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IMPROVEMENTS TO RADIAL SELF-PROPAGATION 

PATTERN GENERATION FOR DISK FILE SERVOWRITING 

BACKGROUND OF THE INVENTION 

'!'his applica~ion is. related to U.S. Patent Application 

Serial No. OB/~49,028, of T. Chainer et al., filed on December 2, 

1994, entitled "Radial Self-i?ropaqation Pattern Generation for 

Disk File Servowriting". It is also related to United States 

Patent Application Serial N~. 08/028,044, filed on March 8, 1993, 

entitled "A Method and System for Writing a Servo-Pattern on a 
I Storage Medium", from which four divisional applications stern, 

one having issued on January 16, 1996 as U.S. Patent No. 

5,485,322, all commonly assigned herewith. 

Field of the Invention 

The invention relates generally to informatio~ storage 

devices. More particularly it relates to an improved self-

servowriting system and method for implementation in a storage 

device-wherein errors introduced into the written position or 

servo information are reduced or eliminated. 

Increased levels of storage capacity in storage devices such 

as removable disk disk-drives, hard disk drives, and tape drives 

are a direct result of the higher track densities possi~le with 

voice-coil and other types of servo positioners as well as the 

ability to read and write narrower tracks by using, for example, 
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magnetoresistive {MR) head technology. Head positioning is 

accurately controlled using positional information stored on the 

disk itself, as in dedicated and embedded servo architectures. 

Conventional servo-patterns in an "embedded servo" disk 

drive architecture typically_ comprise Short bursts Of a constant 

f~equency signal, very precisely offset to either side of a data 

track's center line. The bursts precede data regions of the 

track and are used to align a head with ~espect to the track 

center. Staying on track center is required durin~ both reading 

and writinq for accurate data-storage and retrieval. Since there 

can be, for example, sixey or more data regions per track, that 

same number of servo data areas are preferably distributed around-

a track to provide means for a head to follow the track's center 

line as the disk rotates, even when the track is out of round, 

e.g., as a result of spindle wobble, disk slip and/or thermal 

expansion. As technology advances to provide smaller disk drives 

and increased track densities, the accurate placement of servo 

"data must also increase·proportlionately. 

Servo-data are conventionally written by costly dedicated 

serv~riting equipment external to the disk drive equipped with 

large granite blocks for stably supporting the drive and quieting 

~xternal vibrational effects. An auxiliary clock head is 

inserted onto the surface of the recording disk to write a 

reference timing pattern, and an external head/arm assembly is 

used to precisely position the transducer. The positioner 

includes a very accurate lead screw and a laser displacement 

=·:. ···: 



3 

measurement device for positional feedback. Servotracks are 

written on the media of a head disk· assembly (HDA) with a 

specialized servowriter instrument. Laser positioning feedback 

is used in such instruments to read the actual physical position 

of a recording head used to write the servotracks. 

A disadvantage of servo writers such as those described is 

that.they require a clean room environment, as the disk and heads 

will be exposed to the environment to allow the access of the 

external head and actuator. Additionally, it is becoming more 

and more difficult for such servowriters to invade the internal 

enviromn~nt of an HDA for servowriting because the HDAs 

themselves are exceedingly small and depend on their covers and 
I 

castings to be in place for proper operation. Some BDAs, for 

instance, are the size and thickness of a plastic credit card. 

In vie~ of these challenges, a disk drive able to perform 

self-serv~ writing would be tremendously advantageous. However, 

th~s approach presents a new set of challenges. Specifically, 

self-servowriting systems are ~ore prone to mechanical 

disturbances. Moreover, because of the interdependency of 

propagation tracks in self-servowriting, track shape errors 

introduced by mechanical disturbances and other facto"rs may be 

amplified from one track to the next when writing the propagation 

tracks. 

Servopatterns consist of bursts of transitions located at 

intervals around the disk surface. In self-propagation, the 

radial position signal that is used to servo-control the actuator 
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is derived from measurements of the readback amplitude of 

patterns that were written during a previous step of the 

servowrite process. That is, the burst edges of a written track 

comprise a set of points defining a track shape that the servo 

controller will attempt to follow when writing the next track. 

Thus, errors in the transducer position during burst writing 

appear as distortions away from a desired circular track shape. 

The servo controller causes the actuato~ to follow the resulting 

non-circular trajectory in a next burst writing st7p, so that the 

new bursts are written at locations reflecting (via the 

closed-l~op response of the servo loop) the errors present in th~ 

preceding step, as well as in the present step. Consequently, 
I 

each step in the process carries a "memory" of all preceding 

track shape errors. This "memory" depends on the particular 

closed~loop +esponse of the servo loop. 

A pri~ary requirement in disk files is that each track be 

separated at all points by some.minimum spacing from adjacent 

·tracks. This requirement ensutes that neighboring track 

information is not detected on readback, resulting in data read 

errors, and more importantly, that adjacent track data will never 

be excessively overlapped during writing, potentially resulting 

in permanent loss of user data. In other words, the detailed 

shape of each track relative to its neighbors must be considered, 

not just the track to track distance averaged around the whole 

disk. Radial separation between adjacent track locations is 

determined by the product servopattern written on each track and 
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at each angular location around the disk, since the servo-control 

of the actuator during actual file op~ration is capable of 

following distortions from perfect circularity and will produce 

mi'sshapen data tracks. 

A consi~eration in setting the minimum allowable spacing for 

self propagation schemes is the existence of random fluctuations' 

about the desired track location resulting from mechanical 

disturbances during actual file operati~n. · Effects that result 

in track s~ape errors. in a ~elf-servowriting system inclu4e, for 

example, include random mechanical motion and modulation in the 

width of the written track that results, e.g., from variations in 

the properties of the recording medium or the flying height of 
! 

the transducer. Random mechanical motion can be lowered using a 

high gain servo loop, but.this leads to error compounding. 

Random magne~ic modulation variations reduce the pattern accuracy 

of all servowriters, but erro~ compounding in self-propagation 

can further amplify its effects. Uncontrolled growth of such 

·errors can lead to excessive t~ack non-circularity, and in some 

cases, may even lead to exponential growth of errors, exceeding 

all error margins and causing the self-propagation process to 

fail. 

One of the largest source~ of mechanical disturbance in a 

disk drive is the turbulent wind generated by the spinning disks 

blowing against the actuator. The total amount of fluctuation, 

referred to as track misregistration or TMR, defines a relevant 

scale for judging the required accuracy of servopattern 
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placement. If servopattern placement errors are roughly equal to 

or greater than the TMR, then a substantial fraction of the traqk 

spacing margin will be required as compensation and the total 

disk file data capacity will accordingly be reduced. In this 

instance, r~duction in servopattern errors may substantialiy 

increase file qapacity. 

Consequently, self-servowriting systems must provide a means 

for accurately writing servopatterns while controlling the 

propagation of track shape errors. 

One self-servo writing method is disclosed in United States 

Patent No. 4,414,589 to Oliver et al., which teaches optimization 

of track spacing. Head positioning is aclt.i.eved in the following 
: I i 

manner. First, one of the moving read/write heads is positioned 

at a first stop limit in the range of movement of the positioning 

means. The head is used to write a first reference track. A 

predeterm~~ed percentage of amplitude reduction, Xt, is selected 

that empirically corresponds to the desired average track 

·density. The moving head read~ the first reference track and is 

displaced away from the first stop limit until the amplitude of 

the signal from the first reference track is reduced to X\ of its 

ori9inal amplitude. A second reference track is then written by 

t~e head at the new location, read, and the head is again 

displaced in the same direction until the amplitude of signal 

from the second reference track is reduced to X% of its original 

value. The process is continued until the disc is filled with 

reference tracks. The average track density is checked to insure 
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that it is within a predetermined acceptable range of the desired 

average· track density •. If· the ave~age track.density is too high 

dr too low, the disk~is erased, the X% value is appropriately 

lowered or increased, and the process is repeated. If the 

average tra9k density·1s within the predetermined acceptable 

range, the desired reduction rate Xt for a.given average track 

density has been·deeermined and.the servo writer may then proceed 

to the servo writing steps. 

. u.s. Patent Nos. 4 ,912,576 to Janz and S,448.,429 to Cribbs 

et al. describe methods for writing a servo-pattern with a disk 

drive's own pair of transducers. Three types of servo-patterns 

are used to generate· three-phase signals that provide a 1 
. . i 

difference signal having a slope directly proportional to 

velocity. Janz observes that the signal level from a transducer 

is a measure of its alignment with a particular pattern recorded 

on the disk. For example, if the flux gap sweeps only forty 

percent of a pattern, then the read voltage will.be forty percent 

of the voltage maximum obtaina~le when the transducer is aligned 

dead-center with the pattern. Janz uses this phenomenon to 

posit_ion the heads by straddling two of three offset and 

staggered patterns along a centerline path intended for data 

~racks. In a preferred process, Janz describes a dedicated servo 

architecture wherein one side of a disk is reserved for servo and 

the other side for data. The disk drive includes two transducers 

on opposite surfaces that share a common actuator. To format an 

erased disk for data initialization, a first phase servo is 

··'·.· 
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written on the servo side at an outer edge. The transducers ~re 

then moved-in radially one half of a track, as indicated by the 

first phase servotrack amplitude, and a first data-track is 

recorded on the data side. The transducers are again moved 

radially inw~rd one half of a track, this time as indicated by 

the first data-track amplitude; and a second phase servotrack is 

recorded on the servo side. This sequence is repeated until both 

surfaces are entirely written. If too few or too many tracks are 

written, the disk is reformatted with a slight adj~stinent to the 

step width, as determined by the track count. once the disk 

drive has been fprmatted with an entire compliment of properly 

spaced servotracks, the data-tracks are erased in preparation for 
! 

receiving user data. Unfortunately, the method described by Janz 

requires a dedicated disk surface for servotracks and two heads 

working in t~ndem. Moreover, transducer flying heiqht 

variations., spindle runout, and media inconsistencies can corrupt 

radial position determinations that rely on a simple reading of 

·off-track read signal amplitudes. Prior art methods do not 

address these issues and are therefore inadequate for high 

performance disk drives applications. 

Cribbs et al. teaches a hard disk drive system with self-

~ervowriting capability comprising a rotating recording disk,' 

transducer in communication with the disk surface, servo-actuator 

means for radially sweeping the transducer over the surface, a 

variable gain read amplifier (VGA) coupled to the transducer, an 

analog to digital converter (ADC) coupled to the VGA, an erase 
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frequency oscillator ~oupled to the transducer for DC erasing of 

the disk'surface, a memory for storing digital outputs appearing 

at. the ADC, and-·a controller. for signaling the servo-actuator to 

move to such radial positions that result in transducer read 

amplitudes that are a percentage of previous read amplitudes 

represent in the digital memory • 

. , .. The prior art fails to solve the problem of random 

mechanical motion resultinq,in reduced disk file capacity, or to 

address· the relationship between random mechanical_motion and 

~rror compounding. It also fails to address the reiationship 

between magnetic write width modulation and error compounding, or 

even error compounding viewed independently. 1 
i 

Accordingly, what is needed is a self-servowriting system 

and method which overcomes the preceding problems to provide a 

highly accuz::ate and cost ef_fective positioning system applicable 

to not only hard disk drives, but also to other storage devices 

wherein head positioning ·is achieved using similar principles. 

Summary of the Invention 

It is the principal object of this invention to provide an 

improved method and system by which errors introduced· into 

position or servo information can be kept to a minimum in self-

servowriting storage devices. 

Accordingly, the present invention is a self-servowriting 

method and system having one or more of the following improved 

features: 1} optimized transducer write current and frequency 
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for minimized write width modulation; 2) optimized servowritin9 

RPM for minimized random mechanical vibration; and 3) clip level 

checking to eliminate the introduction of large errors in product 

servopattern. 

Description of the Drawinqs 

For a full~r understanding of the nature and advantages of 
the present invention, as well as the preferred mode of use, 

reference should be made to the following detailed description 

read in conjunction with the accompanyinq drawings. 

Fig. 1 is a block diagr~m of a self-servowriting system 

suitable for practicing the present invention; 

Fig. 2 is a diagram ill~strating the relationship between 

propagation tracks, disk sectors and propagation bursts in a 

self-servowriting system suitable for practicing the present 

invention; 

Fig. 3A is a flow diagram of the basic process steps for a 

self-servowriting system suitable for practicing the present 

· invention; 

Fig. 3B is a detailed functional block diagram of the 

prefe~red servowriting system for implementing the present 

inv:ention; 

Fig. 3C is a flow diagram for a self-servowriting system 

incorporating the improvements of the present invention; 

Fig. 3D is a flow diagram of the preferred sequence for 

selecting write current and write frequency according to the 

teachings of the present invention; 
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Fig. 3E is a flow diagram of the preferred sequence for 

selecting the-RPM of a;storage dev,ice·according to the.teachings 

of the present invention; 

Fig. 4~ shows the telative offsets of the read and write 

elements in a dual element-head suitable for.practicing the 

present invention; -· .... _ 

Fig. 4B is a graph illustrating a variation in readback 

~ignal amplitude as the actuator changes position across the disk 

in a self-servowriting system suitable for practicing the present 

invention; 

Fig. 5 illustrates the relative locations of the bursts in a 

six-burst pDopagation pattern suitable for practicing the present 

invention; 

Figs. 6A and 6B are circumferential sections of a track with 

different write width modulation; 

Fig.· 7 illustrates track squeeze resulting from write width 

modulation; 

Fig. SA is an illustration of a properly positioned product 

servopattern burst versus a radially offset burst; 

Fig. BB is a control system diagram of a servo loop showing 

the manner in which the readback signals from the bur.sts in Fig. 

8A are combined to form a position error signal suitable for 

practicing the present invention; 

Fig. 9 illustrates track squeeze resulting from track 

misregistration. 
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Detailed Description of the Preferred Embodiments 

Disclosed herein are improvements to a self-servowriting 

apparatus and method such as that described in u.s. Patent 

Application Serial Nos. 08/349,028 and 08/405,261. Accordingly, 
-

the underly~ng inventions of those applications will be described 

to set the staqe for the proposed modifications. 

I. Self ·Servowritinq Disk Drives 

Fig. 1 provides the major components of the preferred 

self-propagating disk drive servo-writing system for practicing 

the present invention. A·disk drive 20 comprises a recording 

transducer 22, voice coil actuator 24, r~cording medium 26, 

servopattern demodulator 27, and read/write control electronics 

28. The normal operating functions of these elements are well 

understood in the disk drive industry. The disk drive 20 is 

connected to a time delay unit 31 in series with a pattern 
" 

generator 30, which is clocked by a timing controller 32. The 

·timing controller 32, under the direction of a microprocessor 

sequence controller 33, allows bursts of magnetic transitions to 

be re.corded at precisely controlled times. For the purposes of 

raqial self-propagation burst writing and detection, the timing 

controller comprises, for example, the AM9513A system timing 

controller manufactured by Advanced Micro Devices Corporation of 

Sunnyvale, California, which is simply synchronized to a once per 

revolution index timing mark. It shall be understood, however, 

that the writing of actual product servopatterns requires much 
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tighter timing control, ~.-particularly when writing the servo 

identification fields and whenever-writing phase encoded servo 

patterns. Methods for achieving such precise· timing control 

using the internal disk file recording transducer, in a manner 

consistent lt{ith self-propagation are described in u.s. Patent No. 

5,485,322 and·are expr~ssly incorporated herein by reference. 

A readback signal from the read/write electronics 28 is 

provided·to·an ~plitude·demodulator circuit 34, and its 

amplitude is converted to a digital value by an analog-to-digital 

converter (ADC) 36 at times determined by timing controller 32 

acting in concert with the sequence controller 33 (e.g. when the 

head is ~assing over a burst pattern on the disk). The digitized 

output of ADC 36 is provided to a divider 40. The divider 40 

divides the signal by a digitized normalization value stored in 

memory 38. .~he output of divider 42 is provided to a subtractpr 

40, which-. subtracts the digital input value from a reference 

value retrieved from memory 38 to create the position error 

signal (PBS). These f'Qnctions are described in greater detail 

subsequently. 

The PES is provided to a digital servo controller 44 which 

converts it into an appropriate corrective control signal. The 

__ corrective signal is then converted to analog form by a digital 

to analog converter (DAC) 46, and is further amplified and 

converted to a current by a VCM driver 48. The driver current is 

applied to voice coil actuator 24 in the disk file causing 
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recording transducer 22 to move approximately radially with 

respect to recording medium 26. 

Sequence controller 33 provides computation capabilities for 

general use in determining modifications to the stored reference 

table values, for determining appropriate delay settings to be 

applied to timing delay unit 31, and for producing control 

signals for pattern generator 30. Preferably, the functions of 

divider 40, subtractor 42, and digital ~ervo controller 44 are 

all achieved through the appropriate programming o~ sequence 

controller 33. 

Fig. 2 shows a diagram of a portion of recording medium 26 

including a number of p~opagation tracks represented by dotted 

lines 111, 112, 113, etc. Each track comprises a number of 

sectors, with a first sector 101 typically coming immediately 

after the disk rotation index as determined, for example, by an 

index pulse from the disk spindle motor driver or from the timing 

controller. Each sector is further divided into two regions: a 

·first region 103 containing butsts comprising, for example, a 

recognizable series of magnetic transitions, and a second region 

104. The propagation bursts define propagation tracks for use in 

accµrately positioning the head to write product servopatterns. 

Region 104 is reserved for use by the precision timing 

propagation system and for actual product servopattern, which 

includes, for example, sector ID fields and a pattern such as an 

amplitude burst or phase encoded pattern. Preferably, 

propagation burst areas 103 will be overwritten with user data 
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after servowriting. All of region 104 except for the part 

containing the product sei:vopattern will also be overW'ritten wi~h 

user data. • • 1• 

· , Each prop~gation burst,region.103 is.further divided into a 

number of slots 105-110 within.whic~ propagation bursts 

(A,B,C,D,E, and F.).are.written. The propagation track pitch in 

Fig. 2 is preferably one-qua~t~r of the assigned data track 

pitch. That,.is, if, the first .user data: trac~ is centered on 

propagation track.112, the next data track will be.centered on 

propagation track ·116 providing a 1/4 track separation between 

the propagation .tracks 113 and 114, and:so on.across the disk. 

The preferred propagation burst pattern,consists of a ~epeating 
I I 

sequence of 6 bursts as shown in Fig. 2. This is useful because 

the bursts, which are nonoverlapping in.the radial direction, 

allow the re~ording transducer to radially back up anq check 

previously written bursts. 

A typical number of sectors is 120 and a typical disk 

· rotation rate is 5400 rpm, tratlslating into about 92 microseconds 

per sector. A typical slot time, i.e., the duration of .time for 

the slot to pass a fixed point of reference in the 

circumferential direction, is 7 microseconds. The slot time is 

preferably longer than the duration of a product servopattern 

burst, since longer bursts extend filtering time during 

demodulation. More filtering time results in a higher signal to 

noise ratio, which simplifies some of the digital servo loop 

computation, particularly with regard to determining derivative 
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or velocity related servo ter.ms. Moreover, there is no loss of 

user data space with expanded propagation bursts since they wil~ 

be overwritten later. However, it will be understood that 

shorter burst times may be used if more time is needed for timing 

marks and p~oduct servopattern writing to regions 104. 

Referring now to.Fig. JA, an iterative self-propagation 
-· 

process is shown. In a first step 1301 the recording transducer 

is located at either the outermost acce~sible track (OD) or 

innermost accessible track (ID) of the disk file w~th the 

actuator being pushed against a physical stop to lock it against 

mechanical disturbances. In a nexe step 132, a first propagation 

track 111 (Fig. 2) is written with A bursts in the first slot of 
i I 

each propagation burst region. Also, the first portion of the 

product servopattern is written within region 104 of each sector 

together with the precision timing marks. These preferably 

occupy only a small portion at the beginning of region 104 on the 

same surface as the propagation burst patterns and are written 

·during the same revolution of the disk. If other recording 
. 

surfaces are to be written within a stack of disks, these a~e 

preferably written next with product servopatterns (but not 

timing marks} in successive disk rotations by switchfng the write 

.. electronics to select each recording transducer in turn. The 

first revolution, or series of revolutions for multiple disks, is 

referred to as a write revolution. 

The next revolution of the disk is referred to as a 

normalization revolution and is indicated as step 134 in Fig. JA. 
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In this step, the head is in read mode and sequence controller 33 

s·iqnals ·the . ADC 36 ·to sample. and· digitize the · demodulated 

readback signal during the first slot of each sector, i.e., the 

'*A· burst". . These digital sample values are stored in a 

propagation burst amplitude normalization table in memory 38. 

(See table 360 in Fig. 3B). An -improved normalization method is 

disclosed in·related copending application serial no. 08/677,144, 

filed concurrently herewith. " ·· · 

After all sectors have been read in the normalization 

revolution but before the first propagation burst region 103 of 

the next revolution, paramete~s used in the servo aontrol voltage 

calculation are set equal to predetermined values ("step 
I 

parameters") that provi~e rapid motion and settling. This is 

shown as step 136 in Fig. 3A. ·As an example, servo parameters 

similar.to tnose used in ~he operation of the disk file would 

work well.as step parameters. 

The next revolution of the disk is referred to as a 11step 

revolution" and is shown as st~p 138. Some of the key 

servowriting elements involved in the execution of this step are 

shown. in Fig. 3B. Referring to both Figs. 3A and 3B, at the 

be_ginning of the step revolution 138, memory 38 contains not only 

-the normalization table 360, but also a preloaded reference value 

table 362 holding a list of reference values, fO-fn, for each of 

the sectors, 0-n. Initially, the reference values, fO-fn, are 

all assigned to a same value representative of the anticipated 

amplitude reduction of the readback signal if sensed from the 
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next propagation track 112. During the step revolution 138, 

sequence controller 33 steps through the normalization table 36Q 

and the reference value table 362 sector by sector, routing an 

appropriate normalization value, valn 374, to the divider 40 and 

a corresponding reduction factor, Fn 376, to subtracter 42; 

During the first iteration of the servowrlting sequence, the set 

of normalization values obtained from the A bursts, avalO-avaln, 

will be used. Concurrently, ADC 36 con~inues to digitize the 

readl>ack signal 364 from the A bursts under the se9'1ence 

controller's 33 direction, producing readbac~ signal Acu~r 366 

having an amplitude of some magnitude. The divider 40 receives 
i Acurr 366, divides it by the normaliza~ion value, valn 374, and 

i 

provides the result~ a propagation· burst fractional amplitude X 

368, to subtracter 42. The subtractor 42, in turn, receives X 

368, and subt~acts it from the reference value, Fn 376. The 

result provides a position error signal, PES 370, which will be 

available at the subtract·or 42 output when recording transducer 

· 22 reaches the end of each pro~agation burst region 103. At this 

time, sequence controller 33 signals digital servo controller 44 

to read the PES 370 and to compute a new control voltage setting. 

The control voltage 372, adjusted after each sector, drives 

actuator 24 in a direction that reduces the PES 370, i.e., toward 

propagation track 112. 

The actuator 24 typically settles onto the next propagation 

track 112 in about one quarter of a disk revolution. At that 

time, in a next step 140 of Fig. 3A, the parameters of the servo 
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control voltage, calculation are assigned· a different set of' 

parameters; ·i; e. "propaga ti·on parameters" . · The propagation 

parameters •are· -tailored to provide rejection of mechanical 

disturbances without amplification of track shape errors. The 

manner in w~ich they are determined will be described 

subsequently. E:ven:~ough the step_ to the next propagation.track 

takes less than·a·ful~ revolution;- it simplifies matters to allow 

the revolution to complete :before :writi~g the next set ·of bursts. 

At this.point _only a single prepagation track has been 

written so the result of a decision step 142 comparing the number 

of data tracks·wri~ten with the total number of tracks to be 

written is necessarily negative and the process returns to write 

revolution step 132. -In this second write revolution, the 

sequence controller 33 signals pattern generator 30 to write 

bursts of transitions, B, in the second slot of each sector. As 

before, precision timing marks and product servopattern are 

·written in regions 104 on the same recording surface, and only 

·product servopattern on the re~aining recording surfaces. 

Throughout this write revolution, ADC 36 continues to digitize 

the A bursts and servo controller 44 maintains actuator 24 in a 

po~ition such that transducer 22 stays close to the desired 

.location of track 112. The PES values obtained during this write 

revolution are recorded in a table in memory 38 for later use in 

calculating new reference values. 

The next revolution is again a normalization revolution, 

step 134. In this iteration, the ADC 36 digitizes both the A & B 

........ 
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burst amplitudes, storing the B burst amplitudes in the 

normalization table 360. Meanwhile, the servo loop continues to 

track follow using PES values computed from the A burst 

amplitudes, the stored A burst normalization values, and the 

stored refer~nce values. Preferably, new reference values· are 

~lso computed during this revolution. Each new table value is set 

equal to a nominal average reference value determined previously 

to be appropriate for the desired average track spacing in this 

region of the disk, plus a correction value. The correction 

value may comprise, for example, a predetermined fraction of the 

previously stored PES value for the corresponding sector obtained 

during the preceding write operation. Alternatively, it is 

computed using a digital filtering algorithm which is dependent 

on the closed loop transfer function of the servo loop, as 

described·in·the referenced co-pending applications. The 

algorithm is applied to the entire set of PES values stored 

during the preceding write revolution. Preferably, corrective 

·value calculations are initiated during the write revolution 132 

and completed sector by sector during the step revolution 138, 

updat~ng the reference value table just prior to computation of 

the. control voltage. 

Switching now to the B bursts for PES computations, the 

process repeats, i.e., another step revolution is executed (step 

138) wherein transducer 22 steps to the next propagation track, 

followed by a write revolution, step 132, in which C bursts, 

timing marks and product servopatterns are written. This 
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continues (with A burs~s following F-bursts) until the desired 

number of data tra~ks have been written, resulting in-a· yes 

answer at decision step 142 and termina~ing the process at step 

144. 

In the ·.discussion so far, it has been assumed that tlie 

reco_rding read transducer and write transducer are one and the 

same, as in-the typical inductive read/write element commonly 

used.. Relatively recently, however, "dual element" transducers 

employing separate read and write elements such as magneto­

resistive (MR) transducers have. come into use, and require 

special attention with regard to the determination and control of 

propagation track spacing by means of nominal average reference 
• f 

value settings. Fig. 4A is a representation of an MR transducer 

wherein the read and write elements, 420, 422 have different 

widths, Wr and Ww, respectively, and a relative offset, Wo, 

between their respective central axes, a and b. Fig. 4B 

graphically represents a variation in the normalized readback 

.·amplitude from the read element 420, and the effect of the head 

offsets. Readback amplitude is indicated along the y~axis 402, 

with change in the position of the actuator indicated by the x­

axis 404. The actuator position Xo=O.O corresponds to the 

actuator position during a write operation. The flat portion of 

curve 406 represents the range of actuator movement in which the 

read element is radially aligned inside the written pattern to 

produce the best readback signal, and is equal to Ww-Wr as 

indicated. 
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As should be apparent from Figs. 4A and 4B, the actuator 

movement required to reach a particular level of amplitude 

reduction depends on read element width, write element width, 

relati~e offset, and direction of motion. It is desirable, 

however, tha~ the propagation track spacing be determined only by 

the read and write ele~ent widths, and not by head offset, since 

the apparent offset of the heads in a rotary actuator disk drive 

changes as the actuator sweeps from the outermost to the 

innermost track in a disk file. That is, the spatial sepa~ation 

of the read and write elements along the actuator arm direction 

leads to di-fferent projected locations of these elements onto the 

disk trac~ along the arc defined by the actuator arm motion. 

Dependency.on read to write element offset may be eliminated in a 

manner which requires no prior knowledge of the precise geometry 

of the head and which can be achieved solely through measurements 

of the normalized readback amplitude or signal, as described in 

co-pendi"ng application serial no. 08/349,028. But for 

·completeness, this approach will be described next with reference 

to Fig. 5. 

Fig. 5 illustrates the manner in which a six burst 

propagation burst region is used to write data tracks during 

_$elf-servowriting. Each propagation burst (A-F) is radially 

displaced from an adjacent burst by a step comprising 1/4 of the 

desired data track pitch. Track pitch 520 comprises the write 

element width {which determines the width of the data track) plus 

the desired radial distance or sepa~ation 516 between adjacent 
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data tracks~so2, 504. The radial track separation 516 should be 

suffi-cient·.·to prevent accidental- oyerwrite of adjacent tracks 

during ·a· track write operation,· as previously .. discussed. Since 

the bursts are radially spaced by 1/4 of the desired track pitch, 

the write head is first aligned with burst A when writing ~ata 

track 504. Next; the write head is aligned with·a burst four 

steps or propagation tracks away, which in this case is burst.E, 

when writing the next data track 506. 

Pairs of burst pattern~ that are radially separated from one 

another by three 1/4:track steps line up along a common edge. 

For example, propagation bursts A and D share-a common edge alo~g· 

dotted line 512.- Burst patterns 508, 510 are relatively 

positioned to preserve this relationship. For example, burst D 

of pattern 508 and burst· A of pattern 510 are also radially 

aligned along a common edge. 

If the read element 514 is positioned with respect to burst 

pattern SlO so that the normalized readback amplitude from burst 

· A equals the normalized readback amplitude from burst D (the A=D 

position) then the relative normalized signal is 0.5 if the edges 

line up, greater than 0.5 if the edges overlap, and less than~0.5 

if the edges have space between. Thus, the relative ·normalized 

signal at the A=D position may be used as an indicator of whether 

the propagation track pitch is too small or too large, and track 

pitch can be corrected by using this relative signal to adjust 

the nominal average reference value used to calculate reference 

values during propagation. If the normalized readback amplitudes 
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vary linearly with position (a fairly good approximation, as 

shown in Fig. 4B), the adjustment in the nominal average 

reference value can be computed from the relative normalized. 

signal at the A=D position. (See Fig. 68.) 

The relationship may be better understood by noting that a 

change in nominal average reference value by an amount r results 

in a change in the relative normalized signal at the A=D position 

of 3r/2, since each of the three steps, Ji. to B, B to c, and c to 

D, contributes a spacing change equal to r, and th~se changes are 

shared equally by A and D. The nominal average reference level 

should therefore be adjusted by an amount equal to 2/3 of the 

deviation of the relative normalized signal at the A=D position 
JI i 

from its desired level. 

Returning now to the self-servowriting process, .the improved 

servowr~ting· sequence is illustrated in Fig. 3C. The sequence is 

similar to that of Fig. 3A. However, the start block 130 now 

includes a step 302 for selecting· an RPM to reduce random 

·mechanical noise, and a· step 304 for selecting a write current I 

and write frequency f to reduce write width modulation. In 

addition, the write revolution 306 of this sequence includes 

clip-level checking. These modifications will be described in 

.greater detail below. 
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II. Reduction of write Width Modulation 

n::;A~· Backcjround Information 

Variations in the width of writtrn bursts, referred to as 
J ' ' write width modulation, may vary the location of propagation 

burst ·edges :relative to ·track center, as shown in Figs. 6A.·and 

6B." ~-The· source of''write width modulation may be mechanical·, e.g. 

due"'tdi'variations in" fly'height,".-or magnetic; e.g. due t~ 

variat:.i.tms fit~ magnEitic properties ··across the storaqe medj.um. 

Fig• "6.A: ·~hows :a· ·circumfereri~ial r'e·gton ·of the track where the 

width~ of. ·burst~:f-A;. B and C are narrower than average and Figure 

6B·shows a·circumferential region: of the same track where the 
I . 

burst widths are wider than average. Variations in prop~gation 
I 

burst width ·'cause a· corresponding variation in the readback 

signal amplitude der!ved""from the burst pattern. Since the 

normalized readoack amplitude is indicative of transducer 620 

position relative-to the storage medium, the variation will 

provide an erroneous position reading. This, in turn, will cause 
. f modulation of the PES resulting in inappropriate adjustments to 

the transducer 620 position • 

. . A representation of a pair of propagation tracks 724, 726 

showing the effects of write width modulation is provided in Fig. 

··7. As is readily apparent, the write width modulation may cause 

the separation 721 between adjacent tracks to fall below 

accepta~le margins. This phenomenon is referred to as "track 

squeeze" and may result inadvertent overwriting of an adjacent 

track. 
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II.B. Improvement for Reduced Modulation Errors 

In an attempt to minimize the effects of write width 

modulation, an improvement is proposed for the described self­

propagating system. Through observation it has been determined 

that write width modulation varies with write frequency and write 

current. Hence the improvement comprises optimizing these 

parameters by empirically determining a.combination of write 

current and write frequency values which minimizes.the measured 

occurrence of write width modulation. Optimization may-be 

performed, for example, during the start sequence {step 130) of 

self-servowrit~ng, or alternatively, when the storage device is 
. i 

being manufactured. 

An examp·le of an optimization sequence suitable for 

practicing the proposed improvement is shown in Fig. 3D. First, 

an index ·n is initialized to zero, and the frequency, current, 

and write width·modulation are set to predetermined nominal 

·initial values fnom, Inom, andfwnom, as shown in step 352. 

Although the sequence of Fig. 3C is described in terms of a 

single index, n, it shall be understood that this implementation 

was chosen for simplicity of explanation, and that nested looping 

.with separate indices for frequency and current may be used if 

desired to maximize the number of current/frequency combinations 

tested. 

In a next step 354, a plurality of propagation tracks are 

written to the disk, and the resulting average write width 
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modulation, Wmod(n), is measured (step 356), in a manner to be 

describh4 .subsequently .. Next,. if'··the measured ,write widt'1 

modulation Wmod~n} is less.than the previously obtained value (or 

in this case, the initi~l value) of Wmod, Wmod is assigned.the 

newly measured value and the corresponding index value is ·saved 

for later ref~rence. {step 358). ln a next step 360, the index is 

incremented by one ··and- compared to .. the maximum index value to 

determine· whether testing is. complete. If testing is .not 

complete, the test.traces are erased ~nd the write current and 

write frequency are assigned to a new set of values~ f(n) and 

:I(n) (step 364) •. Steps 354-362 are then repeated until testing 

is completed. At that time, control flows to step 366, wherein 
I 

frequency and.current are assigned to the values I(s) and f(s), 

which correspond-to the.smallest Wmod measured during testing. 

modulation. .. 

Write width-modulation is meas~red by track following with 

any dual burst form of servo, e.g. A=C, A=D, etc, and comparing 

· the relative normalized readba~k signal to a nominal readback 

signal. A nominal readback signal is simply the relative 

norm~;Lized signal expected when the propagation bursts· are 

properly aligned with respect to track center 622 and are of an 

.ideal or average width (transverse to the track). Referring back 

to Figs 6A and 6B, it can be seen that the sum of the burst 

readings, A+C, decreases relative to that of nominal burst 

readings where tracks widths are low, and increases where tracks 

widths are high. Thus the variation of A+C around a track is an 
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indicium of repeatable write width modulation. Of course, the 

measurement on any single track may include nonrepeatable 

components that are due, for example, to mechanical disturbances. 

However, such random errors necessarily average to zero over 

groups of tr~cks. Thus this component may essentially eliminated 

by taking a sector by sector average of the A+c over a group of 

tracks. For averaging, the number of tracks will depend upon 

variables such as servo system bandwidth and track density. For 

example, averaging over SO tracks was found to suf~iciently 

reduce the nonrepeatable component in a disk drive having 89 

sectors and a track density of 5250 tpi • 

III. Measurement of Closed Loop System Response 

As described in copending application serial nos. 08/349,028 

and 08/08/405,261, the net effect of the written burst location 

errors is ·to produce a non-circular trajectory that the-servo 

loop attempts to follow. Hence the errors act as an additional 

·reference signal. The response to the non-circular trajectory is 

given by the closed loop response of the system. Normally, it is 

desir~d that the closed loop response of a servo loop be exactly 

equal to unity (in which case the controller gain would approach 

infinity). Such a system produces an output that exactly follows 

the desired trajectory and is infinitely stiff against 

disturbances. 

In reality, only a finite controller gain can be used, and 

it must be frequency dependent to avoid loop instability arising 
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from unavoidable phase shifts (i.e., positive feedback). In 

typical.serv.o loop appiications,·i~cluding disk file actuator 

servos,; the :primary performance object·ive is .to provide optimal 

..rejection of.mechanical disturbances within the constraints of a 
. 

finite sampling rate, and the resulting closed loop response . 

rises significan~ly above .unity .(l~.5 or more) over a .fairly broad 

range of ~+.equencies. No drastic consequences arise from this 

app;i:oach during disk file operation •. · . 

.. In self-s~rvowritlng, however,. the response to a 

~on-circular trajectory. at a_ given propagation track.is 

~eproduced in the w~~ting of the next propagation track, and that. 

response is reproduced yet again on the next propagation track. 
. ; 

Si~ce the closed loop, .re~ponse corz-esponds to a step-to-step 

error amp~ification factor, an error at one propagatio~ track 

will appear. ~ propag~tion tracks later as the error multiplied by 

the closed loop response raised to the Nth power. Thus, if the 

magnitude of the closed loop response exceeds unity, any error 

. will grow indefinitely. On the other hand, if the closed loop 

response is less than unity, errors are still compounded, but· the 

effect of an error at any one step eventually decays. Thus error 

compounding is effectively limited to a finite number of steps n. 

Roughly speaking, n is given by unity divided by the amount 

by which the closed loop response differs from unity. For 

example, a closed loop response of 0.99 yields n=lOO. Systematic 

errors such as written track width modulation will therefore grow 

by a factor of about n. Under these conditions, the track to 
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track .error is still quite small, and only the less stringent 

limit on absolute track circularity need be considered. Since 

the effect of written track width modulation is limited to a 

small percentage, a substantial qrowth can be tolerated without 

exceeding th~ absolute circularity limit of roughly one track 

~pacing. However, it is desirable to measure and minimize the 

write width modulation to produce the minimum non-circularity by 

adjustment of write current or frequency or both, as previously 

discussed. 

Viewed as a time waveform, the written burst location error 

trajectory is _a perfectly repetitive function with a repeat 

frequency equal ~o the rotatio~ frequency of the disk. A 

principle of Fourier analysis is that any such repetitive 

waveform has a frequency spectrum containing non-zero amplitudes 

only at . ·the discrete set of frequencies corresponding to integer 

multiples of the repeat frequency, in this case the disk rotation 

frequency. Thus, the relevant frequencies at which the closed 

· loop response must be kept below unity are all integral multiples 

of the disk rotation frequency. As a frequency dependent 

quantity, the closed loop response c is actually a vector of 

complex numbers having both a magnitude and a phase, with each 

element of the vector corresponding to a particular multiple of 

the rotation frequency. It is the magnitude of each element of 

the vector that must be less than unity. 

Choosing the servo loop parameters to ensure that the closed 

loop response is less than unity during writing is a simple 
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method' that provides a substantial reduction ·1n random mechanical 

motion· whil~···ensuring· that ,·error 'groWth is bounded.·· ··sut the· 

i'ilclusion ·of correcti·on · valul:ls whe:h computing new refe·rence · 

values· in· step 140 or--Fig. 3A·, alters the situation.- .. , As 

previously Q.iscussed, each· new·reference track table va·1ue"·1s 

preferably ~et equal to·a•nomina1·average reference value·plus a 

corrective··value .... Also previously. noted, the· corrective value 

may simply comprise a predetermined fraction; ··f of the ·prevJ:ousl.y 

recorded PES value for the .. corresponding sector. This approach 

is relatively straightforward, since the PES readings ~re 

utllized directly as a .. time waveform. In· this case, the 
i 

step-to-s~ep ·error amplification factor, s, no longer equals the 

closed loop response, C, ··as it contains an additional term equal 

to f(.l-C). ·Consequently, S=C+f(l-C} must have a magnitude of · 

less than unity ·at·a11· integral multiples of the rotation 

frequency. 

In the formula above, s, like c, is a vector of complex 

elements, while the factor f, being frequency independent and 

containing no phase shifts, is a single 1 real-valued term. As 

such, it is not possible to find an f wherein the magnitude of 

ev~ry element of the vector S is less than unity (except for 

·special cases, e.g. when the magnitude of all elements of C are 

all >1 or all <l). Thus, calculating corrective values as a 

fraction of the previous PES values is useful in certain 

circumstances and offers the virtue of simplicity, but fails to 

provide a general capability of ensuring bounded error growth 
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toqether with high gain servo performance in which the magnitude 

of C exceeds unity at some, but not all frequencies. 

These shortcomings may be resolved by treating the vector of 

previously recorded PES values as a repetitive time waveform and 

by diqitally.filterinq it to produce the reference table 

correction values. This method is equivalent to generalizing the 

factor f, such that it also becomes a vector with complex-valued 

elements.· Many possibilities for a dig~tal filtering algorithm 

exist, but one which provides total flexibility fo~ choosi~g f at 

all necessary frequencies (i.e., multip~es of the rotation 

frequency) is to compute the coefficients of the discrete Fourier 

transform of the waveform qf PES values~ multiply each by a 

complex-valued scale factor (the set of which comprise f), and 

then invert the transform using the scaled coefficients to 

produce a fil,tered time waveform. The new reference track table 

values are then computed by adding this filtered waveform to the 

nominal average reference level. A d_escription of .the discrete 

Fourier transform and the formtllae associated with it can be 

found in "The Electrical Engineering Handbook11 published by CRC 

Press of Boca Raton. 

Rapid and efficient computation algorithms such as the Fast 

Fourier Transform may be used to perform the requisite 

calculations, but in practice it is found that only a limited 

number of frequency coefficients, corresponding to perhaps as 

many as the first 6 or 8 multiples of the rotation frequency, are 

usually required. To ensure bounded error growth, only 
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frequencies at which· the magnitude of the closed loop:response 

exceeds unity need to be included.· The factor f can equal zero. 

for other frequencies, and corresponds to simply truncating the 

Fourier series transformations. 

The fil:tering ·technique described above allows one to·· set 

specific values for the elements of s. -.The closed loop response 

can be adjusted by means of the servo parameters to provide a 

desired level of mechanical disturbance.rejection, then the 

appropriate values for f can be computed using the formula 

f=(S-C)/(1-C). Unbounded growth of errors is avoided by keeping 

the magnitude of all elements of the vector S less than unity, so 

this is a primary considerat~pn. In cons;dering the growth of 

systematic errors such as write width modulation, the error in 

track shape levels off at a value equal to the base write width 

modulation times (l+c-S)/(l-S), where the base write width 

modulation is the amount of track width modulation that occurs at 

each write step. The net track shape error is therefore very 

large if S is close to 1. Con~ersely, the cumulative effect of 

random mechanical motion is magnified if the step factor is 

chosen to be nearly zero, especially if C is close to i. This 

occurs because the factor f itself becomes very large if C is 

.close to 1. 

A particular choice of S that has been found to give 

excellent results with the disk files studied so far is 0.9. 

This reflects the fact that it is more important to keep random 

errors small than it is to maintain absolute circularity of the 



34 

tracks. (However, minimizing the write width modulation term, 

reduces this effect and may allow choices of s which optimize 

rejection of random mechanical motion). Other choices of step 

factor s, including complex-valued ones, may prove to be optimum 

depending on .the details of the disk file heads, recording·media, 

and mechanical px:operties. 

An improved method for measuring the closed loop response of 

a servo system during self-servowriting.is disclosed in related 

co-pending patent application serial no. OS/677,144 (IBM Ref. No. 

SA9-95-075), filed concurrently herewith. 
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IV. Optimization of RPM 

IV.A. Background Information 

Disturbances experienced by the described self-propagating 

servo system may cause the actuator to deviate from the ideal 

propagation.track. These occurrences are referred to as track 

misregistration (TMR) and will result in mispositioned write · 

bursts. Subsequent readback of mispositioned bursts in ~he next 

propagation cycle results in an offset or "modulated" position 

signal which is similar to ~he modulation resulting from write 

~idth modulation. 

Fig. SA illustrates a properly positioned burst 802 and a 

mis-positioned burst 804 resulti~g from TMR. When centered on 

the desired propagation track a distance x from the preceding 

propagation track, the recording transducer 808 reads back a 

relative amplitude R for the properly positioned burst 802. 

Since this is the desired location, this relative amplitude 

equals the reference value, resulting in zero PES. However, the 

·mis-positioned burst 804, havidg its edge shifted an amount E 

from the desired propagation track location 806 relative to the 

width of the transducer 808, results in a relative readback 

signal of R+E. 

Referring now to Fig. SB, a block diagram is shown of a 

servo control loop representative of the improved self­

servowri ting system of the present invention. Control systems 

are described generally in the book "Modern Control Engineering" 

by K. Ogata published by Prentiss-Hall corporation of Englewood 
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Cliffs New Jersey. The loop controller 850 comprises digital 

servo controller 44, DAC 46, and VCM driver 48. The "plant" 85~ 

comprises actuator 24 and recording transducer 22. The plant 

output X represents the absolute position of the recording 

transducer ip units of relative head width. During 

self-propagation, the only observable signal is the position of 

transducer 22 ~elative to recording medium 26, but it is useful 

to consider the absolute position X for.the purposes of analysis 

of servo loop perform.anc~. A loop summing point 856 is 

explicitly included to account for the relative nature of the 

observed position signal. Thus ·the observed position signal 

equals the sum of the absolute ~osition X and the burst position 
I 

error E. This signal X+E is combined at a standard loop 

reference summing point 854 with the reference value R to form 

the position· error signal or PES. In usual fashion the sign 

shown next to the incoming arrows at a summing point represents a 

sign factor to apply to each signal before summing, hence the PES 

· equals R-(X+E). 

An example of a propagation track 920 showing the effects of 

TMR is provided in Fig. 9 relative to an ideal propagation track 

922. As is readily apparent, TMR may cause the separation 921 

between adjacent tracks to fall below acceptable margins, i.e. 

"track squeeze". 

IV.B. Improvement to Minimize Mechanical Noise 

Another proposed improvement to the described self-
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propagation system for reducing the effects of mechanical 

disturbances is the minimization of random mechanical noise. 

This is achieved by empirical selection of the storage device RPM 

found to minimize the excitation of mechanical disturbances in 

the disk drive itself. Such selection is performed, for example, 

in the start sequence 130 of Fiq. 3A, or alternatively, at the 

time of manufacture of the self-servowriting· storage device. The 

principle of this invention may be appl~ed to a variety of 

storage devices having rotatable storage mediums (e.q. disk 

drives and tape drives). 

TMR is.measured, for example, as described in US Patent 

4,939,599, entitled Method and Apparatus for Measuring Dynamic 

Track Misregistration. TMR may also be determined from ~he servo 

position error signa. An RPM optimization sequence using the 

latter approach is shown in Fig. 3E. In the first two steps 370, 

372, the d~sk drive RPM is set to a first of a series of RPM 

settings, RPM(I). Next 374, the closed loop of the servo system 

is determined as described pre~iously. Alternatively, the closed 

loop measurement may be made for a nominal RPM prior to entering 

the optimization sequence. In the following step 376, the 

average position error signal PESave{n) for each sector 1-N is 

obtained by averaging the sector PES values over several 

rotations of the disk. Then the nonrepeatable components of the 

PES waveform, PESNR(n), are obtained in a next step 378 by 

subtracting each average PESave(n) value from its corresponding 

sector PES(n). The mechanical input noise or TMR indicator, 

.~ ·. ;. 
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TMR(I), for the current RPM setting, RPM(I) is then calculated 

from the non-repeatable part of the PES waveform by dividing by_l 

- c, as shown in step 380. In each iteration of the sequence, if 

the TMR indicator, TMR(I), has a smaller value than the TMR value 

obtained for.the last RPM(I-1), then RPMopt is set to the present 

RPM setting, RPM( I) at step 382. If all desired RPM settings 

have been tested, i.e., i<imax 384, the sequence terminates. 

Otherwise, I is incremented and the sequence repeats for the next 

RPM setting, RPM(I). It shall be understood that a value for C 

other than unity may be selected to optimize the measurement of 

the mecha~ical noise input. 

v. Clip Level Correction 

Referring back to Fig. 2, the self-servowrite process writes 

propagation bursts in region 103 in the same revolution as it is 

generat~ng the product servo patterns in region 104. While 

errors due to random mechanical noise are prevented from growing 

·by the propagation algorithms described above, the product 

pattern will still contain the track to track random noise. In 

addition, if the system experiences a large mechanical input 

ev~nt, the product servopattern will also be written with the 

~rror. 

Thus another improvement to the system is proposed wherein 

the effects of random noise mechanical disturbances on product 

servopattern are removed by providing clip level checking in the 

write revolution step 132. In the event that the PES records an 
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error E greater then a specified tolerance, the process 

terminates and writing is inhibited until the PES returns to a 

value below the allowed clip level. on a subsequent revolution, 

the writing of. servo patterns resumes, preferably at the same 

point where the write inhibit was invoked. Failure of the··system 

to return below a predetei:m.ined clip level after a predefined 

period of time causes the self-propagation sequence to terminate. 

Hence addition of this step prevents la~ge errors from being 

written into the product pattern. 

VI. Conclusion 

In summary, controlling t,he growth of errors is critical in 

a typical disk file requiring many thousands of steps to 

servowrite. Thus it is important to recognize· that error growth 

is attributable to the special properties of servo loops as 

applied to a repetitive self-propagation process, and that such 

error growth may be remedied. Remedies include, for example, 

adjusting the servo loop parameters to produce a desired closed 

loop response, and digitally filtering the PES recorded during 

the write revolution to compute corrections to the reference 

track table values such that the step factor does not· exceed 

-unity at any relevant frequency. The effectiveness of these 

remedies is further enhanced by the proposed improvements of 1) 

optimizing the write current and write frequency to minimize 

write width modulation; 2) optimizing the servowriting RPM to 

minimize random mechanical vibration; and 3} providing a clip 
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level check to eliminate the introduction of large errors in 

product servopattern. The proposed improvements provide 

substantial rejection of mechanical disturbances, ensuring a 

rebus~ servowriting process. 

A number of specific empodiments have been described 

encompassing .the present invention. Nevertheless, it will be 

understood that various modifications may become apparent to 

those having ordinary skill in the art ~f self servo propagation 

without departing from the spirit and the scope of the present 

invention. Accordingly, it is to be understood that the 

invention is not to be limited by the specific illustrated 

embodimen~s, but only by the scope of the ·appended claim~. 
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Claims 

What is claimed is: 

1. In a self-servowriting system for implementation in a 

storage device including a storage medium and a transducer 

positionabl~ relative to th~ storage medium under the control of 

a servo system for writing position information to the medium, 

the self-servowriting system having a set of operating 

parameters, a method for reducing sourc~s of error introduced 

into written position information, comprising the ~teps of: 

writing first position information; 

measuring an indicium of error introduced into the first 
! 

written posit~on information~ and 

using the measured indicium to optimize at least one 

operating parameter of the self-servowriting system, whereby 

introduction of error into subsequently written position 

information is reduced. 

2. The method of claim 1, wherein the at least one parameter 

comprises write frequency and write current. 

3. The method of claim 1, wherein the storage device comprises 

a medium capable of rotation and wherein the at least one 

parameter comprises the RPM of the medium. 
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4. The method of claim 1, wherein the indicium comprises write 

width modulation. 

s. The method of claim 1, wherein measuring the indicium 

further comprises the steps of: 

~ensing the first position information and producing 

therefrom a readback signal having an amplitude; and· 

determining a difference between the readback signal 

amplitude and a nominal amplitude. 

6. The method of clai~ 5,
1 

wherein the f~rst position 

information comprises dual bursts, and wherein the readback 

signal amplitude is determined by a sum of sensed burst 

contributions. 

7. The method of claim 1, wherein writing first position 

· information further comprises the step of writing a plurality of 

tracks, each track having a sector including position 

information. 

1111:101 11111 lt.ltl; 11111 \11111 
* C L R S * 
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8. The method of claim 7, wherein measuring the indicium 

further comprises the steps of: 

for each track, sensing the position information of the 

sector, producing therefrom a readback signal having a measurable 

amplitude,. and determining a difference in magnitude between the 

readback signal amplitude and a nominal amplitude, thereby 

obtaining a plurality of differences in magnitude; and 

determining an average of the plurality of differences in 

magnitude. 

9. Th~ method of claim 1, further comprising the steps 1of: 
I 

repeating the writing and measuring steps for a plurality of 

combinations· of write frequency and write current values; 

selecting as the at least one optimized parameter the 

combination for which the predetermined indicium has the lowest 

value. 

10. ~he method of claim 1, wherein the measuring and optimizing 

steps are performed as part of the self-servowriting process. 

11. The method of claim 1, wherein the measuring and optimizing 

steps are performed when the storage device is manufactured. 

.~ .. "" . 
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12. The method of claim 1, wherein the indicium comprises track 

misregistration. 

13. The method of claim 1, wherein measuring the indicium 

further compr.ises the steps of: 

sensing the first position information and producing 

therefrom a position error signal having a magnitude; and 

determining a d~fference between the position error-signal 

magnitude and a nominal magnitude. 

14. The method of claim 13, where~ri- the servo system has a 

measurable closed loop response, wherein measuring the indicium 

further comprises the steps of: 

measuring the closed loop response, CL, of the servo system; 

and 

dividing the magnitude difference by (1-CL). 

15. The method of claim 13, wherein the nominal magnitude is 

obtained by performing a plurality of times the steps of sensing 

the first position information and producing therefrom a position 

error signal, thereby obtaining a plurality of position error 

signal magnitudesi and d~termining an average-of the plurality of 

magnitudes. 

I If lllUJJl/llU 1111 /I l"' 
C L H S !fl 



'Ii I 

·------··------------

45 

16. The method of claim 1, further comprising the steps of: 

repeating the writing and measuring steps for a plurality of 

different RPM's; and 

selecting as the optimized parameter the one of the 

plurality of RPM's for which the predetermined ind~ciwn has the 

lowest value. 

17. The method of claim l, further comprising the steps of: 

writing seco'nd position information; 

servowriting while sensing the second position info~ation 
f 

and producing therefrom a position error signal having a 

magnitude; 

if the magnitude of the position error signal exceeds a 

threshold ··magnitude, temporarily halting servowriting while 

continuing to sense the second position information until the 

· position error signal produced is determined to be below the 

threshold magnitude. 

18. The method of claim 17, further comprising the step of, upon 

determining that the magnitude of the position error signal has 

fallen below the threshold magnitude, resuming servowriting at 

the same location on the medium where it was halted. 
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19. The method of claim 17, further comprising the step of 

terminating servowriting if the magnitude of the position error 

signal does not fall below the threshold magnitude after a period 

of time. 
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