
1 METHOD AND APPARATUS FOR SERVO POSITICHINE IN A DIRECT ACCESS STORAGE
DEVICE The present invention relates generally to an actuator positioning
system in a direct access storage device (DASD) and more particularly to a
phase modulated servo positioning method and apparatus for use with narrow
transducer heads in a disk file. 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 incorporating stacked, commonly
rotated rigid mag- netic disks are used for storage of data in magnetic
form on the disk 



surfaces. Data is recorded in concentric, radially spaced data information
tracks arrayed on the surfaces of the disks.  Transducer heads driven in a
path toward and away from the drive axis write data to the disks and read
data iron the disks. All DASD units must have a method to position each
data head over the proper radial location to write a track and again, to
position it very close to the same location to read the track. With the
higher level files using a voice coil type of actuator, a feedback
mechanism must be provided to locate and stably hold the heads on a given
track. Typically. track accessing and track following are provided
utilising a magnetically written pattern in the DASD unit. A dedicated
serve system 



employs one surface of one of the disks in the DASD on which to have all
the tracking and access information. A sector servo system uses small
portions of tracks between each or between several sectors on each track of
each data surface to provide the tracking and access information. A hybrid
servo system uses both to obtain advantages of each type of servo,
Magneto-resistive (MR) heads are a great advancement read/write technology
for DASD. One of the key advantages of MR heads is the use of separate
elements for reading and writing. This allows the writing element to be
wide, almost a full track pitch in width, and the reading element to be
narrow. This write wide, read narrow capability eases the track
misregistration (TMR) requirements on the servo system by 



effectively increasing the width of the soft-error rate (SER) bathtubs by
the difference in widths between the read and write elements. Servo tracks
are typically written on a 1/2 track pitch.  A traditional phase pattern is
written so that the phase of each burst    2 changes 22.5 degrees for each
written servo track. For increasing track types, the phase is advanced in
bursts 1 and 3 and retarded in burst 2. In this fashion, the phase between
burst 1 and burst 2 changes 45 degrees for each servo track written. This
means that a 5 



MHz pattern can be written with a 80 MHz clock. In this case the 5 MHz
period consists of 16, 80 MHz clocks and the phase of each burst is changed
by one bit for each servo track written. Then the difference in phase
between the bursts repeats in eight servo tracks. The eight servo tracks
written on a 1/2 track pitch correspond to four data tracks or cylinders.
To optimize the SER, a reading transducer width that is less than 50% of
the track pitch is required. With reading elements less than the width of a
single servo track, position linearity becomes unacceptably poor with the
conventional 1/2 track pitch servo tracks. Linearity error can be improved
by writing narrower tracks. For example, the phase pattern written on a 1/4
track pitch would provide acceptable position linearity; however, this
would double the time required for servo writing and would be 



prohibitively expensive for a sector servo file. If a conventional servo
pattern is written on a narrow track pitch, for example, 3/8 track pitch,
the position linearity requirements will be satisfied, but the pattern will
repeat in three data cylinders instead of four. This means that the
position error signal (PES) extends +1-1.5 tracks instead of [err] tracks
before the PES repeats. When seeking, this 50% loss of range is
significant. Seek velocities can be as high as 40 or 50 tracks/sample. This
means that position must be estimated 50 tracks away; therefore, the PES
error must never be greater than 1.5 tracks out of 50, or 3%. If the error
is greater than this amount, the estimator algorithm may converge on the
wrong position and velocity and be off by module three tracks. As a result
a conventional servo pattern with a narrow track pitch pattern is
unacceptable. 



It is a principal object of the present invention to provide a phase
modulated servo method and apparatus for use with narrow transducer heads.
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 apparatus for servo
positioning in a disk file comprising: at least one disk mounted for
rotation about an axis and having at least one disk surface for storing
data; transducer means mounted for movement across said disk surface for
writing to and for reading data and servo patterns from said disk surface;
said transducer means include a read element and a write element, said read
element having a width less than said write element and said read 



element having a width greater than 1/3 the width of a data cylinder and
less than 1/2 the    3 width of the data cylinder; and means for writing a
servo pattern on said data disk surface having a track pitch of less than
1/2 the width of a data cylinder and said servo pattern repeating in
predetermined number of data cylinders, said predetermined number being a
value equal to a positive power of two. According to another aspect of the
present invention there is provided a method for servo positioning for use
in a disk file including at least one disk mounted for rotation 



about an axis and having at least one disk surface for storing data and
transducer means mounted for movement across said disk surface for writing
to and for reading data and servo patterns from said disk surface, said
transducer means having a read element and a write element; said read
element having a width less than said write element and said read element
width being greater than 1/3 of the width of a data cylinder and less than
1/2 the width of the data cylinder; said method comprising the steps of:
writing a servo pattern on said data disk surface having a track pitch of
less than 1/2 of the width of a data cylinder and said servo pattern
repeating in a predetermined number of data cylinders, said predetermined
number being a value equal to a positive power of two. According to another
aspect of the present invention there is provided a direct access storage
device comprising: a housing; at least one disk mounted in said housing 



for rotation about an axis and having at least one disk surface for storing
data; magneto- resistive (MR) transducer means mounted for movement across
said disk surface for writing to and for reading data and servo patterns
from said disk surface; said MR transducer means including a write element
and a read element, said read element having a width less than said write
element and said read element width being greater than 1/3 of the width of
a data cylinder and less than 1/2 of the width of the data cylinder; and
means for writing on said disk surface a servo pattern at a predetermined
track pitch of less than 1/2 of the width of a data cylinder and said servo
pattern including a [err] phase burst difference between adjacent bursts
within a predetermined number of data cylinders, said predetermined number
being a value equal to a positive power of two. DESCRIPTION OF THE
PREFERRED EMBODIMENT(S) 



The present invention can best be understood from the following detailed
description of embodiments of the invention illustrated in the drawing,
wherein: FIG. 1 is a schematic and block diagram of a data storage disk
file; FIG. 2 is a diagram showing the accessing mechanism for a single disk
surface of the apparatus of FIG. 1; FIG. 3 is a block diagram
representation illustrating apparatus for carrying out a servo positioning
method in the data storage disk file of FIG. 1; and FIG. 4 is a chart
illustrating a servo pattern written on 1/3 track pitch.    



3a In FIG. 1 there is shown a partial schematic block diagram of parts of a
data storage disk file 10 including a data storage medium generally
designated as 12 and a control unit 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
mechanically moving 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. Referring
now to FIGS. 1 and 2 of the drawings, disk drive unit 12 includes a stack
16 of disks 18 having at least one magnetic surface 20. The disks 18 are
mounted 



in parallel for simultaneous rotation on and by an integrated spindle and
motor assembly 26. Data information on each    4 disk 18 are read and/or
written to by a corresponding transducer head 28 movable across the disk
surface 20. Transducer heads 28 are mounted on flexure springs 30 carried
by arm  32 ganged together for simultaneous pivotal movement about a
support spindle 34. One of the arms 32 includes an extension 36 driven in a



pivotal motion by a head drive motor 38. Although several drive
arrangements are commonly used, the motor 38 can include a voice coil motor
40 cooperating with a magnet and core assembly (not seen) oparativey
controlled for moving the transducer heads 28 in synchronism in a radial
direction in order to position  the heads in registration with data
information tracks or data cylinders 42 to be followed and access
particular data sectors 44. Data storage disk file 10 is a modular unit
including a housing 46.  The various components of the disk file 10 are
controlled in operation by signals generated by control unit 14 such as
meter control sigals on line 25A and position control signals on line 38A. 



Numerous data information tracks 42 each at a specific radial location are
arrayed in a concentric pattern in the magnetic medium of each disk surface
20 of data disks 18. A data cylinder includes a set of corresponding data
information tracks 42 for the data surfaces 20 in the data storage disk
file 10. Data information tracks 42 include a plurality of segments or data
sectors 44, each containing a predefined sire of individual groups of data
records which are saved for later retrieval and updates. The data
information tracks 42 are disposed at predetermined positions relative to a
servo reference index. In FIG. 2 one sector 44 is illustrated as SECTOR 0
with a fixed index or mark INDEX for properly locating the first data
sector. The location of each next 



sector 44 is identified by a sector identification (SID) pulse read by
transducer heads 28 from surfaces 20. Referring to FIG. 3, there is shown a
circuit diagram illustrating phase modulated servo apparatus for carrying
out the phase modulated servo method of the invention generally designated
by the reference numeral 50. Apparatus 50 includes a servo channel
including a dedicated servo surface 20' shown together with a dedicated
servo transducer head 28' coupled to a servo preamplifier (SPA) 52, an
automatic gain control (AGC) 54 and a servo identification (SID) filter 56.
A data channel includes a data transducer head 28 disposed adjacent a data
surface 20,  



5 arm electronics (AE) 58, an automatic gain control (AGC) 60 and a servo
filter 62. While FIG. 3 shows circuitry 50 with a dedicated servo
architecture with reference tracks, it should be understood that the
invention advantageously applies to sector servo architectures.  The phase
infor- mation stored in the servo patterns is derived by extracting a
fundamental harmonic, such as 2.5 Mhs, from the readback signal by the
high-pass SID filter 56 and servo filter 62. Signals from either the 



dedicated servo head 28' or servo patterns read by data transducer head 28,
are multiplexed at an analog multiplexer block 64. A zero-crossing
comparator detector 66 coupled to the multiplexer 64 detects the zero
crossing in the readback signal. The output of the comparator 66 is
supplied to a servo phase demodulator 68. Comparator 66 applies a square
wave signal to the servo phase demodulator 68 with precise phase
transitions based on the zero crossings of the first harmonic signal. This
square wave is then exclusive [err] or XORed with a 2.5 Mhz crystal
oscillator and the transition differences between these two signals are
integrated over a certain period by servo phase demodulator 68. The
integrator value at the end of this period is 



proportional to the head offset relative to the track centre line. This
value is referred to as the position error signal (PEE). In the traditional
phase pattern, although each burst changes phase 32.5 degrees between servo
tracks, the difference between burst 1 and burst 2 is always 45 degrees. So
for a given track, the servowriter only needs a resolution of 45 degrees or
1/8 of a period instead of 23.5 degrees or 1/16 of a period. The required
16 servo track types are generated by changing the phase of each burst in
turn. That is, ad- vancing. the phase of burst 1 by 45 degrees while
holding burst two the same as the previous track. Then retarding the phase
of burst 2 while holding burst 1 the same as the previous track. This
technique for the 



traditional phase pattern track types and burst phase is set forth in the
following Table 1.    TABLE 1 [err] Using this technique, a 5 Mhz servo
pattern can be written with a 40 Mhz clock instead of an 80 Mhz clock.
Additionally, the original 22.5 degree steps can be duplicated by switching
in a 22.5 degrees (25 nsec) delay during even tracks. 



Referring to FIG. 4, a servo pattern written on 1/3 track pitch is shown
with radius changes relative the vertical axis and circumferential changes
relative the horizontal axis. In accordance with a feature of the
embodiment, the track pitch of the written servo pattern is less than the
conventional 1/2 track pitch to provide acceptable position linearity    8
CLAIMS 1.  Apparatus for servo positioning in a disk file comprising: 



at least one disk mounted for rotation about an axis and having at least
one disk surface for storing data; transducer means mounted for movement
across said disk surface for writing to and for reading data and servo
patterns from said disk surface; said transducer means include a read
element and a write element, said read element having a width less than
said write element and said read element having a width greater than 1/3
the width of a data cylinder and less than 1/2 the width of the data
cylinder; and means for writing a servo pattern on said data disk surface
having a track pitch of less than 1/2 the width of a data cylinder and said
servo pattern repeating in predetermined number of data cylinders, said
predetermined number being a value equal to a positive power of two. 



2.  Apparatus as claimed in claim 1 wherein said servo pattern writing
means include means for writing a phase modulated servo pattern. 3.
Apparatus as claimed in any preceding claim wherein said servo pattern
writing means include means for writing a servo pattern having a 1/3 track
pitch and said servo pattern repeating in 4 data cylinders. 4.  Apparatus
as claimed in claim 3 wherein said servo pattern writing means include a
writing clock having a frequency of 12 times a burst frequency of said
servo pattern. 5.  Apparatus as claimed in claim 4 wherein said servo
pattern is a 5 MHz pattern of 12-bit words and said writing clock is a 60
MHz clock. 6.  Apparatus as claimed in any of claims 1 to 2 wherein said
servo pattern has a 40% track pitch and said servo pattern repeating in a 4
data cylinders, wherein said servo 



pattern writing means include a clock having a frequency of 8/5 times a
burst frequency of said servo pattern and said servo pattern of 10-bit
words. 7.  Apparatus as claimed in any of claims 1 to 2 wherein said servo
pattern writing means includes a writing clock and means for writing a
servo pattern having a 1/3 track    9 pitch and said servo pattern
repeating in 2 data cylinders, wherein said servo pattern is a 5 MHz
pattern of 6-bit words and said writing clock is a 30 MHz clock. 8.  A
method for servo positioning for use in a disk file including at least one
disk 



mounted for rotation about an axis and having at least one disk surface for
storing data and transducer means mounted for movement across said disk
surface for writing to and for reading data and servo patterns from said
disk surface, said transducer means having a read element and a write
element; said read element having a width less than said write element and
said read element width being greater than 1/3 of the width of a data
cylinder and less than 1/2 the width of the data cylinder; said method
comprising the steps of: writing a servo pattern on said data disk surface
having a track pitch of less than 1/2 of the width of a data cylinder and
said servo pattern repeating in a predetermined number of data cylinders,
said predetermined number being a value equal to a positive power of two. 



9.  A method for servo positioning as claimed in claim 8 wherein said servo
pattern writing step includes the steps of writing said servo pattern with
a 1/3 track pitch and including 12 bit words for repeating said servo
pattern in four data cylinders. 10. A direct access storage device
comprising: a housing; at least one disk mounted in said housing for
rotation about an axis and having at least one disk surface for storing
data; magneto-resistive (MR) transducer means mounted for movement across
said disk surface for writing to and for reading data and servo patterns
from said disk surface; said MR transducer means including a write element
and a read element, said read element having a width less than said write
element and said read element width being greater 



than 1/3 of the width of a data cylinder and less than 1/2 of the width of
the data cylinder; and    10 means for writing on said disk surface a servo
pattern at a predetermined track pitch of less than 1/2 of the width of a
data cylinder and said servo pattern including a [err] phase burst
difference between adjacent bursts within a predetermined number of data
cylinders, said predetermined number being a value equal to a positive
power of two. 



11. A direct access storage device as claimed in claim 10 wherein said
predetermined track pitch equals 1/3 and said predetermined binary number
of data cylinders equals 4. 12. A direct access storage device as claimed
in claim 10 or claim 11 wherein said servo pattern writing means includes a
clock having a frequency of 12 times a burst frequency of said servo
pattern. 13. Apparatus substantially as hereinbefore described with
reference to Figures 1 to 4.    12. A direct access storage device as
claimed in claim 11 wherein said predetermined track pitch equals 1/3 and
said predetermined binary number 



of data cylinders equals 4. 13.  A direct access storage device as claimed
in claim 11 or claim 12 wherein said servo pattern writing means includes a
clock having a frequency of 12 times a burst frequency of said servo
pattern. 14.  Apparatus substantially as hereinbefore described with
reference to Figures 1 to 4.    






