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METHOD AND ‘APPARATUS TO ENCODE POSITION ERROR SIGNAL
CORRECTION INFORMATION

Related Applications
This application claims priority of United States provisional application
Serial Number 60/198,002 filed April 18, 2000.
Field of the Invention
This application relates generally to computer disc drives and more
particularly to disc drive read/write head positioning,
Background of the Invention

Disc drives enable users of modern computer systems to store and retrieve

__ vast amounts of data in a fast and efficient manner. A typical disc drive houses a

" sumber of circular, magnetic discs (such as one to ten) which are axially aligned

and rotated by a spindle motor at a constant, high speed (such as 10,000 revolutions
per minute). As the discs are rotated, an ‘actuator assembly moves an array of )
read/write heads out over the surfaces of the discs to store and retrieve the data
from tracks defined on the surfaces of the discs. .

A closed loop digital servo system is typically used to control ti:é pbsition
of the heads relative to the tracks. The servo system generates a position error
signal (PES) indicative of the position of the heads from servo information that is
written to the discs during the manufacturing of the disc drive. In response to the
detected position, the servo system outputs current to an actuator motor (suchasa
voice coil motor, or VCM) utilized to pivot the actuator assembly, and hence the
heads, across the disc surfaces. .

It is a continuing trend in the disc drive industry to provide successive
generations of disc drive products with ever increasing data storage capacities and
data transfer rates. Because the amount of disc surface area available for the
recording of data remains substantially constant (or even decreases as disc drive
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form factors become smaller), substantial advancements in areal recording
densities, both in terms of the number of bits that can be recorded on each track as
well as the number of tracks on each disc, are continually being made in order to
facilitate such increases in data capacity.

Recent changes in disc drive recording head technology have made it
advantageous to use separate eleme_nts for reading and writing. Using two elements
allows one element to be designéd fo perform as an optimum reader and the other
as ap optimum writer, avoiding thé tradeoffs associated with implementing both
functions in a single element. A performance synergy can result if the two are
designed to complement each other. For example, a writer may be designed to
write a relatively wide path and the reader designed to have a narrower read width,
Together, they yield a greater storage density fora giveﬁ level of tracking precision
by permitting the reader to practically weave across a data track without sacrificing
signal strength. Unfortunately, using separate read and write elemeﬁts introduces a

-positioning problem because the two elements are separated by an appreciable gap.

The gap and the skew angle make it impossible to position both elements in-line
over all tracks. Consequently, in disc drives using magnetbresistive read elements:
and inductive write elements, there are separate read and write positions.

The servo information used to define the fracks is typically. written to the
discs following drive assembly in the manufacturing process using a highly precise
servo track writer. While the tracks are intended to be concentric, uncontrolled

factors such as vibrational tolerances in the servo track writer, spindle resonances,

. misalignments of the discs and the like tend to introduce errors in the location of

the servo information recorded on the discs. Bach track is thus typically not

 perfectly concentric, but rather exhibits certain random, repeatable variations that

are sometimes referred to as repeatable runout, or RRO, with the RRO appearing as

‘an error component of the PES.

While RRO has previously had a minimal impact upon the operation of the
servo system, RRO has an increasingly adverse affect as higher track densities are
achieved. Particularly, RRO can ultimately lead to an upper limit on achievable
track densities, as RRO cuts into the available track mi@lignment budget and
reduces the range over which the servo system can proﬁde stable servo control.
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Accordingly there is a need for a method of correcting radial position error
of disc drive heads. . -
Summary of the Invention

| | Agamst this backdrop the present invtion-h_as been developed. The
present invention is a method of correcting radial position error by utilizing.
predetermined error oorrection values located at predetermined locations in

advance of their associated servo fields. During manufacture of a disc drive, radial
10  position compensatlon values are calculated. The radlal position compensatlon

values are written to zero-acceleratlon path (ZAP) fields on the d13c Each ZAP
 field is posmoned before the servo fields whose posrtlon error s1gnal(PBS) they are
designed to correct. As the read/wnte head flies along a track, it reads a ZAP field,
and stores the PES correction data. Subsequently, the read/write head reads the

15 correspondlng servo field and uses the stored PES correction data to correct the

PES.

DR EE R
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The ZAP field is comprised of two or more correction data elements, a
startmg sample number byte, and an error con‘ectron code. The starting sample
number refers to the startmg servo field and to a locatmn in a data table where to’

20 store the correctlon data. Each correction data corresponds to each of the next

subsequent servo  fields following the starting Servo field.
Two types of ZAP fields are written on the dise: read ZAP fields and write
ZAP fields. The disc drive uses the read ZAP ﬁelds to correct the PES during
subsequent read operations and write ZAP fields to correct the PES during
25  subsequent write operations. Read ZAP fields are written in line with the data
| track mulls, while write ZAP fields are written in line with the servo track nulls.
 This novel arrangement allows for the read head to gather the ZAP field
information in the write position, without havmg to move ffom the write position
to the read position and back to the write pos1t10n in the middle of a write
30 operatron
| The invention can provide multlple chances for the read/write head to read
the ZAP fields prior to reading an associated servo field. For each servo field one
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or more ZAP fields may apply. Redundancy is built into the error correction
method when more than one ZAP field refers to each servo field. Forward
redundancy ensures that the ZAP field data is read correctly.

During normal disc drive operation, a ZAP table is used to store ZAP field
data. The ZAP table is stored in memory. Upon any repositioning of the recording
head, the table is initialized to zero. When a valid ZAP field is read, its correction
data is saved in the ZAP table at the memory locations corresponding to the servo
fields with which the ZAP field is associated. When the associated servo fields are
subsequently read, the stored associated ZAP ﬁeld_ data is retrieved and used to
correct error in the PES, '

If, upon a read of a ZAP field, it is determined that there are errors that the
error correction code(BCC) process is unable to correct, the ZAP correction data is
not saved in the table. Since the table was previously initialized to zero, correction
of servo fields associated with the invalid ZAP field will effectively be a correction
factor of zero, or no correction at all. In the preferred redundant system, the latest
valid ZAP field correction data is stored. Thus, whenever the ZAP field is valid,
the data is stored, and this will mean writing over previously valid data. This is not
a problem because the redundant correction data for adjacent ZAP fields is the
same. |

These and various other features as well as advantages which characterize
the present invention will be apparent from a readmg of the following detailed
description and a review of the associated drawings.

Brief Description of the Drawings

FIG. 1 is a plan view of a disc drive incorporating a preferred embodiment

- of the present invention showing the primary internal components.

FIG. 2 depicts a plurality of servo wedges on a disc of the disc drive,
illustrating the manner in which servo information is stored on the disc.

FIG. 3 illustrates one possible positioning of servo, zero acceleration path
(ZAP), and data fields in accordance with a preferred embodiment of the present

invention.
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FIG. 4 illustrates the sequence of fields in the read position and the data
format in accordance with a preferred embodiment of the present invention.

FIG. 5 illustrates the component interactions in accordance with a preferred
embodiment of the present invention., _

FIG. 6-1 is a flow control diagram illustrating an exemplary process of
building and storing ZAP fields in a preferred embodiment of the invention.

FIG. 6-2 is a flow control diagram illustrating an exemplary process of
caloulating and storing radial position compensation values in an embodiment of
the invention.

FIG. 7'is a flow control dragram illustrating an exemplary process of
storing ZAP fields in a preferred embodiment of the invention. .

FIG. 8 is a flow control diagram illustrating an exemplary process of using
read ZAP field data to correct PES data in a preferred embodiment of the

. invention.

FIG. 9 is a flow conirol dlagram illustrating an, exemplary process of using

invention.
Detailed Description

The invention is described in detail below with reference to the drawing
figures. When refening to the figures, like structures and elements shown
throughout are indicated with hke reference numerals.

A disc drive 100 constructed in accordance with a preferred embodiment of

| the present invention is shown in Fig. 1. The disc drive 100 includes a base 102 to

which various components of the disc drive 100 are mounted. A top cover 104,
shown partially cut away, cooperates with the base 102 to form an internal, sealed
environment for the disc drive in a conventional marnmer. The components include
a spindle motor 106 which rotates one or more discs 108 at a constant high speed.
Information is written to and read from tracks on the discs 108 through the use of
an actuator assembly 110, which rotates during a seek operation about a bearing
shaft assembly 112 positioned adjacent the discs 108. The actuator assembly 110
includes a plurality of actuator arms 114 which extend towards the discs 108, with
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one or more flexures 116 extending from each of the actuator arms 114. Mounted
at the distal end of each of the flexures 116 is a transducer head 118 which includes
an air bearing slider enabhng the head 118 to fly in close proximity above the
corresponding surface of the associated disc 108. S

During a seek operation, the track position of the heads 118 is controlled
through the use of a voice coil 'motor (VCM) 124, which typically includes a coil
126 attached to the actuator assembly 110, as well as one or more permanent
magnets 128 which establish a magnetic field in which the coil 126 is immersed.
The controlled application of current to the coil 126 causes magnetic interaction
between the permanent magnets 128 and the coil 126 so that the coil 126 moves in
accordance with the well-known Lorentz relationship. As the coil 126 moves, the
actuator assembly 110 pivois about the bearing shaft assembly 112, and the heads
118 are caused to move across the surfaces of the discs 108.

The spindle motor 106 is typically de-energized when the disc drive 100 is

‘not in use for extended periods of time. The heads 118 are moved over park zones

120 near the inner diameter of the discs 108 when the drive motor is de-energized.

- The heads 118 are secured over the park zones 120 through the use of an actuator

latch arrangement, which prevents inadvertent rotation of the actuator assembly
110 when the heads are parked.

' A flex assembly 130 provides the requisite electrical connection paths for
the actuator assembly 110 while allowing pivotal movement of the actuator
assembly 110 during operation. The flex assembly includes a printed circuit board
132 to which head wires (not shown) are connected; the head wires being routed
along the actuator arms 114 and the flexures 116 to the heads 118. The printed
circuit board 132 typically includes circuitry for controlling the write currents

‘applied to the heads 118 during a write operation and a preamplifier for amplifying

read signals generated by the heads 118 during a read operation. The flex assembly
terminates at a flex bracket 134 for communication through the base deck 102 to a

disc drive printed circuit board (not shown) mounted to the bottom side of the disc

drive 100. | |
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Referring now to Fig. 2, shown therein‘is a plan view of the disc 108,

generally showing the main components on the surface of the disc 108.. The discs

108 are circumferentially divided into a plurality of concentric circular tracks 160.
The number of tracks 160 per disc 108 will vary with each particular manufactured
disc 108. A one-time revolution (INDEX) around each track 160 is typically
indicated by an index mark 162 that extends the radius of the disc 108.

The disc 108 is radially divided into a plurality of servo segments 164.
Typically, the servo segments 164 begin near the center 166 of the disc 108 and
terminate near the outer edge 168 of the disc 108.  As with the number of tracks -
160 per disc 108, the number of servo segments 164 per disc 108 varies with each
particular mamufactured disc 108. Each track 160 is composed of spaced servo -
segments 164 with data sectors between the servo segments 164.

Fig. 3 illustrates an arrangement of servo fields, data fields, and ZAP fields,
on a track, for example Track 0 (300), relative to each other in a preferred
embodiment of the invention. As further described below, the track arrangement

2 -contemplated by the present invention provides a servo field PES correction
technique. Such a technique allows the drive to determine PES error and thereby

adjust the drive head 118 alignment in both a read operation and a write operation,
without reposmonmg the drive head 118.

Servo Field 0 (302), Servo Field 1 (304), Servo Field 2 (306), and Servo
Field 3 (308) each contain servo positioning information, including PES. The read
ZAP fields 310 and 312 contain PES correction data, referred to as radial position
compensation values, and are accessed when the disc drive head 11.8 is in the read
position. The data fields 314, 316, and 318 contain the data desired by the user.
Write ZAP Ficlds 320 and 322 contain PES correction data, called radial position
compensation valu_eé_, and are accessed when the disc drive head 118 is in the write
position. As described in detzil below, the ZAP fields are utilized to correct head
alignment errors during operation of the disc drive. _

" The datanull 323 is the ideal track that the head 118 should follow and is
defined by the line about which the data is centered. Data fields 314, 316, 318
and the read ZAP fields 310 and 312 are ideally centered on the data null 323. In
the preferred embodiment, the write ZAP fields 320 and 322 are centered on the
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servo null 324. The servo nulf 324 is the line about which servo bursts of opposite
polarity are centered, so that when the head overlaps equal magnitudes of servo
bursts of opposite polarity, the sum is zero. Servo nulls 324 are described in more
detail by Oliver, et. al. in U.S. Pat. No. 4,414,589. When the head is in the write

- position, the read transducer is aligned with the write ZAP fields 320 and 322.

‘With this arrangement, the read head 118 gathers PES correction information from
the write ZAP fields 320 and 322 in the write position without having to reposition
to the read position.

Fig. 4 illustrates the sequence of fields with the head 118 in the write
position and the data format in accordance with a preferred embodiment of the
present invention. The write ZAP field 320 has a data format 402. The write ZAP
field 322 has a data format 404. Starting Servo Field Numbers 406 and 408 are the
numbers of the servo fields adjacent to the write ZAP fields 320 and 322
respectively. For example, the starting servo field number 406 is 2 and the starting -

- servo field number 408 is 4. The starting servo field number 406 serves as a.

reference for the correction data (n+1) 410, (nt+2) 412, (n:+3) 414, and (n+4) 416.
Likewise, the starting servo field number 408 serves as a reference for the
correction data (n+1) 415, (n+2) 417, (n+3) 418, (n+4) 420.

The correction data (n+1) 410, (n+2) 412, (nt+3) 414, and (n+4) 416 are

- radial position compensation values for the four servo fields subsequent to the

servo field 1 (304). Thus, the correction data (n-+1) 410 is correction data for the
servo field 2 (306), and the correction data (n+2) 412 is correction data for the
servo field 3 (308). Likewise, the correction data (n+3) 414 is correction data for
the servo field 4 (422), and the correction data (n+4) 416 is correction data for
servo field 5 (424). ' '

" Likewise, the correction data (n+1) 415, (n+2) 417, (n+3) 418, and (n-+4)
420 are radial position compensation values for the four servo fields subsequent to
the servo field 3 (308). The correction data (n+1) 415 contains correction data for

the servo field 4 (422), and the correction data (n+2) 417 contains PES correction

data for servo field 5 (424). The correction data (n+3) 418 and (n+4) 420 contain
PES correction data for the servo fields that are not shown in Fig. 4, but are
immediately subsequent to the write ZAP field 426.
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One can readily observe that the write ZAP field 320 and the write ZAP
field 322 contain two correction data elements that correspond to identical servo
fields. The correction data (n+3) 414 corresponds to the servo field 4 (422) and

the correction data (n+1) 415 corresponds to the servo field 4 (422). The
- correction data (n+4) 416 corresponds to the servo ﬁeld 5 (424) and the correction

data (n+2) 417 corresponds to the servo field 5 (424) Havmg the same data in
subsequent ZAP ﬁelds provides redundancy such that 1f the write ZAP field 320
has uncorrectable errors when it is read, the write ZAP field 322 serves as a backup

for two radial compensation values.

. Ina preferred embodiment, the correction’ data is a byte of data, allowing

- for a range of 256 values Preferably one bit in the data byte is used as a sign bit,

so the values range from -128 to 127. Ina preferred e bodlment the value -128 is
reserved to indicate to the control system described mFig 1 that the corresponding

servo field data is inw;aﬁd and should be ignored.- For' example, if the correction

data 410 is-128, thrs ‘indicates that the servo field 2 (306) is invalid. Other values

- w# throughout the range ‘'of values could be assigned dlﬂ'erent meanings or represent a

magnitude adjusiment for PES data. A
Error correetlon codes(ECC) in ZAP ﬁelds are used to detect and attempt to

. cotrect errors in ZAP fields. Refernng to Fig. 4, the seeded ECC ficlds 428 and

430 allow the disc dnve PES error correction systen:g to .1dentrfy and correct errors
in the write ZAP fields 320 and 322 respectively. Seeded ECC fields 428 and 430
are generated using any cyclic redundancy code scheme, including, but not limited
to the well-known Reed-Solomon Code. Those skﬂled in the art will recognize
that ECC validation allows for identification of any number of errors, but
correction of up to a maximum number of errors. Ifthe write ZAP field 320
contains etrors bej(ond the capability of the seeded ECC field 428 to correct, the

.redundant data of the write ZAP field 322 is used mstead

Fig. 4 illustrates how write ZAP fields-are used when the head 118 is in the
write position. Read ZAP fields are not used-when the head 118 is in the write
position, but they are used to correct PES when the head 118 is in the read position.
An example analogous- to the Fig. 4 examp.le, wherem only write ZAP fields are
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illustrated, exists-fot the sitnation when the head 118.is in the read position, when
read ZAP fields are used. '

In yet another embodiment, the system need not provide redundancy. The
write ZAP fields 320 and 322 are aligned with the servo null 324, as in the
preferred embodiment, but the PES correction data is not duplicated from one ZAP
field to the next. For example, the data format 402 may contain only the correction
data (n+1) 410 and the correction data (n+2) 412. The correction data (n+1) 415
and (n+2) 417 would not be present in the data format 404, This embodiment may
be desirable in situations where more memory is required for data other than ZAP
field data.

Fig. 5 is an illustration of the module interactions in accordance with a
preferred embodiment of the present invention. The ZAP field sequencer module
502 reads and sequences through ZAP fields. The ZAP field processing module

- 504 accepts valid ZAP fields from the ZAP field sequencer module 502 and stores

the data in the proper memory location in the ZAP. RAM correction table 508.
Later, when a servo field is read, the ZAP field processing module 504 retrieves the
corresponding ZAP field PES correction data from the ZAP RAM correction table
508. The RRO-ZAP routines module 506 adjusts the PES data retrieved from the

- -servo field using the retrieved PES correction data. The corrected PES data is

transferred to the track follow servo 510, which adjusts the positioning of the head
118.
‘For example, the ZAP field sequencer 502 reads and validates the write

- ZAP field 320. Ifthe WIrite ZAP field 320 is valid, its data is passed on to the ZAP

field processing module 504. The ZAP field processing module 504 stores the
correction data (nt+1) 410, (n+2) 412, (n+3) 414, and (n+4) 416 in a memory
locations corresponding to the servo fields 2 (306), 3 (308), 4 (422), and 5 (424).
‘When the servo field 2 (306) is read, the ZAP field processing module 504 reads
the data in the memory location of the ZAP RAM correction table 508
corresponding to the servo field 2 (306). The ZAP field processing module 504
transfers the ZAP field data to the RRO-ZAP routines module 506. The RRO-ZAP
routines module uses the ZAP field data to make the proper adjustments to PES of
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the servo field 2 (306). The RRO-ZAP routines module 506 transfers the corrected
PES to the track follow servo 510. L

‘The ZAP RAM correction table 508 is initialized with zero values
whenever the heads 118 are repositioned. This ensures that invalid correction data
will not be in the ZAP RAM correction table when a servo field is read. If no valid
ZAP fields are read for a servo field, no ZAP ﬁeld correction data will be written to
the ZAP RAM correction table 508. Thus, for that particular servo field, the ZAP
field processing module 504 will transfer a zero value to the RRO-ZAP routines

~module 506. In this case, the adjustment made to PES by RRO-ZAP Routines 506

is an adjustment of zero. Thus, PES of a particular servo burst is not changed
when no valid ZAP fields are read for that servo burst.

Turning now to Fig. 6-1, there is shown a diagram illustrating an exemplary -
process by which radial position compensation values (RPCV) are determined and
stored in a preferred embodiment of the invention. As previously-mentioned, this
process occurs during the manufacture of the disc drive. Processing begins at the
start operation 600 wherein basic startup initializing occurs. Control then transfers
to initializing operation 602 wherein the current ZAP type is initialized to the write
type. Control then transfers to initializing operation 604 wherein the maximum

_ number of servo fieldsis set equal to the number of servo fields on the track.

Control then transfers to initializing operation 606 wherein the number of radial
position compensation values (RPCV) is set. As discussed earlier in reference Fig.
4, the preferred number of RPCVs per ZAP field is four. _After initializing
operation 606, control transfers to buﬂdmg operation 608 Building operation 608
constructs a table of RPCVs for every servo field on the track and is preferably
performed with a finction call. The details of building the RPCV table are shown
in Fig, 6-2, and will be discussed later. After the RPCY table is built, control
ransfers o initializing operation 610 wherein the target servo field s initialized to
servo field @(302), shown in Fig. 4. _

After the target servo field is initialized, control transfers to the querying
operation 612 wherein it is determined whether the ZAP type of the target servo .
field is equal to the current ZAP type. Referring to Fig. 3, it can be seen that the
ZAP type of servo field @ (302) is a read ZAP type; i.e., the read ZAP field 310
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adjacent to servo field @ (302) is a read type ZAP field. Thus, continuing with the
example of Fig. 6-1, the answer to the query in operation 612 would be "no" .for
servo field @ in Fig. 3 because the current ZAP type is WRITE.

Determining the type of ZAP field for a particular servo field can be
performed in any manner. For example, it may simply be a matter of associating
odd-mumbered servo fields with write ZAP fields and even-number servo fields
with read ZAP fields as shown in the example of Fig. 3. Alternatively, read ZAP
fields may be associated with odd-numbered servo fields and write ZAP fields
associated with even-numbered servo fields. The determination of query operation
612 may also make use of a table that associates servo fields with ZAP field types
in ény manner of association. .

Continuing with the examples of Fig. 6-1 and Fig. 3, control then transfers
from querying operation 612 to the incremenﬁné operation 614 wherein the target
servo field is advanced to the next servo field. After the target servo field is
incremented, control transfers to querying operation 616, wherein the question is

‘asked whether the target servo field number is equal to the maximum number of

servo fields on the track. If it is equal to the maximum number of servo fields, then
all the ZAP fields have been created and stored, and control transfers to end

.operation 618, where prdcéssing ends. If, on the other hand, the target servo field

is not equal to the maximum number of servo fields on the track, control transfers
back to query operation 612 wherein it is determined whether the new target servo
field's ZAP field is the current ZAP field type. '

If in query operation 612 it is determined that the ZAP field type for the

target servo field is equal to the current type, then control transfers to initializing

operation 620. An example of this is best seen in Fig. 3 with regard to servo field
1 (304) and the adjacent writs ZAP field 320, For servo field 1, it is determined in
query operation 612 that the ZAP field type is the write type. Since, in the example
of Fig. 6-1, the current ZAP type was set to WRITE in 1m1:1al1zmg operation 602,
the answer to the query in operation 612 is "yes." '

When control transfers to initializing operation 620, a counter, radial
position compensation value .(RPCV) count is set equal to one. Control then
transfers to the retrieving operation 622 wherein the RPCV is retrieved from the
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RPCY table that was built in the building operation 608.. The RPCV that is
retrieved is an RPCV for a servo field located afier the target servo field. This is
best seen in reference to Fig. 4, wherein the head direction goes from servo field 1
to servo field 2. In this case, servo field 2 is rotationaliy-subsequenj: to servo field
1. Thus, in retrieving operation 622, the RPCV for servo field 2 is retrieved when
the target servo field is servo field 1 and RPCV count is one.

The modulo operation is necessary for target servo fields just prior to servo
field @; i.e., when the ZAP field building and storing process is nearing the end of
a track. Modulo is the remainder obtained when dividing one number by another
number, and is well-known in the art. When the target servo field is fewer than the
number of RPCV fields per ZAP field prior to starting servo field &, then the
RPCVs for lower numbered servo fields are used fo build the ZAP field, because of
the cyclic nature of the disc tracks. For example, if the max:mum servo fields on
the track is 120, and there are four RPCVs per ZAP field, and the target servo field

is servo field 119 (the last servo field on the track), then the modulo operation
~ ensures that the ZAP field for servo field 119 is loaded with RPCVs for servo field
.9, servo field 1, servo field 2, and servo field 3.

_ After the desired RPCV is retrieved, control transfers to appending
operation 624. The RPCV is appended to the ZAP field in operation 624, and
control then transfers to the incrementing operation 626. In the incrementing

~ operation 626, the RPCV count is incremented. Control then transfers to the query

operation 628 wherein it is asked whether the RPCV count is greater than the
number of RPCVs per ZAP field. Ifit is not, then contirol transfers back to
retrieving operation 622 wherein the next RPCV value is retrieved from the RPCV
table. Thus the looping process in the reu'iéving, appending, incrementing and
querying operations 622, 624, 626, and 628 build the ZAP field with the RPCVs
for that ZAP field. " _

If, on the other hand, the answer to the query in the query operation 628 is
"yes," this means that the ZAP field has been loaded with the required RPCVs.
Control then transfers to appending operation 630, wherein the starting servo field .
number is appended to the ZAP field. For example, in Fig. 4, referring to the data
format 402, starting servo field number 406 would be two. The starting servo field
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number is obtained b;r adding one to the target servo field number. After the
starting servo field number is appended, control transfers to calculating operation
632 wherein the contents of the ZAP field are used to generate a seeded error
correction code (ECC). Control then transfers to the appending operation 634,
wherein the seeded ECC is appended to the ZAP field. After the seeded ECC is
appended, the ZAP field contains all the required elements. For example, the data
format 402 in Fig. 4 illustrates what an exemplary ZAP field looks like after '
appending the seeded ECC. ' '

' Control then transfers to the storing operation 636 wherein the ZAP field is

- stored on the disc. The storing operation 636 is preferably carried out by a storing

function, as shown in Fig. 7. As will be discussed in more detail, the storing
operation is aware of the type of ZAP field to be stored (i.e., read or write). After
the ZAP field is stored on the disc, control transfers back to incrementing operation

- 614, wherein the target servo field number is incremented by one. After the
 incrementing operation 614, the prior described operations are repeatedina - -
- - looping fashion until all the ZAP fields are built and stored on the disc. The

process illustrated in Fig. 6-1 is sufficient for building and storing all the ZAP
fields for a single track. To store all the ZAP fields for all tracks of a disc, the
process simply needs to be repeated for all the tracks on the disc.

‘Referring now to Fig. 6-2, there is shown a flow chart illustratiﬁg the
process by which RPCVs are calculated and stored in a table. When the process
shown in Fig. 6-2 is invoked, control is transferred to start operation 638, wherein
basic initialization occurs. Control then transfers to the initializing operation 640,
wherein the current servo field is set to the first servo field on the track. After the
current servo field is initialized, control transfers to the calculating operation 642.
In the calculating operation 642 a RPCV is calculated for the culreﬁt servo field
using any compensation value calculation method known in the art, including, but

- not limited to, any fast-fourier transform (FFT) method. Control then transfers to

storing operation 644 wherein the previously calculated RPCV is stored in 2 table
in memory. The table associates a RPCV with each servo field. Later, the table

-can be used to locate and retrieve a RPCV for a given servo field. After the RPCV

is stored, control transfers to the querying operation 648, wherein it is asked
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- whether a RPCV has been calculated for every servo-field,  If a RPCV has not been

calculated for every servo field, the "no” path is taken from querying operation 648
and control transfers to the incrementing operaﬁon- 65(!@; ‘The incrementing -
operation 650 MMS the current servo ﬁeld by_on:e so that the RPCV for the
next servo field can be calculated and stored in the table If, on the other hand, it is
determined in querying operation 648 that the process has calculated a RPCV for
every servo field, control transfers to return operatlon 652 which transfers control
back to the invoking module. '

Refemng to Fig, 7 there is shown a flow control dlagram illustrating an
exemplary process of creating read ZAP fields and write ZAP fields in a preferred
embodiment of the invention. As shown in Fig. 3, a ZAP field is preferably stored
in either a read ZAP field, for example read ZAP field 310, or a write ZAP field,
for example, write ZAP field 320. Read ZAP fields are positioned in line with, or
centered around, the data null line 323. Wnte ZAP ﬁelds are positioned in line
with (i.e., centered around) the servo null line 324. Flg. 7 illustrates an exemplary
process by which a particular RPCV is stored in either a read ZAP field or a write

ZAP field. -

In Fig. 7 processing begins at start operation 700. Control then transfers to
the querying operation 701, wherein it is determined whether the ZAP type is a
read type. Ifit is, control transfers to storing operation 702 in which the RPCV is
stored in a read ZAP field centered around the data mull line 323. If, on the other
hand, it is determined in querying operation 700 that thje;ZAP type is not the read
type, but rather the wnte type, control transfers to the stonng operation 704. The
storing operation 704 stores the RPCV in a write ZAP field centered around the
servo null line. From the storing operations 702 and, 70:4,- control transfers return
operation 706, wherein control is returned to the calling module.

Referring now to Fig. 8, there is shown a flow control diagram that
illustrates an exemplary process of using read ZAP field data to correct PES data in
é.preferred embodiment of the invention. Processing begins at start operation 800.
Control then transfers to aligning operation 802, wherein the transducer head 118 is

- aligned over the data null 323, as in a read operation. Conh'ol then transfers to read

operation 804, wherein a ZAP field is read. Reading the ZAP field includes
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e

performing ECC vahdauon and extraction of RPCVs andthe servo field number.
Control transfers from read oper.ation 804 to the storing operation 806 wherein the
RPCVs are stored in the ZAP RAM correction table'508. The disc is spunto a
position where the target servo field can be read and control transfers to the read

. operation 808. Read operation 808 reads the servo field number as well as the PES
- data for the servo field. Control-then transfers to retrieving operation 810 wherein

the servo field number is used to index into the ZAP RAM correction table 508 and
the associated RPCYV is retrieved from there. Control then transfers to the
summing operation 812 wherein the retrieved RPCV is summed with the PES data
from the target servo field to generate a corrected PES. Control then transfers to the
positioning operation 814 wherein the head 118 is positioned using the corrected
PES. Control ;hen transfers to the end at 6peration 816. '
Turning now to Fig. 9 there is shown a flow control diagram illustrating an
exemplary process of using write ZAP field data to correct PES data in a preferred
embodiment of the invention.: Piocessin'g begins at start operation 900. Control

- then transfers to aligning operation 902, wherein the transducer head 118 is aligned

over the servo null, as in a write operation. Control then transfers to read operation
904 wherein a ZAP field is read. Reading the ZAP field includes performing ECC
validation and extraction of RPCVs and the servo field number. Control transfers
from read operation 904 to the storing operation 906 wherein the RPCVs are stored
in the ZAP RAM correction table 508. The disc is spun to a position where the
target servo field can be read and control transfers to the read operation 908. Read
operation 908 reads the servo field number as well as the PES data for the servo

. field. Control then transfers to retrieving operation 910 wherein the servo field

number is used to index into the ZAP RAM correction table 508 and the associated
RPCYV is retrieved from there. Control then transfers to the summing operation
912 wherein the retrieved RPCV is summed with the PES data from the target
servo field to generate a corrected PES. Control then transfers to positioning
operation 914 wherein the head 118 is positioned using the corrected PES. Control
then transfers to the end at operation 916. '

The logical operations of the various embodiments of the present invention
are implerﬁented (1) as a sequence of computer implemented acts or program
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modules running on a computmg system and/or (2)as interconnected machine
logic circuits or cn'cult modules w1thm the computing system. The mplementanon
is a matter of choice dependent on the performance reqmremerrts of the computing
system lmplementmg the invention. Accordingly, the 10g1ca1 operations makmg
up the embodiments of the present invention described harem are referred to

. variously as operauons, structural devices, acts or modules. It will be recognized

by one skilled in the rt that these operations, structural devices, acts and modules
may be implemented:in sofiware, in firmware, in speclal :Purpose digital logic, and
any combination thereof without deVi_a_.ting_,_f:om the sp1r1t and scope of the present
invention as recited within the claims attached hereto. -

In summary, tﬁe present iﬁventioﬁ- may be vieWed as amethod for .
compensating for errors in the radial locatlons of servo ﬁelds (such as 302, 304,
306, 308, 422, or 424) on a rotatable disc (such as 108) i m a disc drive (such as

- 100). The method mcludes the steps (such a8 in operations 608 and 636) of

determ:mng (such as: operatlon 608 or 642) a radial posmon compensation value .
(such as 410, 412, 414 415 416, 417, 418 or 420) for a target servo field (such as
302, 304, 306, 308, 42_2, or424)ona traqk (such as 300), and storing (such as’
operation 636, 702, o_'r: 704) the radial posiﬁdq compensaﬁqn_ value (such as 410,
412, 414, 415, 416, 417, 418, or 420) in a.zfero-acc_:elerai_;i_on path(ZAP) field (such
as 310, 312, 320, or 322) located rotationélly prior to thé target servo field (such as

302, 304, 306, 308, 422, or 424) on the track (such as 300).

The method also include steps of determining (such as operation 608 or

642) three more radlal position compensatlo_n values (such as 410, 412 414, 415,

416, 417, 418, or 420) for three target servo fields (such as 302, 304, 306, 308,
422, ot 424) located rotationally subsequent to the first ZAP field (such as 310,
312, 320, or 322), and stonng (such as operatmn 636, 702 or 704) them in the first
ZAP field (such as 310 312, 320, or 322) i in addition to the first radial position
compensation value (suqh as 410, 412, 414, 415, 416, 417, 418, or 420).

The method also inchudes determining (such as operation 608 or 642) radial
position compensatio__ﬁ values (such as '41(:l, 412, 414, 41$,. 416, 417, 4_18, or 420)

~ forall other servo fields (such as 302, 304, 306, 308, 422, or 424) around a track

(such as 300) and stonng (such as op_erat_i(jn 636, 702, or 7704) a radial position
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compensation valu {stich as 410, 412, 414, 415, 416, 417, 418, or 420) for a servo
field (such as 302, 304, 306, 308, 422, or 424) in a rotationally adjacent ZAP field
(such as 310, 312, 320, or 322). ' '

The invention may also be viewed as a mefhod of storing (such as operation
636, 702, or 704) radial position compensation values (such as 410, 412, 414, 415,
416, 417, 418, or 420) in ‘which the steps of storing include writing (such as
operation 702) a radial position compensation value (such as 410, 412, 414, 415,
416, 417, 418, or 420) to a read ZAP field (such as 310 or 312) that is in line with
a data null (such as 323), and writing (such as operation 704) the same radial
position compensation value (such as 410, 412, 414, 415, 416, 417, 418, or 420) to
a write ZAP field (such as 320 or 322) that is in line with a servo null (such as
324). The method also includes steps of storing (such as operation 636) radial
position compensation values (such as 410, 412, 414, 415, 416, 417, 418, or 420)
for all servo fields (such as 302, 304, 306, 308, 422, or 424) on a track (such as
300) in read ZAP fields (such as 310 or 312) that are in line with the data null

 (such as 323), and in write ZAP fields (such as 320, 322, or 426) that are in line

with the servo null (such as 324).
 The invention may also be viewed as a method for correcting (such as

- operations 810, 812, and 814) errors in ﬁposition error signal (PES) stored in a

servo field (such as 302, 304, 306, 308, 422, or 424) on a track (such as 300) ona

‘ data storage disc (such as 108), for use during a read operation, by aligning (such

as operation 802) the head (such as 118) over a data null (such as 323), reading
(such as operation 804) a starting servo field number (such as 406 or 408) and a
radial position compensation value (such asﬁ 410, 412, 414, 415, 416,417, 418, or
420) for a target servo field (such as 302, 304, 306, 308, 422, or 424) from a read
ZAP field (such as 310 or 312) centered on the data null (such as 323), storing
(such as operation 806) the radial position compensation value (such as 410, 412,
414, 415, 416, 417, 418, or 420) in a ZAP RAM correction table (such as 508),
reading (such as operation 808) a PES from the target servo field (such as 302, 304,
306, 308, 422, or 424), retrieving (such as operation 810) from the ZAP RAM
correction table (such as 508) the radial position compensation value (such as 410,
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. 412, 414, 415, 416, 417 418, or 420) associated with the target servo field (such as
" 302, 304, 306, 308, 422 or 424), comblmng (such as opctanon 812) the PES from

target servo field (such as 302, 304, 306, 308, 422, or 424) with the radial position
compensation value (such as 410, 412 414, 415 416, 417 418, or 420) to generate
(such as operation 812) a corrected PES and pos1t10mng (such as operation 814)
the head (such as 118) m accordance with the corrected PES

The corrcctmg method also includes readmg (such as operation 804) more
than one radial posmon compensatlon value (such as 410 412, 414, 415, 416, 417,
418, or 420), wherein, each one of the radial position compcnsauon values (such as

- 410, 412, 414, 415, 416, 417, 418, or 420) is associated, yvﬂ;h a target servo field

(such as 302, 304, 30'6 308, 422, or 424), and storing (such as operation 806) all of
the radial position. compcnsatlon values (such as 410, 412 414, 415, 416, 417, 418,
or 420) in a ZAP RAM correction table (such as 508). The method may include
reading (such as. 0pc1:at10n 804) four radxal position. compcnsahon values (such as
410, 412, 414, and_4;_6) and storing (such as operation §0_6) the four radial position -
compensation values é.(such-as 410, 412, 41_4; or 416) in the ZAP RAM correction
table (such as 508). _

The invention may also be viewed as a mcthod for cotrecting (such as
operations 910, 912, and 914) errors in a position error s;g_nal (PES) stored in a
servo field (such as 302, 304, 306, 30@, -422,. or 424) on-fa,;:u"ack (such as300) on a
data storage disc (such as 108), for u_s_c during a write operatlon, by aligning (such
as operation 902) the head (such as 118) over a servo null (such as 324), reading
(such as operation 904) a starting servo field mumber (such a5 406 or 408) and a
radial position compcnsanon value (such as 410, 412, 414 415, 416, 417, 418 or
420) for a target servo ﬁcld (such as 302, 304 306, 308 422 or 424) from a write
ZAP field (such as 320 or 322) centered on the servo null (such as 324), storing
(such as operation 906) the radial position ccmpensatlon ‘value (such as 410, 412,
414, 415, 416, 417, 418 or 420) in a ZAP RAM correctlcn table (such as 508),
reading (such as opcratlon 908) a PES from the target scrvo field (such as 302, 304,
306, 308, 422, or 424), retrieving (such as operation 910) from the ZAP RAM

. correction table (such as 508) the radial position compensatlon value (such as 410,
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" 412, 414, 415, 416417, 418, or 420) associated with tHE target servo field (such as

302, 304, 306, 308, 422, or 424), combining (such as operation 912) the PES from
target servo field (such as 302, 304, 306, 308, 422, or 424) with the radial position
corﬁpensaﬁon value (such as 410, 412, 414, 415, 416, 417, 418, or 420) to generate
a corrected PES, and positioning (such as operation 914) the head (such as 118) in
accordance with the corrected PES.

The correcting method also includes reading (such as operation 904) more
than one radial position compensation value (such as 410,-412, 414, 415, 416, 417,
418, or 420), wherein each of the radial position compensation values (such as 410,
412, 414, 415, 416, 417, 418, or 420) is associated with a target servo field (such as
302, 304, 306, 308, 422, or 424), and storing (such as operation 906) all of radial
position compensation values (such as 410, 412, 414, 415, 416, 417, 418, or 420)
in a ZAP RAM correction table (such as 508). The method may include reading
(such as operation 904) four radial position compensation values (such as 410, 412,
414, and 416) from a write ZAP field (such as 320 and 322) and storing (such as

-operation 906) the four radial position compensation values (such as 410, 412, 414,

and 416) in the ZAP RAM correction table (such as 508). _
The invention may also be viewed as a disc drive (such as 100) with discs
(such as 108) with servo information arranged in servo fields (such as 302, 304,
306, 308, 422, or 424) on tracks (such as 300) on the disc (such as 108), an actuator
assembly (such as 110) mounted adjaceﬁt the disc (such as 108) having a
transducer head (such as 118) for accessing the servo fields (such as 302, 304, 306,
308, 422, or 424) on the tracks (such as 300), a servo circuit (such as 124, 126,
502, 504, 506, 508, and 510) that is coupled fo the actuator assembly (such as 110)
for controlling radial position of the head (such as 118) in response to the servo
information and minimizes effects of errors in radial location of the servo fields
(such as 302, 304, 306, 308, 422, or 424) on the disc (such as 108) by utilizing
ZAP fields (such as 310, 312, 320, or 322) on the disc (such as 108), each ZAP
field (such as 310, 312, 320, or 322) having position error signal(PES) correction
data (such as 410, 412, 414, 415, 416, 417, 418, or 420) for one or more associated
servo fields (such as 302, 304, 306, 308, 422, or 424). The disc drive may also
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include a ZAP RAM correction table (such as 508) for use in correcting errors in
PES data. '

It will be clear that the present invention is well adapted to attain the ends
and advantages mentioned as well as those inherent therein. While a presently
preferred embodiment has been descnbed for purposes of this disclosure, various
changes and modifications may be made which are ﬁeﬂ \mthmthe scope of the
present invention. For example, ZAP fields could be _lbcated immediately prior to
servo fields. As a further example, correction data could be longer than a byte in

length. Numerous other changes may be made which will readily suggest

themselves to those skilled in the art and which are encompassed in the spirit of the
invention disclosed and as defined in the appended claims.
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What is claimed is:

1. In a disc drive having a rotatable disc, a head-positioning actuator
adjacent the disc for selectively positioning a fransducer head over the disc, and an
actuator servo control circuit for controlling the position of the head relative to the
disc in response to servo information stored in servo fields recorded on tracks on
the disc, the tracks having data nulls and servo nulls, a method for compensating
for errors in the radial locations of the servo fields comprising steps of:

(a) determining a first radial position compensation value for a first
target servo field on a track; and

(b) storing the first radial position compensation value in a first
zero-acceleration path (ZAP) field located rotationally prior to the first target servo
field on the track. |

2. The method according to claim 1 further comprising steps of:
(c) determining a second radial position compensation value for a
second target servo field located rotationally subsequent to the first ZAP field; and
(d) storing the second radial position compensation value in the first
ZAP field in addition to the first radial position compensation value.

3. The method according to claim 2 further comprising steps of:
(e) determining a third radial position compensation value for a
third target servo field located subsequent to the first ZAP field; and
(f) storing the third radial position compensation value in the first
ZAP field in addition to the first and second radial position compensation values.

4. The method according to claim 3 further comprising steps of:
(g) determining a fourth radial position compensation value for a
fourth target servo field located subséquent to the first ZAP field; and
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- () stonng the fourth radial position compensahon value in the first
ZAP field in addmon to the first, second, and third radlal position compensation

values.

5. The method accordmgto claim 1 further compnsmg
(c) repeatmg determining step (a) for a next target servo field; and
d sto;mg the first radial position comp_ensatlon value in a next
ZAP field.

6. The method according to claim 1 wherein _tihe storing step (b) comprises
steps of: S
. (b)(l) 'waiting the first radial posmon compensatlon value to the first

ZAP ﬁeldatalocahonmlme with a data null on theirackto create a first read
ZAP field; and

(b)(i) writing the first radial position cempensation value to a
previous ZAP field rotatlonally prior to the first ZAP ﬁeld to a location in line with
a servo null onthetrack to create a first write ZAP ﬁeld.

7. The method 'lac_cording to claim 5 wherein the storing step (b) comprises
storing the first radial position compensation value in the first ZAP fieldin a
location in line with the data null on the track, and the _'etoring step (d) comprises
storing the first rad1a1 position compenéati_on_ value in tﬁe next ZAP fieldina
location in line with ﬂie servo null onthetreck.. -

8. A method for correcting errors in a position error signal (PES) stored in

a servo field on a track on a data storage disc, for use.ajﬁng aread operation, in a
disc drive having a transducer head controllably posiﬁ_enable over the track on the
disc having data nulls and servo nulls, the method comprising steps of:

(a :al.igning the head over a data null; : :

® readmg a starting servo field number and a radial posmon
compensation value for a target servo field from a first read zero-acceleratlon path
(ZAP) ,ﬁeld centered on the data null;

N
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(c) :téring the radial position competisation value read in step (b) in
a zero-acceleration path (ZAP) random access memory (RAM) correction table;

(d) reading a PES from the target servo field;

() retrieving from the ZAP RAM correction table the radial
position compensation value associated with the target servo ﬁelti;

(f) combining the PES from target servo field with the radial
position compensation value to generate a corrected PES; and
' (2) positioning the head in accordance with the corrected PES.

9. The method according to claim 8 wherein the reading step (b) further
comprises reading a plurality of radial position compensation values, wherein each
one of the plurality of radial position compensation values is associated with one of
a plurality of target servo fields, and the storing step (c) further comprises storing
the plurality of radial position compensation values in the ZAP RAM correction
table. '

10. The method according to claim 9 wherein the reading step (b)
comprises reading four radial position compensation values and storing step (c)
comprises storing the four radial position compensation values in the ZAP RAM

correction table.

11. A method for correcting errors in a position error signal (PES) stored in
aservo field on atrack on a data stérage disc, for use during a write operation, in a
disc drive having a transducer head controllably positionable over the frack on the
disc having data nulls and servo nulls, the method comprising steps of:

(a) aligning the head over a servo null;

(b) reading a starting servo field number and a radial position
compensation value for a target servo field from a first write zero-acceleration path
(ZAP) field centered on the servo null;

(c) storing the radial position compensation value read in step (b) in
a ZAP random access memory (RAM) acorrection table;

(d) reading a PES from the target servo. field;
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from the ZAP RAM correction table the radial
position compensa’aon value associated with target sefvo field;

® combmmg the PES from the target servo field with the radial
position compensaﬁon value to generate a corrected PES -and
() posﬂ_:nomng the head in accordance with

12. The method according to claim 11 wherein the reading step (b) further
comprises reading a plurahty of radial position compensanon values, wherein each
one of the plurality of radlal position compensation values is associated with one of
a plurality of target servo fields, and the storing step (c)- further comprises storing
the plurality of radial. posmon compensation values in the ZAP RAM correction
table. '

13. The method accordmg to claim 12 wherem the reading step (b)
comprises reading four radial position compensation values and storing step (c)

comprises storing the four radial position compensa’aon values in the ZAP RAM

~correction table.

14. A disc dnve comprising:
a disc havmg servo information alranged asa plurahty of servo
fields on tracks on the dlsc, an actuator assembly mounted adjacent the disc having

. a transducer head for aocessmg the servo fields on the tracks and a servo circuit,

operably coupled to the: actuator assembly for controllmg radial position of the
head in response to the _servo information, wherein the servo circuit minimizes
effects of crrors in radial location of the servo fields on the disc by utilizing a
plurality of ZAP ﬁelds on the disc, each zero-acceleratlon path (ZAP) field having
position error s1gnal(PES) correction data for its assoc1ated servo field.

15. The disc dﬁ've of claim 14 wherein each ZAP _ﬁeld contains data for
four target servo fields.
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- 16. The dii¢ drive according to claim 14, whiétéin the servo circuit includes
a ZAP random access memory table (RAM) correction table for use in correcting
errors in PES data. - |

R
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AMENDED CLAIMS
[received by the international Bureau on 28 November 2001 (28.11.01):
original ¢laims | and 7 amended; original claims 5dnd 8-16 cancelled:
remaining claims unchanged (2 pages)}

1. Inadisc drive having 2 rotatable disc, a head-positioning actuator
adjacent the disc for selectively positioning a transducer head over the disc, and an
actuator sérvo control circuit for controlling the position of the head relative to the
disc in response to servo information stored in servo fields recorded on tracks on
the disc, the tracks hairing data nulls and servo nulls, a method for compensating
for errors in the radial locations of the servo fields comprising steps of:

| (a) determining a first radial position compensation value for a first
target servo field on a track;

(b) storing the first radial position compensation value in a first
zero-acceleration path (ZAP) field located rotationally prior to the first target servo
field on the track;

(bl) repeating the determining step (a) for a next target servo field;
and |
) (b2) storing the first radial position compensation value in a next
ZAP field.

2. The method according to claim 1 further comprising steps of:
(c) determining a second radial position compensation value for a
second target servo field located rotational)y subsequent to the first ZAP field; and
(d) storing the second radial position compensation value in the first
ZAP field in addition to the first radial position compensation value. -

3. The method according to claim 2 further comprising steps of:
| (¢) determining a third radial position compensation value for a |
third target servo ﬁeld located subsequent to the first ZAP field; and
(f) storing the third radial position compensation value in the first
ZAP field in addition to the first and second radial position compensation values.

AMENDED SHEET {ARTICLE 19)
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4. The method according to claim 3 further comprising steps of:
= detérmining a fourth radial position compensation value for a
fourth target servo field located subsequent to the first ZAP field; and
(h) storing the fourth radial position compensation value in the first
ZAP field in addition to the first, second, and third radial position compensation

*  C L M s =+

6. The method according to claim 1 wherein the storing step (b) comprises

values.

steps of:
(b)(i) writing the first radial position compensation value to the first
ZAP field at a location in line with a data null on the track to create a first read
ZAP field; and
(b)(ii) writing the first radial position compensation value to a
previous ZAP field rotationally prior to the first ZAP field to a location in line with

a servo null on the track. to create a first write ZAP field.

7. The method according to claim 1 wherein the storing step (b) comprises
storing the first radial position compensation value in the first ZAP field ina
location in line with the data null on the track, and the storing step (b2) comprises
storing the first radial position compensation value in the next ZAP field ina

location in line with the servonull on thetrack.
l.

AMENDED SHEET (ARTICLE 19)
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Statement under Article 19(1)

Claim 1is amendéd to include limitations from agpﬁled claim5so as to
distinguish over U.S. Patent 6,049,440 Claim?7 is._amendgd to depend from
claim 1. Claims 5 and 8-16 are canceled. .

In light of the International Search Report, it should be emphasized
that pending claims each recite the use of redundantly stored compensation
values not taught or suggested in the references of record. Moreover, such
values provide a meaningful advance in disc drive position control because

they reduce the risk that a given compensation value will be unavailable due

“xf¢c-L M 8§ % :

to a transient error or media defect.
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