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METHOD AND"'APPARATUS TO ENCODJi!ifOSITION ERROR SIGNAL · 

CORRECTION INFORMATION 

·Related Applications 

This application claims prionty 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 modem computer systems to store and retrieve 

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

number 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 

20 per minute). As the discs are rotated, an 8.ctu.ator assembly moves an array of · 

read/write heads out over the surfaces of the discs to store and retrieve the dati 
from tracks defined on the surfaces of the discs. 

A closed loop digitai servo system is typically used to control the position 

of the heads relative to the tracks. The servo system generates a position error 

2S signal (PBS) indicative of the position of the heads .from servo information that is 

written to the discs during the manufilcturing of the disc drive. In response to the 

detected position, the servo system outputs current to an actuator motor (such as a · 

voice coil motor, or VCM) utilized to pivot the actuator assembly, and hence the 

heads, across the disc surfaces. 

30 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 recordllig 

densities, both in terms of the number ofbits that can be recorded on e~h track as 

well as the number of tracks on each disc, are continually being made in order to 

facilitate such increases in data capacity. 

s Recent changes i:11 disc drive recording head technology have made it 

advantageous to use separate elements for reading and writing. Using two elements 

allows one element to be designed to perform as an optimum reader and the other 

as an optimum writer, avoiding the tradeoffs associated with implementing both 

functions in a single element. A performance synergy can result if the two are 

10 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 for a given 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 elements introduces a 

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

The gap and the skew angle make it impossi1>le to position both elements in-line 

over all tracks. Consequently, in disc drives using magnetoresistive read elements 

and inductive write elements, there are separate read and write positions. 

The servo information used to define the tracks is typically written to the 

20 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. Each track is thus typically not 

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

are sometimes referred to as repeatable run.out, or RRO, with the RRO appearing as 

· an error component of the PBS. 

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 

30 achieved. Particularly, RRO can ultimately lead to an upper limit on achievable 

track densities, as RRO cuts into the available track misalignment budget and 

reduces the range over which the servo system can provide 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 

Against this backdrop the present invention-has been developed. The 

present invention is a· method of correcting radial position error by utilizing. 

predetermined error correction values located at predetermined loeations in 

advance of their associated servo fields. During manufacture of a disc drive, radial 

10 position compensation values are calculated. The radial position compensation 

values are written to zero-acceleration path (ZAP) fields on the disc. Each ZAP 

field is positioned before the servo .fields whose position error signal(PES) they are 

designed to correct. As the read/write head flies along a track, it reads a ZAP field, 

arui stores the PBS correction data. Subsequently, the read/write head reads the 

15 corresponding servo field and uses the stored PBS correction data to correct the 

20 

"·····PES. 
·. ,1:-:.:·· .. · 

The ZAP field is comprised of two or more correction data elements, a 

·· starting sample number byte, and an error correction code. The starting sample 

number refers to the starting servo field and to a location in a data table where to· 

store the correction 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 disc: 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 PBS dming 

25 subsequent write operations. Read ZAP fields are written in line with the data 

track nulls, 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 having to move fi'om the write position 

to the read position and back to the write position in the middle of a write 

30 operation. 
. . 

The invention can provide multiple 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 

s 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 loca~ons 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 

10 correct error in the PBS. 

If, upon a read of a ZAP field, ·it is determin~ that there are errors that the 

error correction code(ECC) 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 

IS factor of zero, or no correction at all. Jn 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. 

20 These and various other features as well as advantages which characterize 

25 

the present invention will be apparent from a reading 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 futemal 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. 

30 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 se.quence•of fields in the read position and the data 

fomiat in accordance with a ~ferred embodiment of the present invention. 

FIG. -S illustrates the component interactions in accordance with a preferred 

embodiment of the present invention. 

s F.IG. 6-1 is a flow control diagram illustrating an exemplary process of 

building and storing ZAP fields in a preferred einb0diment of the invention. 

FIG. 6-2 is a flow control diagram illustrating an exemplary process of 

calculating and storing radial position compensation values in an embodiment of 

the invention. 

10 FIG. 7'is a flow control diagram 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 PBS data in a preferred embodllnent of the 

- invention. 

IS FIG. 9 is a flow control diagram illustrating an. exemplary process of using _ .. 

~_:_write ZAP field data to correct PBS data in a preferred embodiment of the 

invention. 

Detailed Description 

20 The invention is described in detail below with reference to the drawing 

figures. When referring to the figures, like structures and elements shown 

through.out are indicated-with. like 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 

2s 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 manner. 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 

30 an ~tor 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 mns 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 flexmes 116 is a transducer head 118 which includes 

an air bearing slider enabling 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 l28 which establish a magnetic field in which the coil 126 is immersed. 

The controlled application of current to the coil 126 causes magnetic interaction 

10 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 pivots 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 

15 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 d.6-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. 

·p20 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 

25 circuit board 132 typically includes circuitry for controlling the write currents 

·applied to the heads 118 dui-ing 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 

30 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 surfilce 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 wi~ each particular manufactured 

s disc 108. A one-time-revolution (INDEX) around each track 160 is typically 

indicated by an index mark 162 that extends the ~us of the disc 108. 

10 

The disc 108 is radially divided into a plurality of servo segments 164. 

Typically, the servo segments 164 begin near the ceI)ter 166 of the disc 108 and 

terminate near the Outer edge 168 of the disc 108. As with the number of tracks 

160 per d.i:sc 108, th~ number of servo segments 164 per disc 108 varies with each 

particular manufactured disc 108. Each track160 is composed of spaced s~o 

segments 164 with <la.ta sectors between the servo segments 164. 

Fig. 3 ill~tes an arrangement of servo fields,, data fields, and ZAP fiC?lds, 

on a traclc, for example Tracie 0 (300), relative to each other in a preferred 

15 . .. . embodiment of the invention. As further described below, the track arrangement 

. /:;.; . contemplated by the present invention provides a servo field PBS 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, 

with.out repositioning the drive head 118. 

20 Servo Field 9 (302), Servo Field 1 (304), Servo Field 2 (306), and Servo 

Field 3 (308) each contain servo positioning infOI'llliltion, inclucling PBS. The read 

ZAP fields 310 and 312 contain PBS correction data, referred to as radW position 

compensation values, and are accessed when the disc drive head 118 is in the read 

position. The data fields 314, 316, and 318 contain th~ data desired by the user. 

25 Write ZAP Fields 32P and 322 contain PES correction data, called radial position 

compensation values, and are accessed when the disc drive head 118 is in the write 

position. AB described in detail below, the ZAP fields are utilized to correct head 

alignment errors during operation of the disc drive. 

The data null 323 is the ideal track that the head 118 should follow and is 

30 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 null 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 

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

With this arrangement, the read head 118 gathers PBS 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 

10 position and the data format m 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 · 

15 servo :fieldnumber408 is 4. The starting servo fieldnumber406 serves as a. 

reference for the correction data (n+l) 410, (n+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+l) 410, (n+2) 412, (n+3) 414, and (li.+4) 416 are 

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

servo field 1 (304). Thus, the correction data (n+l) 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 co~on data (n+3) 414 is correction data for 

the servo field 4 (422), and the correction data (n+4) 416 is correction data for 

25 servo field S (424). 

· Likewise, the correction data (n+ 1) 415, (n+2) 417, (li.+3) 418, and (n+4) 

420 are radial position compensation valU:es 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 PBS correction 

30 data for servo field S (424). The correction data (n+3) 418 and (n+4) 420 contmn 

PBS 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 con~ 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 sery<.> field 4 (422). The 

s correction data (n+4) 416 corresponds to the servo fi,~ld 5 (424) and the correction 

data (n+2) 417 corresponds to the servo field 5 (424)·~:: Having the same data in 

subsequent ZAP fields provides redundancy such ~:if the write ZAP field 320 

has uncorrectable errors when it is read, the write Zl\P field 322 serves as a backup 

for two radial compensation values. 

10 . In a preferred embodiment, the co~on data: is a byte of data, allowing 

for a range of 256 values. Preferably one bit in the da~ byte is used as a sign bit, 

so the values range fr.om -128 to 127. Jn a preferred ~bodim.ent the value -128 is 

re~erved to indicate t~ the control system described in Fig. 1 ~t the corresponding 

servo field data is invalid and should be ignored.· Ji'or .. ~ample, if the correction 
' 

15 ,, .. data 410 is -128, tbis:indicates that the servo field 2 (306) is invalid. Other values 

· J-;:;i;-, throughout the range·'of values could be assigned di:ff~t meanings or represent a 
. ; . . 

magnitude adjustment for PBS data. 

Error correction codes(ECC) in ZAP fields afe. used to detect and attempt to 

· correct errors in Z.Af fields. Referring to Fig. 4, the -~~eded ECC fields 428 ~ 
. 20 430 allow the disc drive PBS error correction syst~ tq identify and correct errors 

in the write ZAP fields 320 and 322 respectively. Seeded ECC fields 428 and 430 

are generated~ any cyclic redundancy code schem.e, including, but not limited 

to the well-known Reed-Solomon Code~ Those skilled in the art will recognize 

that ECC validation· allows for identification of any ]lumber of errors, but 

25 correction of up to a maximum number of errors. If th~ write ZAP field 320 
. . . . . 

contains errors beyop.d the ~ability of the seeded ~CC field 428 to correct, the 

redundant data of th~, write ZAP field 322 is used in.Stead. 

Fig. 4 illustra,~es how write ZAP fields· are usefi when the head 118 is in the 

write position. Read ZAP fields are not used· when the head 118 is in the write 

30 position, but they are used to correct PBS when the head 118 is in the read position. 
. . 

An example analogous· to the Fig. 4 example, whereinQll].y write ZAP fields are 

lt.U".>P<.4~'t~~~·~-"'·'-':~~r.,,,,;p...i~!~ 
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illustrated, exists,;£~ the situation when the head l~:'l~ 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 

5 preferred embodiment, but the PBS 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 

10 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 

15 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· PBS correction data from the ZAP RAM correction table 

508. The RRO-ZAP routines module 506 adjusts the PBS data retrieved from the 

·servo field using the retrieved PBS correction data. The corrected PBS data is 

20 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. If the ~te 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 

25 correction data(n+l) 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 

30 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 PBS 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. 

The ZAP RAM correction table 508 is initialized with zero values 

whenever the heads 118 are repositioned. 1bis ensmes that invali~ correction data 

s 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 

10 is an adjustment of zero. Thus, PBS of a particular servo burst is not changed 

when no valid ZAP fields are read for that servo burst. 

Tuming 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 

15 process occms during the manufacture of the disc drive. Processing begins at the 

start operation 600 wherein basic startup initiaJizing occurs. Control then transfers 

to initializing operation 602 wherein the current ZAP type is initialized to the write 

type. Control then transfers to initia]izing operation 604. wherein the maximum 

number of servo fields "is set equal to the number of servo fields on the :track. 

20 Control then transfets 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 fo•. After initializing 

operation 606, control transfers to building operation 608. Building operation 608 

constructs a table ofRPCVs for every servo field on the :track and is preferably 

25 performed with a function call. The details of building the RPCV table are shown 

in Fig. 6-2, and will be discussed later. After the RPCV table is built, control 

transfers to initializing operation 610 wherein the target servo field is initializ.ed to 

servo field 0(302), shown in Fig. 4. 

After the target servo field is initialized, control transfers to the querying 

30 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 0 (302) is a read ZAP type; i.e., the read ZAP field 310 
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adjacent to servo field 0 (302) is a read type ZAP field. Thus, continuing with the 

example ofli'ig. 6-1, the answer to the query in operation 612 would be "no" for 

servo field 0 ~Fig. 3 because the current ZAP type is WRITE. 

Determining the type of ZAP· field for a particular servo field can be 

s performed in any manner. For example, it may simply be a matter of associating 

odd-numbered servo fields with write ZAP fields and even-number servo :fields 

with read ZAP fields as sh~wn 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 

10 612 may also make use of a table that assoeiates servo fields with ZAP field types 

in any manner of association. 

Continuing with the examples of Fig. 6-1 and Fig;. 3, control then transfers 

from querying operation 612 to the incrementing operation 614 wherein the target 

servo field is advanced to the next servo field. After the target servo field is 

15 incremente~ 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 store~ and control transfers to end 

_operation 618, where processing ends. If, on the other hand, the target servo field 

20 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 

25 operation 620. An example of this is best seen in Fig. 3 with regard to servo field 

1 (304) and the adjacent write 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 cmient ZAP type was set to WRITE in initializing operation 602, 

the answer to the query in operation 612 is 11yes.11 

30 When control transfers to initializing operation 620, a counter, radial 

position compensation value (RPCV) count is set equalto one. Control then 

transfers to the retrieving operation 622 wherein the RPCV is retrieved :from the 
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RPCV table that was built in the building operation 6~8. .. The RPCV that is 

retrieved is an RPCV for a servo field located after the target servo fiel& 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 rotationally subsequent to servo field 

5 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 0; 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 

10 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 0, then the 

RPCVs for lower numbered servo fields are used to build ~e ZAP field, because of 

the cyclic nature of the disc tracks. For example, .if the maximum servo fields on 

the track is 120, and there are four RPCVs per ZAP field, and the target servo field 

15 ~s: 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 RPCV s for servo field 

. .fl!~ 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 

20 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 RPCV s per ZAP field. If it is not, then control transfers back to 

retrieving operation 622 wherein the next RPCV value is retrieved from the RPCV 

25 table. Thus the looping process in the retrieving, 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 RPCV s. 

30 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 by adding one to the target servo field number. After the 

starting servo field numberis 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, 

s 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 eXt\ttlple, 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 

10 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 

15 incrementing operation 614, the prior described operations are repeated in a · · 

· ·looping fashion until all the ZAP fields are built and·stored. on the disc. The · 

process ~ustrated 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. 

20 Referring now to Fig. 61..2, there is shown a flow chart illustrating the 

process by which RPCVs are calculate<! 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 

25 current servo field is initialized, control transfers to the calculating operirtion 642. 

In the calculating operation 642 a RPCV is calculated for the current servo field 

using any compensation value calculation method known in the art, including, but 

· not limited to, any fast-fouriertransform (FF1) method. Control then transfers to 

storing operation 644 wherein the previously calculated RPCV is stored in a table 

30 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 11:µ0" pa1;b is taken:fi:om querying operation 648 
. . . . ' . . 

and control transfers to the incrementing operation 6Sq., ·The incrementing · 
., 

operation 650 increments the currents~ field by on~ ~o that the RPCV for the 

s · next servo field can ·b~ calculated and stored, in the tabl~.· If, on the other hand, it is 

determined in querying operation 648 that the process 1*; calculated a RPCV for 

every servo field, control transfers to return operation 652, which transfers control 

back to the invoking module. 

Referring to Fig. 7 -there is shown a :tlow control' diagram illustrating an 

10 exemplary process of creating read ZAP fields and write ZAP fields in a preferred 

embodiment of the invention. As shown in Fig. 3, a Zi\P field is preferably stored 

in either a read ZAP field, for example read Z~ field 3l0, or a write ZAP field, 

for example, write ZAP field 320. Read ZAP fields ~positioned in line with, or 

centered around, the data null line 323. Write ZAP fiei4s are positioned in line 

15 wj.th (i.e., centered around) the servo null line 324. Fig.. 7 illustrates an exemplary 

pi;ocess 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 operati,on 701, wherein it is determined ~ther the ZAP type is a 

20 read type. If it is, control transfers to storing operation 702 in which the RPCV is . 

stored in a read ZAP field centered around the data null line 323. If, on the other 

hand, it is determined in querying operation 700 that the.ZAP type is not the read 

type, but rather the write type, control tr~s to the storing operation 704. The 

storing operation 704 stores the RPCV in a write ZAP field centered around the 

25 servo null line. From the storing operations 702 and. 704; 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 µsing read ZAP fiel<;l data to correct PES data in 

a preferred embodiment of the invention. Processing begins at start operation 800. 

30 Control then transfers to aligning operation 802, w~ the transducer head 118 is 

aligned over the data null 323, as in a read operation. Control then transfers to read 

operation 804, wherein a ZAP field is read. Reading the ZAP field includes 
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performing ECC validation and extractionofRPCVs 8.filithe servo field number. 

Control transfers from read operation 804 to the storing operation 806 wherein the 

RPCVs are stored in the ZAP RAM correction table·so8. The disc is spun to a 

position where the target servo field can be read and control transfers to the read 

s . operation 808. Read operation 808 reads the servo field number as well as the PBS 

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 RPCV is retrieved from there. Control then transfers to the 

summing operation 812 wherein the retrieved RPCV is summed with the PBS data 

10 from the target servo field to generate a corrected PBS. Control then transfers to the 

positioning operation 814 wherein the head 118 is positioned using the corrected 

PBS. Control then transfers to the end at operation 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 PBS data in a preferred 

15 embodiment of the invention.•. Processing begins at start operation 900. Control 

then transfers to aligning operation 902, ·wherein the transdueer 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 ofRPCVs and the servo field number. Control transfers 

20 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 ~ control transfers to the read operation 908. Read 

operation 908 reads the servo field number as well as the PBS data for the servo 

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

25 number is used to index intothe ZAP RAM correction table 508 and the associated 

RPCV is retrieved from there. Control then transfers to the summing operation 

912 wherein the retrieved RPCV is summed with the PBS data from the target 

servo field to generate a corrected PBS. Control then transfers to positioning 

operation 914 wherein the head 118 is positioned using the corrected PES. Control 

30 then transfers to the end at operation 916. 

The logical operations of the various embodiments of the present invention 

are implemented (1) as a sequence of computer implemented acts or program 
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modules running Qn a cqmputing system an4for (2)-as interconnected machine 

logic circuits or c~t m..oclules within$~ computing ~ The implementation 
, ~ . . . 

is a matter of choice:depen.dent on the per.formance reqltjrements of the computing 

system implementing ~e invention. A009$gly, the logical operations making 

s up the embodiments Qf the present invent!~ described herein are referred to 

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

by one skilled in the art that these operati<>~ structural devices, acts and modules . : .. - ·.: 

10 

may be implemented: in software, in firm~, in spec~ purpose digital logic, and 

any combination th~ofwithout deviating from the ~t and scope of the present 

invention as recited V,vithin the claims a~h~d hereto. 

In snmmary,.-pie present invention may be vie~~ a method for 

compensating for errors in the radial locations .of servo' ijelds (such as 302, 304, 
.. . ·. . . 

306,, 308, 422, or 424) on a rotatable disc ($Uch as 108) in a disc drive (such a8 

100). The method includes the st~ (such as in operati'?ns 608 and 636) of 

15 ~(such as~operation 6()8 or 64~) a radial position compensation value . 

(~has 410, 412, 41,4, 415, 416, 417, 418, or 420) for a target servo :field (such as 

302, 304, 306, 308, 4~, or 424) ·on a tra,ck (such as 300), and storing (such as 

operation 636, 702, or. 704) the radial position compensati()n value (such as 410, 

412, 414, 415, 416., 417, 418, or 420) in a~-accelera~on path(ZAP) field (such 

20 as 310, 312, 320, or ~22) located rotationajly prior to the target servo field (such as 

. 302, 304, 306, 308, 4~2, or 424) on the track (such as 300). 

The method also include steps of <f,etermining (sti,ch as operation 608 01 

642) three more r~ position compensatio~ values (~uch as 410, 412, 414, 415, 

416, 417, 418, or420) for three target servo fields (such as 302, 304, 306, 308, 

25 422, or 424) located totationally subsequent to the first ZAP :field (such as 310, 

312, 320, or 322), aru:I storing (such as OPtmition 636, 702~ or 704) them in the first 

ZAP field (such as 3~0~ 312, 320, or 322) in addition to the first radial position 

compensation value (~11ch as 410, 412, 414, 415, 416, 417, 418, or 420). 

The method $0 jncludes determining (such as operation 608 or 642) radial 
. . . . •. . . 

30 position compensation values (such as 410,, 412, 414, 415, 416, 417, 418, or 420) 

for all other servo fields (such as 302:, 304~ 306,, 308, 4~io or 424) around a track 

(such as 300) and storing (such as operation 636, 702, OJ." 704) a radial position 
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compensation val~:(~h as 410, 412, 414, 415, 416~~;~if7, 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 method of storing (such as operation 

s 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) ~a read ZAP field (such as 310 or 312) that is in line with 

a data null (such as 323), and wri1ing (such as operation 704) the same radial 

10 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 

1s 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 a position error signal (PES) stored in a 

20 servo :field (such as 302, 304, 306, 308, 422, ·or 424) on a tra<?k (such as 300) on a 

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 3~3}, reading 

(such as operation 804) a starting servo field number (such as 406 or 408) and a 

radial position compensation value (such as 410, 412, 414, 415, 416, 417, 418, or 

25 420) 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 aZAP RAM correction table (such as 508), 

reading (such as operation 808) a PBS ~om the target servo field (such as 302, 304, 

30 306, 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, 1~7, 418, or 42.,) as89Cia:ted with~ target servo :field (such as 

.. · 302, 304, 306, 308, 4,n, oi; 424), combinjng (such as opbration 812) the PBS from 
~ . . . . . . . . .. ? . 

target servo :field. (su~h as 302, 304, 306, 308, 422, or 4:2tl> with the radial position 

compensation val~ (~has 410~ 412, 414, ·'15, 416, 41:7, 418,, or 420) to generate 

s (such as operation 8~l) a corrected PES, aµd positionill:g{such as operation 814) 
··:. . .. . . 

the head (such as US) in accordance With the corrected'. PBS. ·:=· : . . . • ~· . 

The correc~~ ~ethod also includes reading (~has operation 804) more 
. . 

than one radialpositj.Q~ ~mpensation value (such as 41~, 412, 414, 415, 416, 417, 

418, or 420), wherein: ~hone of the iadiaI position co~pensation values (such as 

10 410, 412, 414, 415, 41~, 417, 418, or ~20) is associated.~~ a target servo field 

(such as 302, 304, 30.6,· 308, 422, or 424), and storing (sl,.ch as operation 806) all of . ' . . . . .. . : ~ 

the radial position comp~on valu,es(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 .o~tion 804) four radial position coll1pensa1ion values (such as 

15 4J.O, 412, 414, and 4~6) and storing (such as operation 1196) the four radial position 

cpµipensation values'.(such as 410, 412, 414; or 416) in ;the ZAP RAM correction 
~ . ... .· . . . . 

table (such as 508). 

The,inventio~ -~y also be ~ewed as a method for correcting (such as 

operations 9!0, 912, ~ 914) errors in a position error si~ (PBS) stored in a 

20 servo field (such as 302,· 304, 306, 308, 422, or 424) on'~,1iack (such as 300) on a 

data storage disc (such as 108), for use during a write op~on, by aligning (such 
. •. ·: .. 

as operation 902) the head (such as 118) over a servo nUn (such as 324), reading 
~ ' . . . 

(such as operation 904) a starting servo field number (~has 406 or 408) and a 

radial position comp~ation value (sµpli as 410, 412, 41~, 415, 416, 417, 418, or 

25 420) for a t.arget servo :field (such as 302, 304, 306, 30~~ 422, or 424) from a write 
. ~ ··. 

ZAP field (such as 32C) or 322) cente~d on the servo n~ (such as 324), storing 

(such as operation 90~),the radial pos~tion com,pensati~ivalue (such as 410, 412, 
. . . 

414, 415, 416, 417, 4J8, or 420) in a ZAP RAM corre~~n table (such as 508), 

reading (such as operation 908) a PBS from the target sc;vo field (such as 302, 304, 

30 306, 308, 422, or 424), -retrieving (such as operation 910) from the ZAP RAM 

. correction table (sue~ as 508) the radial position compe~ation value (such as 410, 
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412, 414, 415, 416~~iliv, 418, or 420) associated witlftlf~target servo field (such as 

302, 304,. 306;, 308, 422, or 424),. combining (such as operation 912) the PBS 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 

s a corrected PBS, and positioning (such as operation 914) the head(such as 118) in 

accordance with the corrected PBS. 

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, 

10 412, 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) fom radial position compensation values (such as 410, 412, 

15 414, 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,. 

20 306, 308,_422, or 424) on tracks (such as 300) on the disc (such as 108), an actuator 

assembly (such as 110) mounted adjacent 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 to the actuator assembly (such as 110) 

25 for controlling radial position of the head (such as 118) in response to the servo 

information and mjnimires 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 

30 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 therei?L While a presently 

s preferred embodiment has been descri~ fQr purpose$ of this disclosure, various 

changes and modifications may be made which are well within the scope of the 

present invention. For example, ZAP fields could be located 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 

10 themselves to those sldlled in the art and which are encompassed inthe spirit of the 

invention disclosed and as defined in tlie appended claims . 

.. ~·.:~. 
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·. -' .. 
Claims. 

1· 1111111 111111 11111 1111111 1111 
* C . L M S * 

What is claimed is: 

1. In a disc drive having a rotatable disc, a head-positioning actuator 

s adjacent the disc for selectively positioning a transducer 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: 

10 (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 comperisation value in the first 

20 ZAP field in addition to the first radial position compensation value. 

25 

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 subseq~t 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 

30 fourth target servo field located subsequent to the first ZAP field; and 
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. (h) s:topng the·fourth radial position eompensation value in the first 

ZAP field in additi~~to the first, second, and third nuU~ position compensation 

values. 
~~~~~~~~~ 

. t: 11111111111111111111111111111 
* · C · L M S * 

5. The methoH:~ to claim l further OODJprising: 

(c) reP~~ting determining step (a) for a next target servo field; and 

( d) sto:ring the first radial position com.Pensation value in a next 

ZAP field. 

10 · 6. The meth~ according to claim 1 wherein the storing step (b) comprises 

steps of: 

(b )(i) writing the first .radial position c()~pensation value to the first 

. ZAP field at a location in line with a data null on the.~ to create a .first read 

ZAP field; and 

IS (b )(ii) writing the first radial position compensation value to a 

previous ZAP field rotationally prior to the first ZAP ~cild to a location in line with 

a servo null on the track. to create a first write ZAP fi~ld. 

.. ·,· 

7. The metho4· according to claim 5 wherein the stf>ring step (b) comprises 

20 storing the first radial position compensation value in the first ZAP field in a 

location in line with the data null on the track, and the storing step ( d) comprises 

storing the first radial, position compensation value in the next ZAP field in a 

location in line with th~ servo null on the track. 

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

30 

a servo field on a track on a data storage disc, for use.dUring 1t1 read operation, in a 

disc drive having a transducer head controllably positioiiable over the track on the 

disc having data nulls and servo nulls, the method co~prising steps of: 

(a) aligning the head over a data null; · 

(b) reading a starting servo field number and a radial position 

compensation value for a target servo field from a first read zero-acceleration path 

(ZAP) .field centered on the data null; 
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11111111111111 11111 1111111 1111 
* C L M S * (c):.:Stdrlng the radial position com~1:ion value read in step (b) in 

a zero-acceleration path (ZAP) random access memory (RAM) correction table; 

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

(e) retrieving from the ZAP RAM correction table the radial 

s position compensation value associated with the target servo field; 

(t) combining the PBS from target servo field with the radial 

position compensation value to generate a corrected PBS; and 

(g) positioning the head in accordance with the corrected PBS. 

10 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 sento fields, and the storing step ( c) fin'ther comprises storing 

the plurality of radial position compensation values in the ZAP RAM correction 

15 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 

20 correction table. 

11. 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 during a write operation, in a 

disc drive having a transducer head controllably positionable over the 1rack on the 

25 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; 

30 ( c) storing the radial position compensation value read in step (b) in 

a ZAP random access memory (RAM) acorrection table; 

( d) reading a PBS from the target servo field; 
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l lll\111 ml\l Ill\\ tllll \Ulll 
* . C ·. L M S * ( e) retrieving from the ZAP RAM coq-ection table the radial 

position compensatiQn. value associated with target s~ field; 
: . ,. 

(t) eoi;nl>ining the PBS from the target sei'vo field with the radial 
~:>~ ~J-

position compensat1011·vatue to generate a corrected P.E$; ·and 

s (g) po~itioning the head in accordance w{tii the corrected PBS. 
. . ':'.:·:· 

'•,:' 

12. The metb()d according to claim 11 wherein tpe reading step (b) further 

comprises reading a p~urality of radial position compeDsr:rt;.on values, wherein each 

one of the plurality' of rlidial position compensation val~ is associated with one of 

10 a plurality of target servo fields, and the storing step (c}furt:b.er comprises storing 

the plurality of radialp()sition compensation values in ~e ZAP RAM correction 

table. 

13. The methOd according to claim 12 whereiD.1;lie reading step (b) 

is comprises reading fom radial position compensation values and storing step ( c) 

20 

·comprises storing the ~our radial position compensation values in the ZAP RAM 

correction table. 

14. A disc drive comprising: 

a disc .fulving servo information arranged ·as a.plurality of servo 

fields on tracks on the disc; an actuator assembly mounted adjacent the disc having 

a transducer head for accessing the servo fields on the tracilcs; and a servo circuit, 
. . ·' 

operably coupled to the,actuator assembly for controlling radial position of the 

head in response to the·~ervo information, wherein the servo circuit minimires 

25 effects of errors in radial location of the servo fields on~ disc by utilizing a 

plurality of ZAP fields ~n the disc, each zero-acceleration path (ZAP) field having 

position error signal(PES) correction data for its associated servo field 

15. The disc drive of claim 14 wherein each ZAP :field contains data for 

30 four target servo fields. 
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16. The di~~J:ltive according to claim 14, wli~ the servo circuit includes· 

a ZAP random access memory table (RAM) correction table for use in correcting 

errors in PBS .data. 

\ \ll\llH\\I\\ Ill\\ \\l\J \\\'I\ 
* '. c L M 
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AMENDED CLAIMS 
[rec:i:ived ~rohe International Bureau on 28 Nove111ber 200 I (28 .. 11.01 ): 
original ~iafrfis I and 7 amended; original claims 5 'and 8-16 cancelled: 

remaining claims unchanged (2 pages)) 

1. In a disc drive having a rotatable disc, a head-positioning actuator 

s adjacent the disc for selectively positioning a transducer 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: 

10 (a) determining a first radia1 position compensation value for a first 

15 

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 detennining step (a) for a next target servo field; 

and 

(b2) storing the first radial position compensation value in a next 

ZAP field. 

20 2. The method according to claim 1 further comprising steps of: 

25 

(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) detennining 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 

30 ZAP field in addition to the first and second radial position compensation values. 
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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 subsequent to the first ZAP field; and 

(b) storing the fourth radial position compensation value in the first 

s ZAP field in addition to the first, second, and third radial position compensation 

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

10 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 

15 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 in a 

20 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 in a 

location in line with the servo null on the track. 
\ 
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Statement under Article 19(1) 

Oaim 1 is amended to include limitations from as.,.filed claim 5 so as to 

distinguish over U.S. Patent 6,049,440. Oaim 7 is amended to depend from 

claim 1. Caims 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 

to a transient error or media defect. 
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