
System and Method for Encoding a Servo Background of the Invention Field of
the Invention The present invention relates generally to the field of disk
drives or direct access storage devices (DASD). In particular, the present
invention relates to encoding a servo address to contain more information
in fewer bits. Related Art A direct access storage device (DASD) stores
information for later retrieval on a magnetic or electro-optical medium
typically referred to as a disk. A DASD may comprise one or more disks
having one or both surfaces used to store information. The information, or
data, is written onto the disks in concentric tracks. The data is retrieved
from and stored in the tracks via read/write heads. Some read/write heads
have separate read elements and separate write elements. Others use the
same element to perform both operations. In order to accurately access the
data, servo information is written onto the disks to provide positioning
information for the read/write heads. 



Ordinarily, the servo information is written into the tracks along with the
data. In a multiple disk storage environment, one entire surface of a
storage disk may be dedicated to servo information. This one surface is
referred to as a servo surface. One read/write head known as a servo head
accesses the servo surface to read the position information stored thereon.
Since the servo head    -2- is in a fixed relationship relative to the
other read/write heads, the position of the servo head can be used to
indicate the position of the read/write heads. An alternative to a
dedicated surface for servo information is a "sector" servo pattern. In
this scheme, pie-shaped wedges of servo information are interweaved between
sections of data. The servo information is incorporated into the individual
data tracks on the data surfaces of the disk drive by dividing the data
tracks into a plurality of smaller fields, or sectors. Because disks are
used as random access memory in many applications, such as 



personal computers, related information may not always be written in
consecutive sectors in the individual tracks. In addition, as old data is
removed and new data added, it is not always possible to write new data in
adjacent sectors or even adjacent tracks. Because related information may
be scattered in several different sectors on the disk, it is important for
the disk drive to be able to quickly and accurately access individual
tracks and individual sectors of each track. One method of providing sector
positioning uses a counter which continuously monitors sector position once
an initial position has been established. In this scheme, the counter is
reset once per revolution at a predefined index mark on each servo track.
The counter is incremented as sector marks which indicate the beginning of
individual data sectors pass under the servo head. Independently of the
sector counter, another counter is used to continuously monitor track
position. This track counter is bidirectional. It is reset at a predefined
track zero position of the servo head and is incremented or decremented as
the head crosses individual servo tracks. The sector counter together with
the track counter provide a method 



for accurately identifying locations on the servo surface. If, however,
because of system noise or other perturbations the sector count or track
count become corrupted, subsequent locations will be incorrectly identified
until the disk is resynchronized. For this reason, this method (known as
relative position sensing) is unreliable when used without an independent
method of location verfication.    -3- One method for independently
verifying the location is to precede each data sector on each data track
with a sector identification (ID) field which contains identifier
information unique to that sector over the entire drive. A typical
identifier includes fields for the track number, the sector number, and for
a DASD with multiple data heads, the head number. The sector ID may also
contain other information related to media defects and redundancy
information for error detection. During operations for reading or writing 



data, the disk controller reads the sector ID of each data sector as it is
encountered and applies various tests to the information contained therein,
including comparison of the identifier which was read to the identifier
which was expected. If the various tests are passed and the identifier read
matches the identifier expected, then the disk controller reads from or
writes to the subsequent data portion of the sector. Because each data
sector is uniquely and independently identified, the incorrect
identification of any data sector will not affect the correct
identification of any subsequent data sector. This method of location
verification is reliable. Another method for independently verifying the
sector location is to place the identifier from the sector ID into the
servo information area. This method is used in systems such as IBM's
No-ID[err] Sector Format. In such a system, the sector ID preceding a data
sector is eliminated from the disk. Instead, portions of the sector ID are
stored in solid-state memory or other fields within the sector. In order
for the servo controller to properly determine the location of the sectors,
the identifier portion is placed in a servo address field of the servo
information area which previously contained just the 



track, or cylinder, number stored as a Grey code. One problem associated
with both theses schemes is that the identifier, also referred to as a
servo address, occupies storage area that would otherwise be available for
recording data. This becomes especially troublesome as the track densities
increase and disk sizes decrease. As track densities increase, larger track
numbers, which require larger field widths on the disk, are required to
uniquely identify each track. Smaller disks place a premium on    - 4A -
According to yet another aspect of the invention there is disclosed a disk
for storing data comprising: at least one surface for storing data, said
surface divided into a plurality of data storage locations, each data
storage location having an encoded servo address which identifies the
position of said data storage location on said surface, said encoded servo
address being encoded to reduce its size, said encoding introducing an
ambiguity in absolute 



position. According to still another aspect of the invention there is
disclosed a method for locating a desired track on a disk surface having a
plurality of concentric tracks, each track having at least one sector, each
sector having a servo address, the servo address being encoded in said
sector as an encoded servo address, said encoding introducing an ambiguity
with respect to an absolute position on the surface of the disk, to reduce
the size of said servo address, the method comprising the steps of: (a)
determining a sector number of a. sector within a track; (b) reading an
encoded servo address from said sector; and (c)  using said encoded servo
address together with said sector number to locate the desired track.
According to yet another aspect of the invention there is disclosed a disk
drive for storing data, comprising: (a)  a housing; (b)  at least one disk
rotatably mounted within said housing, said disk having (1) a surface for
storing data, (2) a plurality of concentric tracks located on said surface,
each said track having a 



track number, (3) at least one sector located within said track, each said
sector having a sector number, and (4) an encoded servo address computed
from said sector number and said track number, said sector number and said
track number uniquely locating said sector within the    - 4B - disk drive,
said encoded servo address identifying said sector within said track and
being encoded to reduce its size, and said encoding introducing an
ambiguity with respect to an absolute position on the surface of the disk;
(c)  a transducing head positioned in relationship with said surface of
said disk for reading said encoded servo address; and (d) means for moving
said head relative to said surface of said disk. According to yet another
aspect of the invention there is disclosed a method for locating a desired
track on a disk surface having a plurality of concentric tracks, each track



having at least one sector, each sector having a servo address, the servo
address being encoded in said sector as an encoded servo address to reduce
the size of said servo address, said encoding introducing an ambiguity with
respect to an absolute position on the surface of the disk, the method
comprising the steps of: (a)  determining a sector number of a sector
within a track; (b)  reading an encoded servo address from said sector; and
(c)  using said encoded servo address together with said sector number to
locate the desired track. According to still another aspect of the
invention there is disclosed a disk drive for storing data, comprising: (a)
a housing; (b)  at least one disk rotatably mounted within said housing,
said disk having (1)  a surface for storing data, (2)  a plurality of
concentric tracks located on said surface, each said track having a track
number, (3)  at least one sector located within said track, each said
sector having a sector number, and 



- 4C - (4)  an encoded servo address computed from said sector number and
said track number, said sector number and said track number uniquely
locating said sector within the disk drive, said encoded servo address
identifying said sector within said track and being encoded to reduce its
size, and said encoding introducing an ambiguity with respect to an
absolute position on the surface of the disk; (c) a transducing head
positioned in relationship with said surface of said disk for reading said
encoded servo address; and (d)  means for moving said head relative to said
surface of said disk. According to still another aspect of the invention
there is disclosed a method for locating a desired track on a disk surface
having a plurality of concentric tracks, each track having at least one
sector, each sector having a servo address, the servo address being encoded
in said sector as an encoded servo address to reduce a size of said servo
address, the method comprising the steps of: (a) determining a sector
number of a sector within a track; (b) 



reading an encoded servo address from said sector; and (c) using said
encoded servo address together with said sector number to locate the
desired track. According to still another aspect of the invention there is
disclosed a disk drive for storing data, comprising: (a) a housing; (b) at
least one disk rotatably mounted within said housing, said disk having (1)
a surface for storing data, (2) a plurality of concentric tracks located on
said surface, each said track having a track number, (3) at least one
sector located within said track, each said sector having a sector number,
and (4) an encoded servo address computed from said sector number and said
track number, said sector number and said track number uniquely locating
said sector within the disk drive, said encoded servo address identifying
said sector within said track and being encoded to reduce its size; (c) a
transducing head positioned in relationship with said surface of said disk
for reading said encoded servo address; and (d) means for moving said head
relative to said surface of said disk.    THIS SHEET HAS BEEN - 4A - 



According to yet another aspect of the invention there is disclosed a disk
for storing data comprising: at least one surface for storing data, said
surface divided into a plurality of data storage locations, each data
storage location having an encoded servo address which identifies the
position of said data storage location on said surface, said encoded servo
address being encoded to reduce its size, said encoding introducing an
ambiguity in absolute position. According to still another aspect of the
invention there is disclosed a method for locating a desired track on a
disk surface baying a plurality of concentric tracks, each track having at
least one sector, each sector having a servo address, the servo address
being encoded in said sector as an encoded servo address, said encoding
introducing an ambiguity with respect to an absolute position on the
surface of the disk, to reduce a size of said servo address, the method
comprising the steps of: (a)  determining a sector number of a sector
within a track; (b) reading an encoded servo address from said sector; and
(c) using said encoded servo.address together with said sector number to
locate the desired track. 



According to yet another aspect of the invention there is disclosed a disk
drive for storing data, comprising: (a)  a housing; (b)  at least one disk
rotatably mounted within said housing, said disk having (1) a surface for
storing data, (2) a plurality of concentric tracks located on said surface,
each said track having a track number, (3) at least one sector located
within said track, each said sector having a sector number, and (4) an
encoded servo address computed from said sector number and said track
number, said sector number and said track number uniquely locating said
sector within the    disk drive, said encoded servo address identifying
said sector within said track and being encoded to reduce its size, and
said encoding introducing an ambiguity with respect to an absolute position
on the surface of the disk; 



(c) a transducing head positioned in relationship with said surface of said
disk for reading said encoded servo address; and (d)  means for moving said
head relative to said surface of said disk. According to yet another aspect
of the invention there is disclosed a method for locating a desired track
an a disk surface having a plurality of concentric tracks, each track
having at least one sector, each sector having a servo address, the servo
address being encoded in said sector as an encoded servo address to reduce
a size of said servo address, said encoding introducing an ambiguity with
respect to an absolute position on the surface of the disk, the method
comprising the steps of: (a)  determining a sector number of a sector
within a track; (b) reading an encoded servo address from said sector; and
(c) using said encoded servo address together with said sector number to
locate the desired track. According to still another aspect of the
invention there id disclosed a disk drive for storing data, comprising: (a)
a housing; (b)  at least one disk rotatably mounted within said housing,
said disk having 



(1) a surface for storing data, (2) a plurality of concentric tracks
located on said surface, each said track having a track number, (3) at
least one sector located within said track, each said sector having a
sector number, and    - 4C - (4)  an encoded servo address computed from
said sector number and said track number, said sector number and said track
number uniquely locating said sector within the disk drive, said encoded
servo address identifying said sector within said track and being encoded
to reduce its size, and said encoding introducing an ambiguity with respect
to an absolute position on the surface of the disk; (c) a transducing head
positioned in relationship with said surface of said disk for reading said
encoded servo address; and (d)  means for moving said head relative to said
surface of said disk. 



This Sheet Has Been Re laced    5 Brief Description of the Figures The
present invention is described in reference to the accompanying drawings.
In the drawings, like reference numbers indicate identical or fuctionally
similar elements. Additionally, the left-most digit(s) of a reference
number identifies the drawing in which the referece number first appears.
FIG. 1 shows a block diagram of one embodiment of a disk drive implementing
the present invention. FIG. 2 demonstrates one embodinent of te general
organization of the information contained on a disk. FIG. 3 illustrates the
organization of information contained on a disk for a disk drive embodiment
implementing a sector format having a data 



sector ID field. FIG. 4 ilstrates the organization of information contained
on a disk for a disk drive embodiment implementing a "No-ID" sector format.
FIG. 5 contains a comparison of a typical servo address and an encoded
servo address according to the present invention. FIG. 6 illustrates a
flowchart of the encoding performed according to the present invention.
Detailed Description of the Preferred Embodiments The preferred embodiment
of the invention is discussed in detail below. While specific components
and configurations are discussed, it should be understood that this is done
for illustration purposes only. A person skilled in the relevant art will
recognize that other components and configurations may be used without
parting from the spirit and scope of the invention.    -6- 



System Overview The present invention is a system and method for encoding a
head number, a track number, and a sector number, which uniquely identify a
sector within a disk drive system, into a single encoded servo address
requiring less disk space than storing each number individually. For
purposes of illustration, the invention is described in terms of a magnetic
disk drive system. This is done for purposes of illustration only. A person
skilled in the art will recognize that the invention may be used in other
applications such as optical disk drives. FIG. 1 is a block diagram showing
a disk drive system 100 for storing data. Disk drive system 100 is
comprised of one or more disks 102 mounted rotatably on a disk spindle 104.
A disk spindle motor (not shown) rotates all of disks 102 simultaneously
via disk spindle 104. Each surface of disk 102 may be used to store
information. Associated with each information storing surface of disk 102
is a read/write head 106 mounted on an arm 108. Read/write head 106 may
have a single transducer that can write and read information.
Alternatively, read/write head 106 may 



have separate transducers for each of these operations. Each of the arms
108 is attached to a voice coil motor 110. Voice coil motor 110 receives
signals via a driver signal carrier 124 from a voice coil motor driver 122.
Voice coil motor 110 responds to the signals by rotating, causing arms 108
to change position, which, in turn, allow read/write heads 106 to read from
and write to desired locations on disks 102. Each read/write head 106 is
used for reading from and writing to disk 102. Each read/write head 106 is
held closely adjacent to a corresponding surface of disk 102 by a
corresponding arm 108. Each read/write head 106 sends signals based on data
stored on the surface of disk 102 to an arm electronics module 114 via a
head signal carrier 112. Arm electronics module 114 receives the signals
from read/write head 106, amplifies and filters the signals, and sends them
to a position error generator 116.    -7- 



Position error generator 116 receives the filtered and amplified signal
from arm electronics module 114 and develops a position signal as read from
disk 102. Position error generator 116 outputs this position error signal
to an actuator seek and position control module 118. Actuator seek and
position control module 118 is a multipurpose microprocessor which, in the
preferred embodiment, calculates velocities in addition to other processing
associated with controlling disk drive 100. Actuator seek and position
control module 118 receives the position error signal from position error
generator 116 and compares it to a desired position. Based on the
comparison, actuator seek and position control module 118 outputs a signal
to a zero order hold (ZOH) 120 so that the position as read by read/write
heads 106 will more closely match the desired position or velocity at the
next sample time. Zero order hold (ZOH) 120 receives an input signal from
actuator seek and position control module 118 and outputs a signal to voice
coil motor driver 122. The output of ZOH 120 is maintained at a certain
level until a next input is received, similar to a digital to analog
converter with hold 



capability. Voice coil motor driver 112 then outputs a current to voice
coil motor 110 in response to the output signal from ZOH 120. As previously
mentioned, this allows read/write head 106 to be positioned radially to
desired locations on the surface of disk 102. In the preferred embodiment,
a housing 126 encloses the disks 102 and the components associated with
read/write heads 106 including arms 108 and voice coil motor 110 as shown
in FIG. 1. Alternate embodiments may include additional components from
disk drive system 100 in housing 126 as well. FIG. 2 demonstrates the
organization of information on a surface of disk 102. Disk 102 is divided
into a plurality of concentric tracks 202. Disk 102 may contain many
hundreds to several thousands of tracks 202 depending on disk size, track
density, head sensitivity, and head positioning accuracy. Track 202 is
sometimes referred to as a cylinder because in a disk drive system 100
having several disks 102, a "track" on the surface of one disk 102    



forms a "cylinder" when viewed with respect to each disk 102 on disk
spindle 104. Thus, "track" is used when referring to a track on a single
disk 102 and "cylinder" is used when referring to a track on multiple disks
102 on disk spindle. Both terms refer to a concentric structure for storing
data located at a radius on the surface of disk 102. However, the terms
"track" and "cylinder" are used rather loosely in the art. In the remaining
discussion, the term "track" will be used for clarity to describe this
structure regardless of whether referring to one or many disks 102. FIG. 2
includes an exploded view 206 of a section of several tracks 202 located on
the surface of disk 102. Exploded view 206 shows sections of tracks 202 as
straight sections for ease of depiction. In reality tracks 202 are curved.
Exploded view 206 includes three tracks 202, hereinafter referred to as
track[err], track[err], and track[err], respectively. In this illustration,
each of track[err], track[err], and track[err], is further divided into M+1
sectors 204, hereinafter referred to as sector[err], sector[err],
sector[err],..., sector[err], and sector[err]. (Only sector[err],
sector[err], sector[err], and sector[err] are shown.) Each sector is also
broken down into fields characterized by the 



information stored within them. For example, in track[err], sector[err],
there are three fields: a gap field 208, a servo information field 210, and
a data field 212. Gap field 208, also known in the art as write recovery
field, is an area on the disk allowing read/write head 106 to be able to
read the next servo information field 210 following a write operation. For
example, if a write operation had been performed in sector[err],
track[err], read/write head 106 (shown in FIG. 1) must transition during
gap 208 to read servo information field 210 in sector[err], track[err].
FIG. 3 illustrates, generally, a common embodiment of sector formatting. As
shown therein, servo information field 210 essentially contains two types
of information: a servo address field 302 and a servo burst 304. Servo
address field 302 contains coarse head positioning information for locating
track 202 on disk 102. Typically, servo address field 302 is a track    



-9- number 312 associated with track 202. For example, a disk 102 using
this method of sector formatting would have the value n-1 in each servo
address field 302 of each of sector[err] through sector[err] in track[err].
Similarly, the value n would be in each servo address field 302 of each
sector[err] through sector[err] in track[err]. In other words, servo
address field 302 has the same value for all sectors 204 in a given track
202. Servo address field 302 also typically contains an index mark 310
which is an additional bit to identify sector[err]. For example, index mark
310 is set to 1 for sector[err] and set to 0 for all other sectors 204 in
track 202. Index mark 310 allows disk drive system 100 to maintain count of
sectors 204 in track 202 as disk 102 rotates. Servo burst 304 contains fine
head positioning information for locating tracks 202 on disk 102. Several
methods are well known in the art for implementing this fine positioning
including amplitude servo bursts or phase- encoded servo bursts, depending
on the demodulation system. Both servo address field 302 and servo burst
304 enable read/write head 106 to maintain a proper position over a
specific track 202 to accurately read from and write 



to disk 102. Following servo information field 210 is data field 212. Data
field 212 contains two types of information: a sector identification (ID)
306 and data 308. Sector ID 306 contains a track number 312, a sector
number 314, a head number 316, and an other field 318. Track number 312,
sector number 314, and head number 316 uniquely identify sector 204 on disk
102 for verification that the subsequent data 308 is indeed the target for
a read or write operation. Other field 318 contains flags for logical
sectors and error correction codes which are well known in the art and not
the subject of the present invention. Because of all the information
included in sector ID 306, the disk space required can be quite extensive.
In fact, in many popular disk drives, sector ID 306 can utilize up to ten
percent of all usable disk space. Note that track number 312 occurs in both
sector ID 306 and servo address field 302 and is therefore redundant.    



-10- FIG. 4 illustrates another embodiment of sector formatting which
eliminates much of the information contained in sector ID 306 from disk 102
and stores it in solid state memory instead. This type of sector formatting
is known as "No-ID". In this format, a sector 204 includes a gap 208, a
servo information field 210, and a data field 212 as in the above described
formatting scheme. Servo information field 210 includes a different servo
address field 402 as compared with servo address field 302, as well as a
servo burst 304. Servo address field 402 includes an index mark 310, a
track number 312, a sector number 314, and a head number 316.  Servo
information field 210 is followed by servo burst 304 as previously
discussed. Following servo information field 210 is data field 212. Data
field 212 in a No-ID format does not include a sector ID 306. Rather, the
entire data field 212 is comprised of data 308. In the two aforementioned
sector formatting methods, track number 312, sector number 314, and head
number 316 are stored as independent values within either sector ID 306 or
servo address field 402. As described 



above, much of this information is redundant either because the information
is contained elsewhere on disk 102, as in the case of track number 312 in
servo address field 302 and sector ID 306; or is repeated, as in the case
of head number 316 repeatedly stored in every sector 204 on disk 102 and
track number 312 repeatedly stored in every sector 204 in the same track
202. The present invention eliminates redundant information by encoding
track number 312, sector number 314, and head number 316 into an encoded
servo address 504 as illustrated in FIG. 5. For ease of discussion, track
number 312, sector number 314, and head number 316 will be referred to
collectively as "servo address" regardless of whether they are being stored
in sector ID 306 or servo address field 402. In the preferred embodiment of
the present invention, an encoded servo address is computed from a servo
address using the following encoding equation: Encoded Servo Address =
Track Number + ((Head Number+1)*(Sector Number+ 1)).   



One is added to each of the head number and sector number in the encoding
equation above for two reasons. First, some integer is required to be added
to both of these number to ensure a non-zero result after the
multiplication. Otherwise, for head[err] or sector[err], the encoded servo
address would be equal to the track number which results in the inability
to discriminate between sectors. For example, on head[err] all sectors
would have an encoded servo address of the track number regardless of the
sector number. Second, adding an integer other than one generates larger
values for the resulting encoded servo address. Larger values require more
bits of disk space. Thus, adding one provides the optimal result in terms
of disk space while still allowing discrimination between sectors. An
example best illustrates the usefulness of the present invention. Table I
illustrates a typical servo address field 302 for a disk drive system 100
having 2 heads, 7 tracks, and 6 sectors. As noted earlier, servo address
field 302 contains index mark 310 and track number 312. Table I
specifically illustrates track number 312 as it changes across sectors 204
and heads 106. 



From Table I, it is readily apparent that servo address field 302 only
changes as the track number changes. For the same track number, each servo
address field 302 in a track 202 contains the same information regardless
of changes in head or sector numbers. As a further redundancy, the track
number is included with the sector number and head number in sector ID 306.
Table II illustrates a servo address encoded according to the present
invention for the same disk drive system 100 with 2 heads, 7 tracks, and 6
sectors. Several important aspects of the present invention are illustrated
in reference to Table II. First, the encoded servo address changes for each
sector in a track. For example, for track[err], head[err], the encoded
servo address has a value of 3 for sector[err] and has a value of 8 for
sector[err]. Thus, by knowing the encoded servo address, sector number 314,
and head number 316, track number 314 can be determined using the above
encoding equation.    -12- 



Head 0                      Sector Number Track       0        1       2
3       4        5 Number 0         0       0        0       0        0
0 1    1   1   1                      1 1 2         2       2        2
2        2        2 3         3        3       3        3       3        3
4         4       4        4       4        4        4 5         5       5
5        5       5        5 6         6       6        6       6        6
6 Head 1                      Sector Number Track       0        1       2
3        4       5 Number 0         0       0        0       0        0
0 1        1         1       1        1       1        1 2         2
2        2       2        2        2 3         3        3       3        3
3        3 



4         4       4        4       4        4        4 5         5       5
5       5        5        5 6         6       6        6       6        6
6 Second, the encoded servo address changes by a different amount for each
adjacent sector based on the head on which the sector resides. For example,
for track[err], head[err], the encoded servo address changes by 1 between
sector[err] and sector[err], while for track[err], head[err], the encoded
servo address changes by 2 between sector[err] and sector[err]. Thus, by
knowing the amount of change in value of encoded servo addresses between
adjacent sectors, disk drive system 100 can verify that the proper head is
being read.    -13- Head 0                      Sector Number Track       0
1        2        3       4        5 Number 



0         1        2        3       4        5        6 1         2
3        4       5        6        7 2         3        4        5        6
7        8 3         4        5        6        7       8        9 4
5        6        7        8       9        10 5         6        .7
8       9        10       11 6         7        8        9       10
11       12 Head 1                      Sector Number Track       0
l        2        3        4       5 Number 0         2        4        6
8       10       12 1         3        5        7       9        11      13
2         4        6        8       10       12       14 3         5
7        9       11       13       15 4         6        8       10
12       14       16 5         7        9       11       13       15
17 6         8       10       12    14          16 



Third, the encoded servo address can also be used to encode an index mark
310. As previously discussed, index mark 310 is a bit used to indicate
sector[err] in a given track, i.e., index mark 310 is set to 1 in servo
address field 302 or servo address field 402 for sector[err] in track[err],
and index mark 310 is set to 0 for all other sectors in track[err]. In the
present invention, sector[err] can be identified by searching for the
non-uniform change in the value of the encoded servo address between
sector[err] and sector[err] in a given track[err]. For example, for    -19-
SHEET 8.   The disk drive of claim 5, further comprising: (j) means for
determining a head number based on which transducing head is selected; (k)
means for determining a sector number; and (m) means for resolving said
ambiguity using said head number, said sector number, and said encoded
servo address. 



9.   A disk for storing data comprising: at least one surface for storing
data, said surface divided into a plurality of data storage locations, each
data storage location having an encoded servo address which identifies the
position of said data storage location on said surface, said encoded servo
address being encodedto reduce its size, said encoding introducing an
ambiguity in absolute position. 10.  A method for locating a desired track
on a disk surface having a plurality of concentric tracks, each track
having at least one sector, each sector having a servo address, the servo
address being encoded in said sector as an encoded servo address to reduce
the size of said servo address, said encoding introducing an ambiguity with
respect to an absolute position on the surface of the disk, the method
comprising the steps of: (a)  determining a sector number of a sector
within a track; (b   reading an encoded servo address from said sector; and
(c)  using said encoded servo address together with said sector number to
locate the desired track.  



-15- servo address. For example, from Table II, the encoded servo address
for head[err], track[err], sector[err] is '3'. This is the same as the
encoded servo addresses for head[err], track[err], sector[err] and
head[err], track[err], sector[err] as well as head[err], track[err],
sector[err]. Thus, the encoded servo address alone will not absolutely
determine a position on the surface of a disk within the disk drive system.
However, the encoded servo address along with a relative position of the
head with respect to the disk will allow the ambiguity to be resolved. For
example, the encoded servo address along with a sector number and a head
number will allow determination of a track number associated with the track
from which the encoded servo address was read. In order to do this, the
present invention must maintain the relative position of the head with
respect to the disk as well as identify which head is being used. This is
accomplished by determining a sector number. The present invention
determines the sector number by counting sectors in a track. 



The sector number is incremented within a track as each individual sector
passes under the head and is reset once per revolution at the index mark.
In the preferred embodiment, the index mark is identified as a non-uniform
transition in the encoded servo address. Once the sector number and a head
number associated with the head being read are determined, the encoded
servo address can be used to determine the track number. Specifically, the
track number is determined using the following equation: Track Number =
Encoded Servo Address - (Head Number+ 1)*(Sector Number+ 1). Once the track
number is determined, the ambiguity in the absolute position of the head
with respect to the surface of the disk is resolved. This facilitates
locating a particular sector within a track on a surface of the disk prior
to performing read and write operations on data. FIG. 6 illustrates a
preferred embodiment of the method used to encode a track number 312, a
sector number 314, and a head number 316 into an encoded servo address 504.
In a step 602, track number 312, sector 



-21- (4)  an encoded servo address computed from said sector number and
said track number, said sector number and said track number uniquely
locating said sector within the disk drive, said encoded servo address
identifying said sector within said track and being encoded to reduce its
size, and said encoding introducing an ambiguity with respect to an
absolute position on the surface of the disk; (c) a transducing head
positioned in relationship with said surface of said disk for reading said
encoded servo address; and (d) means for moving said head relative to said
surface of said disk. 15.  The disk drive of claim 14, wherein said servo
address is computed by: (1) adding a first integer to a head number to
obtain a first result; (2)  adding a second integer to said sector number
to obtain a second result; (3) multiplying said first result and said
second result to obtain a third result; and (4) adding said third result to
said track number to obtain said servo address, 



wherein said head number uniquely locates said sector within the disk
drive.    REPLACEMENT SHEET 16.   The disk drive of claim 1 4, wherein said
servo address is computed by: 1)   adding one to a head number to obtain a
first result; 2)     adding one to said sector number to obtain a second
result; 3)    multiplying said first result and said second result to
obtain a third result; and 4)   adding said third result to said track
number to obtain said servo address, wherein said head number uniquely
locates said sector within the disk drive. 17.   The disk drive of claim
14, wherein said servo address is computed by: 1)    adding a first integer
to said sector number to obtain a first result; and 2)     adding said
first result to said track number to obtain said servo address. 



18.   The disk drive of claim  14, wherein said servo address further
comprises identifying means for identifying a first sector from said servo
addresses within said track. 19.   The disk drive of claim  18, wherein
said identifying means further comprises detecting means for detecting a
non-uniform change in value of said servo address between adjacent sectors
on each of said tracks, said non- uniform change indicating a transition
between a last sector and a first sector of said track, said transition
occurring once per said track.    -23 - 20.  A method for locating a
desired track on a disk surface having a plurality of concentric tracks,
each track having at least one sector, each sector having a servo address,
the servo address being encoded in said sector as an encoded servo address
to reduce the size of said servo address, the method comprising the steps
of: (a) determining a sector number of a sector within a track; 



(b) reading an encoded servo address from said sector; and (c)  using said
encoded servo address together with said sector number to locate the
desired track. 21. A disk drive for storing data, comprising: (a) a
housing; (b)  at least one disk rotatably mounted within said housing, said
disk having (1) a surface for storing data, (2)  a plurality of concentric
tracks located on said surface, each said track having a track number, (3)
at least one sector located within said track, each said sector having a
sector number, and (4) an encoded servo address computed from said sector
number and said track number, said sector number and said track number
uniquely locating said sector within the disk drive, said encoded servo
address identifying said sector within said track and being encoded to
reduce its size; (c) a transducing head positioned in relationship with
said surface of said disk for reading said encoded servo address; and 



(d) means for moving said head relative to said surface of said disk.
16.   The disk drive of claim 14, wherein said servo address is computed
by: 1)    adding one to said head number to obtain a first result; 2)
adding one to said sector number to obtain a second result; 3)
multiplying said first result and said second result to obtain a third
result; and 4)    adding said third result to said track number to obtain
said servo address. 17.   The disk drive of claim 14 wherein said servo
address is computed by: 1)    adding a first integer to said sector number
to obtain a first result; and 2)     adding said first result to said track
number to obtain said servo address. 18.   The disk drive of claim  14,
wherein said servo address further 



comprises identifying means for identifying a first sector from said servo
addresses within said track. 19.   The disk drive of claim 18, wherein said
identifying means further comprises detecting means for detecting a
non-uniform change in value of said Servo address between adjacent sectors
on each of said tracks, said non- uniform change indicating a transition
between a last sector and a first sector of said track, said transition
occurring once per said track. This Sheet Has Been Replaced    20.  A
method for locating a desired track on a disk surface having a plurality of
concentric tracks, each track having at least one sector, each sector
having a servo address, the servo address being encoded in said sector as
an encoded servo address to reduce a size of said servo address, the method
comprising the steps of: (a) determining a sector number of a sector within
a track; (b) reading an encoded servo address from said sector; and 



(c) using said encoded servo address together with said sector number to
locate the desired track. 21. A disk drive for storing data, comprising:
(a)  a housing; (b)  at least one disk rotatably mounted within said
housing, said disk having (1) a surface for storing data, (2) a plurality
of concentric tracks located on said surface, each said track having a
track number, (3) at least one sector located within said track, each said
sector having a sector number, and (4)  an encoded servo address computed
from said sector number and said track number, said sector number and said
track number uniquely locating said sector within the disk drive, said
encoded servo address identifying said sector within said track and being
encoded to reduce its size; (c) a transducing head positioned in
relationship with said surface of said disk for reading said encoded servo
address; and (d)  means for moving said head relative to said surface of
said disk, 



This Sheet Has Been Replaced    -21- 15.   A disk drive for storing data,
comprising: a)     a housing; b)    at least one disk rotatably mounted
within said housing, said disk having 1)    a surface for storing data, 2)
a plurality of concentric tracks located on said surface, 3)    at least
one sector located within said track, and 4)    a servo address computed
from a sector number, a track number and a head number, said sector number,
said track number and said head number uniquely locating said sector within
the disk drive, said servo address identifying said sector within said
track; 



c)     a transducing head positioned in relationship with said surface of
said disk for reading sector addresses; and d)    means for moving said
head relative to said surface of said disk. 16.   The disk drive of claim
15, wherein said servo address is computed by: 1)    adding a first integer
to said head number to obtain a first result; 2)    adding a second integer
to said sector number to obtain a second result; 3)    multiplying said
first result and said second result to obtain a third result; and 4)
adding said third result to said track number to obtain said servo address.
-22- 



17.   The disk drive of claim 15, wherein said servo address is computed
by: 1)    adding one to said head number to obtain a first result; 2)
adding one to said sector number to obtain a second result; 3)
multiplying said first result and said second result to obtain a third
result; and 4)    adding said third result to said track number to obtain
said servo address. 18.   The disk drive of claim 15, wherein said servo
address is computed by: 1)    adding a first integer to said sector number
to obtain a first result; and 2)    adding said first result to said track
number to obtain said servo address. 19.   The disk drive of claim  15,
wherein said servo address further comprises identifying means for
identifying a first sector from said servo addresses within said track. 20.
The disk drive of claim 19, wherein said identifying means further
comprises detecting means for detecting a non-uniform change in value of
said 



servo address between adjacent sectors on each of said tracks, said non-
uniform change indicating a transition between a last sector and a first
sector of said track, said transition occurring once per said track.    


