Controlling a Media Master Witing Machine to Produce Curvilinear Servo

Sector Patterns 5 Background of the Invention

1. Field of the Invention This invention relates generally to producing

a medi a nmast g nore particularly to witing curvilinear 0 sector
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patterns on aorre |Eagmaster. 2. Background Art 10 Pﬁ&ﬁ{;\‘ﬂh‘?ﬁ
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the actuator arm 15 During operation, the rotation of the disk and
t he novenent of the head provi dBadkgrosit bfQfie BivehRgn head rel ative to the

di sk surface. A_typical_disk includes many servo sectors which collectively
forma servo sef °fﬁhﬂf’(¥?ﬂ’ﬂ°DThe servo sector pattern provides encoded
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di sk radi u?hand e%)%;?nd et ween the inner dianeter and the outer dianeter of
t he di sk. e ng °§’58 s divide the usable data zone into a

correspondi ng pMahlath ¥tofige ditk 8yH@HIRSorpaaf anaCrubiod krn tHal &k Bed dhs a

plurality of concentric data tracks which are tyP| cally spaced at a
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sectors i schRad tht BRY tAbEtd WBbutH ;&19&%%11'}9" This th\&es the head to travel along an arc

segment corresponding to a circle centered about the pivot point with a radius determined by
the length of the actuator amm.

15 During operation, the rotation of the disk and the movement of the head provide a
location of the head relative to the disk surface. A typical disk includes many servo sectors
which collectively form a servo sector pattern. The servo sector pattern provides encoded
information that is read during disk operations to determine the location of the head relative to
the disk surface. '

20 One type of servo sector pattern is radially aligned. The servo sectors are aligned with
a disk radius and extend between the inner diameter and the outer diameter of the disk. The
servo sectors divide the usable data zone into a corresponding plurality of data wedges, and the
disk surface includes a plurality of concentric data tracks which are typically spaced ata
constant pitch T,

25 A problem with the radially aligned servo sectors is that they are not aligned with the
arc segment along which the head typically travels. It is more desirable to have servo sectors
that are aligned with the arc segment, so that a head traveling over a disk rotating at constant
speed will encounter servo sectors at a constant rate, independent from the radial position of
the head. Altlibugh they are shaped differently, the spacing, number and encoded information

30  in the arc segment shaped servo sectors can be the same as their radially aligned counterparis.

One mechanism for producing disks is from a master disk having the desired servo
sector pattern. A conventional master writing tool can comprise an air bearing spindle onto

which a glass master substrate is mounted. To write the master, the glass substrate is
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Additionally, 1ncreased resolution iS needed to ensure that
adjacent pit locations are evenly aligned along the arc segment shape. This requires much
more memory and presents a throughput problem.

15 Thus, there remains a need for a master writing system that can produce curvilinear

(e.g. arc segment) shaped servo sector patterns. ,
Summary of the Invention

The present invention provides apparatuses and methods for producing curvilinear
servo sector patterns, as well for generating master writer control settings that are used to

20 produce curvilinear servo sector patterns'.

In certain embodiments, offsets between a radially aligned reference and the desired
curvilinear servo sector are determined, and these offsets are used to produce the curvilinear
servo sector pattern using information (such as a bit map) that is ordinarily used to produce a
radially ahgned servo sector pattern. _

25 ‘The offset between the radlally aligned reference and the curvilinear servo sector
pattern is a function of the radial position on the surface of the disk. This radial position can
be determined according to the track number. Thus, a plurality of offsets can be determined,
with each offset associated with one or more tracks. Each offset can be converted into a delay
which is the amount of time that it takes for the disk to rotate through the offset, or from the

30 radially aligned reference axis to the curvilinear servo sector. :

The delay can be converted into master writer control settings that are used to produce
the curvilinear servo sector pattern. For example, the delay can be converted into sector delay,

clock cycle delay and residual delay values. The sector, clock cycle and residual delay values
2



adj acent pit locations are evenly aligned along the arc segnent shape. This
requi res much nore nmenory and presents a throughput problem 15
Thus, there remains a need for a master witing systemthat can produce

curvilinear : rc segnent) shaped servo sector patter nlsﬂ of the
| nventi on Th‘ggﬁgsegs'%_nt I nvention_provi des apparatuses and ne %gﬁ@%&r’
produci ng cur viflEntispe blgsk disgrapriilpyiragng apempodiment gEa master Wit eonigellety nast er

writer Corﬁam% gﬁﬁﬁ&%&&ﬂﬁ‘isg%%rd&iﬁﬁ% L RordBnce WRMAHMERsentinvddonear servo

sector patter In certair odi nents, offsets between a radially aligned
reference and tRiG. 8lissiblasy dingrami illusteating & eemmiterdndudinganeenhadiment aéaimasterd

these offsets ar sed to produce th 1l r. Ser. sector pattern
usi ng inf orme ‘fogﬁmtjsscﬁlgﬁs Qgt?uellcB'Llatcconalgap[f?e?ﬁgﬁei%&%ﬁ& Vr%glél! 'y used to produce a

radi al Isy al i gneIGs®is\ublck diagranpifinstaking aRémbodiment of 4 iastef vidtet cdnerbleeaings he
radially al iﬂe,d reference and the curyilinear servo sector patternis a
function droquiginagenrdance,with the PrEsent ifWEBNYr f ace of the disk. This radial

position can b@:éeiﬁgakaﬁ&aa&ﬁmgﬂuaggwnmlﬁ?&ﬁﬂsﬁmh bidiea a plurality

of offsets can be determned, with each offset associated wth one or nore
tracks. Eomivibmdagsarvaosetobe converted into a delay which is the amount of

time that it t s, {.0r 4 he.di to. rotate t h e . fromthe
30 radially aﬁ%iiéhleld‘sla g%’grcmgﬁﬁ%q?gf%e?ﬁ%&@%@@? F%leg‘é’rd q];snfe(?e\?/%méng{(;ﬁ or. The

del ay oan pafantaéy furkartrollitigt himtedr airitetno produceuivililearsseiviol sagerstiladcomlasceused t o
produce the curvilinear servo sector pattern. For exanple, the delay can be

convert ed ViR Bleorsentinvagtiony ¢ ock cycle delay and residual delay val ues.
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generating circuitry constructed in accordance with the present invention.
Detailed Description of the Invention
15 Referring now to the block diagram of FIG. 1, an exemplary data storage disk system
100 comprises a plurality of disks 102 mdunted on a drive spindle 104 which extends through
the disk center holes D,. The disks 102 rotate counter clockwise (as shown by the arrow M) at
a speed which can be measured in revolutions per minute. An actuator arm 106 carrics at one
end a flying read/write head 108 above the surface 103 of a selected disk 102. Although the
20  head 108 is shown over the upper surface of the topmost disk in the stack, it is understood that
the head 108 can reside over the upper and lower surfaces of any of the plurality of disks 102.
The opposing end of the actuator arm 106 is coupled to a rotary actuator assembly 110
arranged to rotate the actuator arm 106, and thus the head 108, about a pivot axis. Data pulse
signals are received from the relevant disk surface 103, and can be transferred in conventional
25  fashion along arm 106 through cable assembly 112 to a disk drive control system with signal
processing electronics 114, which can alternatively reside on or be remote from the head 108.
The rotation M of the disk 102 and the movement of the head 108 about the actuator
assembly 110 pivot axis provide a location for the head 108 over the surface 103 of the disk
102. A typical disk surface 103 includes many servo sectors which collectively form a servo
30 sector pattern. The servo sectors encode positional information, such as the circumferential
and radial positional locations on the disk 108. The positional information can be read during

operation to indicate the location of the head 108 over the disk 102.



FIG 7 is a block diagramillustrating an enbodi nent of a master witer
controll er having dual |aser control pulse generation in accordance with
the present invention. FIG 8 is a block diagramillustrating a conputer
i ncludi ng an enbodi mrent of a master witer control settings nodule in

accordance V‘évb@sltsﬂ o Present I nvention. 5 FIG 9 i Sl’@r/@ésgﬁgzsgi agram
Il lustrating an_éenbodi ment _of a_master witer control settings npdule in

accordance wit rflgh%is@rlég‘é‘rﬂiaﬂfméh‘ﬁr%ﬁ.g aFFﬁ“dl'E}_e'Pt_é’fam?é‘ﬁ’é‘ﬁﬁFF eontmollerst r at i ng
geonet ri Capavid} QiaNBict OhriPHiflsd RnBREGHIA Gedrdatiéewbitt m@gfeséﬁh%ntﬁﬁ&t or. FIG 11
is a flowchart_illustrating an _enbodi ment of a nmethod for determ ning 10
par aneters for KEn8 iscl blpekgliagrara Jlustratingjarcempyter ipeluding an embadimeni ofia masten o
sectors i - Wi I | . 2 12 is a schematic
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construct ed i n FIGcOisteblock diagriim illustrpting aa simbodimentiof @ mastBetwritel exhtbbsettinigpt | on
of the Invenéion 15 .. Referring nowto the block diagramof FIG 1,
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holes Dl err]. The disks 102 rotate counter clockw se (as shown by the arrow
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FIG. 12 is a schematic diagram illustrating an embodiment of control settings

generating circuitry constructed in accordance with the present invention.
Detailed Description of the Invention
15 Referring now to the block diagram of FIG. 1, an exemplary data storage disk system
100 comprises a plurality of disks 102 mounted on a drive spindie 104 which extends through
the disk center holes D,. The disks 102 rotate counter clockwise (as shown by the arrow M) at
a speed which can be measured in revolutions per minute. An actuator arm 106 carries at one
end a flying read/write head 108 above the surface 103 of a selected disk 102. Although the
20  head 108 is shown over the upper surface of the topmost disk in the stack, it is understood that
the head 108 can reside over the upper and lower surfaces of any of the plurality of disks 102.
The opposing end of the actuator arm 106 is coupled to a rotary actuator assembly 110
arranged to rotate the actuator arm 106, and thus the head 108, about a pivot axis. Data pulse
signals are received from the relevant disk surface 103, and can be transferred in conventional
25  fashion along arm 106 through cable assembly 112 to a disk drive control system with signal
processing electronics 114, which can alternatively reside on or be remote from the head 108.
The rotation M of the disk 102 and the movement of the head 108 about the actuator
assembly 110 pivot axis provide a location for the head 108 over the surface 103 of the disk
102. A typical disk surface 103 includes many servo sectors which collectively form a servo
30  sector pattern. The servo sectors encode positional information, such as the circumferential
and radial positional locations on the disk 108. The positional information can be read during
operation to indicate the location of the head 108 over the disk 102.
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i nf ormati on use 0 Produce a curvilinear "servo sect
disk 102. Data track address marks in each servo sector 212 prov1de encoded information

corresponding to the location. The servo sector 212 may also include servo timing marks
(STM) and fine circumferential position error signal (PES) servo burst marks. Although

15  exemplary servo sector 212 information has been described, it should be recognized that the
any format and data encoding scheme may be implemented.

A problem with the radially aligned servo sectors 212 is that they are not ahgned with
the arc segment 230 that the head 108 travels along between the inner diameter and the outer
diameter of the disk 102. Specifically, the arc segment 230 corresponds to a circle concentric

20  with the pivot axis of the actuator assembly 110 and having a radius corresponding to the
length of the actuator arm 106. Thus, as the disk 102 rotates, the head 108 resides over _
successive servo sectors at a rate which varies and depends upon radial location. This can
create seck time delays. According to preferred embodiments of the present invention,
curvilinear servo sectors 212' are formed on a master disk (and data storage disks produced

25  from the master). More preferably, the curvilinear servo sectors 212" are aligned with the arc
segment 230 so that the head 108 encounters servo sectors independent from its radial
position. The spacing, number and encoded information in the curvilinear servo sectors 212’
can be the same as the radially aligned servo sectors 212. 1t is noted that FIG. 2 is an
exemplary illustration. An actual disk surface 103 would not typically include both radially

30 aligned and curvilinear servo sectors.

One mechanism for producing disks having curvilinear servo sectors is from a master
disk having the desired servo sector pattern. The master disk provides a mold that, using

conventional techniques, is used to make data storage disks.
5



FIG 11 is a flow chart illustrating an enbodi nent of a method for
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pattern. The servo sectors encode positjonal information, such as the
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posi t hpnafnd eofHBhishre@d B fefidbhel WrithWkpindle encoder; i.e. the spindle motor is .
locked to the reference supplied by the master writing tool. The master writing tool thus
generates master clock, index, and sector pulses for use by the controller 300, 500, 600, 700
electronics.

A complete bit map of the locations on the disk can be used to write information onto
20  the master. Each bit position is separated by a constant angle such that the servo sector read-
back signal frequency to be the same when the disk spins at a constant angular velocity,
regardless of radial position. This means that the servo sectors, like the data wedges, are
wedge shaped. The data near the disk OD has greater spacing than near the disk ID.
An R-Theta coordinate system can be used to represent the location of the data to be
25 written onto the master. A typical optical media could contain 2'° tracks per data band, 6 sub-
tracks per track to make the servo patterns, 2° servo sectors per revolution and 2'° clock
positions between servo sectors. A complete bit map would then be 12* bits, or about 400
MB, which is large but could be implemented.
Referring now to the block diagram of FIG. 3, an embodiment of a master writer
30  controller 300 for producing radially aligned servo sector pattems includes a sector counter
302, a sector data generator 304, a programmable delay 306, a flip-flop 308, an analog pulse
driver 310, and a pair of digital to analog converters 312, 314.



operation to indicate the |location of the head 108 over the disk 102. 4
The schematic diagramof FIG 2 illustrates exenplary radially aligned
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out er number is a function of the number of disk revolutions. In its simplest form it can be a counter

that starts at zero and increments each disk revolution. In a preferred alternative, to allow for
multiple (e.g., /) passes per track, the track counter increments upon multiple disk revolutions.

15  Thus, the track count would start at zero and increment each ith revolution. An additional
revolution (where no data is written to the disk) may be added to ensure that the track count is
not prematurely updated. There, the track number would increment each (i+/) revolutions.

The sector data generator 304 produces an output corresponding to the encoded
information to be provided along the relevant track in the relevant servo sector. The sector

20  data generator 304 can be a memory with the encoded information addressed by the track and
sector number. The output for each sector is triggered by the sector pulse, and the master
clock signal is used to time the output of the encoded information within each sector.
Ultimately, the entire master disk is written, starting with the outermost track and proceeding
to the innermost track.

25 Collectively, the encoded information for each track and sector on the disk provides the
servo sector pattern. A full bit map (e.g. 400 MB) of all of the locations on the disk is not
required because the data wedges (the areas between the servo sectors) are not written for the
master disk. This reduces the required memory by a factor of about 20 to about 20 MB for
radially a]igned servo sector patterns.

30 Although the sector data generator 304 preferably implements encoded information for
the various sectors that is addressed as described above, various alternatives can be

implemented for generating the encoded information. For example, a logic block that
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Unfortunately, to produce a curvilinear servo sector 212" such as the arc segment 230
type, the required number of bits in the map increases approximately 256 times to ensure that
15  the information along the arc segments lines up smoothly. Additionally, the conventional
coordinate scheme and data compression factor would not appear to be applicable to the
curvilinear case since a given arc segment can span multiple radially aligned servo sectors.
Thus, a bit map of approximately 100 GB would be required, which is not easily
implementable. Additionally, the number of clock cycles per disk revolution would need to be
20 increased by a factor of about 256 to provide the required resolution. This would require a
slower disk speed, which would create a mastering throughput problem.
According to certain embodiments of the present invention, a master writer controller
500, 600, 700 automatically produces curvilinear servo sector pattemns from the compressed bit
map data ordinarily used for radially aligned patterns by appropriately delaying the generation
25  oflaser control puises so as to form the desired curvilinear shape. This is best understood with
reference to FIG. 4, which is a schematic illustration of curvilinear (CSS) and radially aligned
(RSS) servo sectors (shown as lines rather than wedges for ease of illustration) on a disk 402
having an ID and an OD. The disk 402 has a number of tracks, such as track x and track y.
For a given radially aligned servo sector (RSS,) and curvilinear servo sector (CSS,) there will
30 be an offset that depends upon radial location, which can be determined according to track
number. Thus, along a first track (track x) there is a first offset (offset,) and along a second
track (track y) there is a second offset (offset,) between the radially aligned (RSS) and

curvilinear servo sectors (CSS).
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12[err] bits, Re fe%%?g now t%othe block diagram of FIG. 5, an embodiment of a master writer.
controller 500 produces curvilinear servo sectors using compressed bit map data ordgngg_!y_ )
used for radially aligned servo sectors by incorporating the delay between the radial r;.ference
and the curvilinear servo sector. e
20 The master writer controller 500 includes a sector counter 302, sector data genefator
304, programmable delay 306, flip-flop 308, analog pulse driver 310, and DACs 312,314
having functionality similar to that described in connection with FIG. 3. However, the master
writer controller 500 delays the generation of the laser control pulse according to the offset and
corresponding delay between a curvilinear servo sector and a radially aligned counterpart for
25  the relevant track.

Control settings corresponding to the number of sectors, integral clock cycles and
fractional clock cycles are provided to the master controller 500. In addition to the clock, reset
and CE inputs, the sector counter 302 includes a synchronous preload (PLD) input and data
inputs for loading an initial count into the counter. The index pulses are coupled to the PLD

30 input, and the sector delay setting is coupled to the data inputs. The index pulse thus causes
the counter 302 to load the initial count provided b}; the data inputs. The sector delay setting
is preferably an integer number of sectors between the reference and the curvilinear servo

sector. It can be directly loaded as the negative value of the sector delay setting. Thus, if
9
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Such a delayed sector pulse is output for each received sector pulse. Thus, the clock cycle

15 délay circuit 502 outputs a dela};ed sector pulse, with the delay being the integer number of
master clock cycles defined by the clock cycle delay setting. The delayed sector pulse is
received by the clock enable input of the sector counter 302 as described above. The sector
counter 302 and clock cycle delay circuit 502 thus combine to produce the sector number '
delayed ,according to the sector delay and clock cycle delay settings.

20 The sector data generator 304 receives the sector count (as modified by the sector delay
setting and the clock cycle delay setting), the current track number, the master clock signal,
and the delayed sector pulse. The sector data generator 304 preferably stores the encoded
information for the servo sectors, addressed by the servo sector and track number and triggered
by the (now delayed) sector pulse and master clock as described above. Thus, the sector data

25  generator 304 produces a pulse stream corresponding to the encoded information to be
provided along the relevant track in the relevant servo sector, with the sector and integer clock
cycle portions of the delay automatically incorporated into its output.

The residual delay between the radially aligned servo sector and the curvilinear servo
sector (the portion not accounted for by the sector and clock cycle delay settings) is provided

30 asa fractional clock delay setting. Specifically, the programmable delay 504 receives a value
for the fractional delay, and appropriately delays the output received from the sector data
generator 304. For an 8 bit fractional clock delay setting, the delay resolution is the maximum

delay divided by 256. The maximum delay is provided to the programmable delay 504
10
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addressed by the track number (or, where multiple tracks are written using the same control

information, a number (e.g., /) that corresponds to sets of tracks). The pulse parameters
15 (width, amplitude) are also addressed by the track number along with the sector, clock and
residual delay settings.

The amount of control information can be reduced by incorporating a piece-wise linear
approximation of the arc segment. This allows for calculation of the residual delay as a
function of a base delay and a delta delay over each linear piece. If the linear approximation is

20 over 8 tracks, then the amount of control information can be reduced by a factor of about 40 to
about 50 KB.

Referring now to the block diagram of FIG. 6, an embodiment of a master writer
controller 600 for producing curvilinear servo sector patterns and incorporating linear
interpolation includes a sector counter 302, sector data generator 304, programmable delay

25 306, flip-flop 308, analog pulse driver 310, DACs 312,314, clock cycle delay circuit 502,
programmable delay 504, and DAC 506 which are connected and have the functionality
described for the controller 500 embodiment of FIG. 5 (although the sector delay, clock delay
and residual delay settings are adjusted to prevent negative values in the linear interpolation
scheme). Additionally, the controller 600 includes a delay interpolation generator 602 which

30  receives a delay increment and base fractional clock delay setting and produces a fractional
delay value which is received by the programmable delay 504. Specifically, for a relevant set
of tracks (e.g., for a current 8 track set corresponding to the linear piece), the delay

interpolation generator receives a delay increment and a base fractional clock delay setting.
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to FIG. 3. Again, the control information can be provided in a data table stored in a memory,
preferably a EEPROM.

One remaining problem is the amount of time to write 2 master disk. For 2'® tracks

with 6 passes per track and 2 master writer revolutions per pass, it could take approximately 11
20 hours to master write the disk at 1200 RPM. This time can be reduced by providing a multiple

beam master writing machine. For example, two beams can be provided. However, since the

each of the two beams will be at a different radial locations, they will each have a slightly

different offset (which can be fully reflected by variance in the residual delay portion

represented by a clock fraction). Also, the width and amplitude of the laser control pulse may
25  vary between the two beams.

To accommodate these requirements, much of the circuitry from the master writer
controller 600 of FIG. 6 is replicated so that the residual delay and laser control pulse
parameters can be independently controlled. Referring now to the block diagram of FIG. 7, an
embodiment of a master writer controller 700 baving dual laser control pulse generation

30  comprises a sector counter 302, sector data generator 304, programmable delay 306, flip-flop
308, analog pulse driver 310, DACs 312, 314, clock cycle delay circuit 502, programmable
delay 504, DAC 506 and delay interpolation generator 602 (less the additional output) having

substantially the same connections and functionality of the master writer controller 600
12
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fractional clock cycles not accounted for by the nunbers of 10 _sectors and
cl ock cycldepends upon the pulse duration setting input to programmable delay 306'. Similarly, the

pulse amplitude for beamn #1 depends upon the pulse amplitude setting input to the

15 programmable delay 306 through DAC 314, whereas the amplitude for beam #2 depends upon
the setting input to programmable delay 306' through DAC 314'.

With two beams, such as those generated using the master writer controller 708, the
master writing can be done with 2 passes per track instead of 6, which can cut the master
writing time down to about 3.7 hours.

20 Although various embodiments will become evident to the artisan once instructed by
this description, the master writer controller 700 embodiment of FIG. 7 can be implemented
using 8 bytes of control information as follows: pulse amplitude for beam 1 along the current
track (8 bits), pulse width or duration for beam 1 along the current track (8 bits), pulse
amplitude for beam 2 along the current track (8 bits), pulse width or duration for beam 2 along

25  the current track (8 bits), sector delay setting (4 bits), clock cycle delay setting (12 bits) (sector
delay and clock cycle delay settings can be provided with 2 bytes), residual fractional clock
delay setting (8 bits), and delay increment (8 bits).

Referring now to the schematic diagram of FIG. 12, an embodiment of control settings
generating circuitry 1200 that generates the master writer control settings is shown to include 2

30 flip flop 1205, counter 1210, counter 1215, AND gate 1220, and memory 1225. The memory
1225 is preferably a conventional flash EPROM or EEPROM that is used as a non-volatile

memory for storing the master writer control settings. The control settings generating circuitry
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each track. Typically, a new track pulse will occur every 2nd or 6th index pulse, since 2 and 6
pass per track writing is contemplated.
In the embodiment of FIG. 12, each control setting entry is an eight bits data output
. (D0-D7) from the memory 1225. The index pulse enables counter 1215 (which is preferably a
20 3 bit counter) through flip flop 1205, and the counter 1215 increments the values on the
address lines AO-A2 through the first eight addresses (000 through 111). The track address
(Q0-QI5) is incremented after the eight bytes are read out, since the AND gate 1220 output is
connected to the count enable of counter 1210 (preferably a 16 bit counter). The AND gate
1220 output also resets the flip flop 1205. Upon receipt of the next index pulse, counter 1210
25  ispreset to the next track address, and counter 1215 is enabled to read out the next eight
control setting bytes. Since counter 1210 output QO is ignored, the memory 1225 address is
effectively updated for every 2nd track.
The control settings generating circuitry 1200 can be used with embodiments requiring
less than eight bytes of control settings per track by ignoring superfluous address entries, or
30 such circuitry 1200 could be easily modified to change the counting scheme. Additionally,
embodiments where control seftings are used for different track multiples can be casily
implemented. For example, a different set of control settings can be used for each track by

using the least significant bit QO from the counter 1210 to address the memory 1225,
14



9 servo sector data along a track simlar to track x in FIG 4 was being
witten, the counter 302 would be preset to mnus 2 (the negative of the
sector delay setting) upon receipt of the index pulse. In one enbodi nent,
the sector dewbaysusiting is a four bit value. The cl ock cyRCBHUSMhangs setting

(e.9., 12 bitSkhPiumvt Qﬁ%ﬁﬂa&tamﬁaﬂumﬁgeﬁg&%ﬁwu £thaster wit¥r t9hi Ch the
sector pulse is delayed. The clock cle delay circuit 502 receives that

setting aBrofues cunylinggesarymisetors da aarsetﬁas%@naﬁaomdwamow sector pul se
that 1s dBIRR Wik ddlnada" Mer%fnbgﬁﬁr&ﬁ{s DescatihRRdPadubhd ed by the

cl ock cycle ay setting refera cycle ay circuit 502 is

a counter pfmcmeddhyasqttmut}at widl lba(md-sd mesuch muiemdtyl Refaung nowfo the blocick i nput

connected to the er clock ut t hat .recei,ves the_.sector pulse, and

o out But Ciagrr Sr TG bekporip e 0 CBubRE an SR ET FEF FRREE RSO | g { he

sect or dabansg&g i ng3AdduleT$12 ifdadel a(CFU 802 fleMBryC804C pliriter908, d@lal,oaded with
e

t he cl ock cyc Cb‘i‘isettln and counts down fromthat setting u
recei pt ofieYipr80fisandyatastorage deyive 819 premegiedhin arceamesnaiewbltmebxﬂbwléym e .

delay cir P%%ﬁ) n%l‘”uft !:9}6?: cycle

del ay set ?lﬁlr?lg 3%%9‘53‘“?%‘3% seg? pu geﬁﬁg%ﬁ} ;E)tgrteh?%{ngég héb?lééel ved

sect or pukkewhérband thelemeautior &f mylc hastrﬂsﬁlonsjprbdgces:thle durictioftalify withip atdamorgel ayed
sector _pulse, wth e I be| e i.n number of master cl ock

cyol ed0fefiaaoy mefrles gy ogerbeb ey EaFETE HSHRE wen Rt Cehar  pul se

i s recei vaeteRNinindansducgg2enabl e |nput of the sector counter 302 as

descri bed above The sector counter 302 _and cl ock cycle delay circuit 502

t hus conbi ne t Beforingnow tofke block dizgram eHEIG. Jeprpgrabedingnt of amagenwritehe sect or
del ay and oG} KetfiNgs ditefiiinf% méduld $199ncludes a format parameters module 902, offset

determining module 904, delay settings determining module 906, interpolation module 908,

15  pulse parameters module 910 and data format module 912, Preferably, the master writer
control settings determining settings 812 and its various modules 902-912 are implemented in
software. However, the functionality of the modules 812, 902-912 can also be implemented in
hardware or firmware, or any combination of software, hardware and firmware.

The format parameters module 902 receives and stores format parameters that are used

20  to determine the geometrical relationship between a reference radially aligned servo sector and
a curvilinear servo sector to, and to determine the corresponding offsets, delays, and delay
parameters between servo sector and a curvilinear servo sector. The offset determining
module 904 receives the format parameters and determines the offset between the radially
aligned servo sector and the curvil‘inear servo sector. The delay settings determining module

25 906 receives the offset information and format parameters and determines delay parameters
used to control a master writer controller. For example, the delay parameters can include a
sector delay value, a clock delay value and a residual fractional clock delay. Where desired,
the interpolation parameter module 908 provides a piece-wise linear approximation of the
curvilinear servo sector, adjusts the delay parameters, and produces corresponding master

30  writer control settings. The pulse parameters module 910 determines the pulse width and
amplitude corresponding to one or more laser control pulse streams. Typically, the pulse
width and amplitude will depend upon the radial location of the beams. This means that a

selected pulse width and amplitude can be addressed by tracks or sets of tracks. Finally, the
15



20 The sector data generator 304 receives the sector count (as
nodi fi ed by the sector delay setting and the clock cycle delay setting),
the current track nunber, the nmaster clock signal, and the del ayed sector
pul se. The sector data generator 304 preferably stores the encoded

I nf or mat i on wowny/sdisn servo sectors, addressed by the servo pegitewonaizg track
nunber an Ve ter clock as
Neaort bedgae{% go‘\grggtqﬁﬁgxé@ : hégﬁ\ééedé?%grgglr@l s@%g?&galﬂ:@d Qflh%%ggygett@ uces a pul se
stream coﬂ?ie'swmimngulﬁéﬁﬁ haterpplaticrentodulé 808Ta1d|p@he paraineteprrmdutbamainomg t he

rel evant rvo_ sectar, t ec nteger
cl ock cycr éﬂ%gr Hég}r?gt%g t heﬁg §§°‘§% wbTie ﬂoa?[wy%bn of 5’65"5‘{’ e&hc ‘ﬁg
out put . Timedule$1Lipraferabiy myelmtmmubmttmgdml foimatd the Bfsl arﬁﬂfrmcsﬂ%&rofand

the curvili neﬁ%l servo sector (the portion not accounted for by the sector
and clf)ckcwe YHel ay settings) is provided 30 as a fractional clock del ay

setting. Speciidiiahk Yowkdihe RRELATTRRCE 108bAY wRR 16,8 &l Ufifadindfbiighe OF LNe

fractional delay, and appropriately del ays ?%e out puf receive romthe
sect or dalﬂaﬂgéﬁéf’raﬂomfommngﬁﬁtﬂanm& tiodulé BE-thatmeduced wotoldettiags fet ting, the

del ay resgl) I L ded. b 6., The imumdelay is
provi ded ? Lﬁ’é‘adr%c%%egg%ﬂe eeg'? g%ﬂrd%é s ?#%tlfgh"b)ﬁ!?? %’%E‘{ % | aser
control ps;hemancaﬁxe aprsagme:ﬁdadoye generallp defr@d [fohtibe disiai & beBilddn Wetpival points
contr%\glabtlt uI se arrplaé@%&and w dth as described for the control | er 300

of FI ettty Ay spinfllgpivot pemnk (seRaratien B') and thg distaneyfrem the t hout
havi ng t Oadni€draas ?w‘bh@ tRe/dRE TocRfon T AekmEi £ { "Eﬁ% Féﬁ%th@l"? kTﬁe?K@x%dlg{YecB}us

rmlt|pI|edresoIU|on e.g. 256x) with thro stant|
i dent i cal for hegrraesment iy ﬁ@d@b‘ﬁ\abgnedmfenenm:sahatyntaschbdarc acgmenf atfl p@mts is
provi ded. where the radial axis is perpendicular to the actuator arm. The offset between the radial axis
and the arc segment is a function of an independent variable corresponding to the track
15 number, starting with track "0" at the disk OD and increasing through the usable data zone and
the start up zone. Although separate offsets can be determined for each track, the independent
variable can correspond to a plurality of tracks.
For the arc segment embodiment, the format parameters module 902 can receive and

store the exemplary parameters illustrated in Table I below.

20

Table I:

Format Parameter Description

A =66789 Actuator pivot to data location
(um)

B =176937 Spindle pivot to actuator pivot
(um)

TP =0.71 Track pitch (um)

OD = 64600 Radius of track 0 (um)

First_SU_Zone_Track = 52960 | First start-up zone track

Last_Track = 55776 Last start-up zone track

s=2 Tracks per ROM table entry

16
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The master witer controller 500 enbodi nent of FIG 5 can be inplenented
using 5 bytes of control information as follows: pulse anplitude for the
current track (8 bits), pulse width or duration for the current track (8
bits), sectwogbdossp setting (4 bits), clock cycle delay setrcrR@od/fodssPits),
and residual fractyg - ' —$51 —y ] tracks
and 6 10 passes per*track, this woul d requiorE Rt ? “copt r ol

i nformation. The clontrol information is jatéadnin a master witer resident

data table, prefer Ln-an-electrically erasable electrically,
REEPROV) . Also, the |§T'R SFHPISET EVREPRr abl § addr essed

pr ogr anmabl e nmenor

by the track nunmberzFTozgiTer e MU tT P e Tt EaRS o 2L BerYeivo sEdloST MY t he sane
control information, a nunber (e.qg., i) t%at égrr esrpon S t?) set$ of

tracks). The pul se GR=afi®tER s 15 (W dt h,Cleskuyclesiparreaiatianl so afildr essed by
t he track nunber ] ¢l ock-and residual delay settings.
The amount of cont}f = ¥0or mati on can bg DelayseegrFlosk vfleor porati hg a

pi ece-w se |inear dﬂpg%u si o of—tthe A el DEHRLtor Ths—attows]for
calculation of the residual delay as a func%?gn of a base del ayfand a delta

del ay over each |ipnRB=RpCe€& |f the |indxlayaparrevdluicn on is 20f over 8

tracks, then the - W&-—a—en—gan—ﬁe—-:—edueﬁd—b/ a factor
of about 40 to abdMU8G%KB. Referring nqwitiplissdondeiz delay sc3img, br FIG 6,

an enbodi ment of a TMESTEr WTtTEr COMTOorrer 600 for productrmg——curvilinear
servo sector patterns and incorporating linear interpolation includes a
sect or count erTig0lelays pertaycle T andyeunltipldrdor B0td delpy sglisgroadbeadefiobdiso 4% 306,

flip-flop anal o ul.se [ ver. 310. DACs 312 4 | ock.cycl e | ay
ci v bui ¢ otsn e BESLAR BREO N Ener o Rl frf riupan rifmenatic ano
have the fangsi(e.0rzH6i viajues! & Sitinglententatibhs) C Refefritle te the TR exdpastiFTgNi1 of FI G

5 (al though the Sﬁt%or del ay, clock delay and residual delay settings are
adj ust 2d HERHVEY ETRS-alfhan sabedimgriofameathad 1100, fof deterpiningpasimesers whic

control a master writer to produce curvilinear servo sectors indicates the step 1102 of

determining format parameters.
The offset determining module 904 accesses the appropriate format parameters and
calculates the offsets between the radially aligned reference axis and the arc segment,

10 addressed according to the independent variable "n." This will ultimately produce a data table
of control settings having "n" address entries that each correspond to "s” wracks. Starting with
entry 0, the offset between the radially aligned reference and the arc segment is determined for
each entry
[0..n]. This is also illustrated as steps 1104-1106 in FIG. 11.

15 Preferably, the offset determining module 904 implements the following equations 1-4.
Last_ Track

Last = —-—‘S——- (Equation 1)

n=0.. . Last (Equation 2)

R,=0D-n-5-TP (Equation 3)

floor(vB? - 4° R) +B* - 4?
20 Offset, =R, - acos[ ( ) )J -—acos{( ")2. R B (Equation 4)
17
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schene). Additionally, the controller 600 includes a delay interpolation
generator 602 which 30 receives a delay increnent and base fractional

cl ock delay setting and produces a fractional delay value which is received
by the programmabl e del ay 504. Specifically, for a relevant set of tracks
(e.qg., for sweevsofsgt 8 track set corresponding to the |inegraysoefnis the
del ay interpol ation generator receives a delay increnent and a base
fractional clock delay setting. 11 The del ay increment corresponds to

t he sl ope of tHEauatipnsd and g detaemipe thebtnumbsrotitantions (aad comgspensing tunbenof ent

| i near pi I i . i | S y
correspondi ﬁgr}f‘%gaot %129 5‘%3&%5 teﬁ% tnh?gg%te%fgg%}g? gé)‘/i ?al\{ ]r?t% %ﬁoé)'o({&g{l% %ﬁﬁ g‘%ﬂg@ﬁa or 602
t hen- usestodndepemdenovasible a) and equtationd determipesaheoffiet viluaatoriing| to delepandem| ue

for each current track. For the first track, the 5 val ue may be the base
fracti"bna}'ar&éﬁd’&/ val ue. For successive tracks, the value may be the base
fractional deltaydMa) déRing@Gtdmlias ME&NE 906 WG cdivesitheofiiet Pilues BOFPE Bifset | T

shoul d be noted that the accunulated fractional delay (after numerous :
i nt er pol agsterminipg medyle A0d/and usesdbiosa valyes alongdkikh sedacted formag parametersitesol ut i on

f the f | S [ ' i th
o full ol S e Bllo? el b Ao BB AR PR g 12"
slightly seloesdsnt fadiehal\clack cycdssrequireé srepresentia given offsea nPhexconfralrsettings
i mpl tati i f ti d [ - hi f . lution, th
ol ay 1§ ncRERMTE ety Blenefmbaratied: St Hibart pEiza Fia i ihe o, e
pr ogr anegdiemiiedtion és'ié%‘lllilﬂjmr %&ﬂﬂéﬂe’li?ﬂwﬁﬂcﬁ,%d} HeadxediflaAyeqiMdns,M@nblat i s

e

provided to it as described with reference to FIG 5, and the anal o& pul se
driver 31@etg'gw@qngp e£a nymber of fixed "delays”) corresponding to the offset for each entry and the

determination (step 1112) of the master writer control settings for each entry (which, per the

exemplary equations, can be represented in sector, clock and residual delay values).
15 Preferably, the delay settings determining module 906 implements the equations in

Table 11 to determine the delay parameters.

Table II:
Equation . Number Description
XD = 2-%-R, ) _ Equation 5 | Determine the distance
’ DR ‘between delay
increments
Mult | Equation 6 | Provides offsetas a
Delay, = . ﬂoor( -0, setu)

Yr = Mult XD, Wen) function of delays that
are truncated to output
precision

Delayx Equation 7 | Calculates the number
NSp = floor
D§ of sectors needed to
represent the delay
Delay=- DS - NS» Equation 8 | Calculates the number
NCy = floor
DC of clock cycles needed
to represent the
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15 control pul ses having a controllably defined anplitude and wi dth as
described with reference to FIG 3. Again, the control information can be
provided in a data table stored in a nenory, preferably a EEPROM One

remai ning problemis the amount of tine to wite a master disk. For 2[err]
tracks with s per track and 2 master witer revol util@qﬁ, ass, it
coul d take ﬁ%?%wa* eHy—3++—26 HOtH-s—to— RSt ef—rH-e—tire—c :?992{"_’%?00
RPM This tire can be reduced by providing p nultinpl ereglgglrxrl]l%e&yer wrfting
nmachi ne. For [exaNplfor DéRyDEDE AL DE - PQV| B@ftion DT Eulaks e estdigl pach of
the two beangd will be at a differént radial{locations, they will each have
a slightly dijffferent offset (which can be fpully refl e‘@,"ﬂ%}’d by varianceg in

t he residual “detay—portromrT ctock—fTactTom—Aso—the

wi dt h and anplitude of the |laser control pulse may 25 vary between the
two beans. To The acstepdetes corimd eettingiprodred by therdalaip safingshietarmining hedulé r om
the master witer controller 600 of FI Is replicated so.that the

resi dual déélcaydiﬁﬁsqda@él}a%ﬁ?’r“ﬂ‘%ﬁﬂ@‘é’%‘a&“&ﬁ&t@? ’l?éﬁ“ﬁﬁmfﬂ?'fd'élﬁaéndent ly
control | ggkerpdeiith bf the aRNahent! AGeRla0¢dy Ghe pirambels chh 6o adjust@fofieQdtient of
a master witer controller 700 having dual |aser control pul se generation
30  donprastes dvriersontrelier 60070 thaginplements bnead interpejatinm: é’[r@‘graslmt,he

2 TR e S B i1

del ay i ntieterpolatibh oonsgaaner at or 602 (| ess the additional output) having
substantially the sane connections and functionality of the master witer
controller 600 12

Table III:

Equation Number Description

q0,=DS-NS, +DC-NC, + ND, Equation 10 | Determine delay at point n

gl,=DS-NS,,,+DC-NC,_, + ND,,, | Equation 11 | Determine delay at point
n+l

s ( Mult ] Equation 12 | Determine interpolation

A, = floor{ {g1, -qon)' Pass | constant,
max(A) = 99, min(A) = -
50.

10 As described above, "mult” is preferably adjusted to keep A, inan

implementable range such as [-128,127]. Once the interpolation parameters are

determined, the interpolation parameter module 908 adjusts the sector delay (NS),

clock delay (NC), and residual delay (ND) values to eliminate any negative

interpolation values. This is also illustrated as step 1114 in the flow chart of FIG. 11.
15  Preferably, the iﬁterpolation parameter module 908 implemen;ts equations 13-16 in

Table IV below to eliminate negative values.
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enbodi nent of FIG 6. The nmaster witer controller
outputs for the delay interpol ati on generator
and one for the second beam Additionally,

602,

700 further
one for the first beam
t he progranmmbl e del ay 306,

inclu

des two

flip-flop 308, anal og pul se driver 310, DACs 312, 314, programuabl e del ay

504 and DAC QQ
beam #1 are re
(shown as 306',

M,

308', 310', 312', 314',

are used to generate the | aser control
d to generate the | aser control
504" ,

506') .

pul se
The replicated

se 5

R

for

BELHT:2

circuitry 306
in the sanme f
clock cycle v
produce a | as
different fra
of beam #1 ve
| ocal |inear

duration sett

depends upon t{he pul se duration setting

Simlarly, th

. 310' , 312", 314,504
1gﬁ$@§yzHomever, the two se

, 506" is con
ES can receive

nected and fun
different fra

Ctions
bt i onal

ues.fromthe delay Interp
Shqﬂﬂﬁﬂq(ﬂ pul se having dif

on gener g

hl-at
g?‘@ £ anpl i t d

r 002, and c
(Ln"g“ﬂ'h%‘??}’r Wi dt

n
h. The

cTTonal 10 gIOCK Cycl e val
he 2Pasghi ch have a
XL, &?e&mameAw dth for

ng i nput to programmuable d

s ool i da £ or oo

eSS ar e_gdepeng

qalen 13 ati g
beam #1 depend
bl ay 306, wher
nput to progr

£l A==

ent . upon_tne 1
nSRimepglation up
ROR ol
Zottii o %%&b
Ahendeligycat e by

thao ol o~

cation
bn the
5 e

bam #2
306" .

setting input
t he anplitude
Wth two beam
700, the mast
whi ch can cut
Al t hough vari
i nstructed by
of FIG 7 can

MO AITT

ke d

P PO STap T T aa ot
to the 5 progra
#AHC, e
5, such as those generated
er witing can be done with
the master witing tinme do
bus enbodi ments will becone
this description, the mast
be i npl emented using 8 byt

<L dbonel 525)0)

anandc

-, UCPCIIUJ urJ\a
BauaB@r614 hr oug
bl e del ay 3(
Usi ng the mast
2 passes per

\n t o about 3.
evident to tH
br witer cont
bs of control

0.
LI "N I ) rJul pe ) g

ANBCishdde avhef

6' through q
Beatiive SUFEE it
INeR6/ds nBgdiioad
7 hgﬁ?szégb
@theryise His sehtoe
Qpller 700 enb
i nformati on as

Dl | t ude
eas
314" .
ol | er
bf 6,

bdi nment

follows: puls
wi dth or dura

p nBIngde for _beam 1 al on
NS5 NG amOC AM¥n

g the cp

T

rack (|

track (8. bits)
Next@yovides| se

positive value.

pul se

ANS, =if(NC, + ANC, <0,1,0)

Equation 16

If the correction
ANC, for NC
becomes negative,
then add a sector's
worth of clocks to

NC

Finally, the interpolation module 908 adjusts the sector, clock, and residual delay

values using the following equations 17-19. The parametér DC can be adjusted to keep

10

ND in the implemented range.

ND, = ND, - DC-ANC, Equation 17
NC, = NC, + ANC, + CS-ANS,  Equation 18
NS, = NS, + ANS, Equation 19

The master writer control settings produced by the delay settings determining module

906 or the interpolation module 908 are received by the data format module 912 which uses

conventional routines to format the values as, for example, a series of bytes. Each set of

control settings (in byte form) can be provided in a data table that is addressed according to the
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anplitude for ypbeam 2 along the current track (8 bits), pulse width or
duration for lgeam 2 along 25 the current track (8 bits), sector delay
setting (4 bits), clock cycle delay setting (12 bits) (sector delay and
clock cycle veisagoset tings can be provided with 2 bytes), rpesiudviiozss

fractional m&épe&dend\eixﬁmesxe%hﬂﬂm( fthd values AFprA BN of ihedarRiMle fsFmkirksy -

Referring now to the schematic diagramof FIG 12, an enbodi nent of control

settings gesiepdtithig BG: ELi Erﬁ@f@bﬁﬁleﬂh‘&ﬁa@%’rﬁ@l’%@é in ReMyamastprefgrablyin acont r ol
settings i u ter
1915  AND “3%?& %"2’(@ ﬂtg.xne‘iﬂn%raaé%gg:' h &nf}a‘i‘ 6#2%%91?0 "zegw?;s&%?'e% le“rg'afﬁ e
convent i orsaftings astespoRRiDygto theEﬁBﬁm kxhplitudesoﬁpstsels \uh;xcbiatreqmwdﬂdélyl theputam)r y
for storl ng the mast l.ter control sett ntr ettin

gener at nguemice sl 'The by Tiranirest Sty 2l e pLh R A e yendble n

conj unct i Gicl\hhithEPsre @funtiibh 6f the fidial PositRin cRTROHKIETHuS, ﬁ)héblanipla;) tRpaARE ei ght
bytes of control setting_ information. The nenory 1225 provi des the control

settings iwidt cgabg centralied togroduce pEangebeiweerapproximatel 1335 Hd 290 ranpssaends|
settings acfeﬁexﬁkﬁk 9n§ g@&:ﬁ&l Qx%erpmgér}.erﬁg&m QBﬁaﬂﬁ &Q%ﬂhﬁé @%H 9 S

i nformation corre pon scri bed
enbodi nentsnnéamanbllaiftoq:mﬂuc@i mnmtietwqpa ap}x-onmti:l)f andm%um\a(,\kﬂx highérs, in
t he datatable here i s t ontro ngs,that are used for
Lrackalt) AgRpitudes Bear i The rblse Wit andatpotiniie i be  Sipte e Bptiqnatcs 2
and 3, andhémdeienddltQadidbiexe | east significant rrermry 1225 address bits
(A2- AO) address the eight entries within each set of control settings. The
fifteen nost silkgiape criptipp jsyinclyded tojiustraipithe epergionof theprefarssd cor r espond

to the fifdaRBiniE% andi@hdtmheafith i Lo mbehtibh e F i the GhovR! discussion,

many variations will be apparent to one skilled in the art that would yet be encompassed by the

15  spirit and scope of the present invention. For example, although examples of the number of
bits used for various master writer controller settings are provided, it will be recognized that
the number may vary. Additionally, alternative master writer controllers may implement
different control settings to incorporate the offset into the generation of the curvilinear servo
sector pattern. For example, a master writer controller may omit the sector counter in favor of

20  aservo sector pattern bit map that is addressed differently, such as by track number only. This
embodiment would omit the servo sector delay setting. Other embodiments will be

recognized. The scope of the invention is to be limited only by the following claims.
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track count. A new track pulse initiates a read of eight entries in the
data table, and those eight entries are used as the naster witer control
settings for the current track. The new track pulse is generated upon the
occurrence of a predeterm ned nunber of index pulses. The nunber of 15

I ndex pul ses Wom9y/smse tr ack pul se depends upon the nunber of ppads®aotsaat are
used to wite each track. Typically, acpgstrack pulse will occur every 2nd
or 6th index pulse, since 2 and 6 pass per track witing is contenplated.
In the enbddiant of FIG 12, each control -setting entry is an eight bits

data out put (DO04D7) fr ggé-;{ . | X I 9@@F nt er
1215 (which is g'ref ef‘a‘g{ﬁf/ééz}&z%@ ?ﬁl%@gﬂnl{%?#@ﬁﬁ?%ggﬁ&% I'p 403%06‘%%5, and
t he count ercufh@lirfeat secvoeseetn patterine on aimastsr disk, tHeamethelt @ssprisinges AO0- A2 t hr ough
the first eight ,addresses. (000 through 111). The track address (Q0-QLl5) is
increrre_r?t ed aftgFte’E‘WBm\giaaiﬁ%%g"lté@“h‘ﬁgH‘F@ﬁ bstweeng TRieEnc XIS Jyate 1220

out put is connected kgvilingarSQVHsecBRaAlBhEa fitst ¥BLPIhe Frader dipg;ef erably a 16
bit counter). The AND gate 1220 output al so resets the flip flop 1205. Upon
recei pt of the degminingaseqnd offsct Somthedistancebepreenithe rgfeeenee ativandhe next
track address, and c : ' r | ght
control setting byt eE{é?ﬁéné%gﬁﬁﬁgﬁ&ﬁfgqgh‘f%l&s%gﬁ{sheiii’g%g?g%‘,t’tﬁne menory
1225 address is eff esdcondoffsetipyigeadiiffaentaulne froanthe it offset;The cont r ol

settings generati.ng,cigcuilr 200 .can_be used with, enbodiments requi.ring

ess £ hitn el ght HPE 4 S5F oo Sfemutas el st rtt e FoRGRIGFEAE L NERRS Lous

address entries, or HlomfatiftoQhe Stitifchr deFAOscEN Idnp thedtSt thadi;modi fi ed to

change the counting schene. Additionally, enbodi ments where control

settings are used foAndfifferent track nultiples can be easily inplenented.

For exanple, a qi; s 0l Setti . or each track
%Jn& HeSB¢ond Stsd f(%i@é[?éy%&fa soédnld! sBEGY n?ﬁp:(ra I%ieg?gﬁxcjl

by using the | east~significant romthe coun to address the
menory 1225. settings for writing information to the curvilinear servo sector along the

15 second track.
2. The method of claim 1, further comprising
determining a first delay corresponding to the first offset which provides the
amount of time for the master disk to rotate from the reference axis to
the curvilinear servo sector along the first track;

20 determining a second delay corresponding to the second offset which provides
the amount of time for the master disk to rotate from the reference axis
to the curvilinear servo sector along the second track; and

determining the first and second sets of master writer control settings using the
first and second delays.

25 3. The method of claim 1, wherein the first and second sets of master writer
control settings correspond to at least one of the number of sectors, clock cycles and fractions
of clock cycles between the reference axis and the curvilinear servo sector along the respective
first and second tracks.

4, The method of claim 2, wherein the first and second sets of master writer

30 control settings correspond to at least one of the number of sectors, clock cycles and fractions

of clock cycles between the reference axis and the curvilinear servo sector along the respective

first and second tracks.
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14 The above enbodi nents inplenment delay settings for controlling a
master witer to produce curvilinear servo sectors. These del ay settings
can be stored in a nenory provided with the master witer. Qher _
enbodi ments Qfo dofiG1s8" €sent invention are used to produce the g sg%mg_%ttl ngs

that will be stored.n _suc r Referring now to the, bloC

di agram of FI GSC')S, héﬂﬁlghfgé’?c'geﬁﬁnqi %@‘Trﬂaiﬂi‘f‘g’egﬁﬁg‘éﬁﬁﬁdi‘srfé‘ﬂeq)?“h-‘h?dé‘ii@ﬂr'-"f
writer conthe@lasteedisk.ngs det erm ni ng nodul e 812 i ncludes a CPU 802, nenory
804, printer 806, display device 808, and data storage device 810 connected
in a conventiorfal ar¥hiPPaRNS Y dsterminingpameeteryfor coptplinga mestgr wiitevent | onal

Nt (O el IR b s LS B o TP RN Ol ShogMsEe, and Che

execution ‘of such instructions "produces and anong
10 theS vari oust fepualiperan@®es-1I8ddulel donproviding laakference mds thak imaligried withst er
writer control settitﬁ\ %et m ni glfgdiggd_ul e 812. Referring now to the bl ock
diagramof FIG 9, an efhd et master writer control settings

det er m ni ng nodinl offs&detemiiniipdsdute, iDEdRhum StRNRHE the IR fr@HcersOf f SEt
determ ni ng nodul e 904, delay settings determ ning nodul e 906,

i nt er pol ati on nodul &Y, for detemmining a Bt Dfsetchetvarp e wefoonoe axid andia a f or mat
et tings 12 and |1 byien seoskibe Bhig Shret Bk o Ehbt e 38 X Cof t v .
Howevetd the functi datsfhiningafsecond offselbetreces U reRihc® idls amithal so be
nardvar e and 11 mvaf B ERE FEPRRoTlpE A el R P aheBE R it e and st ores
format paraneters tIsedondbffsey Afdng a different value from the first offset; and
a delay settings determining module, in communication with the offset
determining module, for using the first offset to determine a first set of
15 master writer control settings for writing information to the curvilinear
servo sector along the first track, and using the second offset to
determine a second set of master writer control settings for writing
information to the curvilinear servo sector along the second track.
7. The apparatus of claim 6, wherein the delay settings determining
20  module determines a first delay corresponding to the amount of time for the master
disk to
rotate from the reference axis to the curvilinear servo sector along the first track,
determines a second delay corresponding to the amount of time for the master disk to
rotate from the reference axis to the curvilinear servo sector along the second track, and
25  determines the first and second sets of master writer control settings using the first and
second delays.
8. The apparatus of claim 6, wherein the first and second sets of master writer
control settings correspond to at least one of the number of sectors, clock cycles and fractions
of clock cycles between the reference axis and the curvilinear servo sector along the respective
30 first and second tracks.
9. The apparatus of claim 7, wherein the first and second sets of master writer

control settings correspond to at least one of the number of sectors, clock cycles and fractions
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20 to determne the geonetrical relationship between a reference radially
al i gned servo sector and a curvilinear servo sector to, and to determ ne

t he correspondi ng of fsets, delays, and del ay paraneters between servo
sector and ayguskdiignear servo sector. The of fset determ ni pgriRebAosss904
receives tFe forrrgt araneters and determ nesl.the of fset hetween the

radi al |y &fFigrkareles beRyeelbe riferaneg axisand e srrvilmear segio sHorAlngsPe TofpRs ¥R | ay
settings driterdicobmiragrsiul e 25 906 receives the offset informati on and
format paraneters and determ nes, del ay paraneters used to control a_ naster
writer control 1@r. 4&smethodfaretermining prrargsters forerproihng s MASETRAIEHI Produse t or

del ay val !&ﬁwgﬂxeﬁjs% sElgd ftéfrﬂé YEa Aaketdilie tedhidhod do Trikﬂ?f’i' _clock delay.
Where desired, the interpolation paraneter nodul e 908 provi des a piece-w se
| i near 5appr oxi pmviding axkeferdnee ais;vi | i near servo sector, adjusts the del ay
paraneters, an roduces goryespondi ng nast er 3% writer control settings.
e bul se- par afPEPUTERafEt bEYRRNRE R HRE Pk et a PUX B ER R AT ol | ¢ ude
corresponding to ongador nore | aser control pul se streans. Typically, the

pul se width and anpljtude will depend upon the radial |ocatjion of the
beams. This meSfpemMIpAg ableast prepaster Jptereconirelsatting hassd ppontheietfetn pe

addressed by trac ksb&‘;,eé!%&e@grﬁcg 0K snd e %ﬂ%‘(‘?ﬂe‘ﬁg‘? 1l&1tor, data fornmat

nodul e 912 converts the control settings pro y the delay settings
det er iiPni ng nodll e 8086pparssciopddtermining prdmttersFaSontellipgia mestprwateetoer s
nodul e 91Q into a f.ornat | enent ed by a ster writer cont.r.oller 500,
500, 700, P Lo rliPr Sy SRter B RS oy ¥ st Rk oo Metefle BB Bkc ol vt he
control setti ngformatpdranéters modble, fdppraviding Jrefskneeaxiflyt es of 5 control data.

an offset determining module, in communication with the format parameters

module, for determining an offset between the reference axis and a
15 curvilinear servo sector; and
a control settings determining module, in communication with the offset
determining module, for determining at least oJe master writer control
setting based upon the offset between the reference axis and the
curvilinear servo sector.
20 12. An apparatus for writing curvilinear servo sector patterns on a master disk, the
apparatus comprising:
a sector addressing circuit, for outputting a servo sector number that
incorporates an offset between a reference axis and a curvilinear servo
sector;
25 and
a sector data generator, coupled to the sector addressing circuit, for receiving the servo
sector number and outputting servo sector data delayed according to the offset
between the reference axis and the curvilinear servo sector.
13.  The apparatus of claim 12, wherein the sector addressing circuit
30 comprises:
a sector counter, coupled to the sector data generator, for receiving a sector delay setting

that represents a first portion of the offset between the reference axis and the
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Referring now to the schematic of FIG 10 along wth FIG 9, an enbodi ment
of the master witer control settings determ ning nodule 812 that produces
control settings for generating an arc segnment shaped servo sector pattern

I s descri bedyo fsoigel Ustrated in the schematic, the arc segp@ﬂ%ﬁﬂ%pe
general ly defined ergJPt he di stance between the pi v% oints, of the
'SERD:

actuator arm and t FHEVIYREAE SEXP YA aps IASPTRSERTAE iSgnginthe ng t he

di stance fromthe @dérdahdtiondf tReRervOkedist duidedat a | ocati on on the nedia
("armlength A"). The index radius vector for the arc segnent is a radially

al i gned referelfee Dhesrpaatus pfplaimsid, whereinethe sestos sepniarrecgivesa sestontlodkher e t he
radi al axi:§.d I F Lhe UatnSe en the
radi al ax%l?%ﬁlgpgﬁggd;?éﬁés&e'gén%% 'S asg‘fqhnct [ oﬁ%&ggljgﬁltg%%gﬁgen vari abl e
cor r esponciraug further bemprisesk 15 nunber, starting with track "0" at the disk
OD and i ncr easi t hrough the usaple data zone and the start up zone.

Al t hough separ%{]gc}‘o‘ﬁaé’e%émj&afﬁu‘agﬁ?etg%F??\E‘ﬁéﬂ“nlt%’r%58‘&‘3&??%%E,secf‘ﬁe i ndependent
variabl e can corresieRQign@l, fecoivingaldidck c9tle'delay Sebting it réfi@ens @ Segment

enbodi nent, the format paraneters nodul e 902 can receive and store the
exenpl ary par anet ersscqnd[pggionf the qffsethgsveen thaseferspce ods dhe 1: For mat

Par anet er g@%;' | %g‘: = : . uat or pivot
to data | ocation (ucr"gV = éieg%d éand%zﬁ)%mnngmGCIﬁgic%%?%e]%s\}éﬁto act uat or
pi vot 1§um) TP = 0. dfto the sector clock signal.  Track pitch (um OD = 64600

Radi us of t racrs- 0 ('llgpapparatus of claim 14, further comprising:

a fractional delay circuit, coupled to the sector data generator, for receiving a
fractional delay setting that represents a third portion of the offset
between the reference axis and the curvilinear servo sector and

15 incorporating the third portion of the offset into the servo sector data
output by the sector data generator.

16.  The apparatus of claim 15, further comprising:

a delay interpolation generator, coupled to the fractional delay circuit, for
producing fractional delay setting values derived from a base fractional

20 delay and a delay increment corresponding to the location on the master
disk.

17. A method for writing curvilinear servo sector patterns on a master disk, the

method comprising:

generating a servo sector number that incorporates an offset between a

25 reference axis and a curvilinear servo sector; and

receiving the servo sector number and outputting servo sector data delayed
according to the offset between the reference axis and the curvilinear
servo sector.

18.  The method of claim 17, wherein generating a servo sector number

30  further comprises:
receiving a sector delay setting that represents a first portion of the offset

between the reference axis and the curvilinear servo sector and

25
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First _SU Zone_Track = 52960 First start-up zone track Last_Track = 55776

Last start-up zone track s = 2 Tracks per ROM table
entry 16 SUBSTI TUTE SHEET ( RULE 26) Pass = 2 [err] s
Servo witer wassssisfer ROM table entry SR =255 PCT/US99/10256 SCT VO

sectors per revolutign = 1040 o .Cl qck cycles per servo
sector. CR = CS[err] §ﬁ°°rp°mmgltg° sector delay sﬁ%&ﬂ“@ﬁ??@“‘}%&ﬂ? Puti on DC= 160
Del ays per cl ock cyciestoPmumbdC [err] CS Del ays per sector
DR = DC [err] CR . Delays per revolution Mult = 22

Mul tiplier for &2 taT’éFeW‘ﬁ‘;W%%%ﬂh}‘WngWée‘ﬂélgﬁiFémﬁéPSE‘YEF@‘Q!)@“H‘HE’ nul tiplier
for delta gghay mswg can be defined so as to keep the nmaxi num nunber of
del ays, int erpofatl on val ues and delta values in inplenmentable ranges (e.g.
256 val §es for gchivingiamidckepele delaysetting tht fepraséntyja sasondporidmef thhart of FI G

é ét 2r m ﬁ: ggg p\z,amr gne'lt: L%ée\%ﬁ‘ft%%mc@%e?%%%g%gdéﬁg M&a@g%v%%egg)ﬁa curvilinear
servo sectors indi caingsrpbiatngthe Blodll Byzledelal Sighilihtdiak8cthadlobkisighal thitet er s.
is used to generate the servo sector number.
20.  The method of claim 19, further comprising:
10 receiving a fractional delay setting that represents a third portion of the offset

between the reference axis and the curvilinear servo sector and

incorporating the third poi'tion int_b the servo sector data.
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L w7 26



The offset determ ning nodul e 904 accesses the appropriate format
paraneters and cal cul ates the offsets between the radially aligned
reference axis and the arc segnment, 10 addressed according to the
independent,%grjgﬁg "n." This will ultimately produce a data table of
control settings having "n" address entries that each corr &JEPRIM®ES6 s"
tracks. Starting with entry 0, the offset between the radially aligned
reference and the arc segnent is det?&ﬁined for each entry [0.. n]. This is
also illustrated as steps 1104-1106 i G 11. 15 Preferably, the
of fset determ ning nodul e 904 inplements the foll ow ng equations 1-4. [err]
(Equation 1) n =0 ... Last (Equation 2) Rerr] = Ob
nferr]sferr] TP (Equation 3) 20 [err] 17 Equations 1 and 2
determ ne that nunber of iterations (and correspondi ng nunber of nenory
data tabl e addresses), equation 3 determnes_the radial |ocation on the

di sk according to i ndependent variable n Zanf\equation 4 determ nes the

of fset val ue accordigg t o i ndependent -var\§bl e n. The delay settings
determ ning nodule 9 receives es fromthe offset

det erni ni ng nodul e 904 and uses (? se val ues ng with selected fornmat
paraneters to determn ster cont SeX tings such as the nunber

of sectors, nunber of/clock cycle

FIG. 1

110
)

(=]
114

SUBSTITUTE SHEET (RULE 26)



and residual fractional clock cycles required to represent a given offset.
The control settings 10 are addressed by independent variable n. Steps
1110 and 1112 in FIG 11 illustrate the determ nation (step 1110) of the
time delay (which, per the exenplary equations, can be a determ nation of a
nunber of fiXP9sg@Pays") corresponding to the offset for P_FRs6obeg and
the determnation (step 1112) of the master witer control settings for
each entry (which, per the exenplary equations, can be represented in

sector, clock and residual delay val uﬂé‘bZ 15 Preferably, the del ay
settings determ ning nodule 906 inplenents the equations in Table Il to
determ ne the delay paraneters. Table Il: Equation

Nunber Description [err] Equation 5

Det erm ne the distance between delay increnents [err]
Equation 6 Provides offset as a function of delays that are truncated to

out put precision [err] Equation 7 Calcul ates the
nunber of sectors needed to re tjhe [err] Equation 8
Cal cul at es the nunber of cl cygl es neede o} resent the
M
( 102
220
103
Do 202
D
204
110 oD
106
S 212
108 | 218
212
212
20

FIG. 2
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18 remai ning delay ND[err] = floor Delay[err] - DS[err]NS[err] -
D err]NClerr] Equation 9 Calculates the residual delay The master witer
control settings produced by the delay settings determ ning nodul e 906
coul d be usggp¥gdolsgd Master witer controller 500 that doeg not :qgl enment
| i near interpolation of the arc segnent. Alternatively, thECBHF%? érs can
be adjusted for use with a 5 master witer controller 600, 700 that
i npl enents |inear interpolation. Pr %Qablly, the interpolation nodul e 908
t

i npl enents equations 10-12 illustra in Table Il to conpute the
interpolation constant. Table I11: Equation
Nunber Description gQ[err] = DS[err]NS[err] + D err]NC[err] +

ND[ err] Equation 10 Derceﬁ@ne delay at point n gql[err] = DS[err]NS[err] +
Dl err]NCerr] + ND[err]"g@ation 11 Determ ne delay at point board die

nanpak sah purposely seh ) n+l [err]
Equation 12 Deternine interpolation constant, max([err]) = 99, mn([err])=

- 50. 10 As descﬁ%_ above, "mult" is preferably adjusted to keep
[err] in an 385_ _
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i npl enent abl e range such as [-128,127]. Once the interpol ation paraneters
are determ ned, the interpolation paraneter nodul e 908 adjusts the sector
delay (NS), clock delay (NC), and residual delay (ND) values to elinmnate
any negati Vev{é‘&yf{p%ﬁ' ation values. This is also illustrated as step 1114 in
the flow chart © G 11. 15 Preferably, the interpol ati orcpesssnasiser
modul e 908 i npl enments equations 13-16 in Table IV below to elimnate

negative val ues. 19 Table IV: Equ‘ﬁi' on Nunber
Description [err] Equat 13 Use interpol ati on const ant
to predict the delay at n + 1 [err] Equation 14 [err]NC[err] is made
a negative integer if Next[err] is negative, otherwise it is set to O.
Next[err] = Next[err] - DCJerr][err]NCerr] - Equation 15
Next[err] provides positive value. [err]NS[err] = if(NJerr] + [err]NCerr]
<0,1,0) Equation 16 If the correction

o

(@]

ID

1 Oﬁsetx
~
\

-~ Tracky
g* Offsety

CSS \
1 RSS3 RSSs RSS{
FIG. 4
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[err]NC[ err

] for

NC becones negati ve,

then add a

sector'

s worth of cl ocks

to NC Finally, the interpol ation nodule 908 adjusts the sector, clock,
resi dual delay val ues using the follow ng equations 17-19. The paraneter
can be adjustegbéssokgep 5 ND in the inplenented range. ND[err] = ND[err]
Dl err] NC err] Equation 17 NCerr] = NC[err] + [err] 72y9p/10256

CS[err]NS[err]

Equation 18 NS[err]

Equation 19 The master witer control

settings determ ning nodule 10 .9Q6 or
received by the data fornmat
for exanpl

format the val ues as,
settings (in byte forn) can be provided in a data table that

according to the 20
provision of the data table is i

Pref erably,
witer
control

Negative
of the Sector

Delay Setting
R

i ndependgiB gariabl e n.

the data table is p

settings correspondin =
are provided by the pul se

ik he

@

= NS[err] + [err]NS[err]

?ﬁ%i ngs produced by the del ay
i nt erpol ati on nodul e 908 are

deif € 912 whi ch uses conventi onal
L= a series of bytes.
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routines to
Each set of control
i s addressed
Formatting of the values and
EuStrated as step 1116 in FIG 11
i%ed in ROM nost preferably in a master
EEPROM The data format_nodflul e 942 can al so receive nmaster witer
ngth and anplitude of pul ses which

8

Pulse Duration
Setting

FIG. 5

500



5 paranmet er nodul e 910. The pul se paraneters are al so addressed by the

i ndependent variable n such that they are a function of the radial position
on the disk. Thus, for exanple, the pulse width can be controlled to
produce a range between approximately 35 and 290 nanoseconds dependent upon
radi al positivWwasysiser pul ses near the OD), and the pul se aﬁﬁﬁ%kﬂﬂ@z an be
simlarly controlled to produce a range between approximately 0 an 095 nv
(with higher 10 anplitudes near the OD). The pul se wi dth and -anplitude can
be a sinple linear function of the indgffghdent variable n. The above

description is included to ill ugtgate the operation of the preferred
enbodi nents and i s not neant ﬁ){@I-En‘it the scope of the invention. Fromthe
above di scussion, many vari ati oBESwi | | be apparent to one skilled in the

art that woul d yet be enconpassed_gz the 15 spirit and scope of the
present invention. For exanpl e,§%_ough exanpl es of the nunber of bits
used for various master witer ggﬁoller settings are provided, it will be
recogni zed that the nunber may vary. Additionally, alternative naster
witer controllers may inple " annt control settings to incorporate
the offset into the generati g cdrvilinear servo sector pattern. For
exanple, a master witer cont r@E it the sector counter in favor of
20 a servo sector pattern by pssed differently, such as

by track nunmber only. This enmbo@ijment wouljd om fjtte—pervo sector del ay

setting. O her enbodi ments wilI8be recq e pee the iQavention
istobelimted only by the f | ng {Ckdi 1 ai £ '
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| claim 1. A method for determ ning settings for controlling a naster
witer to produce curvilinear servo sector patterns on a naster disk, the

met hod conprising: 5 determining a first offset fromthe distance
bet ween a refwoenssssaxi s and a curvilinear servo sector alo f| rst track
on the master disk; determning a second offset fromthe dis B5éeen

the reference axis and the curvilinear servo sector along a second track on
t he. master disk, the second offset having a d7/f!gterent value fromthe first
of fset; 10 using the first offisel to ermne a first set of
master witer control settings for \A/rgt‘zz@ information to the curvilinear
servo sector along the first track; aneE Boi ng the second offset to

determ ne a second set of master wrif{er control\, settings for witing
information to the curvilinear see gectgroaﬂ)ng t he 15

second track. 2. The net hod& im2ERE her conpri sing detern ning
a first delay corresponding to nﬂ%st fw&eg whi ch provi des the anount
of time for the master disk to_rothte (he reference axis to the

curvilinear servo sector along|Bhe g irp ; RO determning a
(7] S . .
second del ay corresponding t t'@s@gﬁm L whi ch provides the anpbunt
of tinme for the master <R efr eaX|stothe
curvilinear servo sec t he] second grm ning the first
and second sets ?ﬂa-Ll er 5} r ol he first a}znd
second de%aégs @ B S
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25 3. The met hod of claim 1, wherein the first and second sets
of master witer control settings correspond to at |east one of the nunber
of sectors, clock cycles and fractions of clock cycles between the
reference axis and the curvilinear servo sector along the respective first
and second tr ¥X¥/5940 The nethod of claim2, wherein thecriussyio2ssd
second sets of master witer 30 control settings correspond to at | east
one of the nunber of sectors, clock cycles and fractions of clock cycles
bet ween the reference axis and the cur812 near servo sector along the
respective first and second tracks. 22 * C L M S * 5. The
met hod of claim 1, wherein the reference axis is aligned with the radius of
the master disk. 6. An apparatus for determ ning paraneters for
controlling a master witer to produce curvilinear servo sector patterns on
a master disk, the apparatus conprising: 5 a format paraneters
nodul e, for providing a reference ayNs that is aligned with the radius of
the master disk; an offset deternin??b nodul e, in conmunication with the
format parameters nodule, for deterrfijnigg a first offset between the
reference axis and a curvilinear serlMo &ector along a first track on the
mast er di sk, and 10 dgtet m ning a second of fset between the

reference axis and the
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curvilinear servo sector along a second track on the master disk, the
second offset having a different value fromthe first offset; and a del ay
settings determ ning nodule, in conmunication with the offset determ ning
nmodul e, for using the first offset to determne a first set of 15

master witer ?BP settings for witing information to thBCEUSMIAShear
servo sector along the first track, and using the second offset to
determ ne a second set of master witer ntrol settings for witing
information to the curvilinear servo séﬂigr'along t he second track. 7.

The apparatus of claim®6, wherein the delay settings determ ning 20

nodul e determnes a first delay corresponding to the anobunt of tinme for the
master disk to rotate fromthe reference axis to the curvilinear servo
sector along the first track, determ nes a second delay corresponding to
the amount of time for the master disk to rotate fromthe reference axis to
the curvilinear servo sector along the second track, and 25 det er m nes
the first and second sets of master witer control settings using the first
and second del ays. 8. The apparatus of claim®6, wherein the first and
second sets of master witer control settings correspond to at |east one of
t he nunber of sectors, clock cycles and fractions of clock cycles between
the reference axis and the curvilinear servo sector along the respective 30
first and second tracks. 9. The apparatus of claim7, wherein the first
and second sets of master witer control settings correspond to at | east
one of the nunber of sectors, clock cycles and fractions 23
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of clock cycles between the reference axis and the curvilinear servo sector
al ong the respective first and second tracks. 10. A net hod for

determ ning paraneters for controlling a master witer to produce
curvilinear servo sector patterns on a master disk, the method conpri sing:
5 pr¥QPUINY a reference axis; determning an of f sepchrisyagikst he
reference axis and a curvilinear servo sector; and determ ning at | east one
master witer control setting based uPBﬂé he of fset between the reference
axis and the curvilinear servo sector!VA& - 11. An apparatus for
determ ning paraneters for controlling a master witer to produce
curvilinear servo sector patterns on a master disk, the apparatus
conprising: a format paraneters nodule, for providing a reference axis; an
of fset determ ning nodule, in conmunication with the format paraneters
nmodul e, for determ ning an of f set hetweer-tlle reference axis and a 15
curvilinear servo sector, ang~e control settingsdeterm ning nodule, in
comuni cation with the of f#et determ ning nodul e, ™S determ ning at | east
one master witer contrgf setting based upon the of fs& between the
reference axis and thg/curvilinear ctor. 20 12. An
apparatus for witipg curvilin servo sect atterns oM\ a nmaster disk

t he

B = Separation

A= A(rm Length

Disk

- Index Radius Vector
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apparatus conprising: a sector addressing circuit, for outputting a servo
sector nunber that incorporates an offset between a reference axis and a
curvilinear servo sector; 25 and a sector data generator,
coupled to t ol addressing circuit, for receiving thgg ctor
nunber and oﬁ?ﬁu@flng servo sector data delayed according to ﬁ&&9o§ set
between the reference axis and the curvilinear servo sector. The
apparatus of claim 12, wherein the se${f2 addressing circuit 30
conprises: a sector counter, coupled to the sector data generator, for
receiving a sector delay setting that represents a first portion of the
of fset between the reference axis an curvilinear servo sector
and incorporating the sector del ay n the determ nation of the
servo sector nunber. 14. The appar claim 13, wherein the sector
counter receives a sector clock signal ghat is used to increnent the servo
sector nunber, and wh T the—sector—auaressimg 5 crrcgit further
conprises: a cl ock del ay ci rcubéte rﬁlﬁé'PérﬁﬁtPQraHéﬁe ector cqunter, for

out putting the sector |cl ock S|gnaf r e/ ock cyclje delay setting
that represents a l

Determine Offset Between Reference Axis and
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second portion of the offset between the reference axis and the curvilinear
servo sector, and incorporating the clock cycle delay signal 10

into the sector clock signal. 15. The apparatus of claim 14, further
conpri si ng: gwigﬂgfhonal delay circuit, coupled to the sector data _
generator, for P cé|V|ng a fractional delay setting that rePFEUE918254 t hird
portion of the offset between the reference axis and the curvi.linear servo
sector and 15 incorpféﬁténg the third portion of the offset
into the servo sector data output by sector data generator. -16. The
apparatus of claim 15, further conprising: a delay interpolation generator,
coupled to the fractional delay circuit, for producing fractional delay
setting values derived froma base fractional 20 del ay and
a delay increnent corresponding to tf@® |ocation on the master disk. 17. A
met hod for witing curvilinear servoSSect or patterns on a master disk, the
nmet hod conpri sing: generating r nunber that incorporates an

of fset between a 25 ce axis and a curvilinear servo
sector, and r -y and out putting servo sector
dat a del ayed accggi ng to the he reference axis and the
curvilinear servéylactor. 18. The nmethod of glaim 17, wherein generating

a servo sectdr n&ber 30 further conprises:
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g that, Lﬁg_rgasents a first portion of the,

recei ving. a sector del ay set%id‘n. ' :
of f set between the reference*akxts ‘and ¥hre curvﬁ'ﬂ'ﬁ’hear servo sector and 25

i ncorporating the sector delay setting in the generation of gFa servo
sect or nun‘ner]?él.:?r The met hod of claim 18, wherein genera a servo
sect or nunber her conp? TRSRETELEECTUAL PROFERTY RESTZATY a cl ocR&¥cl e del ay

sett i N9 RN ATRONAS RS RATIORGRA INRD ik Tl DRl GSOPERATIRPTREANS pemy

refe-nnn,\ rnorat L Ny
mu 19 VUL, VI T T 1TC ASALEN o4 CACT T 1T

cl oc <‘s§§'§ﬁ'§ﬁﬁélig‘9'"§|“lﬁ'r\ﬁ‘3ﬁ”i6ﬁto a sdct of (11 Faeseiationst BublidatianNaspber=s (s cWQ 89/59150
genef at &11B2188r vo sector nunber. |2 (“)};ng{ggatl%gw%ail%gvgmtf]%b?glr
ftional delay i ] repr g8

conpp-sihg—10 receiving a fr setfing that

ath {2?] x.né’;,;i.impag.ﬁmn@:,f set paeisrfsd| ) ﬁﬁéﬁ%@%&ﬁ RSP KRN Eufohth puen (AT, B

curv|linear servo sector and incorporatfing t I'iK, PS) F FR)IGB| GRY 18, It VO
sect b2 duiqraptional Filing Date: 10 May 1999 (10.05.99) NL, PT, SE).
(30) Priority Data: _ Published
00/075,781 11 May 1998 (11.05.98) Us | With internasional search repor?.

Before the expiration of ithe iime limit for amending the
claims and o be republished in the event of the receipt of
(71) Applicant: SEAGATE TECHNOLOGY, INC. [US/US]; 920 amendments.

Disc Drive, Scotts Valley, CA 95066 (US).

(72) Inventors: HRINYA, Stephen, J.; 1317 Montmorency Drive,
San Jose, CA 95118 (US). BELSER, ‘Karl, A.; 5544
Drysdale Drive, San Jose, CA 95124 (US).

(74) Agent: WARDAS, Mark, A.; Quinta Corporation, 1870 Lundy
Avenue, San Jose, CA 951311826 (US).

(54) Tide: CONTROLLING A MEDIA MASTER WRITING MACHINE TO PRODUCE CURVILINEAR SERVO SECTOR PATTERNS

Trmek x

\ \
O mesy nssy nasy

(57) Abstract

Curvilinear servo sector pattemns are produced on a master media by determining a series of offsets between a radially aligned
reference and the desired cusvilinear servo sector and expressing each offset as a delay that can be expressed in settings for controlling a
mastes writer. Incorporation of the delay into the master writer allows a curvilinear servo sector pattem to be produced using data mapping
that is ordinarily used for the radially aligned servo sector pattern. Thus, curvilinear servo sector patters with a desired resolution are
produccd w_xlhout increasing computational overhead or memory requirements, or decreasing throughput. The delay can be converted into
control settings such as sector delay, clock cycle delay and residual fractional delay seitings that each represent a portion of the delay.
In centain embodiments, a piece~wise linear approximation of the curvilinear shape can be implemented to reduce the amount of required
control data, and a master writer controller that generates pulses for multiple lasers can be implemented.




