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200313592 1 5 OPTICAL DISK DRIVE FOCUSING APPARATUS
BACKGROUND [0001] When reading or writing data to the data side of a
2deBasgnventional 10 use of a FES (focus error signal) provides information
that allows operation of a closed-loop feedback circuit to keep the optical
pickup unit (OPU) focused on the data pits defined on an upper surface of
a plastic layer. [0002]However, emerging technology makes it possible to
write to the label side of the CD, thereby producing an image, text and/or
graphics. 15 Unfortunately, conventional use of a FES to focus on the label
side of the disk is ineffective. [0003]An initial difficulty in focusing on the
label side of the disk is that the FES signal provides a low signal-to-noise
ratio, in part due to the nature of the media used to cover the label side of
the disk. Because of the low signal-to-noise 20 ratio, conventional use of a
FES signal configured in a closed-loop feedback circuit will not effectively
provide signals to the actuator focus coil which result in convergence on
the focal point 390416 sgeRAeH N4 RIANBIAES sgnal i a
conventional manner s that the OPU is biased at rest to focus at a
distance further than the surface of 25 the label side of the disk. This is
because the OPU is designeddg ixeyg@n@gta pits defined approximately
1.2 mm from the surface of the data side of the disk, Thus, a DC offset

must 9993UAMeR reading eraviing detr tRdhettitsidsal b aeavsational
u*rm@fwﬁwgé?(gwﬁ@pﬁghaqu&?bﬁise mféhﬂaéiah. A Caliotvddbipen haiiun of a

tilting of t i ithjn the optical disk drive and 30 vari in the
ClHRBIR0E P ERRE T 1o TR, LS AT AR L] Teguged on the
datayseidelfivedasioarnoppepaurtacldieptistieldysk. Similarly, warping of the

Sg’rkz "%%%ee{r%ﬁépg%é“?é/cﬁ‘ﬁ&%%{, BN SGANAIAINAYIES the
label side of the CD, thereby producing an image, text and/or graphics.

Unfortunately, conventional use of a FES to focus on the label side of the disk is
ineffective.

[0003] An initial difficulty in focusing on the label side of the disk is that the
FES signal provides a low signal-to-noise ratio, in part due to the nature of the
media used to cover the label side of the disk. Because of the low signal-to-noise
ratio, conventional use of a FES signal configured in a closed-loop feedback
circuit will not effectively provide signals to the actuator focus coil which result in
convergence on the focal point.

[0004] A second difficulty in using the FES signal in a conventional manner
is that the OPU is biased at rest to focus at a distance further than the surface of
the label side of the disk. This is because the OPU is designed to focus on data
pits defined approximately 1.2 mm from the surface of the data side of the disk.
Thus, a DC offset must be found to result in movement of the actuator away from
the disk surface when focusing on the label side of the disk.

[0005] Additionally, tilting of the disk within the optical disk drive and
variances in the thickness of the disk produce focus errors that tend to appear as
a sinusoidal variation once per revolution of the disk. Similarly, warping of the
disk creates focus errors that may appear as a sinusoidal variation twice per
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revolution. Without an effective closed-loop feedback circuit, these sources
of focus error can result in much degraded performance when marking an
>dRagRio the label side of a disk. [0006]As a result, new and improved
systems and methods of focusing 5 the OPU on the label side are needed.
SUMMARY [0007]A system provide® a signal to an actuator within an
optical pickup unit of an optical disk drive. In one implementation, SUM
signal data (an output 10 from the quad sensors typically present in the

re%ﬁl%ﬁ?iC'styﬁenéﬂMﬁ Wc%@@&ﬂl@oﬁ%@&%ﬁlﬁlc AR O QRREsateE

processes UM signal data from the SUM table to produce an error
faeumemer samaestidnranehigirgrgdrd esorqanseuken MATking 2w image to

tHBQsENsRkLQfthg@gtuator, wherein the signal is a function of a prior
actuator position, the error term and an adaptation coefficient, 15 vfyal-ljerein

the afPAE1OR BoEitieNEM ARcBRRNEd  SYRIEM RS DetRATS O dRGHRIAY
tHe OoRdibnttre faios| atdeadas pesdéan. BRIEF DESCRIPTION OF THE
DRAWINGS [0008]The following detailed description refers to the
accompanying 20 figures. In the figures, the left-most digit(s) of a
reference number identifies the JIJMMARY.) in which the reference number

frst ofpgRR1: WRIERY Bholife3 G ol BreaIaReTa i use dilieal gl

the drawings to reference like features and components. [0009] Fig. 1 is a
upibghan retical diskdrve olB ApRiIvRismeniatiraicY M algnsbdsiadanamitrut

frafyendOQdad Riensols aypiealydiasamm ShaAnENepiRAXSIBRRISMNIt) is recorded
implementation of a feed forward engine contained WII%I flrmware oI t%e
WA MIER St S CRBASTE IR e = S P S g

thef &bptisblediskpibdsatratamy exentplary divisactuafo30dhiealiisignaiogenerator
ity.Q Fi ' [ ' I
SRR o SAL o el b R i I AT PRy =
function of a prior actuator position, the error term and an adaptation coefficient,
wherein the adaptation coefficient impacts a rate at which the error term is

allowed to modify the prior actuator position.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The following detailed description refers to the accompanying
figures. In the figures, the left-most digit(s) of a reference number identifies the
figure (Fig.) in which the reference number first appears. Moreover, the same
reference numbers are used throughout the drawings to reference like features
and components.

[0009]Fig. 1 is a diagrammatic view of an exemplary implementation of an
optical disk drive.

[0010]Fig. 2 is a block diagram showing an exemplary implementation of a
feed forward engine contained within firmware of the diagrammatic view of the
optical disk drive of Fig. 1.

[0011]Fig. 3 is a view of an optical disk, illustrating exemplary division of
the disk into a plurality of sectors.

[0012]Fig. 4 is a block diagram showing an exemplary implementation of

portions of the feed forward engine.
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3 [0013]Fig. 5 is a flow diagram illustrating an exemplary implementation
focusing optics within an optical drive. [0014] Fig. 6 is a flow diagram

200R1SAR}ing in greater detail a portion of the flow chart of Fig. 5. 5 [0015]Fig.
7 is a diagrammatic view of a quad sensor, illustrating an in- focus
condition. [0016]Figs. 8 and 9 are di§grams similar to that of Fig. 7, in
which the quad sensor detects out-of-focus conditions wherein the optics
focus too close and too far, relative to the focal point. 10 DETAILED

DESEOBIBTIQJ\I §0ix1 4] fiogv Hislarars Alssmasing airtiegsaipragtimpestnehtation
exem dlsk drive an%ﬁéroller system 100. A disk 102 having an
fo%’ﬁ‘é) P EMB AT 1Y% position the label side 106 for marking.
The {4 4] Figad dshey Bodistiddsam sihisthating torgré8tendetailsacpottiodedf Bhe
roller 110. The laser beam 112 strikes the coated surface
ﬂOR'{ %ﬁgwg%ﬁdrg 106 of the disk 102 after passing through optics, such as a
lens M 5tFig1adds A1 dirgraimaatisyvieweef a 1plagdhsensomniustiatingranidn-

fodireclipraibyihe sled motor 120. In a typical application, the sled motor 120
advances the sled 118, carrying the laser 116, in 20 incremental steps from

a raoﬁﬂﬂ?%ﬁ@seégé”& fharariipasams, %W‘élﬁ"a&?a"}?&lﬂfef igdde B WqRHBE

qwéalganm&léf&tdlr@@ﬂ@ﬂf@é@ssteﬂmaﬁgllmﬁér% [pelsptidasecaontel§bse
‘i ntrol t{1 35 atl fthe laser 116 and associated tracking coils
anghip H‘?

g 1, a quad focus sensor 126 typically
contalns four sensors, and is deS|gned to facilitate focusing 25 generally, in

part by sensing the dlsta@fé;rg qﬂgg r@ﬂ? the disk. The operation
of the quad focus sensors may be understood with reference to Figs. 7-9.

In Fig091 ThEigour @m%@mwbabmagmnraaélgd@wmmmaﬂuﬂm disk

drﬂ}@grﬁﬁ%ﬂﬁoﬁ@ys%téﬁﬁﬁﬁ fORTHRRA db%'éﬁﬁg@ﬁtlﬁf’éfﬁ%t%ﬂ”éa@ﬁ% is
the SUM signal. The FES;élgnal is defined: FES = (VA + Vc) - (VB + VD)

OFWH&?@.FP\BQ%E% the (phel sidsr L6 e maéi@QThU‘SW'%iar{QF%e@e‘PlVl@dd'Sk
orsgMdre\otol B08 \fhith is controlled by the spindle controller 110. The laser

beam 112 strikes the coated surface of the label side 106 of the disk 102 after
passing through optics, such as a lens 114. The laser 116 is carried by a sled
118, which is moved in a radial direction by the sled motor 120. In a typical
application, the sled motor 120 advances the sled 118, carrying the laser 116, in
incremental steps from a radially inner edge of the label region, to a radially outer
edge of the label region under the direction of a sled controller 122.

[0018]A laser controller 124 controls the operation of the laser 116 and
associated tracking coils and sensors. In the example of Fig. 1, a quad focus
sensor 126 typically contains four sensors, and is designed to facilitate focusing
generally, in part by sensing the distance between the laser and the disk. The
operation of the quad focus sensors may be understood with reference to Figs.
7—9. In Fig. 7, the four quad sensors, labeled A—D are seen. The output of the
quad sensors may be used to form both the FES (focus error signal) and the
SUM signal. The FES signal is defined: FES = (Va + V¢) ~ (VB + Vp), wherein Va
is the voltage of sensor A, etc. The SUM signal is defined: SUM = Va + Vg + V¢ +
Vp. Reflected light 700 is seen in a generally circular configuration, which implies

that each sensor is similarly affected. Accordingly, the FES signal is
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VD. Reflected light 700 is seen in a generally circular configuration, which
implies that each sensor is similarly affected. Accordingly, the FES signal
2083285¥313592 4 approximately zero (0) volts. Figs. 8 and 9 illustrate
conditions wherein the reflected light 800, 900 indicates that the optics is in
front of, and behind, the focal point. the outputs of the four sensors are
combined to form the SUM signal, which is discussed below. An actuator
focus coil 128 is configured to 5 adjust the optics 114 to focus the laser 116

a@@?iﬁﬁ%@l?sﬂér@ em/&tﬁheﬁgéms taﬁdd'shémah@%aﬂﬂmou?muﬁér&@ the

ol D 0 AR T e o S ke papna. the
fostzitgiants Shehcaspiltssef cithetdmeadsansoravare t8thbideldda0foFig.the SUM
s@ngwwcﬁs”a?ésné&sad bR I B?Sa%&’Pfd&?%%&ﬂaélz%% dgl{)ﬂﬁ%{% to

rogram Statements contained W|th|n iIrmware 132 for executio
aquusctébsomphc@oh‘tﬂot@ﬁch theddsed mvﬁmﬁgmbwd@ea@mgm &em,
thDQe Qgts and provides as output an actuator control signal 202, which
can d into the actuator focus coil 128 (Fig. 1) to control the focus of

the |a[99ﬂ 4 contepiirss 1Bucantrelsshe aperatian pbieTexemplany diskreeve

af@rWard-eMmeHngy2feh r@OQIVGﬁﬂWﬁ:mﬂudﬁw contedvesio 204HeRgdRa to
qﬁuad focus sensors 126 ( F(é;c and an an Ie th % 06 WhIC (}escrlbes

EUIG A AT RIABI BtE REChy Bie(ﬁf’d‘ GRS (st rive 100
(F|g momp?lg]e|sﬂdwmantenelmmla'ycfeeﬁl&mvaMLeﬂQBmsZﬂéo\plnmhdad)tdne

d forward engine. As will b reater d e
coe ﬁ ePé'nP 78 Ba an%é%r%epé Cast)tnw iC rzgnu @Yéaﬁ% e%?% ug)é%&ﬁon by
the gl es o rentoottatier fflied tmtf@ddmmtmdfc&ng;r@ﬂﬂ@fﬁecﬁhewdue or

m%%:\\/ﬁ %%'%RH%%&%%Q%U?,B&% WY B FIBRE PG gﬁf’dliﬁ&% DAdh O e

a to over uence a present va e voltage

feshe e REBALRN GRS ] 28 Figk ke Comtrobthetpausral he iaser 16,
opts fall 40223 crRvergRd-aséepusytheTiRsasemihiara k¢ Yoead eagihthe0o

SR OGHLE) LT s S BER S OF (B INF SR Aot 26
(Figayl leand tre aegienthethi20eéhighich describes the angular orientation of the
disk 102 (Fig. 1) within the optical drive 100 (Fig. 1). In some implementations, a
coefficient Mu 208 is also provided to the feed forward engine. As will be seen in
greater detail below, the coefficient Mu balances a rate at which the SUM signal
204 is used to modify a current voltage applied to the actuator focus coil 128.
The value of the Mu input 208 may be more fully understood by realizing that if
the SUM signal is allowed to overly influence a present value of the voltage input
to the actuator coil 128, the actuator coil 128 may swing too wildly and fail to
converge, i.e. focus the laser on the label surface 106 of the disk. In a worst
case situation, if Mu were not used to damp changes brought on by wild swings
in the value of the SUM signal, the focus level may leave the region within which
the SUM signal may be detected; this could cause a complete failure to focus.
However, if the SUM signal is overly suppressed from influencing the present
value of the voltage input to the actuator coil 128, the laser may not respond

quickly enough to changing conditions, and may fail to focus. Accordingly, the
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the SUM signal may be detected,; this could cause a complete failure to
focus. However, if the SUM signal is overly suppressed from influencing

2dbwe gesent 30 value of the voltage input to the actuator coil 128, the laser
may not respond quickly enough to changing conditions, and may fail to
focus. Accordingly, the 200313592 5%value of Mu input 208 should be
selected according to the specific application to result in proper focus.
[0021] A baseline actuator positioning routine 210 is configured to

vgl%eems fbacetBaHeliros A PRRlicREIRY (6 the ssdemonfpmeat to

128, to 5 result in an associated baseline actuator position and focus
fQﬁb'ﬂFdé‘ PERESHOqYe actuator 128 has an inherent, initial or at-rest position,

whichgoay)raflasdsaing hasaniter qgé@mkbma@agemmhmm tise eorffiglired to

which ma reflect the coil being .allow at an initial voltage, | l.

IETVER B OA 76 TR AR GBI BRP et o alhe ARUPLor IR 128 to

regheiifint am a&sesta‘mﬁbawhhdmpﬁﬂtbepassremrmﬂ(}mmlscedﬂbﬁ pnsltlon The
esigne ocus on a location h|n th re S

AR R s A WS R 26 S ol SHRRHEY (Bl an

inheyeot fuciefanitiMeliaiak ggpﬂmtmdbwbmrwpmbamu egflesidhal goikiheing

aﬁ’&&e%f% lﬁ@at»‘\étaar?msn%‘&@&méw' wseﬂ%*gtﬁh RO DY

application of which to the actuator coil 128 results in approxmate focusm%e

b s eluitheieats deiault tidbrepkiaral Ret AlR SRIMERFAYRS t

Fﬁé@'ﬁﬂ AP GERIg RES PRIBGSTOHENR IO A NRAMINRS diek DidselnryDPagition
evel. It is sometimes the ca fothat the b fyellne voltage has

Ol BHAIOL 3 2 BTN VA o RS VoG PR IDR GISh o Rt
papentdtons(ien the spisk dlﬂf@cdlsio&wnl’hmn Afpticatipanefteaignalyto the

adua ?d'qgéo tﬁe ST AN i 195 berigr A E%@S?ﬁ 20§ é}lil.%“\f&ﬁtg & the

orientation. Such an A omp onent owst eline vo tage to vary'the

aa@t@atmnf@éu@m|t92t3et@¢heamaﬁodh‘e2ﬁawt§$ inepprdmate decusing of the
opHERGe 4R Aldhefivk 403 suBe m@erﬂyﬁﬁe&ééhr@wm MRAURShARahr

or_otherwise imperfect. [0022]In a first exemplary implementation, the

Pesitenng denting %Q%Erﬂaﬁﬁﬁt%&ﬁﬁ?mwelwﬁ@u% tisppmetnr ke
cySHagst tehE1®AEYHAEOUARIGe has an AC component, i.e. the baseline voltage

may vary as a function of the angular orientation (i.e. the spin) of the disk. Such
an AC component can vary according to the sectors of Fig. 3, or as a function of
the angular disk orientation. Such an AC component allows the baseline voltage
to vary the actuator focus coil 128 to maintain the focus of the optics 114 on the
surface 106 of the disk 102, even where the disk is warped, wedge-shaped, or
otherwise imperfect.

[0022]In a first exemplary implementation, the baseline actuator
positioning routine 210 is configured to apply an initial voltage to the actuator coil
128 to move the focal point of the optics 114 away from the disk 102 (Fig. 1) by
an amount calculated to counteract an initial design assumption typically built into
the actuator coil. The design assumption is that the focus point should be inside
the plastic disk 102, to facilitate data reading and writing. However for labeling
the disk, the focus point should be on the disk surface. Accordingly, a baseline
voltage may be estimated to result in movement of the actuator coil 128, and an
associated change in the focal point of the optics 114, which retracts the focal
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128 to move the focal point of the optics 114 away from the disk 102 (Fig.
1) by an amount calculated to counteract an initial design assumption
2agpisadly built into the actuator coil. The design assumption is that the focus
point should be inside the plastic disk 102, to facilitate data reading and
writing. However for labeling 30 the dfsk, the focus point should be on the
disk surface. Accordingly, a baseline voltage may be estimated to result in
movement of the actuator coil 128, and an associated change in the focal

p@mmbsbfah%gpmléﬂéwa@ﬁ r@rtltﬁ@twaﬁrf@s@lomﬂsm@alGjuaom@@ytnereby
g d}orlat fraction of tE)e tfhlckness of tf} %‘ 35
CRURIB RV RedarRIRImatR R BF SHstegaA0% 2h sfqﬁé 4%

102. mzs]mne akamwélrsﬂmemm;almplamprmecbfastbimebasehne
RSRIRERIRHL S g makes g Il el R (B UG EPIGS MbiSised on

ocuse a p0|nt a nown de e surfg
ammadauocmmsmmmntmasm@@&aﬁ the cliskutd2dandasecond

aH26 AR P AU 0B S HE ACEO bt Aitiafe § P MVBPIRE'GHEAI PLR| RS the

baseline posmonln%routlne 210 is based on the use of objective

sunassupE therliskrnd sesenddraetementasionfiihg) bastlirenesiticinggortipe
210 MO \KaeR atiand bshituahjecive rarandiemkiasus T baselineusittator

toQ near to focusipg too far The baseline agtuafqr positioning, rqutine

PSR B8 TR A S MBS0 TONE S DO A THGE o U1 range
ofnﬁramemtallyrmdcbousogrdooahmctbteibm@ufrgrtnﬂw%léhdawpd'rrne baseline
ai@’g‘ Ietlon f the ap %atloaﬂ{the ran]qe of olta sto the a? tor coj

?T]SIO\(/)enIJ][I]gn{ He focus op?%s grli'éemaxmu vglﬁe élﬁﬁ)l, 128
theigugt |ﬂ1[55rmtgwdecrem9taﬂweamh;obemm dhtainedciiomdthen SUM.

%Ogéﬁfgﬁén %RW'&B&%&M@J%%@%H@%'Wol‘giééollr@%e"%ﬁj tor coil

resulted in the position of the optics may be taken as the baseline voltage.

1880 andameneaneehofihedreas eitiesidheciadeyrviaiHad Bierldnsignal is

rébgraéwatph@wm@oﬂné?&@gsymmetmﬁu@a&bbﬁéaanﬁéd the optlcs was
mcrementilly info 20 ctu%/ cus ove the oar? 14 un

BRSNS R oGt B eI Apetion of
the optitschaiayibg thkehras ﬂmohaaémieaidlwgemental voltages to the actuator

coil 1?(?()2%&&%%%?\}'[6}96“5 \é%ncel some inaccuracies within the operation of
the actuator focus coil 128, DC voltage may again be stepped incrementally into
the actuator focus coil to move the optics 114 until the SUM signal is
approximately 75% (more or less) of the maximum recorded during the first
application of incremental voltages to the actuator coil 128. This DC voltage level
may be used as the baseline voltage level.

[0025] Note that different sectors of the disk may be assigned a different
baseline voltage, if desired. For example, the second implementation of the
baseline positioning routine 210 described above could be implemented
separately for each sector arbitrarily defined on the optical disk 102. Accordingly,
the baseline voltage may include an alternating current component.

[0026] The feed forward engine 200 may create a SUM value table 212.
An exemplary SUM value table contains values of the SUM signal for each sector
of the disk 102, and for movement of the actuator in both directions (i.e. toward
the disk and away from the disk) from the baseline position. Detail of an
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may be used as the baseline voltage level. [0025]Note that different sectors
of the disk may be assigned a different 25 baseline voltage, if desired. For
2eR4MpPle, the second implementation of the baseline positioning routine
210 described above could be implemented separately for each sector
arbitrarily defined on the optical disk 102. Accordingly, the baseline voltage
may include an alternating current component. [0026] The feed forward
engine 200 may create a SUM value table 212. 30 An exemplary SUM
exatuplanp|SontaibevaiZessobden StUNakignd| foeleach Jeatiter bfsthewdiskany
102..and for movement of the actuator in both directions (i.e, t r
S%?&f'gﬁggﬁga@r?ro% RS Sfr%?n']“%gg'[ g%%l#ﬁ%%(?éﬁ%&%éﬁ%l&ﬂ%ﬂ umﬁer of
s@C08y IETnet exehasinylSUNKebleorkD ¢asibehenchapged, whilgnmainining

SRR MR itAPRRINES RS R R [N RHROS AN SEIIARAY: ld 5 are for

example,’the number of sectors defined and samples taken could easily be
PEFRIRSSINSHAINGFOIRGEREN 0@ e Winically asidamiemestedegSimilarly,
cSlimiasle, &wm&” | fl?@@rép@ﬁ@é@ﬂnﬁttﬁ’fh@ﬁ@?@ﬁlmgﬁtb’giﬂgimﬂ%qgétaifm?énce
re typically not implemented. Similarly, .columns co e
of i PITS o EEIUTA 2 SRR /A0S AT 2 2L4GRE two columns

(e.g. column 2 values minus column 3 values). TABLE 1 Sector Toward

Away ' SldielReturn 1 X1 Y1 0--24 25-49 2 X2 Y2 50-74 75-99 3 X3 Y3
100-124 125-149,. 4 X4 Y4 150-174 175-19 5 X5|Y5 200;%2@1‘5%25-249 6
ke§87250-299%%5.209 7 K97 3d0-330P55.349 8 x8 374
875-399 10 [0027] Briefly, T 1 illustrates data gssociated wi q]a disk
having elight secté&s note tr?gfeeight rows in the talle). Ref%?rTﬁé riefly to
[ig. 3, itcan be Y2 50—74 75—99

3 X3 Y3 100—124 125—149

4 X4 Y4 150—174 175—199

5 X5 Y5 200—224 225—249

6 X6 Y6 250—274 275—299

7 X7 Y7 300—324 325—349

8 X8 Y8 350—374 375—399

[0027] Briefly, Table 1 illustrates data associated with a disk having eight
sectors (note the eight rows in the table). Referring briefly to Fig. 3, it can be
seen that, for purposes of illustration only, eight sectors 302—316 are present in
the disk 102. Columns 2 and 3 list numbers representing the sum of the SUM
signal as a given sector passed by the quad focus sensor 126 (Fig. 1). (Recall
that the SUM signal is so named due to the fact that the output of the quad
optical sensors are combined to form the SUM signal.) The totaled values of the
SUM signal in column 2 resulted when the actuator moved the focal point toward
the disk from the baseline location; the totaled values of the SUM signal in
column 3 resulted when the actuator moved the focal point away from the disk.

Columns 4 and 5 indicate that where the disk is sampled 400 times per revolution
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seen that, for purposes of illustration only, eight sectors 302-316 are
present in the disk 102. Columns 2 and 3 list numbers representing the
2eatBe¥2he SUM signal as a given sector passed by the quad focus sensor
126 (Fig. 1). (Recall 15 that the SUM signal is so named due to the fact that
the output of the quad optical sensorg are combined to form the SUM
signal.) The totaled values of the SUM signal in column 2 resulted when
the actuator moved the focal point toward the disk from the baseline
(lecatios U sigjate dsvelnid 4 00 ﬂmé&Ws@r«ﬁlﬂhWo@mplésml&zﬂu&ﬂpmade
the actua ved t e focal pQin awa fragm,the d| k. 20 Columns 4
ol B R R R B S Rl Sl TSt
t®e (featheSIMssigimisamiel Botakeres mta@sdohhh@rgcwmlégtaras to the
bgggﬁ?lg/ gﬂgnonly as indicated in column 4. As the sample locations seen
In column 5 pass the quad sensors, no sample is taken. Instead, the

actualBP#8iihe teraea @&‘sélfnéhﬁoﬁﬂéﬁ ?B!)@ZQFW%’@pél%ﬁlo’ﬁ‘%\f tRe dferiter
ufﬂfé’r%t%%s@y?ohaﬁﬁéﬁéhmé’%@‘guQdel’ﬁ@adéﬁ’éé’i%f&sre{fﬂﬂif(fwet\ﬂoﬂgy%een

The uad sensqrs 126 (previously seen [ optical
L als ARG AP Rt I JTSEE i S rESerHareg) the faser
lighgned 207 he SElhsigaial 204 tiscacummatich e fithedcspsbos the GuAd sensors
1
12@!\%{?}gnal |§ g%\?v%%ggﬁé %%?cs%%% Ei%“ are%ut of(%%gllzs%%é‘ t't:1 ogﬁtigrshe
SMM/é'Bﬂélf@cGQFQth/ﬂ%@gﬁatl@%ddﬁresl He e o sefarsihéAsthg optics
n%@eai'm%%&éortﬂw%muo@.%peéeérﬁ@évpasnﬁ% SLN\Atélgnat' Weukine signal

considerably noisier. The S signal is originally analog, but is typically

408nisefRsdliHES AR PWRBRRSHY M A-f63 e?t%?aio‘ﬁ‘)'l*\ﬁ’etlﬁgﬂ%lwgﬁfé‘? y
nofdiae. Sthd Slgwﬂb@frﬂaﬂ-rs wgaﬁ&w@rnﬁlsgrtm |§tﬁy@@b4m@§r&@ﬂéd3uﬁidlam|tal

SUM value t 2 ill Qe di h
N S S e A e TR
soﬂat&a@oﬁﬁmﬁd%tahﬂel@ﬁﬂs\nmoh Robthe SUM dalizeftabls@ 12, as will be

s88R° F%Q AMBEOGR sé&'ﬂzHﬁ'é?a\RﬁN reSpettls %&89%@;&%& glgfigientol

signa 2'for consump on byt & actuator focUs col rst .
colunl@QR9]dalkla 1nﬂu§ttet§max@aplammntermsleﬂ theGUds table 212, which

records SUM data for use in generating an error term, and ultimately, for
generating the actuator control signal 202 for consumption by the actuator focus
coil 128. The first column of Table 1 indicates that each row in Table 1 provides
information on one of the eight sectors of the disk 102. Recall that the eight
sectors 302—316, illustrated in Fig. 3, were arbitrarily formed, and that an
alternative number of sectors could be used.

[0030]Column 2 of Table 1 provides values X1—X8 which represent the
summation of the SUM signal values taken while within the indicated sector (i.e.
while that sector of the disk rotated by the quad focus sensors 126), while the
actuator is adjusting the optics 114 to move the focal point toward the disk (i.e.
while the focal point is being moved from the baseline location in a direction
toward the disk). Similarly, column 3 of Table 1 provides values Y1—Y8 for the
summation of the SUM signal values taken while within the indicated sector,
while the actuator 128 moves the optics away from the disk. Column 2 may be
associated with measurements of the SUM signal associated with a first
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information on one of the eight sectors of the disk 102. Recall that the eight

sectors 302-316, illustrated in Fig. 3, were arbitrarily formed, and that an
208ReéBp2Rive number of sectors could be used. [0030]Column 2 of Table 1

provides values X1-X8 which represeélt the 25 summation of the SUM

signal values taken while within the indicated sector (i.e. while that sector

of the disk rotated by the quad focus sensors 126), while the actuator is

adjusting the optics 114 to move the focal point toward the disk (i.e. while
reébsidneal gfoine idisleivghileoreid iinrg theybbeadissotatetbwibh anéiasutiements of

to the d| k). Similarly, column 3 of, Tabl royiges
e SRR B LR S R VAT e QUTE o Mot el e
csbomﬁ hite tae:aotamtcﬁuMSdmwes itheatpaickiallyaysicensane tshslkeep these
SR 2,aYRe @ssesialad ‘Q'@d%é%éH%@%ﬂ%ﬁm@&i&%lW%@&é@' with_the

assoclated with a first 200313592 9 revolution of the disk, while column 3

differppeeRemesi thaiae HBAR AN Shierms i e ihes RRlinas3 dermdeRAmes
avaRaBd wyQlilijeoddan Gikr NAtS dwérealiu'ﬂ@ b‘awams é’omirdn% COrHAN 3 is

SUM data it is not actually ne hese cqlum stead, th
RS A LA O IETh o cS UM ATNA (2% Tl o KL UeEore
répresehtative sibde3deontermhen the column 3 term becomes available. As

will b ater e dlfference between columns 2 d 3 |

represe %i?lv CW ¢1e grad‘e rent biE @U@F%ﬂrv%e e F 43at|v8 tﬁ'é?e ofrethe
va&mesemauvmaﬂtlae@&mdmate Wmmmﬂbb@sémq tbetdisidralumn 2)
op‘%%yt'?PoFﬁ@Mﬁ ?&ﬁdﬁﬁﬁh%) $ Iteokyans 3@%366%@@1 4—1 16.

whether movement toward the disk (column 2) or away from disk (column

Agsardingbediat f@iu%%fqh@spiwgmfwlef th%&%angnﬂkg%ml?és%?" in
censymmagorl oindieatd ) Matiomal secoslesoftewas qabrmnaa w9utdloving the

T S B e AR o B R e S o
othbesﬁmggabseanmﬁ&mnlmomﬂumh 3wt mrdimte tﬂhat the flacus point
|sk T\g%\ffzﬁ%gﬁxrﬁﬂs ?]gcate thatt %rcrlg] {a%g?é samp 0(':9;2;2:
on [0032]Columns 4 and 5 mdlcate that there are 400 sample locations on
the disk (an arbitrarily selected number). Only the first 25 of the total 50 sample
locations associated with each sector are sampled. The second 25 of the total 50
sample locations associated with each sector are not sampled; instead, as these
sample locations pass by the quad focus sensors 126 as the disk 102 turns, the
actuator 128 is allowed to return the optics 114 to the baseline position, prior to
the sampling the SUM signal in 25 locations on the next sector. Thus, column 4
indicates sample locations wherein samples are taken; column 5 indicates
sample locations that are not used, and wherein the actuator 128 and optics 114
allowed to return to the baseline position. Note that the information in columns 4
and 5 is exemplary and instructive in nature, and that the actual table 212 may

not have this information.

[0033] Referring again to Fig. 2, the error term generator 214 is configured
to use values from the SUM value table to create an error term 406 (Fig. 4). As
seen in Fig. 4, the X and Y values for a given sector are removed from the table

212 at 406. The error term generator 214 includes a statement, procedure or
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the disk (an arbitrarily selected number). Only the first 25 of the total 50
sample locations associated with each sector are sampled. The second 25
2@RtéIdtal 50 20 sample locations associated with each sector are not
sampled; instead, as these sample locations pass by the quad focus
sensors 126 as the disk 102 turns, the" actuator 128 is allowed to return the
optics 114 to the baseline position, prior to the sampling the SUM signal in
25 locations on the next sector. Thus, column 4 indicates sample locations
cudee e samiple ifferémicenXaciivimis oattatetsi 2 theeebpleckdtitigrie thaterror
¢ 263156 <an whetembe acuaian 128 and onilesdd 4 xallg'eg he error
return to the baseliné positon. Note tha Information in columns 4" an

tegris iexetentiad fandsesuitiintsireApaGtvesRFtPR AR thet ki aibitrarily ¢gfiping
L RIS NTRE BRI BN Hoth REIRT fiNtha i eable; ApHve &5Feaier Bbntrol

generator 214 is configured 30 to use values from the SUM value table to
oypEshe S eriSrTEMavOe aBFingdAs seen in Fig. 4, the X and Y values for

a givaoosAiR Mt aisieakfatbHe tableurddckat0B6f thaedmko10er® labeled
generator 214 includes a statem?nt,ﬁg?cedur.e or,200313592 10 code th
oY, RERINEHTRAR G RiPENGR ST AN LRSS: 2 8R)YESIRRTS RGNS AP the

diskmEHid isNseseficihe lsingdthecemotenay e henctibadbEheNatbush af the disk.
error,.term is inte . use within it egtiye .

A S o8 o B AR ER i el 2R pgatec,

thatsby araldingreateviationif 8 pew wakeder therermeajaseoblainéhen a new

viOS4lp EH@%%P'%’H%”@“&’&%MP%F?%@?E@&%@ Bﬁgﬂ&ﬂ'@k r%@%d?ab’é’@% be

by applying an image to a series of annuluses, i.e. donut-shaped regions
aBH"EPfft

eiakfutthrrigmufus Qhthe usfare J08rohierlisk iR tioHhysiHbe SUM
tat'ﬂlglil@; gzﬂ_ﬂaﬁﬁgl@dﬁw%w drilaally, iun@@g&melﬁiim?bﬁémegmwu ) i ﬁiiém}&él\r/lﬁ.e.
. abie IS update there enapll calc QN O new value,for t
TR TENE WA K TS F 6 & P et 8 s i et B e ik
1pBytionhef mtemsdgehihy kseapylldthte ddfirthtraeh dowroash thsusidbe dees

t ; . ’ . ¢ . "
ofY Eie; o 3 ME RN I UREt/RTHE e U Eiitng SUM
dated 118 and laser 116 from the center of the disk

[0035]An actuator control signal generator 216 generates the signal 202
applied to the actuator focus coil 128. In a practical application, the output of the
signal generator 216 is typically a digital value, which is converted to an analog
signal via a DAC (digital to analog converter) for coupling to the actuator focus
coil 128.

[0036] The actuator control signal generator 216 may be configured in a
number of ways. In a first embodiment, a coefficient generator 218 is configured
to generate coefficients for a Fourier series and a Fourier subroutine 220 is
configured to utilize the coefficients generated to generate the signal for
application to the actuator focus coil. For example, where a Fourier series having
five terms is used, five coefficients could be generated according to:

[0037]AO0(new) = AO(old) + (DCO * Ek * Mu);

[0038]A1(new) = A1(old) + (QS1 * Ek * Mu);

[0039]B1(new) = B1(old) + (QC1 * Ek * Mu);

[0040]A2(new) = A2(old) + (QS2 * Ek * Mu); and
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15 102). The intensity of the laser will have to be turned down as the SUM
values are obtained, to avoid marking the disk during the process of
2@patesihg SUM data. [0035]An actuator control signal generator 216
generates the signal 202 applied to the actuator focus coil 128. In a
practical application, the output of thd '20 signal generator 216 is typically a
digital value, which is converted to an analog signal via a DAC (digital to
analog converter) for coupling to the actuator focus coil 128. [0036]The
actugoo4tyBathsignal Bkt pto(QCS gl ‘twonfigured in a number of

ways i t embodiment..a coefficient generator 218.is configured 25 1o
aenclSBe R AR Rl RS PSR HoR TR ot 8.0 Aot
usingfidieefive wiyiouse ddefiredinienienieatedUnlbherdtertrxampte.fop one

irARRAraNaRIA (e ASKHIALIDTHS 86N FRSANEBIIGs ARG AL YBB! H7ISES per

having five terms is used, five coefficients could be generated according
reelgssy ichifedisk ABloldfs (he diskelotales); the Ri6Fs)RlugTevik: Aould
clﬁg(’t)ﬁ?g‘ég}&df‘nglfci tzwﬁllﬁem?(%gé gwadﬁ\,aié%'@ﬂeﬂé@flS;oﬁlﬁéMylfo]cused.
)4 new) = old) + * * Mu); an .
Aé@'{f%\ﬁj‘- B olﬁﬁlgﬁg@gﬁ *g 5'%9'&%4 e g%%]é Lﬁﬁﬂ%gnggéalvi guid
clizegacuuedefticobatsy(rgardi ndw))atitsinof the ik pridoteuhal dheomitialerabie
. I r ' j lan I he
o e T A R R B A
2fiislenstabesinitial epoesdried ] £B2wrgldethange according to the sector of
the digoag)whicdbedasRifiory TRIg I doeHesste AR QRN 11 Yo 4RE Ftn-

the sinusoidal terms (QS1 through QC2) would change due to a changin
SHHGRIGH (etisTor e eRRIRbC YRS RHel (K. of ROt ARSERHEn

eXpressCadefiRieftd Yohsirazrdaraeidaior paspienieg ronédnas b theGoRndQS1
T Lt AR RN N R TR K S A
oS SAEeEBER e Tor AE NG

harmonic, as indicated, wherein the angle applied to the sinusoidal function is the
angle of rotation of the disk (i.e. angular orientation) within the disk within the disk
drive. Note that the angle of the sine or cosine is typically multiplied by a scalar,
such as 1, 2, etc., so that the coefficients will have different frequency. Fdr
example, QS1 might be sin(theta), while QC2 might be cos(2 * theta). An
adaptation coefficient, Mu, is related to how fast the error coefficient, Ek, is
allowed to change the value of the new coefficient. For example, Mu impacts
how much change is possible between A1(new) and A1(old).

[0044]A Fourier routine 220 is configured to use the coefficients from the
coefficient generator 218 and the angle of the disk rotation to produce the
actuator control signal 202. The new coefficients may be applied according to
the following:

[0045] Actuator control signal = (A0 * DCOQ) + (A1 * QS1) + (B1 * QC1) +
(A2 * QS2) + (B2 * QC2)

[0046]!n this case QS1 and QC2, for example, are the sine and cosine
values, respectively, for the given value of an angle theta and two times theta,

respectively, for the first and second harmonic, respectively.
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sinusoidal first term, the nominal DC voltage level (DCO). The terms An
and Bn express coefficients for sinusoidal terms "n", respectively. Terms of
20RE ¥ QS1 or QC2 correspond to a value of the sine or cosine of the
first or second 15 harmonic, as indicated, wherein the angle applied to the
sinusoidal function is the angle of rotation of the disk (i.e. angular
orientation) within the disk within the disk drive. Note that the angle of the
sine or cosine is typically multiplied by a scalar, such as 1, 2, etc., so that

the c[0gaZHntsanill ditematiferempilenpestatiorothexzanilatoan Stontight bignal
. hile. O ;  that _ q , -
A S S T e
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configured to use the coefficients from the coefficient generator 218 and
ongebingieaot RS MhRtisiats RoBtRPRB! PstheRYSEigR Rt tgndiskoand
erldie weeh apeffinsnistatay badkphieshackoHitgpisinthegtifovdoig: be stored in

0045]Actuator control signal = (AO * DCO) + (Al * + * +
RO R e ST i B biddtea By B mdhr] Sduares
(LAMIS tradgeinitamn dutdbindira® thel gonitiup ovovid pefo Mikéngmw /7 Vilkieldr aMu *

Eﬁngle theta and two times theta, respectively, for the first and second
armonic, respectively. 200313592 12. [0047] In an alternative

impldifR4Rhbete thatdbriamiationsabsyn sengeivarais welb featpwer frequency

spiRisiBE ey, withorns anTlig eittandlsk Molieineeldarer SHAtbR MAER. Lower
generalized feed forward scheme could be iméplemente W

nted i .
S SRS Tl STABIE A 168 16 ot FATORE 2 G P Rutos dnaliis
béine theoactuntafsaresonmmtdecinsd ratprtslavenerpthiatres tmané frelghencyfahthe

[ d end hg disk rqt b to, t [ ' I
<P SN VAR B AR B et o
higlest diskarpsyuand higherSyaanpdeitates buthatgsithe tres engatidiequangyl ¢fethe
am(?mu:st\/gg(@%ﬁ M%*a(%&unt at higher disk spin rates; otherwise the input

to the actuator will not result in the output expected, i.e. output which will result in

movement of the optics to converge on a focal point. In the case of the Fourier
Series based implementation, if the spindle speed increases to where the first,
second or third harmonics of the once around are above the first suspension
resonance of the focus actuator (at about 45 Hz) or if higher harmonics are to be
used, then the value of the sine or cosine wave that is multiplied by the Ek * Mu
products will also need to be phase shifted by the value of the response of the
actuator to that input. Such a phase shift of terms within the actuator control
signal will reduce actuator resonance. For example:

[0049]A1(new) = A1(old) + (QS1(theta)* Ek * Mu);

[0050]Where QS1(theta) equals QS1 phase shifted by the phase shift of
the actuator at the frequency of QS1. As seen in the equation above, the phase
of terms within the actuator control signal are shifted to the degree necessary to
compensate for actuator harmonics (e.g. an actuator resonant frequency). This
may be necessary if an angular disk speed of the optical disk drive is sufficiently

high, or the sample rate of the SUM signal is sufficiently high, or some
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10 [0048] Note that the equations above tend to work well for lower
frequency spin rates (e.g. 300 rpm or so of the disk 102) and lower sample
2¢@tege92ower disk spin rates and sample rates tend to result in motion of
the actuator that is below the actuatqr's resonant frequency. However, the
resonant frequency of the actuator may result in a failure of focus to
converge at higher disk speeds (i.e. | S higher disk rpm) and higher sample
rates. That is, the resonant frequency of the actuator must be taken into
cactonaticr bidhath diskepramgites exéreplasedist spmed tophg aotisaonpidirates
Qe 80 g i xReged few R tha BSIaH) Ko bRy RS Mse-
of the optics to converge ona focal point. In the case of the Foutier Series

shiftesd inTihlendearsson! ithee RiAse|Skiflc agnlied xuaddodrneralindave, teobe
JERGANALY Hyrdhrimaiestiohtiyn AReeRIQHN alaRie tﬂ@d‘é’ﬂin%ly, a table
ig

susEensmn resonance of the focus actuator (at about 45 Hz) or if higher

CRY eeiale disk sPaed AP dithd RARSE S O'sihe AFtLBIoh SNl Tigaak
multigheg 1)rdie He* Masepreducie wihaleo gereritizze phase-Fbiirest bBénes

. value of thte resgonse of tthe filct tor t th{;\t ingut. Such agh%se shift of .
lr{'l emen&ﬁ 100, Q ensation ,1or g ac ual OI‘.[ sgnance {'ﬂ e necessary if
TSI the AR IoF Control signal will reduce actuator resonance.:

theo s axgiepiate GOGepAE( teevireque ol pf ti@SeghranpceE kK Fhiguwyan be done by
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tuator at requency of QS1. As seen in the equation above, the

freRHsacKHTesRATSAilRONecasaRting eashiMKsigyapaseing theitl valugs dheeugh
tﬂ@wffmmmﬁhﬁéﬂ% fapb;ﬂvth@wmarawy@_f ' iéﬁ-?lgbg_iﬂfﬁlawg(n?w) =
resonant fre uen . IS a € necessary It an angular diskK speed of .
VYﬁéO@atic‘aNY]@k dr i@?uﬁ%?gﬁly%g?ﬁ o?%%@@én{ﬁFg’Pé‘f%CSf 8 qsRpntially
casrgedleid. sufficiently high, or some 200313592 13 combination of both. For
exam £y, di ed (tom) S ates .
ool e B R L R B DIt e ine fesue o
ashifitat. rEnondey rfe@qqfenw ishriste Eloiftexppiele, e ldiltrredr¥ligrrioadd, kaown
ifSiGERIARTE Pec¥Re 1o SRR ANVBe (RESRIREAY LGRS CRRERNY Yollld be

table 5 could associate disk speed rpm with a phase-shift of the actuator
UBL#REBI signal. [0051] For the case of the more generalized, non-Fourier

Seriepp053]The flowchart of Fig. 5 illustrates a further exemplary
implementation, wherein a method 500 is employed to focus the optics of an
optical disk drive 100. The elements of the method may be performed by any
desired means, such as by the execution of processor-readable instructions
defined on a processor-readable media, such as a disk, a ROM or other memory
device or by operation of an application specific integrated circuit (ASIC) or other
hardware device. In one implementation, the ROM may contain the firmware 132
of Fig. 1, thereby implementing the feed forward engine 200 of Fig. 2 according to
a method such as the exemplary method as seen in the flow chart of Fig. 5. In an
alternative implementation, an ASIC may contain logic which implements the feed
forward engine 200. Also, actions described in any block may be performed in
parallel with actions described in other blocks, may occur in an alternate order, or
may be distributed in a manner which associates actions with more than one
other block.
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implementation, compensation for the actuator resonance may be

necessary if the sample rate exceeds the frequency of the resonance. This
2eanIedone by filtering the Ek values with a digital filter model of the

inverse of the actuator 10 frequency response before adapting each WK.

By passing the Ek values through th&*inverse filter function before applying

to the adaptation algorithm Wk(new) = Wk(old) - Mu * Ek, the effects of the

actuator resonance are essentially cancelled. [0052]Other alternatives to

the amsmm&nfmmﬂtﬂimsbm@mtoiimmamgmesmgehérmw@ncshe
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e elements of the method may be performed by any deswed means
gsneraiedyy fhé“é?é@ﬂﬁ’if)M’BY?Jro':él!’s‘s’éﬁ[?@!ﬂiébﬁeﬁ?%t%émﬂl's'%léﬁﬁ'@ﬂ@ﬁtat'on

oPreseseaseRaslakie. aIeHiposHiRiAg a&iﬁheaﬂwdys@tmérdrr@me/ fAfyicee
or by op %%?‘éof an a Ilcatgc':tﬂ Ecmc integrated circuit (A or other

URlz8ta Batdny R RASRIR ARAUARY & generated
bf}rﬁwamaaﬁﬁlaﬂélgs lothtyedmatmpleﬁteetmésef@ml wmm@mlgmelgnal
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described in other blocks, may occur in an alternate order, or 30 may

mYrisuHZRda ResAlthAtidn hat serthad aaiange,oh YﬁB?@%?a‘H%%pBlfﬁgrto
tﬁé%&u%ﬂﬁ&b@ﬁ@%dmmﬁﬂwh@@lm%rfab&ashmrﬂtﬁwﬂowe@ﬁﬁl sigpiadd

s ST T e TP SRS 5 e sm
sEgblM sign altthingte ceftioen the ugined thecsigaehsioas &b lieddn- fiesohigheSUM
vg%%epggo%&fat&r 89@(8&)3#98%@9¥I{%8e applied to the actuator coil 128 and
selecting, as the baseline voltage, a voltage applied to the coil 128 when the
SUM signal was near the high SUM value.

[0055] At block 504, data is written to a SUM table 212. Exemplary detail
of the SUM table 212 was seen as Table 1, above. In one implementation, the
feed forward engine 200 may be used to write data to the SUM table 212. The
baseline actuator control signal may be applied to the actuator focus coil 128,
thereby moving the optics 114 to focus the laser 112 near the surface 106 of the
disk 102. With the disk rotating, the feed forward engine 200 or other control
procedure applies a signal, which piggybacks on the baseline actuator control
signal and incrementally moves the focal point toward the surface 106 of the disk
102 in discrete steps. As the focal point is moved toward the disk, a first sector of
which is passing by the quad focus sensors 126 which generate the SUM signal,
a number (e.g. 25) of samples of the SUM signal are obtained and totaled. The
number is inserted into the table 212, as seen in the discussion above. The
baseline actuator control signal is then reapplied to the actuator focus coil 128,
and the optics are allowed to return to the baseline focal point. As the disk
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5 generated in a number of ways. For example, the first exemplary

implementation of the baseline actuator positioning routine 210, described
2e30%9892may be utilized. Recall that in that method, the baseline actuator

signal was generated by assumptions made as to the location of the

at-rest focal point and the signal req&Tred for application to the actuator

focus coil 128 to move the focal point to 10 the surface 106 of the disk 102.

Alternatively, the second exemplary implementation of the baseline
cantinaies noaiﬂimnin@emﬁmdk@ctﬂnsadja@mhoube fisly revesideid. &Rposifion
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actuator control signal and incrementally maves the focal point toward the

9ENRAICM 88%f thS (ﬁ@ﬁ"lﬁ‘ztﬂﬁdﬁﬁf‘é&“%&f !&@tﬁH‘fSﬁﬁPprnﬁ% REgederm
grevigadthih dl%wbr%mrwérmmﬁylbwgaamm the shtaimitarasdifference
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the optics are edtoreturntot aselin oca omt s the

diz03dP35¢ouml dpnaRleY oS rthtéakife ééé&m é@ade@&a&éh%@% fipignal
2BRASAQRADNIAG the focal point toward the disk (found in column 2 of Table

1). An error term or value for each sector of the disk may be similarly calculated
as the difference of the SUM terms.

[0057] At block 508, an actuator control signal 202 is generated using the
error term and other terms. In particular, the actuator control signal 202 may be
generated by the actuator control signal generator 216 of the feed forward engine
200. A number of exemplary, alternative and/or complementary implementations
of the method by which the actuator control signal 202 is generated can be seen
in Fig. 6. In an implementation at block 602, coefficients are generated and a
Fourier series is summed. As seen above, a coefficient generator 216 can
generate coefficients for use in a Fourier series. The Fourier subroutine 220,
using the coefficients and a value for the angle of the disk orientation 206,
determines the actuator control signal 202. This actuator control signal, which has
been updated via the coefficient generator 216, becomes the new baseline signal
for the next adaptation cycle.
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adjacent to the quad focus sensors 126, and the process of obtaining a
total of the SUM values sensed, and of allowing the optics to return to the
20pEBHAe position, is repeated. Subsequent sectors are similarly sampled,
and column 2 of 5 the SUM value table 212 is filled out. During a second
revolution of the disk 102, a signal i<4 piggybacked on to the baseline
actuator control signal, and applied to the actuator focus coil 128, which
incrementally moves the optics away from the surface 106 of the disk 102.
Acccmnsgwncammiarm timeplabiertatiom seée filldibadutd) WheBiAheIspin-

0% ek 157 SROELANTE RS YRR s SO IRIE R of e

erm e generated by the erm generator
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values In columns 2 and 3 of Table 1. For example,
caogifics et gsneratos it nindbsodisgaasioiofiidgirdt 3BeXSH may be obtain by

su btrmisya IANg AP dpRoRAl wgn@émaﬁeﬁlawmmwmthaémhator
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witfautdan Foliemn sedéd ablks 15eém abaveesnar valgenenaézeth éeetbrfcmﬁvard
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foemandteignaladsateBnedrms. In particular, the actuator control signal 202
may Rib et R@iath OB%&“PI&CBJ%LPBI%R@F(?'&'?aérﬂ\%ﬂf‘sf%f){r%lé i 169 d68Rd.

forward erigine 200. A number of exemplary, alternative and/or
Wisnibre figh iR EMFeRRHAIAG 22bIRIgRRIKAR 5 APRUGINES dBR &RHator
fo@getaansrgml Axktr0agRT el optichel seckedp Hie. @skr an énipleseniatiahe

e L B B e TG REL e 2 DHCARE B dRETHE e
ontiecivealingreer Serissrfade Fagiribr subrioopieendAtatiorsinelamoolelittemisich

wEnhaalie fapieangls ol el atienation gl dasmingsne upon

actua%gr contr Sig na IS actuator control signa ich ha een

caipglistéenvief tmec@@nwmt binskeat2P41610catrneerertedw JhselMecks rie
reis RS1NRl adariagesqvfiPapplied to the surface 106 of the disk.

[0061]Although the above disclosure has been described in language
specific to structural features and/or methodological steps, it is to be understood
that the appended claims are not limited to the specific features or steps described.
Rather, the specific features and steps are exemplary forms of implementing this
disclosure. For example, while actions described in blocks of the flow diagrams
may be performed in parallel with actions described in other blocks, the actions
may occur in an alternate order, or may be distributed in a manner which
associates actions with more than one other block. And further, while elements of
the methods disclosed are intended to be performed in any desired manner, it is
anticipated that computer- or processor-readable instructions, performed by a
computer and/or processor, typically located within a firmware 132, reading from

a computer- or processor-readable media, such as a ROM, disk or CD ROM,



200313592 16 [0058]In an optional implementation seen in block 604,
where the spin- rate of the disk is high enough to interact with the
2803685ion resonance of the actuator coil, the coefficient generator 218
can be modified to compensate for the interaction. This optional
implementation was discussed with réference to the 5 coefficient generator
218, in the discussion of Fig. 2, above. [0069] In a further optional
implementation seen at block 606, the actuator control signal generator
wailfidcha peeterptdmisuntekhvwith cippFoatiie spetitiiepateamdayw(iASICH drositigitar
series. As seen above, such a generalized feed forward scheme could be
hﬂ'Fé)WeﬂféﬁtWﬁe?@qu@ep?él&Gé ned shape to the feed 10 forward
signals is defined. [0060] Returning to Fig. 5, at block 510 an annulus of the
disk is labeled. With the disk turning, the actuator control signal 202 is
applied to the actuator focus coil 128. Accordingly, the optics 114 keep the
laser 116 focused on the surface 106 of the disk 102. The laser beam 112
is then able to define an image 15 on the coating on the surface 106. In
one implementation, the annulus to which the image is applied is
associated with 32 revolutions of the disk. Upon completion of the annulus,
blocks 504-510 are repeated. The blocks are repeated until an image is
fully applied to the surface 106 of the disk. [0061]Although the above
disclosure has been described in language 20 specific to structural
features and/or methodological steps, it is to be understood that the
appended claims are not limited to the specific features or steps described.
Rather, the specific features and steps are exemplary forms of
implementing this disclosure. For example, while actions described in
blocks of the flow diagrams may be performed in parallel with actions
described in other blocks, the actions 25 may occur in an alternate order, or
may be distributed in a manner which associates actions with more than
one other block. And further, while elements of the methods disclosed are
intended to be performed in any desired manner, it is anticipated that
computer- or processor-readable instructions, performed by a computer
and/or processor, typically located within a firmware 132, reading from
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30 a computer- or processor-readable media, such as a ROM, disk or CD
ROM, 200313592 17 would be preferred, but that an application specific
gate array (ASIC) or similar hardware structure, could be substituted. 18
CLAIMS 5 1. A system for providingta signal to an actuator (128) within an
optical disk drive (100), to focus optics (114) on a disk (102) within the
optical disk drive (100), wherein the system comprises: a SUM table (212)
within which to record SUM sign&teaf¥Sthe SUM signal data representing
a summation of values from a plurality of focus 10 sensors, and is different

than a focus error signal (FES) reéfertefigﬁig a é@ﬁ%e&’ %ﬁmeg%nﬁag %ngrp é)é K
r t u

fromimeeqaoo)subsesaishepticsis (sefisons aatiskrdOB rmitentratoptialddisk

to pEOrR/%S@ HEJ? %HMe‘T’r'Qtnglsd%{%rﬁ%@rﬁ[Bﬁséé SUM table (212) to produce
an error term,’and an actuator control signal generator (216) to generate an

actuaBkbbiakie GdRawilnerelvandoatecereridMueionrifiata hrisiiMnsignal
prior actuaigtpesHiesentisLeosusibass on dslapéatiomcaepiciany of focus

hich the GHBFERTS ASHIEIFTD WBOR) hus e SR T Bl g 2

€ prior ac
system of dlifferehoavetoizethe Snbfdbteviuey froovaffgstetheebef the focus

updated prigr 0, ApRHERAL U Af SHBABRIER FHANIWBERRI ISt Hisocus

(102). 25 3. The system of claim 1, wherein the actuator control signal
generator (ZA'BPC&dditionally comprises: a coefficient generator (218) to
gengrategeeffisipntganadienclionyftdniiate o iSIUM tey@slaguatioom the

coefficient grl.]‘l(?\/lﬂt]aebﬁarr(%& rt@b%]éjuce an error term; and
an actuator control signal generator (216) to generate an actuator control
signal, wherein the actuator control signal is a function of a prior
actuator position, the error term and an adaptation coefficient,
wherein the adaptation coefficient is configured to regulate a rate at

which the error term is allowed to modify the prior actuator position.

The system of claim 1, wherein the SUM table (212) is configured to be
updated prior to application of an image to an annular portion of the disk
(102).

The system of claim 1, wherein the actuator control signal generator (216)

additionally comprises:

a coefficient generator (218) to generate coefficients as a function of
inputs comprising the adaptation coefficient and the error term; and

a Fourier subroutine (220) to generate the actuator control signal using the

coefficients generated.
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5.

30 a Fourier subroutine (220) to generate the actuator control signal using
the coefficients generated. 35 19 4. The system of claim 1, wherein the
actuator control signal generator (216) additionally comprises: a coefficient
generator (218) configured to generage coefficients 5 comprising: AO = AO

 h2 18 s i et s A S el

is théddiﬁ@ﬂﬁiljmpmgrimﬁe adaptation coefficient; A0, Al, A2, Bl, and B2
are fie cogffipiRnts JgeRErkRsH by (DessoeHigighiadensratgenatate @Sdticients

QC1, and QS2 are sinusoidal or cosinusoidal terms; and, DCO is a
nominal voR&G¥ &S and 15 a Fourier subroutine (220) configured to
generate thepaci@to(oootraksigma) using the coefficients generated. 5. A

processor-readaple [ qnﬂﬁ)r'sing processor-executable instructions
for focusiné%fpt?& gﬁ%fsmktv%ithmu in optical disk drive (100), 20 the

processor-8etRAand Ristri&ron¥ebmprising instructions for: writing (504)
data to a ShijHable- (219 vErerein)thmdata is grouped according to disk

sector (302-316) and rdi lovement of an actuator (128) toward
and away f "t)ﬁg ai@%(?o%n‘fg{ii%@ata written to the SUM table
repregenéingEk a'mthmaltiontelfmaMeﬁtbmaﬂé}ﬂqjlqmpfﬁf{i@wé\@eﬁéof’s% B1,
and s diffetet 8P TA0H % GHAL SR elferatdd By R LRGP [hRator,

between a sum values from a firSt subset of the focus sensors and a
sum of the ASlieRBBRE sBhRSAAIE: HPHELIAERE SeFEYROIYR HerZHnGnd.
(506) an ermrdasna Hsinmalalaltigeidhel ahtM table (212); and

a Fourier subroutine (220) configured to generate the actuator control

signal using the coefficients generated.

A processor-readable medium comprising processor-executable

instructions for focusing optics on a disk within an optical disk drive (100),

the processor-executable instructions comprising instructions for:

writing (504) data to a SUM table (212), wherein the data is grouped
according to disk sector (302—316) and according to movement of
an actuator (128) toward and away from the disk (102) , the data
written to the SUM table representing a summation of values from a
plurality of focus sensors, and is different than a focus error signal
(FES) representing a difference between a sum of the values from a
first subset of the focus sensors and a sum of the values from a
second subset of the focus sensors;

generating (506) an error term using data from the SUM table (212); and

generating (508) an actuator control signal as a function of a prior actuator
position, the error term and an adaptation coefficient used to impact

a rate at which the actuator control signal varies.

A processor-readable medium as recited in claim 5, wherein generating
(508) the actuator control signal comprises instructions for calculating the
actuator control signal according to Wk(new) = Wk(old) — (Mu * Ek), (606)
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30 generating (508) an actuator control signal as a function of a prior
actuator position, the error term and an adaptation coefficient used to
impact a rate at which the actuator control signal varies. 6. A
processor-readable medium as reci®d in claim 5, wherein generating 35

(SOg)BR AR RRUER SIGNAL AOGNRIGER IBRULSHORS R eAIF WRUMILE the
actuator control %%nal according to Wk{new) = Wk(old) - (Mu * EK), (606)

20 AdrRiErrOieRMREMctuator control signal, Ek is the error term and Mu is
the adaptation coefficient. 5 7. A method of focusing optics on a disk within

n optical sk drlv com rlsm ertlng E(Sﬁ%dat 10 a SUM.table %1
elnrﬂ’\e gta [ (f r%llng t sec or (?& %‘Iél/l H1he at%a%lve
wntkemﬂprmegSUM table representlng a summation of values from a

plur%lr%(n%f feeds seRsors: 1040 'mufée'@%}h%@Jaﬁuwraéalg.eagbset

representing a difference between a sum of the values from a first su
of the focu@CseriegdaAisk KA IR valSasi Arte witenita bt Whirble
focus sen$ep$egane@mfﬁﬂﬁ)|am efrnmlmewrumnagmmlfyom i Sevisors,

iable (212), 300, 15 el (595 8 ey Rl | S0 4siag g

error term an an a on coefficient conflgure ate at
which the dﬁefmecbem(ﬂegimmamébes/amé frethadirst é%ﬁ?@fvﬂh%féws

generating dhesgriUMAr £ Q0GR aRREIFBRT iSO pResalBet (BORk focus
coefficients as a function of inputs comprising the adaptation coefficient

and the err8t&Pfi; and calculating (602) a Fourier series to generate the
actuggoecaing (bSB)nat ersondetine usiedfidaten fogetrer Sl 2618, (R1R)casiehg

5y5t§em té}'ﬂg”%ﬁg) RN EE P LR AARING BN 2dnd an

whe ata |
adaptation coefficient configured to impact a rate at which the

actuator control signal varies.

The method of claim 7, wherein generating the actuator control signal

comprises:

generating  (602) coefficients as a function of inputs comprising the
adaptation coefficient and the error term; and

calculating (602) a Fourier series to generate the actuator control signal

using the coefficients generated.

A focusing system, comprising:

means for writing (504) data to a SUM table (212), wherein the data is
grouped according to disk sector, the data written to the SUM table
representing a summation of values from a plurality of focus sensors,
and is different than a focus error signal (FES) representing a
difference between a sum of the values from a first subset of the focus
sensors and a sum of the values from a second subset of the focus
Sensors;

means for generating (506) an error term using data from the SUM table
(212); and
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grouped according to disk sector, the data written to the SUM table
representing a summation of values from a plurality of focus sensors, 30
and is different than a focus error signal (FES) representing a difference
between a sum of the values from a firspsubset of the focus sensors and a
sum rcr)\f gwne \% Iuesefror%.ﬁ sggp{:é}? snubg,et ?f th% f%cpsi sensors, means fPrterm
generapilng'j:' ( 8%9aﬂeéar‘ OPter gnga aig?a FSRAThe §gl\ﬁt§8|eg (ﬂ%;

and 21 meand fen gedantating G@dlicenhoisetoitacdmparsignedtasaigwhish the
error term apd, aRRABRIAI QR RAESHRIRNt used to impact a rate at which the

actuator control signal varies, 5 10. The focusing system of claim 9,
wherein creating (502) the baseline signal to initially position an actuator

10(128)raentpossingmsatsiiobStimpiry Wiscpsituatestiig $obyanghaskinsasigeal

of fo?ch.'imE?nssfl iroF]eé:ordipL%t%rr? éjor%vr%ug_ of the SUM signal data
obtaineg 2OV the?uﬁfzrange of focus, RIRG theans for setting the

baselif@rsigfanptarminditie teckatap(itad) theosgtuatsl whashafdeguad in
closededhe rsxiensriivalue ekihe g Vakignsd #at&UM signal data obtained

within the full range of focus; and

means for setting the baseline signal according to an input to the actuator
which resulted in close to the maximum value of the SUM signal
data.



