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TEcylN!QuEs FORMULTITRACK POSmONING AND 
CONTROLLING ERROR GROWTH 

IN SELF·SERVOWRlTING SYSTEMS 

Iecbnical Field 

The present inv~ti~!1 relates to data storage media. More particularly. the present 

invention relates to the self-servowriting of servo patterns on storage media. 

Background of the Invention 

Self-servowriting has become an attractive technique for producing servopattems on 

disk files because it eliminates the need for costly, external positioning systems, and can be 

performed outside of a clean room environment In genen.1, this technique involves using the 

read and write elements installed on the actuator of th~ disk drive ''in-situ'' to initially write 

the servo pattern, which is thereafter used to correctly position the actuator during drive 

operation by a user. 

Te~hniques for self-pr?pagation of~oth radial positioning set"Vo patterns and 

circumferential timing patterns have been developed recently. For example, in commonly 

assigned U.S. Patent No. 5,659,436 entitled '~Radial Self-Propagation Pattern. Generation for 

Disk File Servowriting" ('mcoq>0rated by reference herein in its entirety) the servo position 

signal used to control the head location while writing the next servo track is derived from the 

readback amplitude of a single track written one step earlier. In modem disk files, however, 

the read elem.ent can be offset from the write element on the actuator by as much as several 

tracks. When this read-to-write elem~t offset gets large, it becomes ~esirable to use a 

combinati.on of readbaek amplitudes from several earlier-written tracks to provide the 

position signal for the next track as described in commonly assigned U.S. Patent No. 

5, 757,574 (incorporated by reference herein in its entirety) entitled "Methods and Systems for 

Self-Servowriting Including Maintaining a Reference Level Within~ Usable Dynamic 

Range." In such a cas~. the 1Iack immediately preceding the track being written is not 
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reachable because ~fthe offset between the read and write elements. A result of~ process 

is that a given track contributes to the servo position determination on several subsequent 

tracks, each time with a different weight factor applied to its readback amplitude, in-a 

weighted sum relationship. 

A key challeng~ in ~al self-propagation is the control of track shape error growth as 

the actuator is stepped across the disk surface to write the sequential servo-pattern tracks. 

The techniques described above compensate for the read-write element offset, however, a 

method for controlling track shape error growth has not been proposed. 

Summarv of Invention 

In accordance with the present invention, a ~hnique is disclosed for controlling error 

growth as the servowriting steps along the storage medium, along with a multitrack 

positioning technique. 

In that regard, the present invention. in a first aspect, is a method for servowriting on a 

data storage medium in which_ a center of a write element is separated from a center of a read 

element along a direction in which the servowriting steps. One or more bursts are written on 

one track of the stOrage medium while servoing using a position signal derived from 

respective readback ~plitudes of other bursts written pr:eviously on a plurality of tracks. A 

reference waveform is derived as a function of a position error wavefonn. The position error 

wavefonn corresponds to one or more position errors of the read element relative to the other 

bursts. The ~ference waveform is used when writing subsequent tracks on the storage 

medium when the read elements overlaps the one track. 

The reference waveform is derived, in one embodiment, by calculating at least one 

complex coefficient of a discrete fourier transform of the position waveform; multiplying the 

complex coefficient by a complex filter factor f, thereby creating at least one filtered 

coefficient; calculating an inverse discrete fourier transfer of the at least one filtered 
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coefficient; and add.ing the inverse discrete fourier transfonn to a nominal average reference 

level to form the reference wavefonn. The filter factor f can be computed from a 

predetermined function of a closed loop response C of a servoloop used for the servowrl.ting. 

Multiple reference waveforms from. respective tracks are combined in a weighted sum, the 

weights of which are calculated according to the relative sensitivity of the position signal to 

shifts in the position of each of the tracks respectively. . .. 

In. another aspect of the present invention, which can be used in combination with the 

fust aspect disclosed above. or separately7 a method for servowriting .on a data storag.e 

medium is provided in which a center of a write element is at least partially separated. from a 

center of the read element along a direction in which the servowriting steps. In this 

multitrack positioning embodiment, one or more bursts are written on one track of the storage 

medium while servoing using a position signal derived from respective readback amplitudes 

of other bursts written previously on a plurality of tracks". In this embodiment,, the position 

signal is derived using a parabolic i.J:iterpolation of the readback amplitudes of the other bursts 

written previously on the plurality of tracks. 

In one embodiment, three tracks az:e used in the parabolic interpolation, the center of 

which has the highest readback amplitude, a track preceding the center track having a lower 

amplitude, and a track subsequent to the eenter track, having another, lower amplitude. A 

specific· form of the parabolic interpolation function is also disclosed herein. 

Brief Description of the Drawin1s 

The subject matter ~ch is regarded as the invention is particularly pointed out and 

distinctly claimed in the concluding portion of the specification. The inv~o14 however, 

both as to organization and method of practice, together with further objects and advantages 

thereQf. may best be understood by reference to the following detailed description of the 

preferred embodiment(s) and the accompanying drawings in which: 
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Ftg. _1 depict$ a data stotage device with a storage medium and associated 

serVo electronics used in the self-servowriting of the present invention; 

Fig. 2 depicts a portion of the storage medium of Fig~ l showing exemplary 

tracks. and self-servowriting bursts written therein; 

. Fig. 3 is a plot of the readback amplitudes of bursts from five previously 

written tracks, and a superimposed parabolic interpolation fimction in accordance with 

the present invention; 

Fig. 4 is a plot of the potential non-linearity of the actual YS. interpolated head 

position; and 

Fig. Sis a flow diagram of the technique of the present invention wherein the 

growth of ettors is controlled. 

Detailed Desc~ption of the invention 

Fig. 1 shows the exemplaty elements of a data storage system. l 0, which are used for 

radial self-propagation and seivopattem writing. A disk file 12 is connected to electronics 14 

for reading and writing patterns on the medium 20, and for activating the voice coil motor -

("VCM'') 16 that moves the actuator, tenninating in head 18, approximately radially across 

the medium 20. The processor 22 controls a pattern generator 24 that writes patterns of 

magnetic trallSitions on selected regions of th~ medium. The RF readback signal from the 

read element is demodulated to yield amplitude signals 26 that refleet the overlap of the read 

element with the previously written patterns of magnetic transitions. The amplitude signals 

are digitized by an analog-to-digital converter 28 C'AID") and analyzed by the processor 22 to 

obtain 3: position signal. The processor 22 computes numerical control signals that are 

converted to analog fonn by the digital·to-analog converter ("DAC'") 30 and processed into a 
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control current by the VCM driver circuit 32, to drive the VCM 16 and position the head 18 

appropriately. 

Fig. 2 shows a portion of the recording medium illustrating its division int~ a nwnber 

of propagation tracks 100, 101, 102, etc. as well as a division of each track into a number of 

sectors, with a first sector 116 typically coming immediately after the disk rotation index as 
. . ~ . 

d~ermined by an index pulse from the disk spindle motor driver. ·Each sector is further 

divided into a region 117 containing the amplitude bursts for propagation and a region 118, 

which is reserved for the use of the precision timing propagation system and for writing the 

acnial product servopattem including sector ID :fields and either amplitude burst or phase 

encoded patterns. In one embodiment of this syste~ propagation burst areas 117 will be 

overwritten with user data during user operation. following self-servowriting. All of region 

118 except for the portion containing the product servopattern may also be overwritten with 

user data. 

Each propagation burst region is further divided into a number of burst slots within 

which the amplitude burst pa~ for propagation are .. written. In this example, 8 slots 

numbered 0-7 are shown. Also shown are the read element 200 and write element 202 in an 

exemplary position over the medium. The write element is positioned for writing track 1 OS, 

and due to the large offset, the read element straddles several previously written tracks. At a 

servo track spacing of one half of the data cylinder spacing, the read element can typically 

overlap 3 tracks at any time, as shown in Fig. 2.. 

In thi~ figur~ crosshatched bursts indicate bursts on tracks that have already been 

writteQ.. (With large read/write offsets, several tracks must be prepared in advance before a 

servo based on multiple tracks can be employed. Various methods for preparing this initial 

set of tracks exist. including that disclosed in the commonly-assigned, ooncurrently-filed U.S. 

Patent Application entitled "Creating an Initial Set of Tracks in a Self-Seivowriting System 

Using a Compliant Crashstop to Control Head Movement," incorporated herein by reference 

in its entirety. It will be assumed herein that a set of initial tracks is present.) 
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Multi.track Position Signal: · 

In a multitrack servo mode of the present invention, all three readback amplitudes are 

used to compute a servo position signal using a parabolic intexpolation formula. This is 

illustrated in Fig. 3, which shows the demodulated read.back signal to$ether with dots 

representing the digiti2:ed values for the three relevant time slots, and the parabola de:fmed by 
. ·-

· the three readings. The horizontal axis for the parabola is in units of Se.rvo tracks or slot 

number since the in~tial tracks were written at the desired spacing. 

The peak of the parabola. is located at a position, P, given by: 

1 Ve-VA 
(1) P-----­

- :2 ·2va-VA-Vc' 

where V,., VB• and V 0 are the readback amplitudes for the three bursts. The center B burst is 

assumed to have the highest readback amplitude. The A burst was written one step before B, 

and the C burst was written one step after B. The above equation gives the position of the 

peak· relative to the B track location. and lies betwe~ ·0.5 and +o.S. The servo position 

signal, PS, equals the B track number plus P. In Fig. 3, for example, the B track number is 2 

so the PS is approximately 2.3. 

Due to the finite number of availabie time slots, the slot numbers wrap back to zero as 

- the track number increases so the rela.tionsbip-·between track and slot is not always as simple . 

as this eJCamplc:;. However, with N slots numbered from. 0 to N-1. the slot number associated 

with a given track is easily computed since it will equal the track number modulo N. 

. . 
Unlike singl~burst servo mode, ~which the position signal represents a fractional 

amplitude (range;;;; 0-1 ), the multiburst signal represents an interpolated track number for the 

three active signal tracks that the read element can sense at any one time. Thus, a change in 

PS of 1.0 corresponds to one servo step. However, the interpolated PS value is not a perfectly 

linear function of the head position, so the differential sensitivity varies over the range of 
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possible P values. ~art of the non-linearity comes from curvature in the readback profile, but 

a some also arises from the parabola approximation. Fig. 4 shows a plot of PS vs. head 

position for a typical head. 

The shape of this curve depends on read width, write Width, and servo track spacing. 

When writing new servo tracks .. the head always steps foiward in units of one step which_ . .. 
~uals the periodicity of the non-linearity curve. Thus, the non-linearity does not directly 

affect the track spacing. 

The next track to be Written lies ahead of the existing ones, and might, for example, be 

track number 105 for the case shown in Fig. 2. This would correspond to having a read to 

write offset equal to 2. 7 steps since the write element is located at track number 5 and the 

read is at 2.3 ~ In this case, the absolute spacing between tracks is equal to the read to write 

offset distance divided by 2.7. 

Stepping forward is 8.<'.Complished by changing the reference input to the servo. The 

position error signal, or PES, equals the reference minus the PS, and the controller acts to . 

reduce this error to zero by changing the_ VCM current. ~dding 1.0 to the reference causes . . . 

· the servo to reposition the head so that the PS ·increases by .the same amowit. After settling at 

the new position the next track is written. 

· In some cases, especially.with rotary actuators. the~ to write offset changes as the 

actuator moves in an arc across the disk. To avoid a change in absolute track spacing, the 

point P at whjch writing mustlake place must be adjusted. This gradual change can be dealt 

with in a manner similar to that described in U.S. Patent No. S,659,436 by stopping every 40 

tracks or so, measuring the cylinder to cylinder spacing of the last few tracks, and adjusting 

the seivo reference by a small amount to ~tain a desired spacing. If the spacing is too 

large,. the reference_ would be decreased slightly. This corresponds to shifting the read 

element backwards with respect to the propagation direction, thereby bringing the next 
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written track closer~o the.exiSting ones. The reference increments for subsequent steps 

remains exactly 1.0, but the track spacing is reduced. 

The PS non-linearity does hav~ a direct effect on the open loop gain of the servo. In 

cases where the offset changes during the propagation it may be desirable to compensate, to 

maintain servo stability. Also) as will be described_, proper control of error growth includes 

· · calculations that depend on the closed loop response of the servo so it is desirable to keep this 

nearly constant. This can be accomplished by adjusting the servo gains by factors that are 

predetermined based on measurements of the position non-linearity curve using external 
positioning equipment on a representative disk file. 

Alternatively, in-situ measurements of the closed.loop response can be performed by 
applying a sinusoidal modulation signal to the servo reference and measuring the amplitude 
and phase of the resulting modulation of the position error signal, or PES. The closed loop 
response equals one minus the ratio of the PBS to the applied refez-e:nce modulation. 
Whenever the fractional servo poin~ P. is changed to n:_iaintain constant track spacing, the 
closed loop response would be measured and the servo gains adjusted until a suffictently 

close match is obtained. Alternatively, the servo gains could be determined at the begirming 
. i~ 

of the propagation at several representative fractional servo points and inteipolated to yield 
new gains throughout the propagation itself. 

.In.practice, the transfer function need only be measured at a single frequency. A good 

choice is where the magnitude of the closed loop respo~e is roughly 0.5 (typically 10-15 

times the rotation frequency). This frequency is high enough that details like actuator pivot . . 

properties have very little effect, yet low enough that the servo response can be measured 
quickly and accurately. It is also desirable to avoid large resonances like the butterfly mode 
of the actuator. With a good choice of frequency, the magnitude of the open or closed loop 

respoi:ise varies almost directly in proportion to the overall gain factor, making iterative 

adjustment of the gain a fast and simple process. 
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Controlling Track Shape Error.Growth: 

In self-servowriting, track shape errors "are canied forward from step to step because 

the servo follows the errors on existing tracks when writing a new one. A track shape error 

· acts like an unintended additional reference input to. the servo and the response is given by the 

closed loop transfer function of the system. Th.us, an error on one step will be transformed via 

the closed loop response into· an error oi:i- the ~ext step. Since written-in errors are repeatable 

with disk rotation, they can be expressed using Discrete Fourier Transforms having 

coefficients at integer multiples of the rotation frequency up to a maximum frequency 

multiple equal .to half of the number of sectozs. 

Typically, a reasonably strong control loop will have a closed loop response that is 

very close to 1 at low frequencies, exceeds 1 at intennediate frequencies, and then drops off 

to zero at high frequencies. Unless some ~orm of error correction is applied, frequency 

components at which the closed loop response exceeds 1 will gtaw exponentially with step 

number. 

In U.S. Patent No. 5,659,436, conttol of track shape error growth involves computing · 

the Discrete Fourier Transform of the PES while writing a track, multiplying the coefficients 

by a vector of complex filter factors, f, and inverse transforming to obtain a time domain 

waveform of AC reference couection values. The AC reference correction values are added 

to the DC Pai:t of the servo reference (also referred to as the nominal average reference level) 

and are used after stepping to the track that was just written. The filter factors are computed 

using the formula f=(S-C)/(1-C), where C is a complex valued vector equal to the closed loop 

response of the servo at integer multiples of the disk rotation :frequency and S is the desired 

step·t~·step error amplification factor. With S having a magnitude less than unity, errors 

decay. and the propagation process is stable. 
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In the present invention, this technique has been extended to cover the multi track 

servo process. disclosed above. The reference adjustments are computed as before for each 

written track, and are stored for use when the read element, which lags the write by several 

steps, actually reaches a track. Since the multitrack servo procedure involves three written 

tracks at ·a time in the above exemplary embodiment, the individual reference ~djustments can 

be combined in a weighted sum. 

More specifically, the method of the present inyention comprises the.following steps 

with reference to Fig. 5. 

Servo control is established at a position X defined by the read.back amplitudes 

from three previously written tracks (Step 510). . 

A new track number W is written by enabling writing of radial burst patterns 
. . 

for the next available time slot (W modulo the nUillber of slots). While writing, the 

servo PES is recorded for: each sector, resulting in a discrete time domain waveform 

stored in memory (Step 520). 

The waveform of PES values is transfonned using the Discrete Fourier 

Transform., or DFT, to obtain a set of complex, frequency domain coefficients (Step 

530). These are multiplied by the vector of complex filter factors, ( which have been 

previously computed according. to the formula f=(S-C)/(1-C), in which C is the closed 

loop response of the setvo and-~ is a number less than 1 (Step 540). The scl\led 

coeffi~ients are used in perfoIID.ing an inverse OFT which results in a discrete time 

domain wavefonn of reference correction values, R. These are stored in memory for 

later use, indexed by the written track number Wand sectors, i.e. R(W,s) (Step 550). 

The head is stepped forward by one track by changing the servo reference. 

The ser\l'o reference for e,ach sector is set equal to a DC reference plus an AC 

reference. The DC reference equals X+l.O and is the same for every sector. The AC 
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reference is ~e sum of three tenns, wAR(t,vs)+w8R(ts,s)+WcR(tc.s). ·Here A, B and C 

refer to the roles played by each track in the parabola approximation, and w Ar w8, and 

We are weight factors associated with each role. The R's are the previously stored 

reference corrections values at the corresponding tracks, tA> ta. and fc, and the sector s 

(Step 560). 

.~ 

After the head has settled at the new track location, which is typically one 

revolution of the disk later, a new track, W+ 1, is written and the process is repeated. 

The proper.choice of reference correction weight factors is very important for control 

of error growth. The present invention provides a method that ensures that errors will decay. 

The underlying concept is that the weights should reflect the relative contribution of errors in 

track position to the PES. Assuming small deviations, position signal ch~ges are obtained 

by applymg the chain rule for derivatives, 6P"' ~~-::.6X. Here oP is the change in the 

position signal arising from a change in track location OX'. The derivatives depend on the 

burst being considered (A, B, C) so this needs to be analyzed for all three. For the parabola 

interpolation method, equation 1 can be differentiated to give ! for each: 

oP P-05 uP -2P gp P+05 
(i) UVA = 2Va - VA - Ve ' UVs = 2Va - VA- Ve ' OVe :::: 2Vs·- Ji':.c - Ve · 

The second link in the chain of derivatives, :: • is the derivative of the readback 

. profile. This•can vary from head to head, so it is best to actually measure this during the 

servowrite process or at the start. If the read to write offset is changing, this can b~ done 

during the recalibrations immediately following the detennination of a new DC sel.'Vo 

reference value. The measurement can be performed as follows. While servoing to a position 

P+AP, the 3 readback amplitudes are recorded. The amplitudes are measured again at 

position P-!J.P. and subtracted from the first readings. Here AP a small change in position, 
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such as 0.05 for ex8;111ple. This gives the voltage change for a PS changC equal to 2~ . The 

voltage derivatives are equal to ::;, , where 6. Y represents the difference in readback 

amplitudes. The three weight factors are then given by: 

The parabola formula is oill.y one of many possible ways to compute an interpolated 

position signal from readback amplitudes on multiple tracks. The present invention can be 

applied to any technique in which the position signal depends on multiple readback 

amplitudes. The waveforms of reference conection values would be computed and stored for 

each written track as described above. These would be combined using a weighted sum to get 

the AC reference correction that is applied to the servo, and the weights would equal 'the 

relative sensitivity of the position signal to shifts in the position of each of the contributing 

tracks respectively. These would eq~ the partial derivative of the position signal with 

respect to read.back amplitude (which Can be deduced from the specific interpolation formula) 

multiplied by the derivative of the readback amplitude with respect to head position (which 

can be measured as described above). 

The filter factors that are used to compute the reference waveforms stared for each 

written 'track depend on the closed loop response of the servo. Typically,. this remains very 

nearly constant throughout a propagation so they need only .be determined at the beginning of 

the propagation, or can even be predeteriilined based on measurements on a representative 

disk file. Large changes in the actuator behavior, such as when the arm encounters an 

obstruction such as a load/unload ramp, will change the closed loop response quite 

significantly. Typically this leads to a rapid growth of track shape errors, which provides an 

extremely sensitive ramp detection mechanism. 
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While the ~vention lias been particularly shown and described with reference to 
preferred embodiment(s) thereof, it will be understood by those skilled in the art that various 
changes in form and details may be made therein without departing from the spirit and scope 
of the invention. 
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Claims ' 1111111 flfllf 11111 11111111111 * ·c L M s * 

What is claimed is: 

1. . A method for servowriting on a data storage medium of a data storage device 

in which· a center of a write element is separated from a center of a read element generally 

· along a direction in which said servowriting step~~ said metho~ comprising: 

writing one or more bursts on one track of said storage medium while servoing 

using a position signal derived from respective read.back amplitudes of other bursts 

written previously on a plUiality of tracks; 

deriving a reference wavefonn as a function of a position error waveform., said 

position error waveform corresponding to one or more position errors of said-read 

element relative to the other bursts; and 

using said reference wa\refonn while writing a subsequent track on. said 

storage medium when said read element overlaps said one "track. 
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2. The '?lethod ofclaim l, wherein said deriving includes: 

calculating at least one complex coefficient of a discrete fourier trazisfonn of 

the position error waveform; 

multiplying said at least one complex coeffici~t by at least one complex filter 

factor, f, thereby creating at le~ one filtered coefficient; 

calculating an inverse discrete fourier transform from said at least one filtered 

coefficient; and 

adding said inverse discrete fourier transform to a nominal average reference 

level to form said reference waveform. 

3. The method of claim 2, further including computing f from a predetermined 

function of a closed loop response, C, of a servo loop used for said servowriting. 

4. The me~od of claim 3, wherein said computing fincludes using the relation 

f=(S-C)/(1-C) where Sis a step factor. 

5. The method of claim 1, wherein ~aid positiop signal is derived using a 

parabolic interpolation of the readback amplitudes of the othet bums written previously on 

the plutality of tracks. 

6. The method of claim S, wherein the plurality of tracks includes a center track 

over which· the read element is crossing and having the highest read.back amplitude7 a track 

preceding the center trac}4 and a track subsequent to the center track. 
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7. The method of claim 1, wherein the stored reference waveforms corresponding 

to tracks used in the deriving of said position signal are combined in a wei~ted· sum to 

provide the reference wavefotm used in writing the subsequent track. 

8. The method of claim 7, wherein respective weighr.s of the weighted sum are 

equal to the relative sensitivity of the position signal to shifts "it?- the position of each of the 
. .. 

· tracks respectively. 

9. The method of claun 8, wherein the relative sensitivity is given by the partial 

derivative of the po~tion signal with respect to readback amplitude times the derivative _of the 

readback amplitude with respect to position for each track respectively. 

10. The method of claim 1, wherein the center of the write element is separated 

from the center of the read ~lement by an amoWlt greater than about a wrinen track width. 
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11. A m~thod for ·servowriting on a data storage medium of a. data storage device 

in which a center of a write element is separated from a center of.a read element generally 

along a direction in which said servowriting steps> said method comprising: 

writing one or more b~ on one track of said storage medium while servoing 

using a position signal derived from respective readback amplitudes of other bursts 

written previously on a plurality of tracks; 

wherein said position signal is derived using a parabolic interpolation of the 

readback amplitudes of the other bursts written previously on the plurality of tracks. 

12. The method of claim 11, wherein the plurality of tracks includes a center track 

over: which the read element is crossing and having the highest readback amplitude ("V 8"), a 

track preceding the center track having a r~ective readback amplitude C'V A,), and a track 

subsequent to the center track having a respective read.back amplitude ("'V c"). 

13. The method of claim 12, wherein the parabolic intexpolation is substantially of 

tb.efonn: 

l Vc-V..4 
P=;·2vs..:.vA.-Vc · 
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14. A system for servowriting on a data storage medium of a data storage device in 

which a center of a write ~lement is separated from. a center of a read element generally along 

a direction in which said servowrlting steps, said system comprising: 

means for writing one or more bursts on one track of said storage medium . .. 
while seIVoing using a position signal derived from respective readback amplitudes of 

other bursts written previously on a plurality of tracks; 

means for deriving a reference wavefonn as a function of a position error 

waveform. said position error waveform corresponding to one or more position errors 

of said read element relative to the other buists; a,nd 

means for using said reference waveform while writing a subsequent track on 

said storage medium when said read element overlaps said one track. 

. · llllllll llllll:lllll 11111111111 
* ·C L M S * 
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15. The ~stem of claim 14, wherein said means for deriving includes: 

means for calculating at least one complex coefficient of a discrete. fourier 

transform of the position error waveform; 

means for multiplying said at least one complex coefficient by at least one .. 
complex filter factorp f, thereby creating at least one filtered. coefficient; 

means for calculating an inverse discrete fourier transform from said at least 

one filtered coefficient; and 

means for adding said inverse discrete fourler transform to a nominal average 

reference level to fi;>rm said reference waveform. 

16. The system of claim 15, further including means for computing ffrom a 

predetermined function of a closed loop resp~nse, C, of a setvo loop used for said 

servo writing. 

17. The system of claim 16, wherein said means for computing f includes means 

for using the relation f={S-C)/(1-C) where S iS a step factor. 

18. The system of claim 14, wherein said position signal is derived using a 

parabolic interpolation of the readback amplitudes of the other bursts written previously on 

· the plurality of tracks . . 
19. Tue· system of claim 18, wherein the plurality of tracks includes a center track 

over which the read element is crossing and having the highest readback amplitude, a track 

preceding the center track. and a track subsequent to the center track. 
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20. The system of claim 14, wherein the stored reference wavefonns 

corresponding to tracks used in the means for deriving of said position signal are combined in 

a weighted sum to provide the reference waveform used in writing the subsequent track. 

21. The system of claim 20, wherein respective weights of the weighted sum are 

equal to the relative sensitivity of the position signal to shifts in the position of each of the 

· track~ r~spectively. 

22. The system of claim 21, wherein the relative sensitivity is given by the partial 

derivative of the position signal with respect to readback amplitude. times the· derivative of the 

readb~ck amplitude with respect to position for each track respectively. 

23. The system of claim 14, wherein the center of the write element is separated 

from the center of the read element by an amount greater than about a written track width. 

\ \ll\111 ll\I\\ ·Ill\\ \\1\1 \\ ''" * · t L M S 
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24. A system for servowriting on a data storage medium of a data storage device in 

. which a center of a write element is separated from a center of a read element generally along 

a direction in which said servowriting stepst said method comprising: 

means for writing one or more bursts on one track of said storage medium · 

while servoing using a position signal derived from respective readback amplitudes of . .. 
other bursts written previously on a plurality of tracks; and 

means for deriving said position signal using a parabolic inteypolation of the 

readback amplitudes of the other bursts written previously on the plurality of tracks. 

25. The system of claim 24, wherein the plurality of tracks includes a center track 

over which the read element is crossing and having the highest readback amplitude ("'V 8 "), a 

track preceding the center track having a respective read.back amplitude ("VA'), and a track 

subsequent to the center track having a respective read.back amplitude (''V c"). 

26. The system of claim 25, wherein the parabolic interpolation is substantially of 

the form: 

1 Vc- V.4 
P- . . 

2 2VB-VA-Vc 

*"" * .. "' 

·. 1111'11' m111-1111t "'" I\ '"' · • * C L M S * 
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