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rotation is then applied to rotate a rotary head 30 positioner or is
converted into rectilinear notion to nove a |inear head positioner. QOpen
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15 embedded servo sector, and a servo method and apparatus for
making use of the edge servo position information.

Background of the Invention

Head position control systems for disk drives have

20 followed many forms. One form employed for low track density,
low cost disk drives has been a so-called "open loop servo"
positioner ehploying a detent-providing actuator, such as a
step motor. Concentric data track locations are defined by
stable positional states or detents of the step motor. In
25 order to access a particular track 1location, a controller
issues step pulses to the step motor (usually through current
driver circuitry) and the step motor rotates one step of

rotation in a controlled direction for each pulse .received.
This step rotation is then applied to rotate a rotary head
30 positioner or is converted into rectilinear motion to move a
linear head positioner. Open loop servo positioners have most
frequently been employed in floppy disk drives, and have also
been employed in some low cost, low capacity fixed disk
drives, such as the Shugart Associates' SA1000 eight inch disk
35 drive, and the Seagate Technology ST-506 and ST-412 five and
one quarter inch disk drives. The drawback of the open loop
servo head positioner servo is that without any head position



information. Wth this approach, a pattern of servo tracks is witten very
precigely with a servo witer apparatus. The disk drive is then outfitted
with a servo head and a servo information read-only channel which operates
within a head 10 position servo | oop. During head positioning operations,
bot h during seeki ng node and during track foll owi ng node, the servo pattern
I's constantly nonitored and provides positlon feedback information to the
head positioner servo | oop. Such |oop is” consequently referred to as a
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drive storage surface must be devoted to servo information, together
with a dedicated servo transducer head and servo read channel.
Thus, this particular architecture is most applicable to disk
20 drives employing four or more stacked data storage disks, so
that the servo surface is not more than one-eighth of the total
storage capacity of the disk drive. Another drawback of the
servo surface approach is that over thermal cycles or after
mechanical shocks, a positional discrepancy may develop between
25 data recorded on a track of a disk other than the disk
containing the servo pattern and the corresponding servo track
nominally provided for registering the commonly mounted and
moved transducer head stack. .
A head position system which may be realized at: lower
30 cost than the dedicated surface closed loop servo but which
does not employ the cost overhead of the servo surface and
dedicated transducer/read channel, is realized with a head
positioner transducer, such as a polyphase optical encoder,
having a scale tightly coupled to the head arm assembly. The
35 heads are then positioned on the basis of position information
fed back to the servo control loop from the optical transducer.
Unfortunately, system tolerances and shifts, typically due to



5 arising e.g. fromthermal shifts, or otherwise, is to enbed prerecorded
servoxi nformati on on one or nore of the data storage surfaces, and to
regtrieve this enbedded servo information periodically and use it as a
position correction vernier in order to correct the position of the head
transducer 10 relative to data track location. This correction

I nformati on nmay be enbedded as a single servo sector |ocated at an index
marker, as was done in the commonly assigned U S. Patent No. 4,396,959, now
U S. Reissue Patent No. Re. 32,075 in the case of the polyphase opti cal
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usef ul as one or more servo sectors and used in combination with a
servo surface as was done by IBM in its 62PC eight inch disk
file also known in the industrf as the. "Piccolo" disk di‘ive,

20 see Robert D. Commander et al., “Servo Design for an Eight-Inch
Disk File" IBM Disk Stoz"age Technoloqy February 1980, pp 90-98;
also see IBM U.S. Patent No. 4,072,990 relating to this
approach. '

Still another method for providing head position feedback

25 information to a head positioner servo loop is to embed servo
information in a sufficient number of servo sectors interleaved
within the data tracks such that the servo information may be
periodically sampled and held, and head position thereupon:
derived from the samples. In an embedded sector servo system,

30 head position resolution will depend e.g. upon the number of
samples provided per rotation and the efficiency with which the
servo loop can process each sample into a correction value for
correcting head position. A disk drive employing an embedded
servo head positioner servo loop is described in the present

35 inventor's commonly assigned U.S. Patent No. 4,669,004, the
disclosure of which is hereby incorporated by reference.

To be effective, an embedded servo pattern should include



during track seeking operations to indicate the radial position 5 of the
data transducer head relative to the storage surface, and the centerline
réference is useful to center the data transducer head over the track
centerline during track foll ow ng operations. The servo information may

i nclude a spatial quadrature relationship which nmay be used to indicate 10
the direction of novenent of the head transducer relative to the tracks
during seeking. In'the referenced ' 004 patent, four non-phase coherent
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recorded patterns passing by the head transducer. By this is
meant that if the head reads a prerecorded burst pattern, the

20 amplitude of the recovered signal will be proportional to the
degree of coincidence radially between the head transducer and

the burst pattern. If a head is in alignment with the burst,

a maxinum amplitude is recovered. If only a fraction of the
burst is encountered by the head, the amplitude of the

25 recovered signal will be a fracticnal amount of full amplitude
which is proportional to the radial displacement of the head.

If the head misses the burst completely, then no burst
amplitu&e is recovered. ) '
With modern servo writing techniques, embedded sector

30 servo patterns are typically written in multiple, phase coherent
passes of the data transducer head so as to record .servo data
field and centering burst patterns which are wider than the
electrical width or head gap of the data transducer head. This
additional servo sector width advantageously provides for a

35 suitable guard band between each data track, the width thereof
being fixed by the head gap width. However, in this situation,

a head may be aligned completely with a servo burst, but



This dinmension is in effect a servo dead zone. As the head noves

t hroughout the extent of the dead zone, the anplitude of 5 the signal
recovered fromthe burst will remain substantially invariant. Thus, the
servo | oop experiences a dead band throughout this range. The prior art has
attenpted to accommodate the dead band by providing two or four tine
staggered, radially offset bursts 10 having burst edges of a pair of bursts
aligned with track centerline in each se¥vo sector. The relative
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track and of the head is not in precise alignment between the two radially
aligned edges of the time staggered bursts. This situation
becomes important during track seeking operations and most
particularly during a transitional operational phase between
20 track seeking mode and track following mode, a phase known as
track settling.

One known drawback of the prior art is that the track
settling.phase has required a significant time period, thereby
effectively extending track access times associated with track

25 seeking.

Another hitherto unsolved need has remained for a more
precise servo system which provides more precise position
information within a full pésitional linear range between the
boundaries of each track, thereby enabling faster and more

30 precise track settling operations to be carried out.

Summary of the Invention with Objects
A general object of the present invention is to provide
a head position servo control system for a high capacity fixed
35 disk data storage subsystem employing a predetermined plurality
of émbedded servo sectors wherein the sector servo pattern
provides a track number and further provides a plurality of



verni er head position control in a manner which overcones the Iimtations
and dgawbacks of the prior art. 5 Anot her object of the present
imvention is to provide a servo pattern for a disk drive in which only two
servo bursts are enployed to provide edges during track seeking and
settling operations, and wherein only two servo bursts are enployed to
provi de absolute track centerline position information during 10 track
foll owi ng operations, and wherein at | eass one of the bursts is comonly
used during both track seeking and settling node, and track follomnn% node,
thereby | i m EREYOtPRFHoednen iiddrinopash rtraakupaakl i deadstbenet @ &hehan
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the information in servo'sectors nay be read he same el ectronics
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i nvention i s numberovf deervdbghsta preided, thimgt metbothanahrekopernceesert i me
di sk drive Wﬁh%ﬁr%éﬁs an enbedded sector servo pattern adapted to 35
mnimze processing tine and hardware in order to acquire an absol ute
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digitally and used to provide an absolute head position
measurement vernier within the data track.

20 One more object of the present invention is to provide
a burst pattern for a data, track servo sector in which burst
edges are selected by detection of low amplitude and high
amplitude equivalence points between adjacent bursts.

Yet one more object of the present invention is to

25 provide a disk drive with a plurality of data track zones
wherein each zone has a number of data sectors and a bit
transfer rate adapted to optimize bit density radially across
the data surface and t«;rith a plurality of evenly spaced servo.
sectors throughout the radial extent of the data storage

30 surface, and wherein the information in the servo sectors may
be read by the same electronics for reading the data patterns.

Still one more object of the present invention is to
provide a high capacity, high performance, low access time disk
drive which uses an embedded sector servo pattern adapted to

35 minimize processing time and hardware in order to acquire an
absolute position value from a servo sector during track
seeking and settling operations.



bit digital processing systemw thin a head positioning servo | oop of a
disk drive. 5 Yet one nore object of the present invention is to
provi de an absol ute position resolving servo | oop which renpbves any track
nunber ambi guity otherwi se resulting fromhysteresis (i.e. track nunber
preference) characteristics of the data channel of the disk drive. 10

A still further object of the present invention is to provide a nethod for
controlling head position within a disk drive fromabsol ute head position
information relative to adjacent data tracks provided by quantization of
servo burst edge &% ia ullasthermdobient befstthalgeresenthi AneemeRiediserteo 15
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prerecorded therein for identifying secon a track from anong, the
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In accordance with the principles of the present

invention a data storage disk of a high performance, high
capacity disk drive includes a prerecorded pattern of embedded
servo sectors prereéorded on a data storage surface of a
20 rotating storage disk. The servo sector pattern prerecorded
for each track is radially wider than the radial head gap width
of a data transducer head associated with the data storage
surface leading to a position-resoclution dead zone within each
burst width. The pattern includes for a second concentric data
25 track lying between a first track and a third track of a
multiplicity thereof: a) a servo sector address mark field
including a magnetic flux transition pattern prerecorded
therein for identifying the start of the servo sector pattern;
b) a track number field including a magnetic flux transition
30 pattern prerecorded therein for identifying the second data
track from among the multiplicity thereof; c) a first occurring
servo burst being prerecorded with a predetermined servo burst
magnetic flux transition pattern and having one longitudinal
burst edge 1located - substantially congruent with 'a track
35 centerline of the second track, and having another 1ongitudina1
burst edge located substantially congruent with a track
centerline of the third track;'and, d) second occurring servo



magneti c flux transition pattern for providing burst edges substantially
congruent with track boundaries of the second track relative to the first
track and the third track, the 5 second servo bursts- being recorded
entirely within the boundaries of the first track and the third track. In
one aspect of the present invention, the servo sector pattern further
conprises for a track follow ng servo node a third occurring servo
burst being prerecorded with the 10 gredeterm ned servo burst magnetic
flux transition pattern and |ocated spatially as to be electrically 180
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In another aspect of the present invention a method is
provided for determining a digital radial head position value
within a disk drive including a fotating storage disk defining

20 a data storage surface, a data transducer head for reading and
writing data from and to concentric data storage tracks on the
storage surface, control electronics associated with the data
transducer head and an actuator for moving the head and wherein
the data tracks include embedded sector servo information. In

25 this aspect of the invention, carried out during a seek and
settle mode, the method comprises the steps of:

reading a track number from a track number field of a
said embedded sector to determine radial head position in
proximity to circumferential boundaries of a said data track

30 identified by the track number,

determining the amplitude of a first servo- burst and
selecting therefrom a circumferential edge from a plurality
thereof, '

quantizing the amplitude read from the selected burst

35 edge as a digital value,

calculating a fine position vernier value relative to

the said data track based upon the guantized digital value of



sel ected burst edge anplitude, and adding the fine position vernier val ue
to the. track nunber of the said data track thereby to provide the digita
absol ute head position value for the selected sector. 5 As one facet
of this aspect of the present invention, track crossing rate i s nmeasured,
and a flag is set if the track crossings are occurring at a rate of e.g.
five tracks or nore per servo sanple. When the flag is set and under
certain between-track head position circugstances, only the track nunber 10
is read fromthe track field and the burst anplitudes are ignored. Wen the
flag i s not setledtes! burst m@ml&{,uggs‘a@de used to resol ve any

ambi guity otherw sggl | ting fromhysteresis in the data channel of the
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control pr®gream theovwdeleht indBntion will be more fully understood and
appreciated by those skilled in the art upon consideration of
the following detailed description of a preferred embodiment,
presented in conjunction with the accompahying drawings.

20 Brief Description of the Drawings
In the Drawings:

Fig. 1 is a diagram of a prerecorded embedded servo
sector pattern for a disk drive .in accordance with the
Principles of the present invention, the pattern being repeated

25 on a data storage surface of a rotating disk in a disk drive
and includinglA/B/C servo bursts wherein the A and B bursts
form an edge servo for track seeking and settling and wherein
the A and C bursts form a track following servo pattern.

Fig. 2 is a diagram illustrating the edge servo

30 arrangement in accordance with the present invention by'
graphing relative amplitudes of the A/B servo burst:.-pattern in
spatial quadrature as a function of radial position of a data
transducer head on the disk surface.

Fig. 3 is a graph of one example of quantization values

35 for a servo burst edge in relation to radial pOSltlon of the
data transducer head.

Fig. 4A is an overall, top-down control program flowchart



for a portion of the m croprocessor control program for determning
absol ute track position froma sel ected burst edge in accordance with the
princi ples of the present invention. Figs. 4B through 4G conpri se
flowcharts of subroutines 5 called fromthe Fig. 4A main routine. Fig. 5
Is a block diagramof a disk drive incorporating a rotating storage disk
having the Fig. 1 prerecorded enbedded servo sector pattern. Fig. 6 is a
pl an vi ew graph of a data surface of the,kig. 10 5 rotating storage di sk,
illustrating eight data sector zones Z0-Z7 having respectively different
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With reference to Fig. 1 a prerecorded servo sector
pattern is provided for controlling head positioning within a
disk drive. The disk drive may be of the floppy, or removable

20 media type, or, more preferably it may be a fixed disk drive 100
(see Fig. 5) wherein data storage disks 14 are fixed to a
spindle hub within an enclosed head and disk assembly. The
sector pattern depicted in Fig. 1 is embedded within concentric
data storage tracks of a disk surface, meaning that the sector

25 pattern periodically interrupts the data storage area of each
data track in order to provide absolute positional information,
via a data transducer head 102 associated with the particular
data storage surface, to control circuitry of the disk drive
100 comprising a head position servo loop.

30 The servo sector pattern depicted in Fig. 1 passes by the
data transducer head 102 and is read during a servo sector
interval denoted by the reference numeral 10. Servo data is
sampled and held for processing by the control circuitry. The
servo sector is read during track seeking operations, i.e.,

35 when the data transducer head 102 is being moved from one
radial track location to another radial track location; it is
also read during track settling operations, i.e., when a



destination track centerline is being approached by the data transducer
head 102; and, it is read during track foll ow ng operations, i.e., when the
data transducer 102 is following the centerline of a data storage track and
is in position for 5 reading or witing user data to and from data storage
portions of the track being followed. The servo sector interval duration is
marked in terns of "T" periods wherein T is a basic clock cycle period of
62.5 nanoseconds (repeating at 16MHz). The servo sector interval 10 10 has
a nom nal duration of 386T (24.125 nlcrosé&onds) and preferably there are
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transduced b dlscussed hereinafter.

Each servo sector interval 10 is prerecorded with the data
transducer head 102 which is precisely positioned during servo
writing with the aid of a servo writer, such as the one

20 described in comménly assigned U.S. Patent No. 4,920,442, for
example. Fig. 1 illustrates a portion of the sector 10 for
four adjacent concentric data tracks, e.g. tracks n-1, n, n+i
and n+2, etc., it being understood that a beginning track
number n = 0 lies at a radially outermost region of the data

25 storage disk i4, and that the highest track number, e.g. n =
2000, lies at a radially innermost region of the data storage
disk 14. wWhile the Fig. 1 servo sector graph is drawn in
rectilinear format, it will be understood by those.skilled in
the art that actually each track and its embedded servo sectors

30 follow the locus of a circle, as more accurately shown in Fig.
6.

Also, each servo sector interval 10 has a width greater
than the head width of the data transducer 102 thereby to
establish guard bands. In order that the servo information be

35 written in the radially wider servo sector interval 10, multiple
passes are made over the interval by the head 102 while phase
coherent servo writing currents are selectively transduced' by



12 the head 102 into the magnetic nedia coating of the disk surface. As
already noted, the greater servo burst width results in a

satur at ed- anpl i tude-1 evel dead zone DZ (see Fig. 2B) wi thin each burst

t hrough which the head 102 is unable to 5 determ ne position based upon
that burst. As prerecorded by the servowiter apparatus, each servo sector
i nterval 10 preferably includes an AGC field 16, a servo sync field 18, a
servo address mark field 20, an index bif{,field 22, a track nunber field
24, a first DC erase gap 26, a 10 first servo burst field 28 | abelled "A"
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following operational mode. 1In this manner, to be explained in
greater detail hereinafter, only two time staggered servo burst
20 fields are required for absolute head position information
during each operational phase, whether it be track seeking,
track settling or track following.
The AGC field 16 is prerecorded with a 3T repeating
pattern (100s), which are repeated 24 times. The 3T pattern is
25 further to be understood as a positive (or negative) gbing flux
reversal pulse, followed by two non-active time periods (T
periods of no flux transitioﬁs). The next 3T pattern is a
negative (or positive) going flux reversal also followed by two.
non~active T periods during which there are no flux transitions
30 or reversals. associated ' with the disk data surface 12. The
AGC field 16 is f.herefore used to adjust the gain of drive read
channel electronics 106 and 110 tc a predetermined reference
value prior -to reading the burst amplitude of the servo bursts
28, 32 and 36 as will be hereinafter explained. In this manner
35 there is no need to calculate an AGC value as has been
previously required for each track location in accordance with
the burst amplitude relations: (A-C)/(A+C), for example.



13 It should be noted that the 3T pattern in the AGC field 16 is phase
coherent fromtrack to track throughout the radial extent of each sector 10
and is used to calibrate and nornalize the gain characteristics of the
read channel electronics 5 associated with the data transducer head 102, so
that the AGC field 16 creates an electrical signal of known anplitude.
During seeking, the read channel data anplitudes tend to vary. Therefore,
havi ng a known AGC val ue for a servo sectigr interval 10 is especially
useful during track seeking and settling node. 10 The servo sync
field 18 is a 3T pdttehauishiks rictedepbat ethé 11 ettekrar ia thy aidoomiefiql. 13
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field. <This approach avoids the need to use the phase locked
loop 114 to set up timing for marking boundaries of the servo
20 sector fields.

The servo address mark field 20 sets forth a servo
address value which is intentionally designed to violate a run
length limited data encoding pattern otherwise present in all
of the data zones for the data values which are recorded and

25 read back by the disk drive 100. The disk drive 100 preferably
employs a 1,7 run length limited data encoding scheme, which
means that the minimum number of zerés between ones is one, and
that the maximum number of zeros between ones is seven. The.
servo address mark field 20 is prerecorded e.q. with a twice

30 repeating pattern of 14T, 1i.e. 10000000000000 (a flux
transition followed by 13 non-active T periods).- After the
2X14T pattern, a nine-bit servo data zero pattern is read.
This servo data zero pattern, i.e. 10 000 010 0, is decoded by
the servo loop as a binary zero. The servo address mark

35 indicates to the data separator that the information
immediately following in time comprises servo position
information (as opposed to user data or ‘other information).



14 Disk position (rotation) information is provided fromthe index field
22. It the sector 10 is the first servo sector of the 52 servo sectors
within the concentric data track pattern, a prerecorded nine bit servo data
one pattern, i.e. 5 10 010 000 O, is read out to provide a once per

revol ution index marker. |If the sector 10 is not the first sector, then the
index field 22 is prerecorded with a nine bit zero value. The track nunber
field 24 is prerecorded with sixteen serygp data bits, each conprising 9T
periods, in accordance with 10 a Gray code format. For exanple, for a
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- value). This pattern is consistent with the 1,7 run length

limited data encoding pattern, and it is also consistent with
a 3T pattern which limits the minimum time for flux transitions

20 (ones between zeros) to occur not more frequently than once

~every third clock cycle. This limitation ensures that the

servo track number will be reliably readable even though data
may be recorded at a higher transfer rate (2T) in some data
zones, which marks the bandwidth limit of the read channel of

25 the disk .drive 100.

The bc erase gaps 26, 30, 34 and 38 respectively separate
the track number fields 24 from the time staggered, radially
offset A, B and C bursts 28, 32 and 36, and from the beginning
or resumption of the data track 40. The A, B and C bursts are

30 each recorded with a 3T pattern repeated twelve times. Each
A burst straddles alternate track boundaries between two
adjacent tracks, e.qg. the tracks n-2 and n-1, n and n+l1, and
n+2 and N+3. Thus, alternate circumferential edges of the A
bursts are aligned with the track centerlines of every data

35 track.

As shown - in Figs. 1 and 2, the B bursts are
circumferentially offset (i.e., follow in time or "“time




15 st aggered") Wi th respect to the A bursts and are radially offset so
that their relative anplitudes are in electrical quadrature w th ‘A burst
applitudes, as well. By "quadrature" is further nmeant that each B burst is
of fset by one quarter 5 track pitch fromeach A burst. By way of further
explanation, if there are 360:degrees between centerlines of adjacent
tracks, the B burst is radially offset by 90 degrees fromthe A burst. Each
B burst straddles an even track, e.g. tracks n-2, n, and n+2. so that the
circunferential edges of each B 10 burst "are substantially aligned with the
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simlar to the other and is offset by 90 degrees in phase uadrature) The
hori zont al C°nventlonally provides a margin or guard band etween each

track to minimize crosstalk from track to track and consequent

data errors. As already noted, this arrangement further results

in a- dead zone DZ within each burst in which the head is
20 incapable of resolving its position.

Fig. 2A depicts a portion of the disk 12 containing a
servo sector interval 10. The vertical arrow illustrates
relative rotational movement of the disk 12 relative to the head
102. Fig. 2B depicts electrical amplitude waveforms of signals

25 read from the A and B bursts as a function of radial
displacement of the head 102. The saturation level dead zones
within each burst amplitude are labelled DZ in Fig. 2B.

As the data transducer head 102 moves across a
circumferential edge of an A or a B burst, an amplitude value

30 will be obtained which is proportional to radial displacement
of the head 102 relative to the burst edge. The amplitude
values define fairly linear diagonal waveforms as graphed in
Fig. 2B, with the amplitude of the A burst graphed as a solid
line 40, and with the amplitude of the B burst graphed as a

35 dotted 1line 42. Each line is similar to the other and is
offset by 90 degrees in phase (quadrature). The horizontal
segments mark the dead zones DZ in which radial displacement of



segnents mark the dead zones DZ in which radial displacenent of 16 the
head 102 will result in no change in burst anplitude | evel. The di agonal
segnents mark radial positions of the head 102 in which anplitude is
proportional to radial displacenent. The di agonal segnents reverse in
sense as the head traverses the 5 disk surface 12 from an outside
diameter (OD) to an inside dianeter (I1D). By inspection of Fig. 2B it is
apparent that there are no radial positions which are not defined by a
C|rcunferent|al burst edge providing |if&r head position f eedback, and
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particular sector 10 which is partlcularly valuable during the
track seeking and settling mode of the disk drive head
positioning operations.

For example, when the data transducer head 102 is

20 following the centerline of track n-2, (denoted by the
reference numeral 102a in Fig. 2) half  of the head width passes
. over the A burst 28 and half passes over a DC erased area not
containing any flux transitions. This condition results in a
half amplitude value along an A burst diagonal edge 40 that
25 slopes upwardly with radial position of the head 102.

With the head in the. radial position denoted by the
reference numeral 102b in Fig. 2A, a minimum amplitude
equivalence point A=BLo is sensed. This position is one.
guarter track pitch radially outwardly of centerline of the

30 track n-1 (and is also three quarters of a track pitch radially
inwardly of centerline of the track n-~2). In this position, the
head 102 intercepts only a small segment of the A burst 28 and
a like small segﬁent'of the B burst 32.

With the head in the radial position denoted by the

35 reference numeral 102c in Fig. 2A, a maximum amplitude
equivalence point A=BHi is sensed. This position is one
quarter track pitch radially outwardly of centerline of the



equi val ence point A=BH is sensed. This position is one quarter track
pitch.radially outwardly of centerline of the 17 track n-2. 1In this
position, the head 102 intercepts equal mmjor segnents of the A burst 28
and the B burst 32. Wth the head in the radial position denoted by the
reference nuneral 102d (straddling the track boundary between tracks n-2
and n-1 5 for exanple) a point is located in the center of a slope
segnent of the B burst graph 42. Each diggonal slope or edge is preferably
gquanti zed at a resolution of 1/32nd (2[err]) increnents. For any track n,
t here are pdmaackns-@f. t Hireethdisagmlt iedgeshef haadnd 0B hmtstrsephs céqul are
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and 2, it
followed by the data transducer 102. In operation, explained

hereinafter in conjunction with the Fig. 4 flowcharts, one of
the three available edges within each data track is selected,
20 and the proportional amplitude of the burst associated with the
edge quantified in order to provide an absolute position value
for vernier adjustment of head position to nominal track
centerline.
The switchpoints 46 mark locations at which switchover
25 occurs from one linear slope portion of one of the bursts, such
as the A burst 28, is made to the linear slope portion of the
adjacent other burst, such as the B burst 32. Advantageously,
each switchpoint occurs at a radial position which is offset
each side of track centerline by one quarter of a track. This
30 arrangement means that any transients or other disruptions
occurring from switching between servo burst circumferential
edges occurs away from track centerline, when a stable,
undisturbed servo reference is needed during track following.
While the C burst 36 is depicted in Figs. 1 and 2, it
35 should be understood that the C burst 36 is not used in the
edge servo position vernier mode, and is preferably used during
track following only because it is very accurate and robust.



35 shoul d be understood that the C burst 36 is not used in the edge servo
position vernier node, and is preferably used during track follow ng only
because it is very accurate and robust. 18 The A/ C burst pattern is
conventional and enabl es each data track centerline to be marked by equal A
and C burst .anplitudes. While the C burst 36 is presently preferably

i ncluded within each of the servo sector patterns 10 in each 5 track for
track follow ng operations, the C burst ;36 may be provided in alternate
ways; or it may be omtted, with track centerline follow ng node based upon
the B burst Tadga/el eaest Tpat€elnir id donvent ioRaliudad %hbléé’l&a%hburd%ttai n one
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digitized ardigeyat han dentadddteasvomnld Vse DEbl1bwed btb posalilaateerttheer to
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nunber fi el I n“one exa equi val ence pol nt ntizes
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a centerisne m dp@ohveftibh€l BAJEhGUAHUrERS it pS¥if el tdhee ska@eaDiy t he
edge 40 i's dgtaryingd dyy ngedr JECALLEEALLAN TRULBE AN RS, g fRllpwi ng
following a data track centerline will obtain a half amplitude
value from the A burst (radial and cifcumferential position
102a in.Fig. 2A), and it will then obtain a half amplitude
20 value from the C burst (radial and circumferential position
102e in Fig. 2A), as was described in the referenced U.S.
Reissue Patent No. Re.32,075 noted above.
With reference to Fig. 3, each diagonal slope of the
waveforms 40 and 42 between the A=BHi point and the A=BLo point
25 may be quantified into one of e.g. 32 amplitude values. These
values are digitized and may then be added as a five bit, 1low
bit position vernier to the eleven bit, upper bit position
digital track number read from the track number field 24. 1In
one example, the high equivalence point A=BHi quantizes at CO
30 (hex), the low equivalence point A=BLo quantizes at 40 (hex),
and a centerline midpoint on the edge quantizes at-80 (hex).
The slope of the edge 40 is determined during a recalibration
routine and has the following formula:
SLP [256*16]/( (A=BHi) - (A=BL0) ]
256*delta y/delta x, where delta x is the change in
amplitude between A=BHi point and A=BLo point as a function of
radial displacement y of the head along a particular edge.

35



SLP = [256*16] /[ (A=BH )- (A=BL0)] 35 = 256*delta y/delta x, where
delta x is the change in anplitude between A=BH point and A=BLo point as a
function of radial displacenent y of the head along a particul ar edge.

19 A representative slope is calculated during a recalibration
operation which is perforned when the drive is powered up and al so
periodically as needed during pauses in other data transfer operations.

Al so, the A=BH and A=BLo 5 val.ues cal cul ated for a representative track.
Even if the data transducer head 102 pas§@s directly over a track boundary
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that 25 a m | Jiht y4 n I Gl Lesh nd to track
centerline. %g{ltfrﬁm ng ¥ s %tn a\i% ?ﬁa%fn&m tgu F;%%’ftlﬁmsnot gﬁ S55P % our
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and B burst &I”q)delrtsudﬂiuxhﬁ'dihﬁ&@oﬁp\lé hgridy-et rﬁﬁeeﬂﬂ&e‘lgetﬁc{e@ﬁqw‘ thin
even tracks, and igu,pha %é\gg ﬁgést ed en b sed w odd tiacks
In phase EB and phate CB&"? Btir e tbat&?cﬂ'z pa ‘Eﬁ%d"‘ eTﬁ& t‘ﬁ’e &qya
segnent s amplitudes, only the track number having a first occurring flux
transition in a bit position will be recognized. Consequently,
it will be apparent to those skilled in the art that if a
calibration operation is periodically carried out wherein the
20 high amplitude equivalence points 42 and the low amplitude
equivalence points 44‘are sensed, and the position of the head
transducer 102 set to one quarter track pitch outwardly from
even track centerline and odd track centerline respectively,
the A burst edge 28 will thereupon become calibrated such that
25 a midpoint quantization value 16 will in fact correspond to
track centerline.
Returﬁing for a moment to Fig. 2B, it will be noted that
four servo burst edge phases have been assigned within a
complete cycle of the A and B burst amplitudes. In phase EA the
30 A burst edge 40 is used within even tracks, and in phase OA the
A Dburst edge 40 is used within odd tracks. 1In phase EB and
phase OB, the B burst edge 42 is used. The other edge segments
are more complicated and are divided into halves, selected by
available B burst edge and whether an odd track number or an
35 even track number has been read.
In this regard it is important to note that the read data
channel may manifest a hysteresis characteristic in such a



are nore conplicated and are divided into halves, selected by available B
burst edge and whether an odd track nunber or an 35 even track nunber has
been read. In this regard it is inportant to note that the read data
channel may mani fest a hysteresis characteristic in such a 20 manner

t han one track nunber may be read, even though the head 102 is presently

| ocated nostly within an adjacent track. This preference to a particul ar
head nunber stens fromthe fact that certaln flux transitions denoting the
one track nunber occur 5 before the flux?®ransitions. denotlng t he adj acent
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preferably An edge phase OB_A>B extends from a switch point 46 to the
boundary between the odd and even tracks, and an edge phase
EB_A>B extends from the track boundary to the high amplitude
level equivalence point (A=BHi).

20 . Figs. 4A through 4G set forth an overall flowchart which
illustrates a method for calculating an absolute position
within the boundaries of each track to a resolution of a thirty
second of a track pitch. 1In order to make the calculation of
track pitch vernier, it is necessary to determine which phase

25 (edge) is applicable, and then to obtain necessary amplitude
measurements and prestored values in order to carry out the
determination of the track pitch vernier.

Before discussing the details of the method, it should
be observed that the method is preferably implemented within

30 a control program executed by a drive microcontroller 140 of
the disk drive 100. The microcontroller 140 -preferably
includes a sixteen bit microcontroller, such as type 78322 made
by NEC Cofporation, or equivalent. In this approach, the track
number read from the track number field 24 is assigned to

35 eleven most significant bits of the sixteen bit track position
number. The five lower bits are provided as one of 32 possible
positional increments per track as depicted in Fig. 3. When the




I ncludes a sixteen bit mcrocontroller, such as type 78322 nmade by NEC

Cor poration, or equivalent. In this approach, the track nunber read from
the track nunber field 24 is assigned to 35 eleven nost significant bits
of the sixteen bit track position nunber. The five |lower bits are provided
as one of 32 possible positional increnents per track as depicted in Fig.
3. Wen the 21 track nunber is read fromthe track nunber field 24, the
el even bits are | oaded into the el even high bit positions of the sixteen
bit position register, and the lower fi¢é bits are preloaded with a
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hysteresis characteristics. If, as is presently preferred, five
or more tracks are being crossed between each servo sector
20 interval sampled, the favor track flag FVR_TK is set to a one.
This denotes a high speed portion of a seek operation at which
the track numbers read from the track number fields 24 are used
in lieu of some of the B burst edge information lying at the
transition between adjacent track boundaries. If less than five
25 tracks are being érossed between each servo sector interval
sampled, the favor 'track flag FVR_TK is set to zero. This
denotes a low speed head movement phase, as in séttling, and in
this phase, between-track servo burst edges are preferred to.
the track number for determining exact position of the head
30 transducer 102. The routines to set and clear the favor track
flag are contained within the servo interrupt service routine
which is executed periodically by the microprocessor in
synchronism with passage of the head 102 over each servo sector
interval 10. '
35 Turning now to Fig. 4A, a start node 50 is entered at
servo time by the microcontroller 140 on a servo interrupt
service routine basis. The track number is read from the track



flag are contained within the servo interrupt service routine which is
executed periodically by the m croprocessor in synchronismw th passage of
the head 102 over each servo sector interval 10. 35 Turning now to
Fig. 4A, a start node 50 is entered at servo tine by the mcrocontroller
140 on a servo interrupt service routine basis. The track nunber is read
fromthe track 22 nunber field 24 of the sector 10 and entered into a
register at a step 51. A logical node 52 determnm nes whether the track
nunber identifies an odd track or an evetf track. If an even track is
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(Fig. 4E) |sTbg$|§dbrd&nxne 87 uses an A burst edge and it is executed

until a done node 58 is reached.

If A burst amplitude does not lie between the high and

low equivalence points, as tested at the node 56, the only

20 remaining possibility is that A burst amplitude is greater than

the high equivalence point (A=BHi) and in this event an even

track, A burst greater than B burst (EB_A>B) subroutine 59 (Fig.

4D) is called. This subroutine 59 employs a B burst edge.

The subroutine 59 is executed until a done node 60 is reached.

25 Returning to the odd track/even ‘track logical node 52,

if an odd track is determined to be present, a logical node

62 tests whether A burst amplitude is 1less than the low

equivalence point (A=BLo). If so, an odd track, A burst greater

than B burst (OB_A>B) subroutine 63 (Fig. 4E) is called. This

30 subroutine 63 employs a B burst edge and is executed until a

done node 64 is reached. If not, a 1logical node 65 determines

whether A burst amplitude lies between the high and low

equivalence points. If so, an odd track, A burst edge (OA)

subroutine 66 (Fig. 4F) is executed until a done node 67 is

35 reached. The only remaining possibility is that A burst

anplitude is greater than the high equivalence point (A=BHi).

In this case an odd track, B burst greater than A burst (OB_B>A)



30 subroutine 63 enploys a B burst edge and is executed until a done node
64 is.reached. If not, a |ogical node 65 determ nes whet her A burst

applitude lies bet ween the high and | ow equi val ence points. If so, an
odd track, A burst edge (OA) subroutine 66 (Fig. 4F) is executed until a
done node 67 is 35 reached. The only remaining possibility is that A
burst anplitude is greater than the high equivalence point (A=BH ). In this
case an odd track, B burst greater than A burst (OBB>A) 23 subroutine 68

(Fig. 4G is executed, using a B burSt e%l?ge. Thi s subroutine continues
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number, the slope value NUM is subtracted from the actual track
number ACT TK in a node 208 and a node 209 adds 23 to the
resultant difference. A done node 209 is then reached

20 If the logical node 204 determines that the number is
not less than 8, a logical node 211 determines whether the
number NUM is greater than a value of 15. If so, a value of 23
is added to the actual track number ACT_TK at a step 212, and
a done node 213 is then reached.

25 If the logical node 211 determines that the number NUM is
not greater than 15, meaning that NUM lies in a range-between
8 and 15, a step 21 subtracts the slope value NUM from the
actual track number ACT_TK, a step 215 adds a value of 23 to the
resultant sum to obtain the final position correction value, and

30 a done node 216 is reached. This completes the discussion of
the EB_B>A edge subroutine 54 depicted in Fig. 4B.:

Fig. 4C sets forth the subroutine 57 for the EA edge phase
subroutine 57. A start node 220 leads to a step 221 at which
the low equivalence value (A-BLo) is subtracted from A burst

35 amplitude in order to obtain a difference value DIFF. The
difference value is then multiplied by the élope value SLP at
a step 222 to achieve a number value NUM. A logical node 223



resultant sumto obtain the final position correction value, and 30 a done
node 216 is reached. This conpletes the discussion of the EBB>A edge
subroutine 54 depicted in Fig. 4B. Fig. 4C sets forth the subroutine 57 for
t he EA edge phase subroutine 57. A start node 220 |eads to a step 221 at
whi ch the | ow equival ence val ue (A-BL0) is subtracted fromA burst 35
anplitude in order to obtain a di.fference val ue DI FF. The difference
value is then multiplied by the slope value SLP at a step 222 to achieve a
nunber value NUM A |ogical node 223 2% then tests whether the nunber
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tests whet hefepirtghidy FigackCflag FVR TK is set. |If so, a value of 16 is

subtracted from t hef2yriagt 4al rid 240 NeRBesuhJutiihedlfo? §hepeR IGBaabdga done
node 237 %s reach

Tode 2372k HFRFOE e el BhatByChe L A b Bofab] LPhndf g TERRRY
231 at which the B burst edge amplitude is obtained. The low
equivalence point value (A+BLo) is then subtracted from measured
B amplitude to obtain a difference value DIFF at a step 232.
The difference value DIFF is then multiplied by the slope value

20 SLP at a step 233 to obtain a sSlope number value NUM. A logical
node 234 then determines whether the number value NUM is less
than 8.

If so, a logical node 235 tests whether the favor track

flag FVR_TK is set. If so, a value of 16 is subtracted from the

25 actual track number ACT_TK at a step 236 and a done node 237 is
reached. If the favor track flag FVR_TK is not set, méaning that
burst edge is preferred over track number, the numerical slope
value NUM is added to the actual track number ACT_TK at a step
238, and a value of 24 is subtracted from the resultant sum at

30 a step 239 to obtain actual track position. A done node 240 is
then reached.

If the number value is not less than 8 as tested at the
node 234, a second logical node 241 tests to see if the number
value NUM is greater than 15. If so, a step 242 subtracts a

35 value of 9 from the actual track number ACT_TK, and a done node
243 is reached. 1If not, the number value NUM is added to the
actual track value ACT_TK at a step 244, and a value of 8 is



value NUMis added to the actual track nunber ACT_TK at a step 238, and a
val ue.of 24 is subtracted fromthe resultant sumat 30 a step 239 to
obtain actual track position. A done node 240 is then reached. If the
nunber value is not less than 8 as tested at the node 234, a second | ogical
node 241 tests to see if the nunber value NUMis greater than 15. If so, a
step 242 subtracts a 35 value of 9 fromthe actual track nunmber ACT_TK,
and a done node 243 is reached. |f not, the nunber value NUMis added to
the actual track value ACT_TK at a step2f44, and a value of 8 is 25
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r eached. This  conpletes the discussion of the EBA>B edge ,subroutine 59.
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used in prefsenge 0al Beefh '78H 20a RUEDSS .nodd1©s% PRerduuregl, value NUMis
added to the actual_ track value at a step 26 g value of 8 is added to

1, and
the resul tant sumift "Qtsms3nigg thatyshe 8310 1snBredtercHRYN 394 he
hunmber val ueaslddtieds abhetheenoderasigne Ipgdsal esddel 257 thetmode 7 ift he

number V%‘Jetlwwhgxgb%dd@glv.hé) e tH?&a@ér bhagkonunher & & StgRmh4, and
a value of 8 15, ed to the resulfaft sumat a node 265. A done node 266
i s then reachedical node 258 determines if the favor track flag FVR_TK 1is
set. If so, a step 259 adds a value of 15 to the actual track
number ACT TK, and a done node 260 is reached. If not, meaning
that the burst edge is to be used in preference to the track
20 number, the slope number value NUM is added to the actual track
value at a step 261, and a value of 8 is added to the resultant
sum at a step 262. A done node 263 is then reached.
If the number value NUM lies between zero and 7, as tested
at the node 257, the number value NUM is added to the actual
25 track number at a step 264, and a value of 8 is added to the
resultant sum at a node 265. A done node 266 is then reached.
This completes the discussion of the OB_A>B edge subroutine 63
depicted in Fig. 4E.
With reference to Fig. 4F, the OA edge subroutine 67
30 begins at a start node 270 and progresses to a node 271 at
which the low equivalence value (A=BLo) is subtracted from A
burst amplitude to yield a difference value DIFF. The
difference value DIFF is then multiplied by the slope value SLP
at a step 272 to yield a number value NUM. A logical node 273
35 tests whether the number value NUM is greater than 15. If so,
a step 274 adds a value of 7 to the actual track number ACT_TK,
and a done node 275 i§ then reached.



This conpl etes the discussion of the OBA>B edge subroutine 63 depicted in
Fig. 4E. Wth reference to Fig. 4F, the OA edge subroutine 67 30 begins at
a start node 270 and progresses to a node 271 at which the | ow equival ence
val ue (A=BLo) is subtracted fromA burst anplitude to yield a
difference value DI FF. The difference value DIFF is then nultiplied by
the slope value SLP at a step 272 to yield a nunber value NUM A | ogical
node 273 35 tests whether the nunber vgbue NUMis greater than 15. |If so,
a step 274 adds a value of 7 to the actual track nunmber ACTTK, and a done
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nunber, a node 291 25 subtracts the nurrerl cal value NUM.fromthe %ct ual
track nunbeF‘Step 285 subtracts a value of from the actual track num

ACT_TK, and a done node 286 is reached.
If the number value NUM is not less than zero, it is
checked at a logical node 287 to see if it is above the value
20 of 7. If so, a logical node 288 then checks to see if the favor
track flag FVR _TK is set. If so, a node 289 subtracts a value
of 16 from the actual ffatk number ACT TK, and a done node 290
is reached. If the favor track flag is not set, meaning that
burst amplitude is preferred over track number, a node 291
25 subtracts the numerical value NUM from the actual track number
ACT_TK. A step 292 then subtracts a value of 9 from the
‘resultant sum, and a done node 293 is reached.
If the numerical value NUM lies between zero and 7, as-
tested at the node 287, a step 294 subtracts the number value
30 NUM from the actual track number ACT_TK, and a step 295 then
subtracts a value of 9 from the resultant difference to produce
the edge value for the particular track number. A done node 296
is then reached. This completes the discussion of the OB_B>A
subroutine 68 depicted in Fig. 4G.
35 When the process depicted in Fig. 4A is completed, a
complete 16 bit track location number is available to be
subtracted by the microcontroller 140 from a destination track



ACTTK. A step 292 then subtracts a value of 9 fromthe resultant sum and
a done node 293 is reached. |If the nunerical value NUMIies between zero
and 7, as tested at the node 287, a step 294 subtracts the nunber val ue 30
NUM from the actual track nunmber ACT_TK, and a step 295 then subtracts a
value of 9 fromthe resultant difference to produce the edge value for the
particul ar track nunber. A done node 296 is then reached. This conpl etes
t he di scussi on of the OBB>A subroutine 6 7depi cted in Fig. 4G 35

When the process depicted in Fig. 4Ais tonpleted, a conplete 16 bit track
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| ocation 16 bpcavidmela il waymeses dlwayscisetietohénchmieertheneepberlinn

thereof in tg&;i@ﬂ@ﬁ el Enp@éétlo%% f?}le bou o\glttlioﬁgf erence to Fig. 5,

the drive 100 i ncludes one nore conmmon nall ed disks 14 which are
rotated af a prede‘f’etrbmrﬁgﬁraﬂﬁﬁl%ﬂ Rig- o‘ért‘i:he éi}'éﬁeaéOQGUﬁF]r"&ﬁs BPea @i ndl e

motor 13, sumbres comhbhipl guarbkel sed ndisksotiar whicct hye MroRatddt @atraf ate

the disk spi Eg%geﬁéghdl e%k%n%&%a}% loci S\%}b%%t 68 rfs Tag’gglgp%géf)ea lve

data transdu assocC ed t ere T he
head 102 as®8EPHtEL SHEREAF t3h bruplless @ﬁpési@@m%Prs®¥#%éYoﬂ°Phée@| sk
has t he headt$080c8586& @iy aqskhgﬁmmq,anasdw)@y\mj n Fig. 5. The data

transduc o heads 1Q2 .a 103 .a unted_to a _head posi ti ner. sgru ture
104, vi aela sui tablg cl:h rHj tﬁeﬁﬁftﬁ% rﬁ%‘?e‘ftc?\ﬁe 8\/\3? f)aprfl Cationg®

i nverted fl aﬁgéopeauecbemmth@adpng dmabsum(;@ms dbscheddd 1921
commonly  asgkgdBedatEPPLRE;&E tH,S. arfdpt St oﬁ@é&i&@tﬁﬁbﬁe&hﬁéa&o of the

07,491, 748, f.iled on 1990, esent| referre

di scl osur e 28115 e?%%ftmg" ?‘ﬁ@‘}ej;&?r é§§9917%p Grave hp Fﬁ°§9 ’rrbtf"épen%e at
this portion Ghet detsptradsastaromeadhelbzaangdosil iaremamtedt tioeai bead
pref erabljs ofooaleiBpbi rmebabgn% (DIRIXBEL U200 BYAIE stFuekups. the

act uat or shown I N tﬁe ref erenced An actuator rotary voice coil
For low power appllcatlons, the mverted flange load beam and

loading tab arrangement described in commonly assigned,
copending U.S. Patent Application Serial No. 07,491,748, filed
on March 12, 1990, is presently pfeferred, the disclosure

20 thereof being expressly incorporated herein by reference at this
portion of the specification.

The head positioner structure is preferably of an inrline,
mass balanced rotary actuator type, such as the actuator shown
in the referenced '004 patent. An actuator rotary voice coil

25 motor 106 translates electrical drive current intoc displacement
force for positioning the heads 102 and 103 from track to track
during track seeking operations and for maintaining the heads
102 and 103 over desired data track locations during track.
following operations.

30 All information recorded on the disk surface 12 is read
by the transducer 102, including servo information in the servo
sectors 10, and user data in user data sectors as shown in Fig.
6. A read channel preamplifier and write driver 106
preamplifies the minute electrical signals transduced from the

35 recorded flux transitions auring reading and amplifies the
driving current for writing data to the disk surface during
data writing operations. The circuit 106 also selects which



25 notor 106 translates electrical drive current into displacenent force
for positioning the heads 102 and 103 fromtrack to track during track
seeki ng operations and for nmintaining the heads 102 and 103 over desired
data track locations during track follow ng operations. 30 Al l

I nformati on recorded on the disk surface 12 is read by the transducer 102,
I ncl udi ng servo information in the servo sectors 10, and user data in user
data sectors as shown in Fig. 6. A read channel preanplifier and
wite driver 106 preanplifies the m nu2& electrical signals transduced

fromthe 35 recor |l ux transitions during reading and anplifies the
driving cur rii fwg"relq\/\}’let Fh t@éﬁ F< Shﬁhglﬁﬁ‘s%“’éﬁﬁqeécgzduri ng data writing

operations. The ci¥ conplitificldatasphent eledtimdhics 28rbepel vid | iRe1waés i ng
to the disk dagesed el th.ele nLcs,. cig.cuit 108

i ncl udes pulgg det ec?ogo%;%riggp?{rﬂ)‘)} r1111% ?g‘tf'addgg%é:?tllﬁhg%‘{)ﬁxt’tga?résgistlr”tol"g‘ngn nd
for convertihPf tFROVEEGANE (Hhis iflvgnsransbtipng tatot r digitalotransisipeak

det ect or 8i raupéak ldeteatodet Eduity Mealtcnaktbyd ey Of%éé)@ adnp% thaagsé# i ons
read (sot t er, ' litudes y be obtai ne for
exanple), a p %sgeiflgclg\égn%g#’%t}gg%g gggar%m%gtg‘?ufeﬂ'ﬁnsia}f‘f ?&?‘6

di gital data@BRkiEifes BAY ke fohtgdardy Eontéwaviple) ,1a6phaséThdogkledeloop
detector 110114 formekpaest MGCEEuk Ctrdrish tMiineN1hfo [BRLal0 ddta SeEYSms ACC

Thi s roset o TR Pt aiEntl) Hpthfalemo bl ncc s, iy "darbedtrr cile

anpl i t udé%af 1e¢lydes M§Chednrcuttry whdchatis AESetatoectiwhiderviat AGRadebel ng

read from a Bt ped@igy eHereRIt tdugvh5 fi%@.BVQ.sSQﬁiR:?r eia@:fxeriﬁélnair]@' sery§e
frequency synéggosxl_zer,r 116_enabl a nunber of different read and wite
frequenci es To-b& estBBFi EREEET Breb§2e CRUMPK ttodkhe BEORET RGF nlevel
di ffering dafertserwd durstageslitantt afteat havingtibeen sets toshodatai Rec Fi g.

differing d stasmplitute artéat hav .
076491 mage Dyt uekd fad Rty R, ErbiPh IR, Sl sRelRR B
n

oper at es 8n &°5YPgPECHIR ol Rt GRS Sifbpl . Voot FreauepRb SyRERegkFqy 1216
i ncl udes a renabbegytahnhhber et eaLpffdiceedarad®Wriite £REQIEHE caNdodgcodi Ny
the data to é@éablished thereby to support data zones having differing data
transfer rates and data sectors, as shown in Fig. 6.
Preferably, the monolithic circuit 108 is implemented as a type
20 DP8491 made by National Semiconductor Corp., or equivalent.
This circuit operates on a single +5volt power supply.

Another monolithic chip 120 includes a run length 1limitedc
encoder/decoder 120 for encoding and decoding the data to and
from 1,7 run 1length limited code. Preferably, the

25 encoder/decoder 120 is in accordance with commonly assigned
U.S. Patent No. 4,675,652, the disclosure of which is
incorporated by reference. The chip 120 also includes a data
sequencer 124 and a buffer memory controller 126. The data
sequencer 124 and buffer memory controller 126 together manage

30 data conversion between serial by word format and parallel by
byte format, actual storage and retrieval of user data blocks
into and from predetermined storage locations within data
sectors on the storage surfaces 12 and temporary storage of the
user data blocks in a buffer memory 156. A microcontroller

35 interface 128 enables the chip 120 to be controlled directiy by
the microcontroller 140.

A servo control circuit 130 is also included in the chip



from 1,7 run length |imted code. Preferably, t he 25
encoder/decoder 120 is in accordance with commonly assigned U S. Patent No.
4,675,652, the disclosure of which is incorporated by reference. The chip
120 al so includes a data sequencer 124 and a buffer nmenory controller 126.
The data sequencer 124 and buffer menory controller 126 together nanage 30
data conversi on between serial by word format and parallel by byte format,
actual storage and retrieval of user datg, bl ocks into and from
predeterm ned storage |ocations within data sectors on the storage surfaces
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the address FheReafterdaeperate a@é‘r P@t(ﬁ)ﬁ‘{ conteel c Windewys fer sePArabhey at es
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anpl i tudes CQuVEr Si Ato D conve ocontr Ier
140. It al sogglérhet?’ érvgn%e% s BEEER |]r?({ éfl;‘léﬁfug?gﬁ% ‘{? Fo5 |ne 131
to interrupt £peddradn ex’ﬁt%utswd)wmcm civewit rb3o efummrngeslérebeﬁlm 20
The circyist &3Psel :?éhdyn%'lkjﬂﬁi an@%@@s witdiltMBduk ah 0f i e 2 ¥iteh cpHESo PUL

pul ses of vapyin dut cIe Servo loop-lo ass _filt 134
whi ch conver%é ﬁé§g366H§F8|co ve 51on hy @h to D cane¥%£} 142 of ghe

microcontroller 140. It also generates and puts out an
interrupt signal over a line 131 to interrupt program execution
by the microcontroller during servo time.
20 The circuit 120 also includes a pulse width modulator
132 which puts out .pulses of vafying width or duty cycle to
a servo loop low pass filter 134 which converts these control
pulses into smoothed driving currents which are supplied to a
servo driver circuit 136. The servo driver circuit 136 drives
25 the rotary voice coil actuator motor 106. For example, a duty
cycle of one half for a control pulse nominally establishes a
zero driving current at the actuator motor 106. When the duty
cycle exceeds one half, driving current in one direction is.
generated and put out. When the duty cycle is less than one
30 half, driving current in the other direction is generated and
put out. Thus, the one half duty cycle point marks the midpoint
of the dynamic range of the pulse width modulator 132.
During track following operations of the drive 100, the
A burst and C burst amplitudes are sequentially applied to
35 multiplexed inputs of an analog to digital converter element
142 of the microcontroller 140. The mnmicrocontroller 140
sequentially converts the burst edge analog amplitude values



pul ses into snoothed driving currents which are supplied to a servo driver
circuit 136. The servo driver circuit 136 drives 25 the rotary voice coi
actuator notor 106. For exanple, a duty cycle of one half for a control
pul se nomnally establishes a zero driving current at the actuator notor
106. When the duty cycle exceeds one half, driving current in one direction
IS generated and put out. When the duty cycle is |less than one 30 half,
driving current in the other direction.is generated and put out. Thus, the
one hal f duty cycle poi nt marks the m dpdi nt of the dynam c range of the

pul se w dt h nodul 3 132. During track foll ow ng operations of the drive
100, the A B#FSt dif telbﬁ?yeeanmH%@?W@lyeqe@ﬁt 8FF yPEPEPIARIN 0 F5
nul ti pl exed pulpet anpl i anaddttgrenacdi gltalitcqnoer showe) emnbelddcDiddde
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settling nModaERA1CAGNBEES, tahp%& qakHes apdwe di gital nunbers, as expl ai ned
above. The mcroc troller o dl{ff tl controls he 10 i nd].e notor

13 through a spin 8 nBt T EFrc pAdkeEh d°i°§‘tﬁﬁ’ﬂfto % by
t he m crbRorspisidler mogori k3 ngutdm;h at spialdlbemween dicters wiceustveddicti ve

i ndex sect orpige eEPFiQVIm%Qtseaa abpstﬁ@nﬁleéoé&&rmqa&aw QifniH&ttﬁé‘S

whi ch are exgcute the mcrocontroller 14 her access-
ti me- sensi t i YAFSEYEY é&f’?’%‘ﬁ% Cia'S éHﬁFﬁ?ﬁéHevﬁ‘Efrﬁ‘f? 3RdgX.- BeareF R"@VI within the
m crocontrol |l er 240 EPROM| fld6 coheta iiR(Bbrie«lbof stinel dprspech dnatractiodnor der

bus 147 di *aidoh LA LREAT 8°RHE Ohl Sfoddifl ARV 0O, 2dfies usbues 1 ot

address bit positions er a ress bit positrons AO 20
t hrough A7, %ﬁ%%ﬂ&éﬂ%?‘é‘é%"%tarﬁog?‘t‘?w%ﬂ“ﬁ%ﬂ eagwmraraou
suppl i ed t 0 withid Cthe| miierbacetidllashi coo ddsellEpl exXele EPROM 146 is

addressed over a mid-ordér bus 147 directly from the
microcontroller 140 supplying address values for address bit
positions A8 through Al2. Low order address bit positions A0
20 through A7, and high order address -bit pdsitions Al3 through
Al5 are supplied to the micro interface 128 which demultiplexeé
them and supplies them over a bus 148 to the EPROM 146. High
order address bit positions A13 through Al15 are supplied over
a bus 150 from the microcontroller 140 directly to the.micro
25 interface 128. A bus 149 provides memory, address, and data
values to the micro interface 128 and also to a SCSI interface
circuit 152. '
A buffer data bus 154 connects the -SCSI interface chip
152 to the RAM buffer memory array 156 and also to the buffer
30 control circuit 126. Buffer memory addresses are generated by
the buffer control circuit 126 and put out to the buffer memory
array 156 over an address bus 158. A bus 160 provides an
input/output path between the, disk drive 10 and the host
computing system (not shown). A termination 162 may be provided
35 to provide suitable termination impedances to the bus lines 160
leading to the host computing equipment with which the drive
100 is operatively connected.



t hem and supplies themover a bus 148 to the EPROM 146. Hi gh order address
bit poesitions Al3 through Al5 are supplied over a bus 150 fromthe

m. crocontroller 140 directly to the micro 25 interface 128. A bus 149
provi des nenory, address, and data values to the mcro interface 128 and
also to a SCSI interface circuit 152. A buffer data bus 154 connects the
SCSI interface chip 152 to the RAM buffer nenory array 156 and al so to the
buffer 30 control circuit 126. Buffer megpry addresses are generated by the
buffer control circuit 126 and put out to the buffer nenory array 156 over
an address bus 158&ithArberdife tar Bigdes, anprapeit uipretepaéd dachveate t he
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tracks. A owigeR®sSt region Sys of the data surface 12, e.g. conprising
four data tracks, contal ns s stemlnformatlon needed for operation of the

di sk drive subsyst%’?n qgtern I g3s 2% athbendatd sHEfecRs1%0 Ba%a
sectors and bampmsmg datia d=ttae ti:5ck9t cddht2dnkbggstem dadernat iomneadsq of
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14. The next zone sect or’s, . has raw a’tar
Mops, a codefafRegaRmd@P dmcigdes ffydatmsaaterss apdshaseyaman dataThate hird
dat a zonasZ2ogonigaikds Mbsseat ebledhaFraquaricyOordavazeaigzof Thidlzbhes, a

coded frequeggxrof 2?.1%.qgtm98§£&tes on both sides of the disk 14.

The next zone Z1 contains 55 sectors, has a raw data rate

of 16.76 Mbps, a coded frequency of 25.14 MHz, and stores 6.53
megabytes. The third data zone Z2 contains 52 sectors, has a raw

20 data rate of 15.41 Mbps, a coded frequency of 23.11 MHz, and
stores 6.17 megabytes on both sides of the disk 14. The fourth
data zone Z3 has 46 sectors, has a raw data rate of 14.00 Mbps,

a coded frequency of 21.00 MHz and stores 5.45 megabytes on both
sides of the disk. The fifth data zone 24 has 42 sectors, has

25 a raw data rate of 12.80 Mbps, a coded frequency of 19.20 MHz,
and stores 4.97 megabytes on both sides of the disk. The sixth
data zone Z5 has 38 sectors, has a raw data rate 11.64 Mbps, a
coded frequency of 17.45 MHz, and stores 4.49 megabytes on both
sides of the disk. The seventh data zone Z6 has 33 sectors, has

30 a raw data rate of 10;13, a coded frequency of 15.20 MHz, and
stores 3.89 megabytes on both sides of the disk. The eighth
data zone 27 has 30 sectors, has a raw data rate of 9.24 Mbps,

a coded frequency of 13.87 MHz and stores 3.53 megabytes on both
sides of the disk 14. Several tracks inside of the eighth data

35 2zone having the characteristics of the inside zone 27 are
available for storage of system diagnostics and other values.

The coded frequencies are synthesized by the frequency



stores 6.17 negabytes on both sides of the disk 14. The fourth data zone Z3
has 46 sectors, has a raw data rate of 14.00 Mops, a coded frequency of
21.00 MHz and stores 5.45 nmegabytes on both sides of the disk. The fifth
data zone Z4 has 42 sectors, has 25 a raw data rate of 12.80 Myps, a coded
frequency of 19.20 MHz, and stores 4.97 negabytes on both sides of the

di sk. The sixth data zone Z5 has 38 sectors, has a raw data rate 11.64
Mops, a coded frequency of 17.45 WMHz, and stores 4.49 nmegabytes on both
sides of the disk. The seventh data zone3%6 has 33 sectors, has 30 a raw -
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each servo sddfooagesynrh §o that zehe datal xakmnel Stieeaqy mmpaddsgnch
to the data kakQof sbte¥F NpAAEBs at a constant 3T data rate, a data sync

field 13 follows each servo sector as ®#ell, so that the read
channel circuitry may resynch to the data rate following each
20 servo sector interruption. A data ID field 15 occurs at the
béginning of each data sector and identifies the data sector
‘to the 124. An ECC and tolerance gap 17 are also included at
the end of each data sector 11.
The referenced '004 patent describes a track seeking servo
25 1loop in Fig. 17 thereof, and-a track following servo loop in
Fig. 18. These loop structures are examples of servo loops in
which performance is enhanced by inclusion of absolute track
position values during seeking and settling in accordance with
the principles of the present invention.
30 The microfiche appendix to this patent specification
contains two assembler language (source code) program listings,
a first listing labelled "SERVO" and a second listing labelled
"SEEK" which is a routine called from the SERVO routine.
To those skilled in the art many changes and
35 modifications will be readily apparent from consideration of
~ the foregoing description of a preferred embodiment without
departure from the spirit of the present invention, the scope



20 servo sector interruption. A data ID field 15 occurs at the begi nning
of each data sector and identifies the data sector to the 124. An ECC and
tol erance gap 17 are also included at the end of each data sector 11. The
referenced ' 004 patent describes a track seeking servo 25 loop in Fig. 17
thereof, and a track followi ng servo loop in Fig. 18. These | oop structures
are exanples of servo loops in which performance is enhanced by i ncl usion
of absolute track position values during seeking and settling in accordance
with the principles of the present invention. 30 The m crofiche
appendi x to this patent specification contains two assenbl er | anguage
(source code) programlistings, a first listing |abelled "SERVO' and a
second listing |abelled "SEEK" which ig;a routine called fromthe SERVO
routine. To those skilled in the art many changes and 35
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f eat ures di scl osed foregoi ng description, in the follow ng
clainms and/or in the acconpanying draw ngs, may, both separately and in any
conbi nati on thereof ,Thre mHfeatunés f ordisedbikséing irlne itmeent E6eddindi ver se
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i ncl udi ng t heeogbépstidn thereof, be material for realising the

invention in diverse forms thereof.



5 rovi di ng at one prerecorded servo sector—wthrna—the data
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track; the servo sector ot Replaeedgecurri ng servo Hm

prerecorded with a predeterm ned servo burst nagnetic fl M’Mi m"rm
pattern and havi ng one | ongitudi nal burst edge |ocated substéntiallhy
congruent with a track 10 centerline of the said track, and having anot her
| ongi tudi nal burst edge | ocated substantidl |y congruent with a track
centerline &fLAdMSgcond track i mmedi ately adjacent to the said track, and
second occurring servo burst nmeans being prerecorded with the pr edet erm ned
servo burst magnetli.c fAurethadisfoirodetérmijyatigerimeddrpes indicti nef bair datedges
substant i al |y 4Rt nehd " séfmvlaouegara Csdibctll Sahd leack detegting

t he presence o{ trlg igc as It sses aﬂé ata transducer

readi ng t he PHYePided&y e d:%e\%' Grdat 5ﬁ§k§\n‘l#htiﬁbazéi%tdd'lt"leaﬁ%%mcer
head to det estonagea degdkeanthe tnahodalineladiniee fthemstegsr ecordi ng a first
burst peak amplit , | dg, val ue
with at | east one[t%?’eég%gﬁrﬁﬁg fggfdg%e% %J edbyéf‘;? I%%%lﬁ\?glr%éhti“ Ehe

est abl i sh wh8dher Brank ¢ e firzee ﬁ@&&%aénﬁéb&% iﬁ'ﬁdﬁ PAUFEARG 28eryRr t i on
of one of thbusst cheatigebe biig t preeddcortie@cwitii iaﬂ@r&ﬁé’ﬁérbﬂrﬁ&i ,se&nd barse,

deterri ni ng piauife Feaoasd st Butolepoaly SRR e paslbi gl Of

the data transducer hea not; rea occ
burst means RR¥$tt 1RE980 1G§%’ée‘ir@(\%k§@iéétimbb}d t@M@Penm relthy peakrack

Vel e, deter ot on Tron: hae lehga e %@eg‘ﬁ?g{‘eué’?ﬁ”a“np* LHEEIEEL e
absol ut e posﬁxlp%ﬁ opfc{gt e 83?% &EEEQTH '5?“\?8 tr it ?alg Tar&ck.

35 2. c¥htenbitiro @ ff or swpadntmcng llmdipbslw adij aergettof thehsamd cl ai m
1 conpri si ngt&ﬁ@kf @rﬁhgécéﬁ&mﬁuréeaergewonsu@%'nr&ré Baufug QoL | Ne

the reference, li.tude yval ue eterm ni ng
head positioff* gg 3@? %Fﬁﬁt?mw%ﬁ MRSt (rInetds Flufett@ARSAEABNt he
r ef er encdShupsttenpl idrugeovadimg dompti edges hmleitaptdhl gt esrgrueng aith east
one track boundaries of the said track,
detecting the presence of the sector as it passes by the
data transducer head, .
reading the first occurring servo burst means with the
20 data transducer head to determine a peak amplitude value
therefrom and recording a first burst peak amplitude value,
comparing the first burst peak amplitude value with at
least one predetermined reference burst amplitude value to
establish whether the transducer head has passed along a linear
25 portion of one of the said edges of the first occurring servo
burst,.and if so,
determining from the recorded first burst peak amplitude
the position of the data transducer head, and if not,
reading the second occurring servo burst means with the
30 data transducer head to determine a peak amplitude wvalue
therefrom and recording a second burst peak amplitude value,
determining from the recorded second burst peak amplitude
value the absolute position of the data transducer head relative
to the said track.
35 2. The method for determining head position as set forth
in claim 1 comprising the further step of determining during a
calibration routine the reference burst amplitude value.



anpl i tude equi val ence point at a leeat+en-radially het ween the 5 first
servo-burst neans and the second servo burst means. 4. Th:yiet od for

det erni ning head position as set forth in claim3 Wherein HJ
determning at |east one anplitude equival ence point co HF"' ”ﬂ””"’
determ ning a high anplitude equival ence point and a | ow anpl it

equi val ence 10 point. 5. The nethod for determ ning head p05|t|on as set
forth in claiml conprising the further step of determ ning during a
calibration operation the slope of each 3aid edge by determn ning radi al

posi tional displ ac e of the data, transdycer 15 a fungtion, of
burst anplitude, &hgr'&?wq%g%t%%tecﬁmld’éf‘grtf‘r?"r‘f?l sﬁﬁé%o%sr tseg" I8F thhe
data t ransduéercl@aﬂ 2 whereincthetepuof hdetemindingt tbe tefdarenceabdrstope.
6. The et hodnhOleilfd Q! BonbiERthd k! bOLD ¢ WRleekAlhing heChdallopber ein

the step of grovi5 I ng at east one servo sector wth he dat a track
further conpPPRELEYIR: egudyalerce RRink af 3 %%E?Sfaaﬁﬂrb@&’eﬁﬁrﬁ i el d
i ncl udi ngSa fagsetservd arktansans @ndpahbesacerid rseamod drshateins . f or

dent i fying the SLArt ofl foGRid Qok AN HINMIAGPALIE Uho 1RGN 4 DA LLERRK

nunber field,including a magnetic f transit]on tern prerecor
therein for iBerffid\A ny Mhereidnd thee kam PFa@r@"ﬁr&ﬁfp AHn@tt hkeasht t PPRi city
t hereof ; andampditudesi reg;utiloalémé hegoistepsompr igeendidegetBin iRy va SRGHAr

address mark af, 2t ducer Jhead, t rt of
t he said ser\?o ?%Purma?? ﬂ;?\[ oq%d%g‘g 26l ngé{i;‘fﬁ{ h%gutti?%cl%kgunber
field tO]lodelﬁ’Plip ¥+t he sald one data track from anong the mJItlpI|C|ty

thereof. 7. The meshothkeohetledE ForN8ge Al ngORkhd PoAT %At a Wdth forthl ai m

6 wherein th rowd n sector_addr.e flel and a
otk mumber iR Y Rpri GRS Ehe FuxenafChily HLERRRLNG B dng ]
second occur P@Agbgétm Mesatmrartshe ﬁoﬁmefmdibdaiérem (5)4 rﬁemenrgxineaq

position as &%Hlfi@r%)gsiﬁ&{a@' lahé m@s&r@ér{t tdie talat emneﬂamﬁféa@owaaoasl s
ye obtal ned rom iﬁe track nunmber f, el t he sa| d

dded t 3
?r agk, Y ]Zsreli/ ?B“'f)‘?b"\’n d@fa Piter 2PRULEUAS v e 2BR (RERSITCKE ﬂ%nb“é:repof of

determining the position of the data transducer head is carried
out further in relation to the said slope.

6. The method for determining head position as set forth
in claim 1 wherein the step of providing at least one servo

20 sector within the data track further comprises the steps of
providing a servo sector address mark field including a magnetic
flux transition pattern prerecorded therein for identifying the
start of a serveo information pattern, providing a track number
field including a magnetic flux transition pattern prerecorded

25 therein for identifying the said one data track from among the
multiplicity thereof; and, comprising the further steps of:

reading the servo sector address mark field with the data
transducer head to determine the start of the said servo
information pattern, and

30 reading the track number field to identify the said one
data track from among the multiplicity thereof.

7. The method for determining head position as set forth
in claim 6 wherein the steps of providing a servo sector address
mark field and a track number field are carried out prior to

35 providing the first and second occurring servo burst means.

8. The method for determining head position as set forth

in claim 6 wherein the determined head position is added to a



the said track and the position ofthe-data-transducer head within the said

track. 5 9. The method for gdeternini-rgfi€ad, posit|
in claim8 wherein the track number™®T the said tratk |Sl'liﬂﬂﬂ6"iﬂ“&[[’1hﬂ
include a positional value indicative of track centerline po%i M x
wherein the determ ned head position is added to_gr subtracted fromthe
positional value of track 10 centerline position, thereby to provide the
position of the data transducer. head within the track. 10. The nethod for
det ermining head position set forth in cP& m 9 wherein the positional value
I's determ ned_to be a value whi I's one half of_ ,t dat a transducer head
position 15 ‘éﬂg‘m i%‘ﬁ%‘r?dr §§8F‘ugp8ngﬁf%hiwut% cfzi’teggt chg"f‘e 1‘°f.‘fqdl'h'érarf§‘t'hod
for det er m ntheréadpazioviide senupmber hindicatdive o8 w®her brack haumtzem of
quanti zationthesahidi PPad t Bhd tHE gBLRcidRCHs | EnS2abbs’ eFRdducanth rern
t he positional, Vfl ue is iG. 20 12.  The nethod for determ ning head
posi tion set “FEREH THe SRaAntTaGKerein a width of the selected one track is
greater tihan the w dt IThef méticodidficr Hetasdicirg head, pasik fanr tlsesetvhes@imn t he

data transdugsr dGa8 B PEALEIGES cpIRAcRONGARRTG ! LhadLgla TRy SRR L 4 th

respect to a, sal urst such, t hat ur st r ead

transducer hdRAtiably 38t &qi tpginda Eﬁ%g&'&}bé’t’éﬁ?iwqﬁf‘%ﬁﬂ gfitterck he
dat a transducentkeainempoad triati, alang whepeih the diedmined head pesifcionl3.

The method 1 ol dlaBAT:A 0g DEAG: POSLA | Albed el Ul Bn] 214105 YL ELdbt e

step of reading the_ trac y at the vicini t%.o
boundary Het edterhbnadosdsipnortdiersoy ke pravddgathe Prgdkdopafythe datan
anbi gui ty as dranshueér dida@ widehini Ehentedd@sest proximty to the head, and

head el ative to 380t i MG B serararnin ned Bos E4gH: e Lot M aci
seeki ng oper aith ¢daivofperérainddiher posdtirnal avalud dsi deteirmhned to be a
predet er m nedralue3 ¢hiehei§N6hRe VRAPE! &Y V18 Uata transducer head position

15 quantization resolution within the data track.

11. The method for determining head position set forth
in claim 10 wherein the said quantization resolution within the
data track is 32 increments, and wherein the positional value
is 16. _

20 12. The method for determining head position set forth
in claim 1 wherein a width of the selected one track is greater
than the width of the data transducer head, and further wherein
the data transducer head experiences a dead zone range of radial
movement with respect to a said burst such that burst amplitude

25 read by the data transducer.head from the said burst remains
substantially constant as the data transducer head moves
radially through the said dead zone range.

13. The method for determining head position set forth
in claim 6 wherein the step of reading the track number field

30 at the vicinity of a track boundary between two adjacent ones
of the said data tracks results in an ambiguity as to which data
track is in closest proximity to the head, and comprising the
further steps of: '

determining the radial velocity of the head relative to

35 the multiplicity of data ‘tracks during a track seeking
operation, .

comparing determined radial velocity with a predetermined



selecting a track nunber read by the-data-transducer head as an indi cator
of radial head position when the deferm ned radial velocity is greater than
the reference velocity value, 5 perform ng the ste@ﬁum,nﬂm’ﬂ]mum
second occurring servo burst and determning fromthe rec t
peak anplitude the absolute position of the data transducer head, &nds *
correcting the track nunber read by the data transducer head by reference
to the recorded second burst peak anplitude. 10 14. The nethod for
determ ning head position set forth in cl&fm1 wherein the steps of
conparing th ' u k anplitude with the predeterm ned reference
burst anpli tﬁrd%ée\r/rzalg‘ﬁg g%éiogggjﬂi‘ﬁ Y%1e second occurri ng servo burst neans
are carried out, atselestingm juack pwpker mead by tlfe data trdisduckrsheyd

sector patterdsiaf ehaReRasidest SEARN MARH PRSI iR A0 elirhiThia?
i sk drive, e er,n incl uding for qne concentric data track of a
nultiplicity E%defazlofv:ﬂgcég?(vgss g?%ﬁerag:a\a@sghﬁaFﬁfFF%Pﬁe i Yarditig value,
magnetic fP%ux trangerifommpag tthenspeps eforemdind &éhei sedard odewmtr iry Bgribe 20
start of the g0 sR&t a n £l d. ] ' a

#8¢ ! QetBRhifIfy 2rbh ﬁ:gxe rddd! & é%e%% nﬁe?]ﬁe

. e
magnetic flux transition pattern prerecorded therein for

sai d one dat aa’?‘?];tqﬂ?dﬁm%‘?gufﬁep‘?ﬁﬂqii% PEithe faka dgransdpeey headyr ahdg
servo burst neans bwirmgcpingetive derhcld Mumber zepdebgt €Xidn dich Ianedlyest
magneti c fl uxpdL@ns) b t n ' ONg ' | nal _bur dge
| ocat ed substanti gﬁ ;bggﬁaﬁﬁéen’f% v%nht%hggg?{rl%%g centAéi(r)%g%%Eg?e‘qﬁgm %ﬁ%“ﬁ?ack,
and havi ngoanot her YongThgdPrEhoRufer datfemisdagcheadpresitiion |sptcéagthent
with a track tentlerin newhéreiseadundtepacss i domgshrding ¥hadf Bean busdt Eeal’éai d
track, and seg,g)‘;pj ' I i rerecorded with the
predet er mi ned servo ﬁg%ﬂ%%ﬁ%{%&%@ngfﬁ gllr%etg‘%g%%plg‘ﬁs& ﬁm?gft SVRIrRg
burst edges s¥MEEAG1A0 Fhe oFRFAUEh CCRITFiRg 29 so budsti Reans ariec cazried

track. 35 out, Ht leatheificpaer sewneurpahteyn set forth in claim 15
further cegprising 1t§n rg gccurri ng ser v?Fbur sé means ggéggd prerecorded with

the predeternmined servo burst nagneti BAFFEs forgn em sector head
position servo loop within a disk drive, the pattern including

for one concentric data track of a multiplicity thereof:
a servo sector address mark field including a magnetic
flux transition pattern prerecorded therein for identifying the
20 start of the servo sector pattern,

a track number field including a magnetic flux transition
pattern prerecorded therein for identifying the said one data
track from among the multiplicity thereof,

first occurring servo burst means being prerecorded with

25 a predetermined servo burst magnetic flux transition pattern
and having one longitudinal burst edge located substantially
congruent with a track centerline of the said track, and having
another longitudinal burst edge located substantially congruent
with a track centerline of a second track immediately adjacent

30 to said track, and

second occurring servo burst means being prerecorded with
the predetermined servo burst mégnetic flux transition pattern
for providing burst edges substantially congruent with track
boundaries of the said track.

35 16. The servo sector pattern set forth in claim 15
further comprising third occurring servo burst means being
prerecorded with the predetermined servo burst magnetic flux



transition pattern and |located spatially so that burst anpLl iplitude thereof is
180 degrees out of phase with the fmrH@%@rdvo AL ’wumumm
that the third occurring servo burst meens:has .one;.circunf ”"’
edge | ocated substantially 5 congruent: wﬂ:h he. f.r ack cent erlihe 'of "safd *
track and another circunferential “burstiddgeil6c4ted substantially
congruent with a track centerline of a third track i medi ately adjacent to
said track and wherein said track |ies between said second track and said

third track. 10 17 The servo se?:"cor pattern set forth in claimi15
wherein the erm and even tracks and the
second occur%%%ggé{ég?/rg ur s?k it S%g Mr%‘f thak Rt appt A dee

track and ha¥Pggerfsis wBQ cﬂﬂﬁqqs?dﬂ Rt ofr phaeelgestl’suﬂs{ aiftirsk| yccongimgent
with the tr a@brbauﬁdﬁét eﬁeé’xfxs t@l‘i‘cﬂ-&ﬁﬁ GHd a\ﬁhrdl%ccur}rf'ﬁ%seéé@vé eﬁ&z? t

pattern set foa mi V\? ein the track 1s_a term ned
one of odd ang 83err\asf r°é’8k§ e ‘T‘Fée'kte‘(?t}na“ﬁﬁt:lﬁqqené°§%?% 58P§f-aﬁ‘éh<hb1Y
conpri ses 3 weobdruest fwith thec tpuckgecantacknie bfasksd afratdke ah&dsﬁ&it{azned

20 ones of leQme@FéintFé’leBurs@%gewgéﬂéh saﬂb,é%ﬁ‘?fanl%i ongr Eoadeh

| ongi t udi nal g:g ed es of , the two bursts are s
the track bodndZAEscEpteRtl %%l?ift? athd rQQtrW"hljg‘H‘eﬁéPFElYmneélm%fkt kd ve
havi ng a headaddsitack sadveheeepnf saifosracknilbgs abdedeer radisdluceschand

relative to @a@krg;,@téggi dafigashenage disk having at |east one data
storage syrface |ncI ud |(r)3ﬁwp prerecofded pattern of enbedded servo
ate

sectors, the servoldect ’éY‘h preker opableryr sehicforthcinbetagim ath al | y
wi der than t hheradnathd exdcgaps va diredeterhénddtond o2nsddl Giia QQ@H tidexs

pattern incl ng r o) tr| 3 atrackl ena
first track %2{3 at%% rgcéﬁ(gcﬁg%‘fﬁ[ﬁ 56 %P g‘r‘ EaiciacYon \éréggﬁ ’é’é%tt or
addr ess nar k Uil gcewRy ing ﬁgeathwh@mdchaﬂmx ittsabwot lanyg itantienn burst

prer ecor ded teh}greel Bubgtan iRl ¥oRgru8st Skt thk EP@c)?%dG?:d%%‘iEQroPaéﬁeer n,
a track e%']ld @Lg‘r_%ncl uding a magnetic fl ux transition 35 pattern
ed therei

prerecor i dentifying the second data track from anong the
multiplicity theredB; a The ssexeeusechor spatbelnr sétb&oprghpriar egeridediami t h

a predeterm RERre@hVOnOWSick is a predetermined other one of odd and even
tracks and the second occurring servo burst means comprises two
bursts fully occupying adjacent tracks of the predetermined

20 ones of odd and even, and wherein adjacently facing
longitixdinal burst edges of the two bursts are substantially
congruent with the track boundaries of the said track.

19. A high performance disk drive having a head position
servo loop for positioning a data transducer head relative to

25 a rotating data storage disk having at least one data storage
surface including a prefecorded pattern of embedded servo
‘sectors, the servo sector pattern prerecorded for each track
being radially wider than the radial head gap width of the data
transducer head, the pattern including for a second concentric

30 data track lying between a first track and a third track of a
multiplicity thereof: a servo sector address mark field
including a magnetic flux transition pattern prerecorded
therein for identifying the start of the servo sector pattern;
a track number field including a magnetic flux transition

35 pattern prerecorded therein for identifying the second data
track from améng the multiplicity thereof; a first occurring
servo burst being prerecorded with a predetermined servo burst



39 magnetic flux transition pattermand faving one Tongi-tudi-nal—burst edge
| ocated substantially congruent_wth-a_—track—eenterlin

track, and having another |ongitudinal burst. edge Iocat e$lmmmm3mﬁm1ﬂ"|
congruent with a track 5 centerline “of : h ‘t hised track, andcsecord s
occurring servo bursts being prerecorded Wrth;‘the pr edet erm ned servo burst
magnetic flux transition pattern for providing burst edges substantially

congruent with track boundaries of the second track relative to the first
track and the third track, the 10 second ¥®rvo bursts being recorded

entiel y w Ui bhebpyagari gsol, fhe Liest.t ack, and e PR cepat i

The disk dri
conpri ses foPurBickedds | éﬂFﬂéeéerﬁﬁwsﬁéﬂeiall}hr mﬂgr@%@hr miikh srer votragkst

bei ng prer ec edr@riihd dﬂeh&%é&cﬁdftﬂéakDdedSﬁévpné)lthEhgﬁg mehg&&d%l

t t | t hat 180
degrees out | et S8s | 163hEeaS RllnsTank 131y "Sorb ety Seithcrn | notr ok
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subst anti al | your@ter wtnng;iﬂér@&erhéac kieRNk gkl 'ﬁ%deéemfné@cmg%dfs%“

and anot her Ion |e #dr #@' bur st e Ioc tted su stantr con uent wth a
track center3 WK kxans : ﬁ’fé‘ 1% RS 1§'§t sty ¢99e8 ai m
19 wherei n t Ifthgitaptdaliy haagaugxhtrruith y toackiabeundardesofofdatee t s@edti | n

whi ch the dategddkacks Aioeedo have pradet efdinethdabi serfzqr LA hsand 25

nunber s ﬂ‘g data transfer rates so as to render nore Stordge bit
density ahd rESA e SREVEneRPr BT wekfi Nhe TRESBASHd %@E%Mrf&é'&hl’eacﬂ‘%ervo
sect or bei ng baidalrligsabf grieal tivstudlirack ahd tthd ehtiraf trdek.data zones, and

each servo sector hgcl yglig ”Qii%ksedé"?:é%;%%é% PrECEA %&ewd%ee{(vgxr aglder ess

mar k 30f|eldfor gnchronrzrn a rea means o ve to
t he data rat St EPIBteTR EnCORRY AfESIE PR 1%‘??@"55?1/8’%’5& servarpdsach
servo sector ebetngra ol ot riyiga staive st i 188 Thd qﬁré&%wiebaomlz;hngzﬁéﬂe

ho data 17 taeterRihdd Ghdo BhEsE malyBRil, S bebRo P Lo ot e HinE

claim21 i ncrkﬂﬁarfgda spablrhky so dhaknibs| anglisydenty Bhdeoseeerowafs

operatlng phase with the first occurring servo burst such that the third

occurring servo burst has one longitudinal burst edge located

substantially congruent with the track centerline of the second

20 track and another longitudinal burst edge located substantially
Congruent with a track centerline of the first track.

21. The disk drive set forth in claim 19 wherein the disk
drive has a plurality of data zones of data tracks in which the
data tracks thereof have predetermined data sector lengths and

25 numbers and data transfer rates so as to render more optimal
storage bit density and relative movement between the head and
disk surface, each servo sector being radially aligned
throughout the extent of the data zones, and each servo sector
including a servo sync field preceding the servo address mark

30 field for synchronizing a read channel means of the disi drive
to the data rate of servo information included in the servo
sector, and each servo sector being followed by a data sync
field for resynchronizing the read channel means to the data
rate of a particular data zone over which the data transducer

35 head is passing.

22. The disk drive set forth in claim 21 including a
frequency-programmable frequency synthesizer means operating



40 under control of a programred m crocontroller means for

_ le —programably——
rehat a Sonen Lo operae ot diTf ey nGudat ey ranster o ORI O

The disk drive set forth in claim2l wieferra“iead channel® i hcludes & *
master state nmachi ne neans responsive to each servo sync field in ordér to
set up the read channel to read the address mark field and the track nunber
field, and further responsive to the data sync field in order to set up the
read 10 channel to read the data field409l|ow ng each servo sector. 24.

A nmet hod for_determ a digital_radial head position.value wthin a disk
drive incl uaf‘ﬁﬁ a ‘r‘%&aﬁqlh gt of ager WEAFDSE; | H?‘ﬁ‘g"%""&ﬁ 1§for%%%nssuﬁ?) ce, a
data t ransdncegrhm@bhor%mhbiglgaﬁd pinrailhyy daf acbdedn fneljuencd@scdivnr i c

data 15 StQhéBQiB&%p@ﬂr&bﬁt Qr@ﬂ@ dltal 26fes GRNLES a e ‘éEt&Pﬁé‘:Slng
associ at ed transducer head and an actuator for noving the

ta
head and \Ath&Pnt’éﬁBﬁg tERt8Sack |ncI udes enbedded sector servo information
i ncl udi ng a prereedr dethe rdisk dnnrbersesmchmtht innelakm 21pkbereéin ya gfeagier vo

bursts, the a%%tnm(i %Oclueregﬁp G Q& BBA1 émera%@df HMdilve! 86 é!:%&xa

transducer head t he prerecor roma trac nunber 1 eld of

a said enbé’tf&é’d’ S¥RE driald él%t‘é?drﬂrn§° sr%f"dl“é’l the fpad chanpel itg F%"F%tq*ﬁn to a
sai d dat a t reatdresisdadarik |ﬂda]hy atrim theaCkrackrbaunbels field, ad&tefnmtmerxg t he

anpl i tude c”ré%ﬁ?nsibecgavegg Ehﬁigig'{“t ﬁég} %%eséé'

identified eermnln he a ??tudeln cates

that t hel‘PmeaRf‘qf!é"e(}vé'P Eeb‘élr’éhe £hald fo g’s‘r?"iéfaaﬁ??‘b?@“’t%ée&ﬁﬁﬁt ude
read fromthe sel eated hurnﬁztthedgefoa-s dettirgiindhgval Ltﬁgﬁﬁl radialcahedd ating

a fine posit ern % ( e h

t he quanti ze%oé(}‘u%nall"g%‘é?ﬁ'eiﬁg sel‘gst\ﬁ gs:gv fag}gdqng %?ta%gkg d‘?paoq%stl ng
t he val ue ofdisk d&%!mHHuﬁbdlﬂtby stetagenserfare,ha fGate Méhﬁﬁww/éi‘?ﬁ%r

val ue ther ebpyog oreaeyweahhe kq:hg:'ﬂn | é?a‘ita r agbml ahéad:oooébﬁéé?{tr\i%' Ugatfzpr the

sai d traig and SeCt%B%Eﬁ set forth in cl ajt i \ﬁ:ﬁ/ﬂ ﬁrlncesach of
the pluraPitS-¥%er sPR ﬁ Sﬁﬁ FREARER  FRRER o { gl o)
associated with the data transducer head and an actuator for
moving the head and wherein each data track includes embedded
sector servo information including a prerecorded track number
and portions of a plurality of servo bursts, the method
20 comprising the steps of:

reading with the data transducer head the prerecorded
track number from a track number field of a said embedded
sector to determine radial head vicinity in relation to a saiad
data track identified by the track number,

25 determining the amplitude of a first servo burst in the
vicinity of the said data track identified by the track number,

determining whether the amplitude indicates that the head
is over a burst edge, and if so, quantizing the amplitude read
from the selected burst edge as a digital value,

30 calculating a fine position vernier value relative to
the said data track based upon the quantized digital value of
selected burst edge amplitude, and '

adjusting the value of the track number by reference to
the fine position vernier value thereby to provide the digital

35 radial head position value for the said track and sector.

25. The method set forth in claim 24 whérein each of the
plurality of servo bursts has a width greater than the width of



41 a recording gap of the data tgansducer %_h_ead and whereinmthe data
transducer head is radially positionable: W thi I A7 A dead zlmﬂlmmm@m“ﬁm to
a .said servo bursts, the servo bursts belng arranged o)

are aligned with dead zones, the 5 nethod* conpr'i st ng t & Furt hér 8tebs “of
determ ni ng whether the arrpl i tude of the first™servo burst indicates that
the head is over a dead zone associated wth the first servo burst and

t her eupon switching to and determ ni ng tgeivanpl i tude of .a second servo
burst having an edge at | east 10 coextensive with the dead zone of the

f b d
irst burst, aartdcauaﬂﬁ¢za;§g wetﬁ@%éw@kﬁa%dh Ex SRELAD e"vﬂuélgaf 3’tata T ack

cal cul ati ng fine position vernier value relative

based upon tﬁé% u&ERT erarend de raed as’e’doﬁﬂsg'éﬂ%béﬁrgit‘éﬁgé ded izonge. 15
26. The rremau gespbott hoi a ehddms2#vahbuests | Nehee rdndde bursted Meinger Vo

i nf or mati on arlrlggl;gge& that HQLEQ{-”%’%&% QQQrQFP?Je%' Jie 4858 SeH ? fs[a C%pggg

I ncl udi ng for a sécond concentr d bétween
and a thirt ®eikRdoromprhgingpthei £yrthesy @(&ﬁ?saogérvo sect or address mar k 20

field including a aag@mmmgl Wie tH@N Thel Qip1IdLEEIdF Eherm@tdgdrw%&s% for

identifying t Ser sect or tt a trac | d

i ncl udi ng a %&g’%&%r@%éf ?ﬁ%’é??‘?c}r? Xffe#)ﬁeﬁge?%’b%ra&&?cltiﬁg?‘gb tftbl’:%

i denti fyi ng tH&s$eseRNP BHFattarrubkhﬁerngtﬁh@mmam deteymihbnedhe a
first occurr laigalaiuaer\b@ Rurséchitd NSe PV’ B akh Wiy an P8 @t gEMngdeservo

burst magpeti ransi,tion, pattern and having,one di nal bur.st
edge | ocat edcg é:tegﬁ%l Ta 1 tt §$ ‘f% RoRe thfcktlé%ntge{rrlsi%n gBT St he 28cond
track, and h&Mangizipghehe Iaamg-llﬁ'-udfenaf the aecedgewmtmsxubandnt ially
congruent with a teagknBo GRS 'ﬂﬂeogoéf‘ﬁ%{h VeSnibaCHa148 0

occurring ser \4{0 bur$ts bei ng prerecord he predet.er m ne ervo %bur st
magnetic fluwds §aAiddaka Bﬁ??’éﬂ?%“%?’b\ﬁ‘&l%&%zﬁi s of ke fifrdoad) v
congruent w tdernvoabkrboumitsy iaxpldtullee second track relative to the first

track andighe thirggtrac (aonge?e?gs{,&,{) gt %1%3 bgj nghggg?rac

entirely wwthin the boungarles of the rack and't he th
The nethod sé™Rsgided | Fegttarm Z@x¥enprinforgathen  includes a Pattern

prerecorded for the data surface and including for a second

concentric data track lying between a first track and a third

track of a multiplicity thereof: a servo sector address mark

20 field including a magnetic flux transition pattern prerecorded

therein for identifying the start of the servo sector pattern;

a track number field including a magnetic flux transition

pattern prerecorded therein for idéntifying the second data

track from among the multiplicity thereof; a first occurring

25 servo burst being prerecorded with a predetermined servo burst

magnetic flux transition pattern and having one longitudinal

burst edge 1located substantially congruent with a track

centerline of the second track, and having another longitudinal

burst edge located substantially congruent with a track

30 centerline of the third track, and second occurring servo bursts

being prerecorded with the predetermined servo burst magnetic

flux transition pattern for providing burst edges substantially

congruent with track boundaries of the second track relative to

the first track and the third track, the second servo bursts

35 being recorded entirely within the boundaries of the first
track and the third track.

27. The method set forth in claim 26 comprising the



42 further step of performng a recalibration operati on-to-determimne a hi gh
anpl i tude equival ence value and a | ow arm___uﬂe_eqm.val e ml“lm“ mL
first and second servo bursts, and calcul ating a sl ope vgﬁﬂmr\

of the 5 first and second servo bursts. 28. The method set¢ férth ih
claim?24 conprising the further step of determ ning during a seeking
~operational node the nunber of tracks crossed between successive sanpl es of

enbedded sectors, and limting the steps of quantizing burst 10 edge
anpl i tude and cal culating a f| ne p03|t|oﬁ verni er value to a track crossing

te bel t d th | 28
\r/\;le(raei ﬁ ?Y]Veaﬁg‘é'gggéﬂﬁ ne \?él u@ef§°?‘t'}gacl? c?g%fﬂ@r%"é' o?p?f3€ ‘%’? Zl:tir?s per
servo sanpl edetérmine a S@ighThemnbtmmja segquiivalénce ciadiue 28ndhea eikput he
di sk drive hagp3 jehdé akithYvelere%aRfe dpbA ftfzé“ﬁrb@ %acméé&ddag@rw acks

t her eof have predeterm ned_data sector |engths_and nun‘%ers and data
transfer rat&Ur8ESasang caigetatiit 3psLlABf YRIPREgLOKi ChEefdPEy Qfd the
rel ati ve roveiimst badvmbrtdﬁeseheadbwrnti?.o di sk surface, each servo

sector being radpgllymali Bqt tyegugggygh tjf'].fze i(;éﬁx{‘tztpfcé %ait,% Zgpes.,

and each servo sector inc Ing a rvo s recedi n servo
addr ess mar k F4r&hgrs ﬁFeEy%rﬁ?ﬁﬁrﬂ HS“S ﬂH i-%‘i’ 3t3% irﬁ?cﬁ’ipﬁé apRl fpede

control l'ing a:rreeanhnﬂunnﬂ bfadiie cicdsall | between hsuckadssivet esatiplels seff vo
| nformation ' e | EQc %x){d) PEA ANy P Qﬁ:%%ss%"fvgggﬁ\‘i%?in bkt

foll owed b at a s |e?d resynchironi zin ann to the

data rat el®f %@qsaap@p Lt\&?e ardacaltrilaiiag anfine m@i&apa quuaéiuﬁe%
passing. 30 a track3¢rosdiwy mRithodesonr 4 offdudtiersliaed 3 uwderein the di sk

drive includes ei gBIB.Zonﬁ‘ﬁeOfmeq:%to% téquk§brth in claim 28 wherein the

predetermined value is a track crossing rate of five tracks per
servo sample. '

15 -30. The method set forth in claim 26 wherein the disk
drive has a plurality of zones of data tracks in which the data
tracks thereof have predetermined data sector lengths and
numbers and data transfer rates so as to render more optimal
storage bit density and relative movement between the head and

20 disk surface, each servo sector being radially aligned
throughout the extent of the data zones, and each servo sector
including a servo sync field preceding the servo address mark
field for synchronizing a master state machine means for
controlling a read channel of the disk drive to the data rate

25 of servo information included in the serve sector, and each
servo sector being followed by a data sync field for
resynchronizing the read channel to the data rate of a
particular data zone over which the data transducer head is
passing.

30 31. The method set forth in claim 30 wherein the disk
drive includes eight zones of data tracks.



