
TRANSDUCER HEAD SKEW ARRANGEMENT FOR DISK DRIVE SYSTEM      The present
invention relates generally to a track follow- ing servo arrangement for a
disk drive unit, and more particularly to a transducer head skew
arrangement used in a rigid multiple disk drive data storage system for im-
proving track-to-track seek times.   Computers  often include auxiliary
memory storage units having media on which data can be written and from
which data can be read for later use. Disk drive units incorpo- rating
stacked, commonly rotated rigid magnetic disks are used for storage of data
in magnetic form on the disk surfaces.  Transducer heads driven in a path
toward and away from the drive axis write data to the disks and read data
from the disks.  The data is recorded in concentric, 



radially spaced data information tracks arrayed on the surfaces of the
disks.   Data located on a particular track on a disk surface is read or
written by properly positioning a data transducer head directly over the
track.   In order to maintain the head in proper position over the data
track, track follow- ing servo systems often are incorporated into disk
drives. Servo position control is used to position the data heads in
registration with the data information tracks. One servo system uses a
dedicated transducer head to read position signals recorded in servo
information tracks on a dedicated disk surface.   The data heads are ganged
with the servo head for simultaneous movement rela- tive to the data
information tracks and the servo informa- tion tracks.  To access the disk
drive unit, a feedback controlled drive system locates the servo head in a
de- sired position, thereby to locate a data head in registra-      RO 9 90
026        



2   tion with a specific data information track where data is  to be
written or read.    For example, U. S. patent No. 3,838,457 discloses a
track  following system detecting special servo signals written  on a
dedicated servo disk surface by a dedicated servo  transducer head.  The
disclosed system distinguishes one  track from another within a repeating
group of tracks. A  biasing signal is added to the detected signal when the
transducing head is located more than one-half track from  the target
track.   A position error signal is produced  having a linear slope over
the group number of tracks for  enabling electrically offsetting of the
transducing head  up to one-half the group number of tracks by modifying
the  position error signal.    U. S. patent No. 4,807,063 discloses a head
position con-  trol system for a disk storage unit using a data-surface-
servo system with reference information written only into  one portion of
each track of data in the circumferential  direction. The reference
information storage regions are  arranged on each major surface of each
disk with an angu-  lar spacing of 360[err]/4N (where N is the number of
disks).  The reference information storage regions for the respec- 



tive disks are equiangularly displaced from each other, so  that the
reference information is read out from the angu-  larly displaced reference
information storage regions  during each rotation of the disk to detect a
displacement  of the head from its normal or proper position every time
the reference information is read out, and the displace-  ment of the head
is corrected in accordance with the de-  tected displacement.    U. S.
patent No. 4,809,120 discloses a head position con-  trol system using
reference information regions on the  disk surfaces mutually displaced for
respective disks. During rotation of the disks, reference information is
RO 9 90 026                                       3   read out from the
regions mutually displaced on the sur- 



faces of the multiple disks.   A deviation of each head  from a normal or
proper head position in relation to a  specific track is detected so that
in response to the  detected deviation, a position of each head is
corrected.    Japanese patent No. 58-1812 discloses an initializing  system
for a mobile head type magnetic device to eliminate  the waiting time when
a data process jumps over a cylin-  der, by setting the head record of the
contiguous cylinder  at a position angularly shifted, or jumped, by an
extent  equivalent to the seek time of the magnetic head.    Japanese
patent application No. 25-8969/89 filed October  5, 1989 discloses a disk
apparatus having q heads and q.  disk surfaces where q is not less than 2.
The disk sur-  faces include the same number of sectors and each disk
surface includes a servo sector.   Servo information for  head positioning
is recorded in each servo sector.  Servo  information is-successively read
out from the q disk sur-  faces.  Successive q servo informations are
averaged to  control a position or a speed of the head for the disk
surface from which the last servo information is read out.    For any servo
control arrangement to be used in a disk  drive unit, it is important to
minimize the time required 



to move the data head transducer from a present track to a  specified track
position. Often the track-to-  track seek time or the time needed to move
from one track to an adjacent track is the most important factor in the
overall file data transfer rate.                             SUMMARY OF THE
INVENTION     It is an object of the present invention to ameliorate one or
more disadvantages of the prior art.    According to one aspect of the
present invention there is provided a disk drive data storage system
comprising:   a plurality of data disk surfaces mounted in parallel for
simultaneous rotation about an axis; a plurality of data information
tracks, said data information tracks disposed at predetermined positions
relative to at least one servo reference track on each said data disk
surfaces; with consecutive ones of said plurality of data information
tracks on successive consecutive data disk surfaces defining a plurality of
logical data cylinders; a plurality of data 



transducer heads mounted for movement in a radial direction across said
data disk surfaces for reading said servo reference tracks and for reading
and/or writing data to said data information tracks; characterized by
sequential ones of said data information tracks in each logical data
cylinder being progressively offset in a radial direction towards a next
consecutive logical data cylinder.    According to another aspect of the
present invention there is provided a method for writing data information
to a disk drive unit including:  a sequence of servo information tracks
arrayed on a dedicated servo information disk surface; a plurality of data
disk surfaces including a plurality of data information tracks and at least
one servo reference track, said disk surfaces being mounted in parallel for
simultaneous rotation about an axis and with consecutive one of said
plurality of data information tracks on successive consecutive data disk
surfaces defining a plurality of logical data cylinders; a corresponding
data transducer head for reading and/or writing data to said data disk
surfaces; a servo transducer head for reading said servo information tracks
from the dedicated servo information disk surface; and said heads being
mounted for movement in a radial direction across the disk surface; said
method being characterized by writing sequential ones of said data
information tracks in each logical cylinder with a progressive offset in a
radial direction towards a next consecutive logical data cylinder.   



5   The present invention together with the above and other  objects and
advantages may best be understood from the  following detailed description
of the embodiment of the  invention illustrated in the drawings, wherein:
FIG. 1 is a schematic and block diagram of a computer or  data processing
system having a data storage disk drive  unit embodying the present
invention; and    FIG. 2 illustrates tracks and sectors of a data storage
disk of the system of FIG. 1;    FIG. 3 is an enlarged diagram illustrating
relationships  between reference servo tracks on a dedicated servo sur-
face and servo reference track for each successive, con-  secutive logical
data surface of multiple data disks of  the disk drive unit embodying the
present invention. 



FIG. 4 is a flow chart illustrating alternative logical  steps performed by
a servo processor for head positioning  relative to consecutive logical
data tracks of multiple  data disks of the disk drive unit embodying the
present  invention.    In FIG. 1 there is shown a partly schematic block
diagram  of parts of a computer data processing system 10 including  a data
storage medium generally designated as 12 and a  data utilizing device
generally designated as 14.  In the  preferred embodiment of this
invention, the data storage  medium 12 is embodied in a rigid magnetic disk
drive unit  12, although other memory configurations may be used.    Unit
12 is illustrated in simplified form sufficient for  an understanding of
the present invention because the utility of the present invention is not
limited to the details of a particular drive unit construction.       RO 9
90 026    



6   Referring now to FIGS. 1 and 2 of the drawings, disk drive  unit 12
includes a stack 16 of disks 18 and 20 having  magnetic surfaces. Disk 20
includes a pattern of concen-  tric servo information tracks 22 (FIG. 3)
written in the  magnetic medium over a dedicated servo information surface
24 of the disk 20.  Data disks 18 include a layer of mag-  netic material
on opposed disk surfaces 26.  Unit 12 in-  cludes a selected number of the
double-sided data disks 18  to provide a selected storage capacity, for
example, such  as 14 data surfaces, as indicated in FIG. 1 numbered from
SURFACE 0 through SURFACE 13.  Numerous data information  tracks or
cylinders 28 are arrayed in a concentric pattern  in the magnetic medium of
each disk surface 26 of data  disks 18. The data information tracks 28 are
disposed at  predetermined positions relative to servo reference tracks
RO-R13 illustrated and described with respect to FIG. 3.  A data cylinder
includes a set of corresponding data in-  formation tracks 28 for the data
SURFACES 1-N. For exam-  ple, 951 data cylinders can be included in the
disk sur-  faces 26 numbered from 0-950 as indicated in FIG. 2. Each  data
information track 28 includes multiple data sectors  30 equally spaced
around the cylinder; for example, 48 



data sectors numbered 0-47.   The illustrated disk drive  unit 12 provides
a total of 639,072 data sectors 30 (14  data surfaces x 48 data
sectors/track x 951 data tracks)  each assigned a number or logical block
address (LBA).    Sequential data sector numbers or LBA's are assigned, for
example, with the data sector number 1 defining the first  data sector 0 on
data SURFACE 0, cylinder 0; the data  sector number 48 defining the first
data sector 0 on data  SURFACE 1, cylinder 0; and the data sector number
639,072  defining the last data sector 47 on data SURFACE 13, cyl-  inder
950. Typically a data file is written and/or read  using consecutive LBA's,
track following on the data in-  formation tracks 28 of successive
consecutive logical data SURFACES 0-13 from the starting LBA.      RO 9 90
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The disks 18 and 20 are mounted in parallel for simultane-  ous rotation on
and by an integrated spindle and motor  assembly 32. The data information
tracks 28 on each disk  18 are read and/or written to by a corresponding
data  transducer head 34 movable across the disk surface.   A  dedicated
servo transducer head 36 is used only to read  position information
provided by the servo information  tracks 22 recorded in the dedicated
servo information  surface 24.    Transducer heads 34 and 36 are carried by
arms 38 ganged  together for simultaneous pivotal movement about a support
spindle 40. One of the arms 38 includes an extension 42  driven in a
pivotal motion by a head drive motor 44.  Although several drive
arrangements are commonly used, the  motor 44 can include a coil 46
cooperating with a magnet  and core assembly (not seen) operatively
controlled for  moving the transducer heads 34 and 36 in synchronism in a
radial direction in order to position the heads in exact  registration with
the cylinders 28 to be followed.    Data utilization device 14 typically
includes an interface  processor 50 that controls transfer of data to be
stored  in the data sectors 30 of disks 18 for subsequent access  and use.
A servo processor 52 is coupled between the  interface processor 50, the
motors 32 and 44 and the data 



and servo transducer heads 34 and 36. The servo processor  52 controls the
operations of moving the heads 34 and 36  into registration with a target
or selected data LBA  and of transferring data under the control of the
inter-  face processor 50.    Disk access can be generally provided in a
conventional  manner by the servo processor 52. Motor 32 is operated to
rotate the disk stack 16. The servo processor 52 employs known servo
control principles to move the data heads 34      RO 9 90 026
8   radially with respect to the rotating disks 18 by the head  drive motor
44 to. selectively align the data transducer  heads with a specific radial
position of the cylinder 28  where data is to be read or written.   



The data information tracks 28 may move around relative to  the servo
information tracks 22, causing the centerlines  of data information tracks
28 to be shifted relative to  the centerline of the servo information
tracks 22.  Con-  ventional position error correction is provided periodi-
cally to identify this misalignment that otherwise can  cause soft and hard
data errors. Utilizing servo informa-  tion written in the servo tracks 22
on the dedicated servo  surface 24 and servo reference information written
on the  data surfaces 26 by the servo processor 52 for feedback
error-correction controlled energization of the motor 44.    FIG. 3 is an
enlarged diagram illustrating relationships  of the present invention
between the servo reference  tracks 22 and servo reference tracks generally
designated  RO-R13 written on corresponding data SURFACES 0-13.   In
accordance with the invention, the reference servo infor-  mation RO-R13 is
written on the data disks with a sequen-  tial progressively larger offset
relative-to the servo  surface reference track 22 toward the next logical
cylin-  der, rather than the conventional arrangement of aligning.  each
data reference servo track with the servo reference  tracks of the
dedicated servo surface.  During a format-  ting operation or incident to
the manufacture of the disk  drive unit 10, each of the cylinders 28 of the
data disks  18 is provided with the reference servo information track
RO-R13 written in a predetermined position to each data 



track 28.    In the illustrated embodiment of the invention, SURFACE 0
reference track RO is aligned with the servo tracks 22 of the dedicated
servo surface 24. Each successive, consecu-      RO 9 90 026          tive
logical reference track R1-R13 is shifted or skewed by a selected fraction
of a cylinder relative to the prior reference track toward the next
consecutive logical cylin- der. In the preferred embodiment, the selected
skew frac- tion is 1/N where N is the number of data surfaces.  For
example, with the illustrated 14 data SURFACES 0-13, ref- erence track RO
is aligned with a centerline of servo track 22, reference track R1 is
skewed 1/14 of a cylinder from RO, reference track R2 is skewed 1/14 of a
cylinder from R1 and reference track R13 is skewed 13/14 of a cyl- inder
from RO. 



For a read or write operation, track following on the data information
tracks 28 is used to access sequential LBA's from the particular
consecutive logical data SURFACES 0-13 in the selected cylinder 28.  The
track following process begins with a particular one of the data
information tracks 28 for the selected cylinder 28 on the data SURFACE
corresponding to a selected or target LBA and continues with corresponding
consecutive logical data information tracks 28 for the consecutively larger
LBA's until all the data has been read or written.  After the last sector
of the data information track 28 on the particular data SUR- FACE is read
or written, a head switch is performed to read or write data on the next
logical data SURFACE 1-13, starting at sector 0 on the selected cylinder
28.   For each head switch, the transducer heads 34 and 36 are moved a
radial distance corresponding to the 1/N fraction of a cylinder between
sequential ones of the data information tracks 28 in the cylinder.   To
accommodate a required head switch time delay when a new head is selected,
the data file is written with the first sector on the next data SURFACE
angularly shifted or skewed by a selected number of sectors relative to the
current sector of data SURFACE being read. In known servo control systems
where radial  movement of the transducer 



RO 9 90 026                                     10   heads is not required
for a head switch because the servo  reference tracks are aligned, a two
sector shift conven-  tionally is provided from the last sector 47 of the
cur-  rent data SURFACE to the first sector 0 of. the next data  SURFACE.
The conventional two sector shift provides suf-  ficient delay for each
head switch performed using the  skew arrangement of the reference tracks
RO-R13 of the  invention that includes radial movement of the transducer
heads 34 and 36.    When the last sector 47 on the current particular
cylinder  on data SURFACE 13 is read, then a cylinder seek to the  next
higher cylinder and a head switch to SURFACE 0 are  performed.  Transducer
head 34 is track following data  information track 28 when reading the last
sector on data  SURFACE 13.   Transducer heads 34 and 36 are moved the 



radial distance corresponding to the 1/N fraction of a  cylinder for track
following on the next data information  track 28 on the next higher
cylinder on data SURFACE 0.    Conventionally, when the cylinder seek is
performed, a  longer time delay is required than for a head switch be-
cause the transducer heads must be moved a complete cylin-  der distance.
To accommodate the longer track-to-track  seek time, the data file is
written with the first sector  on data SURFACE 0 shifted or skewed by a
much larger num-  ber of sectors relative to the last sector 47 on data
SURFACE 13.  For example, conventionally a twenty sector  shift has been
provided from the last sector 47 on SURFACE  13 to the first sector 0 on
SURFACE 0.    Using the skew arrangement of the reference tracks RO-R13  on
consecutive data SURFACES 0-13 enables using the same  two sector shift
from the last sector 47 on SURFACE 13 to  the first sector 0 on SURFACE 0.
The required distance moved by transducer heads 34 and 36 for a cylinder
switch is the same distance for each head switch.  With the re-      RO 9
90 026    



duced track-to-track seek time, the overall data transfer   rate
significantly increases for every data transfer that   crosses a cylinder
boundary.     Referring to FIG. 4, there is shown a flow chart illus-
trating sequential operations performed by the servo pro-   cessor 52 for
positioning the transducer head 34 and 36 in   accordance with an
alternative arrangement of the inven-   tion. In the alternative
arrangement, each of the refer-   ence tracks RO-R13 are aligned with the
servo information   tracks 22 when written on each of the N data surfaces
26.   The sequential operations begin with the servo processor   52
identifying a selected cylinder as indicated at a block   400 and
identifying a selected data SURFACE within the   selected cylinder as
indicated at a block 402.  Then for   the selected surface, a last obtained
reference track   location is read as indicated at a block 404.   The last
obtained reference track location is stored in memory of the servo
processor 52 in terms of an offset from the servo track 22 on the dedicated
servo surface 24 for the selected cylinder. 



Next a desired skew is calculated for the particular se- lected data
SURFACE by dividing the SURFACE or head number for the particular data
SURFACE 0-13 by the total number N of data SURFACES and multiplying by the
cylinder pitch as indicated at a block 406. Then the desired skew calculat-
ed at block 406 is summed with the offset identified at block 404 as
indicated at a block 408. Then the transduc- er head 34 associatated with
the particular data SURFACE is moved over by the sum of the offset and the
desired skew as indicated at a block 410. The transducer heads 34 and 36
are moved by the desired skew (1/N of a cylinder) for each head switch and
for a cylinder switch.   It should be understood that the principles of the
present invention are not limited to the illustrated arrangement      RO 9
90 026                                    12 



utilizing dedicated servo information tracks and data surface reference
tracks.  In buried sector servo or im- bedded servo arrangements where
servo signals are inter- spersed with data on or beneath the data track
itself, sequentially offsetting of consecutive logical data infor- mation
tracks advantageously can be provided, as taught by the invention.
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13                           CLAIMS     1. A disk drive data storage system
comprising:     a plurality of data disk surfaces mounted in parallel for
simultaneous rotation about an axis;    a plurality of data information
tracks, said data information tracks disposed at predetermined positions
relative to at least one servo reference track on each said data disk
surfaces; with consecutive ones of said plurality of data information
tracks on successive consecutive data disk surfaces defining a plurality of
logical data cylinders;    a plurality of data transducer heads mounted for
movement in a radial direction across said data disk surfaces for reading
said servo reference tracks and for reading and/or writing data to said
data information tracks;    characterized by sequential ones of said data
information tracks in each logical data cylinder being progressively offset
in a radial direction towards a next consecutive logical data cylinder.
2. The storage system of claim 1, characterized in that the offset is a
fraction 1/N of the distance between adjacent cylinders, wherein N equals
the number of data disk surfaces. 



3. The storage system of claim 1 or claim 2, further comprising a plurality
of servo information tracks arrayed on a first dedicated servo information
disk surface; a servo transducer  head  mounted  for  movement  with  said
data transducer heads in a radial direction across said first dedicated
servo information for reading servo information; and wherein the at least
one servo reference track on a first one of the data disk surfaces is
aligned with a predefined servo information track on said first dedicated
servo information disk surface.    4. The storage system of claim 3, herein
the at least one servo reference track on each of the data disk surfaces is
aligned with a predefined servo information track on the first dedicated
servo information disk surface, said system further comprising means for
calculating the offset using a surface or head number, a total number of
surfaces (N), and the cylinder distance.
14     5.  The storage system of claim 3, wherein  said at least one servo
reference track on a second consecutive data disk 



surface is radially offset from said servo reference track on said first
disk surface by a predetermined part of a cylinder distance.     6. The
storage system of claim 1 wherein the radial offset between successive
consecutive data disk surfaces is uniform.     7. The storage system of
claim 1, wherein each said data information track includes a plurality of
data sectors equally spaced angularly about said data information track and
said plurality of data sectors having consecutive logical address numbers.
8.  The  storage  system  of  claim  2,  wherein  said transducer heads are
moved in a radial direction by said fractional 1/N distance for a head
switch to a next consecutive data disk surface and for a cylinder switch to
access a next consecutive data information track on a next consecutive
cylinder.     9. The storage system of claim 7, wherein a first data sector
on said next consecutive data disk surface is shifted by a predetermined
number of data sectors for both said head switch and to access said next
consecutive cylinder.     10. The  storage  system  of  claim  9,  wherein
said predetermined number of data sectors is two.     11. A method for
writing data information to a disk drive unit including:    a sequence of
servo information tracks arrayed on a dedicated servo information disk
surface;     a plurality of data disk surfaces including a plurality 



of data information tracks and at least one servo reference track, said
disk surfaces being mounted in parallel for simultaneous rotation about an
axis and with consecutive ones of said plurality of data information tracks
on successive consecutive data disk surfaces defining a plurality of
logical data cylinders;    a corresponding data transducer head for reading
and/or writing data to said data disk surfaces;
15     a  servo  transducer  head  for  reading  said   servo information
tracks from the dedicated servo information disk surface; and     said
heads being mounted for movement in a radial direction across the disk
surface;     said method being characterized by writing sequential ones of
said data information tracks in each logical cylinder with a progressive
offset in a radial direction towards a next consecutive logical data
cylinder.    12. The method of claim 11, characterized in that the offset
is a fraction 1/N of the distance between adjacent 



cylinders, wherein N equals the number of data disk surfaces.    13. The
method of claim 12, further including the steps of:    moving the
transducer heads in a radial direction by said fractional 1/N distance for
a head switch to a next consecutive data disk surface, and    moving the
transducer heads in a radial direction by said fractional 1/N distance to
access a next consecutive data cylinder on a next consecutive data disk
surface.    14. The method of claim 11, further including the step of:
angularly shifting a first sector position on a next consecutive data disk
surface by a predetermined number of sectors from a last sector position on
the last data disk surface for both said head switch and to access said
next consecutive data cylinder.                                    16   12.
A method as recited in claim 11 further includes the 



step of:        moving the transducer heads in a radial direction by
said fractional 1/N distance for a head switch to a      next consecutive
data disk surface.   13.  A method as recited in claim 12 further includes
the      step of:        moving the transducer heads in a radial direction
by      said fractional 1/N distance to access a next con-      secutive
data cylinder on a next consecutive data      disk surface.   14.  A method
as recited in claim 13 further includes the     step.of:       angularly
shifting in a first sector position on a next     consecutive data disk
surface by  a predetermined     number of sectors from a last sector
position on the     last data disk surface for both said head switch and
to access said next consecutive data cylinder.  
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