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This application claims priority of United States provisional application Serial Number 

s 601236,312, filed September 28, 2000. 
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Field of the Invention 

This application relates generally to servowriting and more particularly to a method and 

· disc drive for writing servo wedges using an offset read/write head. 

Background of the Invention .... 

Disc drives store data in tracks that fonn concentric circles on discs containing a storage 

medium such as a magnetic material. Each track is broken down into various segments known as 

sectors that are indexed by the disc drive so as to be independently addressable. For each sector, 

15 one or more servo wedges must be included to guide a read/write head of the disc drive. The one· 

or more servo wedges extend from the inner diameter of a given zone of the drive to the outer 

diameter of the zone and contain individual servo bursts that delineate track boundaries and that 

can be read by the head to produce a signal that indicates the head's position relative to the track 

boundary. 

20 The servo wedges must be written onto the disc during the manufacturing process. One 

manner of doing so is to use a servo track writing mechanism. The servo track writing 

mechanism is a separate device that applies magnetic fields to the disc to add the servo bursts that 

form the servo wedges. However, the servo track writer can become inaccurate for relatively 

high track densities; Therefore, self-servowriting has been developed whereby the read/write . 

25 head of the disc drive writes the servo bursts. This process is time-consuming because the 

read/write head of a disc drive generally cannot read and write at the same time and multiple 

revolutions of the disc are required for the servo w~dges ofa single track to be written. The 

multiple revolutions are required so that the head can read one previously written servo wedge 

including one or more bursts so as to stay on the correct track and then write another servo burst 

30 corresponding to another servo wedge of the same sector later in time. 
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Utilizing a head with an offset read element and write element allows the read element to 

read a servo wedge including one or more bursts :from one track while the write element is 

posi~oned over another track. Once the disc has rotated to the appropriate place after reading the 

servo wedge, the write element can: write a new·servcr wedge such as a servo burst for the track it 

5 resides above. This offset between the read and write elements thereby allows the servo wedges 

of a track to be written without seeking the head between a track having servo wedges previously 

written and the track currently being written for each switch between a read and write operation. 

However, at least two revolutions are required for each track using conventional self­

servowri.ting with the offset head because a servo pattern of multiple bursts forming the servo 

1 o wedge must be written to the disc surface for each sector and be continuous :from ·the outer 

diameter to the inner diameter. In a first revolution, a first servo wedge of a sector which acts as 

a track-following gui_de for propagation, is read :from a first track. Also during this revolution but 

at a different time, the write element writes a second servo wedge, which is the guide used for . 

track-following during normal operation and during propagation of the first wedge, on a second 

15 track spaced :from the first track by the offset for each sector position as it passes by the head. In 

a second revolution, the :first servo wedge is written for the second track so as to continue to act 

as a guide for propagation and the second servo wedge of the first track is then read for each 

sector position as it passes by the head to accurately track-follow while the first servo wedge is 

being written. With thousands of tracks per disc surface, each revolution required per track for 

20 servowriting adds a significant amount of time to the manufacturing process. 

Accordingly th~ is a need for a method and disc drive that can reduce the amount of 

time necessary for propagating servo wedges onto the disc. 

Summary of the Invention 

25 Against this backdrop, embodiments of the present invention have been developed. An 

embodiment of the present invention may be viewed as a method of servowriting in a disc drive 

having a head with an offset radially between a read element and a write element. The method 

involves, during an instance of a first sector positi9n passing by the head, reading a first servo 

wedge on a first track with the read element. The method also involves, during the instance of 

30 the first sector position passing by the head, and not during reading of the first servo wedge, 

writing a second and third servo wedge on a second track with the write element. 
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An embodiment of the present invention may also be viewed as a disc drive that writes 

servo wedges. The disc drive includes one or more discs having a plurality of tracks divided into 

a plurality of sector positions and a head having a read element and a write element separated by 

an offset radially. 'Fh-e disc drive·also includes a read/write channel in electrical communication 

s with the read element and the write element. During an instance of a first sector position passing 

by the head, the read/write channel reads a first servo wedge on a first track with the read 

element, and during the instance of the first sector position passing by the head and not during 

reading of the first servo wedge, the read/write channel writes a second and third servo wedge on 

a second track with the write element. 

1 o These and various other features as well as advantages which characterize 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 

15 FIG. l is a plan view of a disc drive incorporating a preferred embodiment of the present 

invention showing the primary internal components. 

FIG. 2 is a block diagram of the main components of the disc drive embodiment of FIG. 

1. 

FIG. 3 is a flow chart of an embodiment of a servowriting process of the disc drive of 

20 FIG.1. 

FIGS. 4A - 4C contain a flow chart of an embodiment of a servo wedge propagation 

subroutine of the servowriting process ofFIG. 3. 

FIG. 5. is a plan view of two adjacent sector locations for several tracks of a disc of the 

disc drive of FIG. 1 with servo wedges written in accordance with the preferred embodiment of 

25 the invention. 

Detailed Description 

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 

30 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 100 in a 
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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 an actuator assembly 110, which rotates during a seek operation about a 

bearing shaft assemb1y 112 positioned adjacent the discs 108. The actuator assembly 110 

5 includes a plurality of actuator anns 114 which extend towards the discs 108, with 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 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. 

During a seek operation, the track position of the heads 118 is controlled through the use 

IO 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 Loren~ relationship. As the coil 126 moves, the 

15 actuator assembly 110 pivots about the be.aring 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 

20 zones 120 through the use of an actuator latch arrangement, which prevents inadvertent rotation 

of the actuator assembly 110 when the heads 118 are parked. 

A flex assembly 130 provides the Tequisite electrical connection paths for the actuator 

assembly 110 while allowing pivotal movement of the actuator assembly 110 during operation. 

The flex assembly 130 includes a printed circuit board 132 to which head wires (not shown) are 

'25 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 130 terminates at a 

flex bracket 134 for communication through the base deck 102 to a disc drive printed circuit 

30 board (not shown) mounted to the bottom side oftb.e disc drive 100. 

.·:' 
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Referring now to FIG. 2, shown therein is a functional block diagram of the disc drive 

100 of FIG. 1, generally showing the main functional circuits which are resident on the disc 

drive printed circuit board and used to control the operation of the disc drive 100. The disc 

drive 100 is shown in FIG. 2 to be operably connected to a host oomputer 14t :in which the · 

5 disc drive 100 is mounted in a conventional manner. Control communication paths are 

provided between the host computer 140 and a disc drive microprocessor 142, the 

microprocessor 142 generally providing top level communication and control for the disc drive 

100 in conjunction with programming for the microprocessor 142 stored in microprocessor 

memory (MEM) 1~. The MEM 143 can include random access memory (RAM), read only 

10 memory (ROM) and other sources of resident memory for the microprocessor 142. 

The discs 108 are rotated at a constant high speed by a spindle control circuit 148, 

which typically electrically commutates the spindle motor 106 (FIG. 1) through the use of back 

electromotive force (BEMF) sensing. During a seek operation, the track position of the heads 

118 is controlled through the application of current to the coil 126 of the actuator assembly 

15 110. A servo control circuit 150 provides such control. During a seek operation the 

microprocessor 142 receives information regarding the velocity of the head 118, and uses that 

information in conjunction with a velocity profile stored in memory 143 to communicate with 

the servo control circuit 150, which will apply a controlled amount of current to the voice coil 

motor 126, thereby causing the actuator assembly 110 to be pivoted. 

20 Data is transferred between the host computer 140 and the disc drive 100 by way of a 

disc drive interface 144, which incorporates a buffer to facilitate high speed data transfer 

between the host computer 140 and the disc drive 100. Data to be written to the disc drive 100 

is thus passed from the host computer 140 to the interface/buffer 144 and then to a read/write 

channel 146, which encodes and serializes the data and provides the requisite write current 

25 signals to the heads ti's. To retrieve data that has beeri previously stored by the disc drive 100, 

read signals are generated by the heads 118 and provided to the read/write channel 146, which 

performs decoding and error detection and correction operations and outputs the retrieved data 

to the interface/buffer 144 for subsequent transfer to the host computer 140. Such operations of 

the disc drive 100 are well known in the art and are discussed, for example, in U.S. Pat. No. 

30 5,276,662 issued Jan. 4, 1994 to Shaver et al. 
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Embodiments of the present invention may em.ploy read/write channel 146 to read and 

write servo wedges or, alternatively, may employ additional dedicated circuitry (not shown) to 

implement the self-servo writing embodiment of the present invention. Likewise, microprocessor 

142 may be employed and programming for execution of the self..seryowriting.embodimentof 

5 the present invention may be contained in MEM 143 or may be a temporary overlay in the 

buffer/interface 144. 

A high-level operational flow of a self-servowriting embodiment is shown in FIG. 3. 

With reference to both FIG. 3 and FIG. 5, which shows a disc surface 300 with wedges 320, 322, 

, 324, and 325 propagated by the self-servowriting process embodiment of the present inve11tion, 

10 the self-servowriting process may begin at Write operation 160. At Write operation 160, a servo 

track writer, or in the alternative the read/write channel 146 through writer 306, writes burst 

patterns such as 'A' servo burst 326 and 'B' servo burst 328 for four servo wedges 320, 322, 324, 

and 325 for each sector position 302, 304 for a number of tracks 310 at the outer diameter of the 

disc 108 equal to an offset at the outer diameter (N00) plus at least 1. Timing bursts 327 shown 

15 in FIG. 5 are used for timing the propagation, such as aligning the sector 0 of different tracks 

from the outer diameter to the inner diameter. 

The N00 + 1 or more tracks are prewritten at the outer diameter in this embodiment 

because the writer 306 leads the reader 308 when moving from the outer diameter to the inner 

diameter. The offset N00 is the offset expressed as an integer value in tenns of track or track 

20 number between the read element 308 and write element 306 of head 118 when the head 118 is 

positioned at the outer diameter of the disc 108. The offset may change as the head 118 moves 

from the outer diameter to the inner diameter. It should be noted that 'A' and 'B' servo bursts 326, 

328 are shown for exemplary purposes only, and it is to be understood that other servo burst 

configurations are also applicable, including quadrature patterns. 

25 The offset N00 shown-in the example·shown in FIG. 5 is equal to :five, and the set of 

tracks 310 defined by track boundaries k-6 through k are written as discussed above with bursts 

for three servo wedges 320, 322, and 324 per sector 302, 304. An offset of the read element 308 

and write element 306 at the outer diameter can be a number of tracks other than :five, but should 

be a number great enough so that the offset at the µmer diameter is at least one to use the 

30 propagation procedure throughout the drive. After these N00 + 1 or more reference tracks have 
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been written, propagation operation 170 begins. The propagation operation 170 is shown in 

greater detail in FIGS. 4A- 4C. 

The propagation operation 170 begins at seek operation 200 by seeking the reader 308 to 

the outer diameter (OD) of the disc 108.Qver. the track boundary k"'.'5 so that the writer 306 is 

s positioned over the track defined by boundaries k and k+ 1. At offset operation 201, the head 

offset variable N is set equal to N00 because the head 118 is positioned at the outer diameter of 

the disc 108. Then read operation 202 reads the third servo wedge 324, which acts as a guide 

during the propagation of guide wedges 320, 322 and propagation of a radially continuous fourth 

servo wedge 325 for each sector 302, 304 for the track or track boundary currently being 

10 followed. Reading the third servo wedge 324 allows the position of the head 118 to be controlled. 

during a revolution of the disc 108 such that the write element 306 remains positioned over the 

track where servo wedges are to be written. 

During the following of servo wedge three 324 at read operation 202, the propagation 

routine may also record the position of the head 118 relative to an ideal track center at record 

15 operation 204. The recording of the position of the head 118 relative to the ideal track center at 

each wedge being read provides the necessary position error information for a zero acceleration 

path (ZAP) process to may be performed, as is kn.own in the art, to produce correction 

coefficients. The correction coefficients from ZAP are later applied to permit the head 118 to 

follow a more circular track than is initially provided for by the servo bmsts of the servo wedge 

20 writing process. 

After having read the position at the third wedge 324, the read/write channel 146 writes a 

burst pattern, such as burst 'A', in the track that the write element 306 is positioned over at write 

operation 206. For example, when the reader 308 is positioned on track boundary k-5 to read the 

third wedge 324, the writer 306 writes 'A' bursts for the first servo wedge 320 and second servo 

25 · ··wedge 322 on the track-defined by track bolllldaries k and k+ 1 of either the sector position 302 or 

sector position 304 depending upon the direction of rotation of the disc 108. On a preceding or 

subsequent track, the 'B' burst would be written for the servo wedges 320, 322 as shown for the 

track defmed by boundaries k+ 1 and k+2. Thus, write operation 206 alternates the particular 

guide wedge to be written from one track to the next. Write operation 206 also writes the fourth 

30 servo wedge 235 at a time other than when the first wedge position 320, second wedge position 
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322, and third wedge position 324 are under head 118 so that the radially continuous fourth servo 

wedge 325 is available for track following during normal operation. 

Query operation 208 detects whether first servo wedge 320 and second servo wedge 322 

for all sectors of the current track under,Wfiter,306 have been written. If query operation 208 

s detects that all servo wedges for all sectors of the track have not been written, then the process 

returns to read operation 202 where servo wedge three 324 of the next adjacent sector is read, and 

the process then continues. One revolution is 811 that is required to write both servo wedges 320, 

322 and the fourth radially continuous servo wedge 325 for all sectors of a track because the 

reader 308 reads the third wedge 324, which is positioned at-the head 118 at a time other than 

10 when the first and second wedges 320, 322 and the fourth radially continuous wedge 325 are 

positioned at the head 118. Thus, for every switch from a read operation to a write operation, at 

least two wedges plus the radially continuous fourth wedge 325 are written rather than just one 

wedge. Also within this one revolution, the ZAP information for the entire track has optionally 

been collected. 

15 Once query operation 208 has detected that the first and second servo wedges 320, 322 

and the fourth radially continuous wedge 325 have been written for all sectors of the track, seek 

operation 210 seeks the head 118 one track so that the reader 308 now resides over track 

boundary k-4 and the writer 306 now resides over the track defiruld by boundaries k+ 1 and k+2. 

Query operation 212 then detects whether the new position of the head 118 is the inner diameter 

20 of the disc 108. If so, then the servo wedges have been propagated to all of the tracks and 

terminate operation 214 stops the propagation routine. 

If query operation 208 detects that the inner diameter has not yet been reached, then the 

flow moves to query operation 216 which detects whether the number of written tracks equals N, 

which is currently set to N00 or five in the example shown in FIG. 5. If the number of written 

·25 ··tracks does not yet equal N, then the flow returns to read operation 202 and the process continues 

as previously discussed until again returning to query operation 216. Once query operation 216 

detects that the number of written tracks equals N, then flow moves to offset operation 218. At 

this point, the set of tracks 312 has been written to and the writer 306 has been positioned over 

the outermost track, defined by boundaries k+5 and k+6, of the set of tracks 314. The reader 308 

30 is positioned over boundary k. 



-9-

Offset operation 218 then checks the offset of the drive at the head's current position. 

This offset value may be stored in MEM 143 from previously executed offset tests done prior to 

the propagation process whereby the writer 306 writes infoIDlation at a given radial position and 

then the head ·118·:is-moved-until the reader 308 is positioned over the written information. The 

5 distance the head 118 moved is equal tO the offset. This offset calibration may be done 

throughout the radial positions of the disc 108 or at the inner and outer diameters with the offsets 

in-between being interpolated based on an offset head formula. The offset must be checked at 

offset operation 218 because, as mentioned above, the offset will change due to the rotating 

actuator 110 moving the head 118 in an arc across the radial positions of the disc 108 rather than 

to in a linear fashion. 

After finding the offset, N is then set to the rounded integer value of the offset at offset 

operation 218 for purposes of controlling the number of tracks to write with a given guide servo 

wedge pattern (i.e., guide wedge position pairs 320, 322 or 320, 324, or 322, 324). The fractional 

part of the offset is still used to properly position the writer 306 over the center of each track. In 

15 the example of FIG. 5, the offset did not change from seeking the writer 306 from the innermost 

track of set 312 to the outermost track of set 314 so N remains equal to five. The propagation 

process then continues at read operation 220 where the reader 308 now reads the second servo 

wedge 322 along track boundary k. Again, the position relative to an ideal track center may be 

recorded at record operation 222 for ZAP purposes. 

20 After reading the second servo wedge 322, servo wedges three 324 and one 320 are 

written at write operation 224. However, either wedge three 324 or wedge one 320 will be 

written in the next adjacent sector during this iteration depending upon the directional rotation of 

the disc 108. Thus, the first sector of this track where wedge two 322 is read will become the last 

sector to write to because either wedge one 320 or wedge three 324 or the fourth radially 

· · -- 25 · · continuous wedge 325 of the first sector of this track will notyet-have been written, depending 

upon the rotational direction. As shown, the 'B' burst is written for the outermost track of set 

314. As discussed above, write operation 224 writes a fourth radially continuous servo wedge 

325 for each sector of each track that is later used for track following during normal operation. 

Query operation 226 detects whether all sectors have been written to in the first and third 

30 wedge positions 320, 324 and in the fourth radially continuous position. Again, writing these 

wedges for all sectors of a track should take no more than one revolution. If all sectors have not 
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been written to, then the flow returns to read operation 220. If all sectors of the current track 

have been written to in the first and third wedge positions 320, 324 and in the fourth radially 

continuous position 325, then control moves to seek operation 228. 

:. Seek operation 228 seeks the head 118 one track so that the reader 308 moves from track·· 

s boundary k to boundary k+ 1 and the writer 306 moves to the track with boundaries k+6 and k+7. 

Then query operation 230 detects whether the head 118 has moved to the inner diameter of the 

disc 108. If so, then terminate operation 232 stops the propagation process. If the inner diameter 

has not yet been reached, then query operation 234 detects whether the number of tracks that · 

have been written is equal to N, the current offset. If not, then flow returns to read operation 220 

10 and the propagation process continues reading wedge two 322 while writing wedges one 320 and 

three 324 and radially continuous wedge four 325 for the tracks. 

Once query operation 234 has detected that the number of tracks written to equals the 

current head offset, flow moves to offset operation 236. Again, the head offset resulting from the 

seek is determined, such as by referencing a table stored in MEM 143 and N is set equal to the 

15 current offset. In the example of PIG. 5, the offset remains at five after seeking the writer 306 

from the innermost track of set 314 to the outermost track of set 316. 

Read operation 238 then reads the first servo wedge 320 of the sector of the current track, 

such as track boiindary k+5, to track follow. Recording operation 240 may simultaneously record 

the head position relative to the ideal track center for ZAP purposes. Write operation 242 then 

20 writes the second and third servo wedges 322, 324 such as the 'A' or 'B' bursts for the current 

track defined by boundaries k+ 10 and k+ 11. Write operation 242 also writes the fourth radially 

continuous servo wedge 325 to be used during normal operation. Query operation 244 then 

detects whether the second and third wedges 322, 324 and the fourth radially continuous wedge 

325 have been written for all sectors of the current track. If not, the flow returns to read 

· · ·25 operation 238 for the next adjacent sector. If all s~ctors have been written,-then flow proceeds to 

seek operation 246. 

Seek operation 246 seeks the head 118 one track so that the writer 306 moves to the track 

bounded by k+ 11 and k+ 12 and the reader 308 moves to boundary k+6. Query operation 248 

detects whether the head 118 is positioned at the inner diameter of the disc 108. If so, then 

30 terminate operation 250 stops the propagation process. If the inner diameter has not been 

reached, then flow proceeds to query operation 252. Query operation 252 detects whether the 
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number of written tracks of this set equals N, the current offset If not, then flow returns to read 

operation 238. If so, then control proceeds to offset operation 254. 

Offset operation 254 checks the offset that exists after the last seek, and N is set equal to 

· ··, the offset. In the example of PIG. S, the offset remains at five after the seek ofthe writer 306 

s from the innermost track of set 316 to the outermost track of set 318. Control then returns to read 

operation 202 where the propagation process begins to follow servo wedge three 324 and write 

servo wedges one 320 and two 322 and the fourth radially continuous servo wedge 325. The 

propagation process repeats in this manner until the inner diameter of the disc 108 is reached. 

~Once the inner diameter is reached, all tracks have at least one complete and radially continuous 

10 servo wedge in the fourth wedge position 325 propagated per sector, and the total number of 

revolutions required equals the total number of tracks upon which the servo wedges were 

propagated. 

In conclusion, an embodiment of the present invention may be viewed as a method (such 

as 170) of servowriting in a disc drive (such as 100) having ahead (such as 118) with an offset 

15 between a read element (such as 308) and a write element (such as 306). The method involves, a) 

during an instance of a first sector position (such as 302) passing by the head, reading (such as 

202) a first servo wedge (such as 324) on a first track (such as k-5) with the read element. The 

method further involves, during the instance of th<? first sector position passing by the head, and 

not during reading step (a), writing (such as 206) a second (such as 322) and third servo wedge 

20 (such as 320) on a second track (such as k\k:+l) with the write element. 

The method (such as 170) may further involve, ( c) during one revolution of a disc (such 

as 108) of the disc drive (such as 100), repeating reading step (a) (such as 202) and writing step 

(b) (such as 206) for all sector positions of the track (such as k\k:+l). The method may further 

involve, (d) prior to reading step a) and writing step b), writing (such as 160), with a Servo Track 

25 Writer, servo wedges fora number of adjacent tracks (such as 310) greater than or equal· to the 

offset between the read element (such as 308) and write element (such as 306). The method may 

:further involve, ( e) during the instance of the first sector position passing by the head, and not 

during reading step a) or writing step b), writing (such as 206) a fourth servo wedge 325. The 

method may also :further involve f) recording (such as 204) a head position determined from 

30 reading step a) relative to an ideal track center. 
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The first servo wedge (such as 324) may be read before the second (such as 322) and third 

servo wedges (such as 320) are written, such as where the read element 308 reads the servo 

wedge 324, which may be considered the first servo wedge in this context, and writer 306 writes 

the servo wedges 320 and 322. The first servo wedge (such as 322) may be r~ after_ the second 

5 servo wedge (such as 324) is written but before the third servo wedge (such as 320) is written, 

such as where the read element 308 reads the servo wedge 322, which may be considered the first 

servo wedge in this context, and writer 306 writes the servo wedges 320 and 324. The first servo 

wedge (such as 320) may be read after the second (such as 322) and third servo wedges {such as 

324) are written, such as where the read element 308 reads the servo wedge 320, which-may be 

10 considered the first servo wedge in this context, and writer 306 writes the servo wedges 322 and 

324. 

The reading step (a) (such as 202) may involve a)(l) reading the first servo wedge (such 

as 324) before the second (such as 322) and third wedges (such as 320) are written, a)(2) reading 

the first servo wedge (such as 322) after the second servo wedge (such as 324) is written but 

15 before the third servo wedge (such as 320) is written, or a)(3) reading the first servo wedge (such 

as 320) after the second (such as 322) and third servo wedges (such as 324) are written. The 

method (such as 160) may further involve (g) finding (such as 218) a head offset, (h) performing 

reading step a) (such as 202) and writing step b) (such as 206) for all the sector positions on a 

track according to either reading step a)(l), reading step a)(2), or reading step a)(3), (i) seeking 

20 (such as 210) the head (such as 118) one track, (j) repeating performing step (h) and seeking step 

(i) a set of repetitions equal to the head offset, and (k) repeating step (g) through step (j) for all 

tracks using reading step a)(l), reading step a)(2), or reading step a)(3) but not the reading step 

a)(l), reading step a)(2), or reading step a)(3) used in an immediately preceding two sets of 

repetitions. 

25 An embodiment of the present invention may also be viewed as a disc drive (such as 100) 

that writes servo wedges (such as 320, 322, and 324). The disc drive includes one or more discs 

(such as 108) having a plurality of tracks divided into a plurality of sector positions (such as 302, 

304). A head (such as 118) has a read element (such as 308) and a write element (such as 306) 

separated by an offset. A read/write channel (such as 146) is in electrical communication with 

30 the read element and the write element. During an instance of a first sector position (such as 302) 

passing by the head, the read/write channel reads a first servo wedge (such as 324) on a first track 
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(such as k-5) with the read element, and during the instance of the first sector position passing by 

the head and not during reading of the first servo wedge, the read/write channel writes a second 

(such as 322) and third servo wedge (such as 320) on a second track with the write element. 

During one revolution of the one or more discs of the disc drive, the read/write channel 

5 (such as 146) may repeat reading the first servo wedge (such as 324) and writing the second (such 

as 322) and third servo wedges (such as 320) for all sector positions {such as 302, 304) of the 

track. At least three servo wedges (such as 320, 322, and 324) may be located in each sector 

position for a number of adjacent tracks {such as 310) equal to the offset between the read 

element (such as 308) and write element (such as 306). During the instance of the first sector 

IO position (such as 302) passing by the head (such as 118), and not durii:tg reading of the first servo 

wedge or writing of the second and third servo wedges, the read/write channel may write a fourth 

servo wedge (such as 325) for the first sector position. 

The disc drive (such as 100) may include memory (such as 143) in electrical 

communication with the read/":rite channel (such as 146), and the memory records a head 

15 position relative to an ideal track center determined from the read/write channel reading the first 

servo wedge (such as 324). The read/write channel may read the first servo wedge before writing 

the second (such as 322) and third servo wedges (such as 320). The read/write channel may read 

the first servo wedge (such as 322) after writing the second servo wedge (such as 324) but before 

writing the third servo wedge (such as 320). The read/write channel may read the first servo 

20 ~edge (such as 320) after writing the second (such as 322) and third servo wedges (such as 324). 

The disc drive (such as 100) may also include an actuator (such as 110) for positioning 

the head (such as 118) and may include a processor (such as 142) in communication with the 

read/write channel (such as 146). The processor may be configured to find a head offset from the 

read/write channel reading the first servo wedge (such as 324), and the processor may be :further 

25 configured to cause the actuator to seek the head one track after the second (such as 322) .and 

third servo wedges (such as 320) have been written for all sector positions (such as 302, 304) of a 

track, and further configured to cause the read/write channel to switch to a different order of 

reading and writing for each sector position after r~ading the first servo wedge and writing 

second and third servo wedges according to a first order for a number of tracks equal to the head 

30 offset. 
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lt will be clear that the embodiments of the present invention are well adapted to attain the 

ends and advantages mentioned as well as those inherent therein. While a presently preferred 

embodiment has been described for pUiposes of this disclosure, various changes and 

modifications may be made which are well within the scope of the present invention. For 

5 example, the servo wedges may be written with greater than the two components A and B shown 

in FIG. 5, such as by writing four components to establish a quadrature burst pattern. 

Additionally, the present invention may be implemented by providing special-purpose digital 

logic, digital logic loaded as an overlay in the buffer 144 which can then be implemented by the 

processor 142 and discarded after servowriting completes, or as special-purpose or programmable 

10 additional circuitry added specifically to implement the servowriting process. 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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Claims 

What is claimed is: 

1. A method of servowriting in a disc drive having a head with an offset radially 

between a read element and a write element, the method comprising steps of: 

(a) during an instance of a first sector position passing by the head, reading a first servo 

wedge on a first track with the read element; and 

(b) during the instance of the first sector position passing by the head, and not during the 

10 reading step (a), writing a second and third servo wedge on a second track with the write element. 

15 

20 

2. The method of claim 1 finther comprising a step of: 

( c) during one revolution of a disc of the disc drive, repeating the reading step (a) and the 

writing step (b) for all sector positions of the track. 

3. The method of claim 1 :further comprising a step of 

(d) prior to the reading step a) and the writing step b), writing, with a Servo Track Writer, 

servo wedges for a number of adjacent tracks greater than the offset between the read element ·:; 

and write element. 

4. The method of claim 1 further comprising a step of: 

( e) during the instance of the first sector position passing by the head, and not during the 

reading step a) or the writing step b}, writing a fourth servo wedge. 

25 5. The method of claim 1, further comprising a step of: 

t) recording a head position determined from reading step a) relative to an ideal track 

center. 

6. The method of claim l, wherein the first servo wedge is read before the second 

30 and third servo wedges are written. 
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7. The method of claim 1, wherein the first servo wedge is read after the second 

servo wedge is written but before the third servo wedge is written. 

.. . . 8. . The method of claim 1, wherein the first servo wedge is read after the second and 

5 third servo wedges are written. 

9. The method of claim 1, wherein th~ reading step (a) comprises steps of: 

a)(l) reading the first servo wedge before the second and third wedges are written; 

a)(2) reading the first servo wedge after the second servo wedge is written but before the 

10 ~ servo wedge is written; or 

a)(3) reading the first servo wedge after the second and third servo wedges are written; 

and wherein the method further comprises steps of: 

(g) finding a head offset; 

(h) performing the reading step a) and the writing step b) for all the sector positions on a 

15 track according to either the reading step a)(l), the reading step a)(2), or the reading step a)(3); 

(i) seeking the head one track; 

G) repeating the performing step (h) and the seeking step (i) a set of repetitions equal to 

the head offset; and 

(k) repeating the finding step (g) through the repeating step (j) for all tracks using the 

20 reading step a)(l ), the reading step a)(2), or the reading step a)(3) but not the reading step a)(l ), 

the reading step a)(2), or the reading step a)(3) used in an immediately preceding two sets of 

repetitions. 

10. A disc drive that writes servo wedges, comprising: 

25 one or more discs having a plmality of tracks divided into a plurality of sector positions; 

a head having a read element and a write element separated by an offset radially; 

a read/write channel in electrical communication with the read element and the write 

element, wherein during an instance of a first sector position passing by the head, the read/write 

channel reads a first servo wedge on a first track with the read element, and during the instance of 

30 the first sector position passing by the head and not during reading of the first servo wedge, the 
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·read/write channel writes a second and third servo wedge on a second track with the write 

element. 

11. The disc drive of claim 10, wherein during one revolution of the one or more discs 

5 of the disc drive, the read/write channel repeats reading the first servo wedge and writing the 

second and third servo wedges for all sector positions of the track. 

12. The disc drive of claim 10, wherein at least three servo wedges are located in each 

sector position for a number of adjacent tracks greater than the offset between the read element 

10 and write element. 

13. The disc drive of claim 10, wherein during the instance of the first sector position 

passing by the head, and not during reading of the first servo wedge or writing of the second and 

third servo wedges, the read/write channel writes a fourth servo wedge for the first sector 

15 position. 

20 

14. The disc drive of claim 10, further comprising memory in electrical 

communication with the read/write channel, wherein the memory records a head position relative 

to an ideal track center determined from the read/write channel reading the first servo wedge. 

15. The disc drive of claim 10, wherein the read/write channel reads the first servo 

wedge before writing the second and third servo wedges. 

16. The disc drive of claim 10, wherei~ the read/write channel reads the first servo 

25 wedge after writing the second servo wedge but before writing the third servo wedge. 

17. The disc drive of claim 10, wherein the read/write channel reads the first servo 

wedge after writing the second and third servo wedges. 

30 18. The disc drive of claim 10, wherein the disc drive further comprises: 

an actuator for positioning th~ head; and 
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a processor in communication with the read/write channel, the processor being configured 

to find a head offset from the read/write chanilel reading the first servo wedge, the processor 

being further configured to cause the actuator to seek the head one track after the second and 

third servo wedges have been written for all sector positions of a track, and ~er c~nfigured to 

5 cause the read/write channel to switch to a different order of reading and writing for each sector 

position after reading the first servo wedge and writing second and third servo wedges according 

to a first order for a number of tracks equal to the head offset. 

19. A disc drive, comprising: 

10 a head having a read element radially offset from a write element; and 

means for writing servo wedges with the head for each sector position of a plurality of 

tracks of the disc drive. 

20. The disc drive of claim 19, wherein the means for writing is configured to read a 

15 first servo wedge from a first track and write a second and third servo wedge to a second track 

during an instance of a first sector position passing by the head. 

21. The disc drive of claim 20, wherein the tracks are located on one or more discs 

and wherein during one revolution of the one or more discs of the disc drive, the means for 

20 writing repeats reading the first servo wedge and writing the second and third servo wedges for 

all sector positions of the track. 

22. The disc drive of claim 20, wherein at least three servo wedges are located in each 

sector position for a number of adjacent tracks greater than the offset between the read element 

25 and write element. 

30 

23. The disc drive of claim 20, wherein during the instance of the frrst sector position 

passing by the head, and not during reading of the first servo wedge or writing of the second and 

third servo wedges, the means for writing writes a fourth servo wedge for the first sector position. 
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24. The disc drive of claim 20, further comprising a memory in electrical 

communication with the means for writing, wherein the memory records a head position relative 

to an ideal track center determined from the means for writing reading the first servo wedge. 

5 25. The disc drive of claim 20, wherein the disc drive further comprises: 

an actuator for positioning the head; and 

wherein the means for writing comprises a processor in communication with a read/write 

channel, the processor being configured to find a head offset from the read/write channel reading 

the first servo wedge, the processor being further configured to ~~tise the actuator to seek the 

1 o head one track after the second and third servo wedges have been written for all sector positions 

of a track, and further configured to cause the read/write channel to switch to a different order of 

reading and writing for each sector position after reading the first servo wedge and writing 

second and third servo wedges according to a first order for a number of tracks equal to the head 

offset. 

15 


