOte cessivement sur toute la piate, I'adresse de
d'asservissement pour l'amener en alignement plate etant definie par une
succession rep~tee   3o  avec une plate donnee afin de deplacer lea d'une
pluralit6 choisie de s6quences (44) de       tOtes de donneas (20) pour lea
amener simul- bits, comprenant chacune une pluralite de bits     tanement
en alignement avec lea pistes res- d'asservissement ("A" a "D") enregistres
sur        pectives sur lea surfaces de donnees corres- la plate sous forme
d'une premibre et d'une         pondantes, caracterise en ce que, au cours
de seconde configurations distinctes ou suivant la  36  l'operation
d'enregistrement, les donnees d'en- combinaison opposee, chaque combinaison
registrament sont enregistrees sur la surface etant interpretee comme l'une
des deux va-          affectee A I'asservissement sous la forme leurs d'un
unique chiffre binaire.                 d'une succession de sequences (44)
indivi- duelles de bits pour chacune des pistes, cha- 12. Disque selon la
revendication 11, caract6rise   40  cune des sequences de bits comprenant
les en ce que lea bits d'asservissement sont enre-      bits
d'asservissement sous la forme d'une pre- gistres dans les sequences de
bits, suivant         mibre et d'une seconde configurations distinc- une
configuration repetitive reguliere pour cha-   tea ou de la combinaison
opposee, chaque cune de la pluralite des pistes adjacentes, afin
combinaison etant Interpretee comme l'une de definir une adresse unique des
pistes adja-  45  des deux valeurs d'un unique chiffre binaire et centes,
et en ce qua des moyens sont pr6vus         une pluralite successive
selectionnee de se- pour former et comparer des signaux d'erreurs
quences de bits definissant une adresse qui de position en quadrature pour
obtenir des          est repet6e pour toute la piste correspondante,
signaux suppl4mentaires representatifs en bi-      la configuration des
bits d'asservissement a naire afin de distinguer chacune des pistes   so
l'lnterieur de l'adresse etant particulibre a cette adjacentes des autres.
piste. I3. Disque selon la revendicatlon 11 ou 12, carac- t~risd en ce qua
chacune des sequences de bits comprend une premiere partie (48) et une  56
seconde partle (50) successivement, un bit d'asservissement au moins
enregistre dans chaque sequence de bits comprenant une plu- 13    


