Attorney Docket No. 200311837-1 APPARATUS AND METHOD FOR CALIBRATING A LASER
IMAGIBLE APPARATUS BACKGROUND [0001 ] As a laser (or other light source) and sensing lens are
moved radially (by an optical pick-up unit ("OPU")) with respect to a disc in a disc drive, the distance
between the surfd€eof Beekeise-2R8PIHEIEhs (hereinafter referred to as a Z-distance) is substantially
constant. However, various imperfections may arise over the surface of the disc and/or the shape of the
disc may vary. For example, the disc may be subject to "potato chipping"” (i.e., where the disc bends
along a diameter) or "cupping” (i.e., where the outer edge of the disc are generally planar but not
coplanar with the center of the disc). Previous methods and apparatuses have addressed these
imperfections such that the lens remains substantially at a Z-distance of optimum focus with respect to
each portion of the disc. The Z-distance of optimum focus will correspond to the Z- distance at which a
maximum amount of data can be written to a disc or read from it. There may, however, be other
applications in which the Z-distance of optimum focus may not be ideal. Accordingly, there is a need to
know the gain correABBARAG o ik ThuB &QFa A IEERIBMIbE AdiSSEHRIBRGBEERIPTION OF
THE DRAWINGS [0002] Figure 1 A is a graph of gp/gicer¢@ll applied voltage defined by a changing coil
voltage (mV) versus time (ms); [0003] Figure 1 B is graph of the lens Z-distance corresponding to the
voice coil applied voltage of Figure 1 A showi%gAt&?ﬁcgE#ﬂ‘?f\:lﬁ) (m) the lens moves versus time (ms);
[0004] Figure 2A is a graph of a voice coil slewrate p of the type shown in Figure 1 A; 1 Attorney Docket
No. 200311837-0@108F FidaserABristadirkgsusowicgadnd weisingdaes poh dwie thedeite (byil slew rate p

of Figure 2A; o optical pick-up unit (“OPU”) with respect to a disc in a disc drive, the
distance between the surface of the disc and the lens (hereinafter referred to as
a Z-distance) is substantially constant. However, various imperfections may
arise over the surface of the disc and/or the shape of the disc may vary. For
example, the disc may be subject to “potato chipping” (i.e., where the disc
bends along a diameter) or “cupping” (i.e., where the outer edge of the disc are
generally planar but not coplanar with the center of the disc). Previous methods
and apparatuses have addressed these imperfections such that the lens
remains substantially at a Z-distance of optimum focus with respect to each
portion of the disc. The Z-distance of optimum focus will correspond to the Z-
distance at which a maximum amount of data can be written to a disc or read
from it. There may, however, be other applications in which the Z-distance of
optimum focus may not be ideal. Accordingly, there is a need to know the gain
corresponding to optimum focus at each location on a disc.

BRIEF DESCRIPTION OF THE DRAWINGS

[0002] Figure 1A is a graph of a voice coil applied voltage defined by a changing
coil voltage (mV) versus time (ms);
[0003] Figure 1B is graph of the lens Z-distance corresponding to the voice coil
applied voltage of Figure 1A showing the distance (um) the lens moves versus
time (ms);
[0004] Figure 2A is a graph of a voice coil slew rate p of the type shown in
Figure 1A;



[0006] Figure 2C is a second sum signal p2 which corresponds to the voice coil slew rate p of Figure 2A,
[0007] Figure 2D is a third sum signal P3 which corresponds to the voice coil slew rate p of Figure 2A,
[0008] Figure 3 is a graph of the peak of the second sum signal pi of Figure 2B; [0009] Figure 4 is a
schematic diagrafR8eaRoeRilitARHILE? almethod of calibrating the Z-distance of a lens, the method
may be performed by a program product embodiment; and [0010] Figure 5 is a schematic depiction of an
embodiment of a CD drive comprising a disc tray, a lens, and an adjustment mechanism configured to

adjust a Z-distanggRaM&aa 3EIRCRRYIdGS 11dhe disqiiay arelslfiisRid UERAERGRIPTION

[0011 ] Reference will now be made in detail to various embodiments of the invention, which are
illustrated in the '&t&wiRgEiNee?drt has been made to use the same reference numbers throughout the

drawings to refefdgdg-sane £ lke atnd QQAPLTHRIA N IPBS e aasiliendial dofedlistance

corresponding to a height at which the disc is in optimum focus. An understanding of the orientation of
the Z axis alongb\RWichtene of-Gigwin@Aoffset is adjusted is provided in Figure 5B. The Z-distance of

optimum focus mayoberiRiREMINed BaFRt LM REAGIN2 SHRKSIGRRISSIHERSE thihedras ap later

described in detail. However, when creating a label designed for readability by the human eye, a
Z-distance otherstR@rragptralimdgeudAnay be desired, i.e., defocusing the laser beam may allow better

mage qualiy andiasdpeiss e ingciagh i e sharwishe uaeo G iakskiass magiagen only handle

a maximum light intensify and must be kept above a critical temperaturé for a period of time. With a laser

beam at optimurtPRIEEiGHEPe4siRganERIBROWERRIBWY the SAMHaHiTeeR pedd@8h Boint at which

the media is darpagsiddng the agrtaRREFRIUERS thémieaisasadedasetaawearing sletpeus the beam 2
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product embodiment; and

[0010]Figure 5 is a schematic depiction of an embodiment of a CD drive
comprising a disc tray, a lens, and an adjustment mechanism configured to
adjust a Z-distance between a disc provided in the disc tray and the lens.
DETAILED DESCRIPTION
[0011] Reference will now be made in detail to various embodiments of the
invention, which are illustrated in the drawings. An effort has been made to use
the same reference numbers throughout the drawings to refer to the same or
like parts.
[0012] Typically, a lens is positioned at a Z-distance corresponding to a height at
which the disc is in optimum focus. An understanding of the orientation of the Z
axis along which the Z-distance offset is adjusted is provided in Figure 5B. The
Z-distance of optimum focus may be determined based on a peak in a sum
signal returned to the lens, as later described in detail. However, when creating
a label designed for readability by the human eye, a Z-distance other than
optimum focus may be desired, i.e., defocusing the laser beam may allow better
image quality and/or faster printing.
[0013] The chemistry used in CD label laser imaging can only handle a
maximum light intensity and must be kept above a critical temperature for a
period of time. With a laser beam at optimum focus, increasing the laser power
allows the print time to speed-up to a point at which the media is damaged by

the laser. One solution is to increase the laser power and defocus the beam
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using a Z-distance offset, so that the system can write a larger spot at one time and, thereby, print faster.
For example, the ability to write to a disc may be enhanced when the Z-distance of the lens is slightly
offset (e.g., 30m) from the Z-distance of optimum focus. [0014] An optimum focus is conventionally
defined by an OPUTEHRRIGEHE- SMahEst diameter spot on the disk as defined by the spot's full width half
maximum ("FWHM"). If Om corresponds to the Z-distance of the lens at optimum focus, a light intensity
best for labeling could correspond to an offset between about -80m (i.e., toward the disc) and about

+20m (i.e., away,Biam o e lishcdoREE CHANALIMRNG Kie RTESRE MY REAGOUL53PH drfe timdhe middie of

this range. Accordingly, if the Z-distance of optimum labeling focus is about 1.4mm, the Z-distance of

focus offset for 12B8lin dBELRRR . 4R e8MIe: KlSoab sy envrten ithé dISE [BBLSeTo achieve
this -30m offset, dhravrekaderappiirdAeiianceics ¢rillénSichsiypucbatenyige Buripipmedens at a

predetermined Z-distance, such as thT‘PZ- distance of optimum focus) must be changed. The degree to
which the voltagé'qlr?w(‘t?eoéﬁgﬂagﬂ‘?i tih, depends on the coil gain ("CG") of the voice colil of the CD
drive. The coil g0 btiftrolspta drdiktans e sofcareastiwithlise sjedicet hydisn. QWith fespect thd-igures 1 A

and 1 B, the voi il gaip_f [ C ig; tym - i ined.is. ' age AV (mV)
needed to move%tﬁrw%ﬂgﬁsgﬂac&e%%?nggi@taﬂigggz Ir% sa%%%@v%: g\éﬁﬂ% /@\%l ggmpt%tgl}é?l\%hen the
voltage or curremaxeneinafteEVsiivply rdfebied tecaespongdgety Hipplicstanere obiteclsing ahanged, the

Z-distance of the, lgis i fRIIESBOMHDHIREANSRY: FRN1SXBMB!eofRISRANIBAI9HIaR bfs@nd 1 B, when

the voltage supplied to the voice coll increases, the Z-distance of the lens correspondingly increases,
usually with a pfRSwesiiERey-8auskl-By RERIdMediftedad BBAEVEFOtHB CitangWd ¥Ustance AZ for

a particular chaggedRyoliagma ¥ribbainead tiensrraraRIEHB SenvEipnal apticaldivigaand, therefore,

the coil gain can not simply be calculated based on measured change in Z-distance AZ and a measured

change in voltag%f}!t\'ﬁ. range. Accordingly, if the Z-distance of optimum labeling focus is about
1.4mm, the Z-distance of focus offset for labeling would be about 1.4mm - 30um
= about 1370um from the disc.
[0015] To achieve this -30um offset, the voltage applied to the voice coil (which
would otherwise maintain the lens at a predetermined Z-distance, such as the Z-
distance of optimum focus) must be changed. The degree to which the voltage
must be changed, in turn, depends on the coil gain (“CG”) of the voice coil of the
CD drive. The coil gain controls the Z-distance of a lens with respect to a disc.
With respect to Figures 1A and 1B, the voice coil gain for a given change in time
At (ms), is defined is a change in voltage AV (mV) needed to move the lens a
certain distance AZ (um), as follows:

CG=AZ/AV eqg. 1

[0016] When the voltage or current (hereinafter simply referred to as “voltage”)
supplied to the voice coil is changed, the Z-distance of the lens is
correspondingly changed. For example, as shown in Figures 1A and 1B, when
the voltage supplied to the voice coil increases, the Z-distance of the lens
correspondingly increases, usually with a phase shift delay caused by
mechanical inertia. However, the change in Z-distance AZ for a particular
change in voltage AV is not readily measurable in conventional optical drives
and, therefore, the coil gain can not simply be calculated based on measured

change in Z-distance AZ and a measured change in voltage AV.
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3 Attorney Docket No. 200311837-1 [0017] However, from equation no. 1, if the coil gain can be
determined, a change in voltage AV can be calculated to correspond to a desired change in Z- distance
AZ as follows: AV = AZ / CG eq. 2 [0018] Another complication arises in that the coil gain is subject to
change over thé'&ipfceBRIE dAEB ISt ekample, coil gain is most strongly affected by temperature
changes as the printing process progresses. Accordingly, although a predetermined offset could be
applied to the lens in a conventional CD drive, the result would not be effective due to the varying coil

gain. As a resultyjbie  pifsalds R elslive. He Golonia muBtRa-centinyalysualiaiad gnd adjusted

in an iterative manner at each location on the disc, so that the correct voltage offset may be applied to

obtain the desiréd'28fstaOdaaRAY A3MDR SalEWRied TRt B PRI SR KIRY6FtRBANSIE daif-at each
location on the diggdsfnierded o sekthe correct Z-distance offset AZ at each location on the disc. [0019]
As shown in Figures 2A-2D, as the coil voltage increases linearly over time (as shown in Figure 2A) at a
constant voice coil slew rate p, the Z¥srahéd %@optimum focus is identified by the pe&l@-ir@the sum

sigrrl]al (as showrnldmg]'zmgﬁ&%&mm%ﬁdm 2 i$bs l%pwavg{ef@smg%mcﬂa §@§;@éﬁﬁ@cﬁaﬁ§@§p@rof the pezlik
In the sum signal pt, , may valry (as own endi an the age of the voige coll motor, sampie
ntorvate e R SR AT e o R O b Sy oL OO BRSSO B e
changes in oper&t'rngelteimr_}aaembam_w as mqurhaH@pmdéesubli_emmseﬂ, Wncerdmiggaiaitbal@hations based
on the peaks in e UM SIGNA Phifke: %%Lim%%b%mee&a[%%ﬂeﬂ@ﬁéeﬂ’ af%Qdﬁ%éﬁﬁSn&F%é%‘?P/@'” a more
accurate coil gain. Moreover, many samples (e.g., 100+) and associated calculations may be averaged,

filtered, regressée @euoEiding R RITacHR Aueck 8iNa[PNE0Tat 838 bedh Asestiinkttehat the coil
gain at a particulsfdecatienenfAdiivle itheBrgim hRisuse skimualiihaldacatianaaddisiagut voice colil

slew rate. Specifically, the rate of change of voltage in the sum signal in the vicinity of the

In an’iterative manner a?each %ca ilon on the cTsc, so that the corretct vonage
offset may be applied to obtain the desired Z-distance offset. As a result, an
accurate understanding of the coil gain at each location on the disc is needed to
set the correct Z-distance offset AZ at each location on the disc.

[0019] As shown in Figures 2A-2D, as the coil voltage increases linearly over
time (as shown in Figure 2A) at a constant voice coil slew rate p, the Z-distance
of optimum focus is identified by the peak in the sum signal (as shown in
Figures 2B-2D) at a time t;. However, for a given scan time, the shape of the
peak in the sum signal p1, p2, p3, may vary (as shown) depending on the age of
the voice coil motor, sample intervals, the direction of sample (i.e., as the lens
moves toward or away from the disc), media type changes in operating
temperatures, or other reasons. For this reason, voice coil gain calculations
based on the peaks in the sum signal p1, p2, p3, may be averaged, filtered,
regressed, etc. to obtain a more accurate coil gain. Moreover, many samples
(e.g., 100+) and associated calculations may be averaged, filtered, regressed,
etc. to obtain a more accurate coil gain.

[0020] It has been determined that the coil gain at a particular location on a disk
is related to the sum signal at that location and the input voice coil slew rate.
Specifically, the rate of change of voltage in the sum signal in the vicinity of the

optimum focus peak for a particular location on a disc defines a sum signal slew



optimum focus peak for a particular location on a disc defines a sum signal slew 4 Attorney Docket No.
200311837-1 rate at that location. The sum signal slew rate can be calculated with the known input voice
coil slew rate to yield the coil gain, as hereafter described in detail. [0021 ]The controlled change in the
coil voltage defif@8agy iARstiei¥céPeetleiéw rate ("WCSR"). Specifically, with respect to Figure 2A, the
VCSR is defined as: VCSR=AVc/Atc=(Vc2-Vcl)/(tc2-tci) eq. 3 [0022] As shown in Figure 3 (which is an
enlarged view of the sum signal pi of Figure 2B in the vicinity of the point of optimum focus), a rise time

AR (or all time AENOfhadRSGTRe SR D FRESs t badhiaRas R IdBIR0e AVBR

(AVBF for tF) which occurs during that time. [0023] For accuracy purposes, it is preferred that a rise time

AR (or fall time BB YHePLULR IR Foitayeldnam §elapBRAR rAESCERE BRI between the
points in time at\wbixi) tihe peaitdies rtachrdid@ie obitsslerjewnranshanpaoioite peiksikalue, when
measured from a baseli alug (as.shown).. The reasqn for this range, limitation is that below 40%, the
sum signal is su[)?lg%? sgeo%%{&eglé%%@%ﬂ ’a‘k’n%%%%%%g{ﬂ%r%éré’ifgen‘él |st§d%%%ﬁr%88n%lss'e which may
occur when the surface of the@&iR appoadhes OptimMrLfdds.-Feither, although the eweasurement

times are show 5’&%? ing t % %, it S n t h asurement times
may be made arlyw j&%@%rﬁ 4%%13&5?:?3 %//Co% V\I%o%?o%ﬂé% égqa\&%gﬁeﬁa%%ﬁrgeﬂ%r%h’nggnts may be
taken during boFigire 2 itintlecAtRirfity . ob ey 0%oatich 9O ausdl, therifal | timee A& ¢r. dall between 90%
and 40%) and t syreme ver iltered ressed, et e re accurate
result. [0024] Ag %ﬁh%vr&? %#igrﬂgre%%g r%(ép t?’rr?erﬁ?%%rﬁr?gé t()ﬁeﬁﬁé%%g@%%%eﬂ}v%egﬁ é?@%tlﬂ t%llﬂ'%g which the
peak hits its 40%altdge Avidra(Aivise tR2-atvivhichacinisstitsi9@Usaitioe. Similarly, a fall time AtF may be

measured betwanBR11Ee ARk Kb 8UE R BrerdiRed ey A ST @ AT B TAIRIN Yt it o 40%

value. As a res
and associated voltage change AVsgr (AVsEg for Atg) are measured between the

points in time at which the peak has reached 40% of its peak value and 90% of
its peak value, when measured from a baseline value (as shown). The reason
for this range limitation is that below 40%, the sum signal is subject to double
reflection and above 90% the sum signal is subject to noise which may occur
when the surface of the disc approaches optimum focus. Further, although the
measurement times are shown as being taken at 40% and 90%, it should be
understood that the measurement times may be made anywhere between 40%
and 90%. Moreover, as later described, measurements may be taken during
both the rise time Atr (i.e., between 40% and 90%) and the fall time Ate (i.e.,
between 90% and 40%) and these measurements may be averaged, filtered,
regressed, etc. to yield a more accurate result.
[0024] As shown in Figure 3, a rise time Atg may be measured between a time
tr1 at which the peak hits its 40% value and a time tg, at which it hits its 90%
value. Similarly, a fall time At may be measured between a time tg; at which
the peak hits its 90% value and a time tg; at which it hits its 40% value. As a
result:

Atg = tro - tr1 eq. 4

Atr =t — tr1 eq.5
[0025] The change in the rise time sum voltage AVsg associated with the rise

time Atg is calculated by subtracting the sum voltage at tg; from the sum voltage
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AtF =tF2 -tF1 eq. 4 eq. 5[0025] The change in the rise time sum voltage AVBR associated with the
rise time AtR is calculated by subtracting the sum voltage at tR1 from the sum voltage 5 Attorney Docket
No. 200311837-1 at tR2. Similarly, the change in the fall time sum voltage AVSF associated with the fall
time AtF is calcuMeEHYstBtactiF tHe stm voltage at tF2 from the sum voltage at tFl. [0026] It should
be noted that if the same peak percentage points are used on both the rise and fall of the peak, the
change in rise time sum voltage AVSR is the same as the change in fall time sum voltage AVSF and can

simply be defineg, @3_Ag%im§w&aﬁg?éﬂwlﬂé’?amm%s%9%ﬂVBR Vet dhal i diffesanipeak

percentage points are used, the change in rise time sum voltage AVSR and fall time sum voltage AVSF
may differ. [002 e Rl Sime digrialcsionlaigd BERURiragiigdbeaireEnAtRtage li-itienAthensay be defined as
follows: SS R, =0¢RaAY%ER SSR2 =AtF / AVSF eq. 6 eq. 7 [0028] Either of these sum signal slew rates
can be used to calcu?ate the coil gain as later described in detail. However, the sum signal slew rates

SSR,, SSR2 mafIsEHyshayed dtBrieH fhghds i Satee msakRefaIaae BAMSiBtal e Rates SSR1,

SSR2 may be ayptagad isekipinfalngidaeeaiatthsWnHgw inaise theRsuasvollaysASSRis (SSR1 +
SSR2)/2eq. 8 EE%?ZQ Moreover, as the shape of the sum signal may vary, as previously discussed, itis
also possible to BTG HfaRBRas el gne sWa yekrpmA bariid BBHREGPLRRY of these

additional sum signalss Imadditiam) asit should be understood, however, that if different peak

percentage points are used, the change in rise time sum voltage AVsgr and fall
time sum voltage AVsg may differ.
[0027] The sum signal slew rate SSR for the rise time Atg and fall time At may
be defined as follows:

SSR; =Atgr / AVsg eg. 6

SSR; =Atg / AVsg eq. 7
[0028] Either of these sum signal slew rates can be used to calculate the coil
gain as later described in detail. However, the sum signal slew rates SSRj,
SSR;, may be averaged, filtered, regressed, etc. For example, the sum signal
slew rates SSR;, SSR, may be averaged to obtain a more accurate sum slew
rate (“SSR”) as follows:

SSR = (SSR; + SSR,) / 2 eq. 8
[0029] Moreover, as the shape of the sum signal may vary, as previously
discussed, it is also possible to obtain more than one sum signal and perform
SSR determinations for each of these additional sum signals. In addition, as
there may be a lag between the voice coil slew rate and the sum signal, error
may be introduced in measuring the sum signal slew rate. This error, however,
may be substantially negated by passing the point of optimum focus twice, i.e.,
once in the positive Z direction and once in the negative Z direction.
[0030] The coil gain can be calculated using the input voice coil slew rate
previously discussed with respect to equation no. 3. As a result of knowing both
the sum signal slew rate and the voice coil slew rate, the coil gain may be
calculated using a constant k associated with the OPU used to move the lens.
The coil gain may be calculated as follows:
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there may be a lag between the voice coil slew rate and the sum signal, error may be introduced in
measuring the sum signal slew rate. This error, however, may be substantially negated by passing the
point of optimum focus twice, i.e., once in the positive Z direction and once in the negative Z direction.
[0030] The coil gditiererstiiedetét 8/ing the input voice coil slew rate previously discussed with
respect to equation no. 3. As a result of knowing both the sum signal slew rate and the voice coil slew
rate, the coil gain may be calculated using a constant k associated with the OPU used to move the lens.

The coil gain may be calculat@@as [§ m§uﬁ]ﬁﬂ9 E@gﬁaqc‘(@%% 200311837-1 CG = eq.
(K)(2000m/mm)(SSR) / (VCSR) eq. 9 [0031] For example If an NEC 9100A optical pick-up unit having

constant k of 2.54138 ﬁﬂhﬁ\l@%‘?@u%ﬁ‘amﬁ@h%l@@ﬁ SRjieal Siskr vateVicha\vatcGrieidms bef 2v/1 8.67ms
and if the input vosgecgihsien aEeaN@edOLEIMY S0f YIgrRPikeainatowerbedeaiadd - kABe3MmM/V)(1

OO0 tm/mm)(2V/1 V/ms) e G =0.440m /mV e 032] Therefore, according
(o equation 2. e LA SO EUHLADA UGB B2 BRI AP FoR S 5ol oGNS B 08 and the
coil gain as followsuli\bes = (Zos) / CG eq. 12 [0033] If a Z-distance offset Zos of -30m were desired, the
coil voltage offset /mV .18mV eq. 13
[0034] As a result, ﬁe/fﬁ?e \%gggbéﬁﬁﬁ/g@l@g }tlo Enﬁgﬁ\éﬁée pou? (gnf\z&nﬁg ocus)e efg 1.0V, the
voltage Vos applied at the offset Z- d|stancSéGB\Ral(IleiH’Jmnvlqm\uf-L VOF - AVos = 1.0V - 684@rhYV = 931.82mV
eg. 14 [0035] In [ 0|I i e the disc and
ot Qusal e b RS AR R RERe shes SV ST Be

the input voice coll voltage s ance a curacy, multiple coil
gain determinaﬂdﬁ@?ﬁ&@e@e‘rﬂfadbeaz éﬁtﬂtﬂnﬁ:aﬂwtm&ed thieecodgais @dfpdaivsresults may be

averaged, filtered, AVos = (Zos) I CG eq. 12
[0033]If a Z-distance offset Zps of -30um were desired, the coil voltage offset
AVos would be decreased as follows:

AVos = -30um / (0.440um /mV) = -68.18mV eqg. 13
[0034] As a result, if the voltage Vor applied to the coil at the point of optimum
focus were 1.0V, the voltage Vos applied at the offset Z-distance would be:

Vos = Vor - AVps = 1.0V — 68.18mV = 931.82mV eq. 14
[0035] In practice, the coil gain should be determined as printing progresses
across the disc and the input voice coil voltage should be adjusted accordingly.
Further, to enhance accuracy, multiple coil gain determinations may be made at
each location the disc; the various coil gain results may be averaged, filtered,
regressed, etc.

[0036] With respect to Figure 4, a series of steps can be described as follows to
calculate of the voice coil gain and the change in voltage offset AVos needed to
move a lens to a predetermined Z-distance offset Zos. These steps, of course,
would substantially be performed after the laser power is decreased so as to
prevent marking on the disc.

[0037]In a first step 110, a desired Z-distance offset Zps is predetermined. For
example, if the initial Z-distance of the lens is defined as Oum, a Z-distance
offset may be defined, for example, between about -80um (i.e., toward the disc)
and about +20um (i.e., away from the disc). In step 120, which may be either

after step 110 or simultaneous therewith, a substantially fixed voice coil slew
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regressed, etc. [0036] With respect to Figure 4, a series of steps can be described as follows to calculate
of the voice coil gain and the change in voltage offset AVos needed to move a lens to a predetermined
Z-distance offset Zos. These steps, of course, would substantially be performed after the laser power is
decreased so agMEsHERRHEMNarkIIGI6P3the disc. [0037] In a first step 110, a desired Z-distance offset
Zos is predetermined. For example, if the initial Z-distance of the lens is defined as Om, a Z-distance
offset may be defined, for example, between about -80m (i.e., toward the disc) and about +20m (i.e.,

away from the disgd 9 sigiddGoWhictRe S eiisinfieERiaR 190 desimuianroysbierayin, a

substantially fixed voice coil slew 7 Attorney Docket No. 200311837-1 rate is applied to the lens 230
(shown in FigurdB2Y4B ¥5HeAn@Ngeswaen tfiduges arecdifrantie HHPHMHERIHRVS ZagistASce of optimum
focus ZOF. As tine s codiisksta atgtds isppbipietd tbatentkribe thenssignabvarsus sietingflected by the
disc to the sensar js mopitored, gs shown in step 130. Upon obtaining the sum signal, the peak
corresponding tcgetﬂseecr%%lts)f/aﬁ]cée%?%ﬁ%\r%t?ms Osc%rg%&g |'st(?aeeér)itfﬁse(§ ﬁr%’é’peg] fj%p I—%}?h tﬁﬁ'gorii%se time and/or
fall time of the paRimNGgEsusvigtlathieeakigeslesiponding tndhd & -cidtanatedfinpiapims0. In step

160, upon calculgfing oeﬂ%‘%éiﬁiﬂ@ljsiﬁ"!tﬁﬂe_tiﬁe YOITR G98 gain dhiY aRE/GRICH AR (Fifgkthe input

voice coil slew rate and the calculated sum signal slew rate. Once the voice coil gain is determined, the
voice coil gain gk (i UbRgNAHIRSHESHENS HfaRte BRYReRICtAtatiHERNELoil voltage

offset AVos, in sigptépOL0napynirtatemalifg. thewel vijirgeleliseitéd\fhs nese keipgpliemig the coil

voliage at optimym fopus QR Lo igld an offest.collyoliage. Vos 0ReBLILshonld of coutsg be
understand that as this method may entail an “iterative process for each’focation on a disc. As a result,

upon setting thesi¢igeiateoil Voktagbev/vsidercipgaioumdricanorednttiee ise, dod peacaenssynizy be repeated

(starting either af SIgP {0 Witk FeruLLReyvEhRRtRE dasaionondheiculate the coil voltage
offset AVos, in step 170. Finally, in step 180, the coil voltage offset AVos may
be applied to the coil voltage at optimum focus Vo to yield an offset coil voltage
Vos.
[0038]It should, of course, be understand that as this method may entail an
iterative process for each location on a disc. As a result, upon setting the offset
coil voltage Vos for a particular location on the disc, the process may be
repeated (starting either at step 110 or at step 120) with another location on the
disc.
[0039] The aforementioned method may be comprised in a program product
embodiment which, in turn, may be comprised in a CD drive, a DVD drive, or
other optical (or non-optical) drive embodiment. For example, a microcontroller
(which may be an adjustment mechanism 240, as shown in Figure 5A),
comprising a programmed product, may control the radial and/or Z-distance
movements of the lens 230 with respect to the disc 220. In addition, the
microcontroller program product may also control the coil gain and/or Z-distance
offset calculations (including averages, regressions, etc.) at each location on the
disc as well as the number of samples from which these calculations are
derived. In other words, a microcontroller may comprise a program product

configured to perform the aforementioned Z-distance calibration method steps.



disc. [0039] The aforementioned method may be comprised in a program product embodiment which, in
turn, may be comprised in a CD drive, a DVD drive, or other optical (or non-optical) drive embodiment.
For example, a microcontroller (which may be an adjustment mechanism 240, as shown in Figure 5A),
comprising a pragiaranieksiOuedOhERE Edntrol the radial and/or Z-distance movements of the lens 230
with respect to the disc 220. In addition, the microcontroller program product may also control the coll
gain and/or Z-distance offset calculations (including averages, regressions, etc.) at each location on the

disc as well as theongrhsiel saRISeHEARNNR RSE SRl datianserBieryRRalnmthergyords, a

microcontroller may comprise a program productconfigured to perform the aforementioned Z-distance
calibration methétﬂ*‘%‘f’édé%%’ﬁ@ﬂﬁ@? 5@6&&@%%@1 &8y dri YG@4%)?%@G@5§§%SH@?H&IRC depiction of
a CD drive, othep@mmltda\@horasmltaéiasarpmaglhég/@@a@&b@tﬁrelrh@ftmv&ﬂ)dnwdo)o%@%whlch IS

configured to pFI:rfor 61?& ﬁalébratlon eth8c{ é)re\({ h? descrl ed Thg te 200 ]%crluges,@ tray 210
0

which is conflgurea/t iS¢ 67 OiRer media (heremafter ISt ) M558 Light iPemitted by a light

source 250 (e.g Z%Dlaée@fdlaﬁjemmﬂrbﬂ@ct@bﬁfsmhecm%@?,@@nd |hﬂﬂhh®i@ib&tldd¢§ﬁst33rﬂf as hereafter
explained in detgjle Mzb%f?{dthﬁd?ﬂé SRR DR Bspreflasted iR RmRREY iglans 230 must be

properly spaced from the disc 2 a proper Z-distance. The Z-distance, which is the space between

the lens 230 and ¥R&dfer 356, 'f’é‘écﬁégt&j fORUS AR ERS BRANBRA GRRI o HRR 8BS GRSLBSE controlling
the voltage on thg: prepahiesprited Iwn ceramabio agila pesparozaiikianess 386 tpwatdrmd away from

the disk based onhiq&volt%%e induce thereln st tlonagl r%p%s 2§ISC [8%2] Wlt é)(?ct to Figure

5, the light source Ilgﬁ?as |nd|cateed y the dlrec(il arrows emana’tlngt ére rom. The light
passes through accoitimatinghiermsetBacaptt vivosiyrasdifiipadtion eratioldjzetheAviagassinththrough the

diffraction grating, g0, (eI RASFRE PHB?}A%%&EE‘E%W!&R% D and 286 o UMl ter wave
plate 234; the quarter wave plate 234 changes the
from the disk based on the voltage induced therein by stationary magnets 238.

[0042] With respect to Figure 5, the light source 250 emits light as indicated by
the directional arrows emanating therefrom. The light passes through a
collimating lens 232 and through a diffraction grating 280. After passing through
the diffraction grating 280, the light passes through a beam splitter 270 and then
through a quarter wave plate 234; the quarter wave plate 234 changes the
polarization of the light from linear to circular. After passing through the quarter
wave plate 234, the light enters and passes through the objective lens 230.
[0043] The objective lens 230 focuses the light on a spot on the disc 220 which,
in turn, reflects the light (as shown) back through the objective lens 230. The
reflected light then passes back through the quarter wave plate 234 which
reverts the light back to a linear polarization. After passing back through the
quarter wave plate 234, the light is redirected by the beam splitter 270 toward a
second lens 239 which focuses the light into a sensor 300. The sensor 300
generates the sum signal waveform previously discussed.

[0044] As a result of the sum signal, the coil gain can be determined according
to the previously discussed method. In turn, the coil gain may be used with the
Z-distance offset Zos, to calculate the coil voltage offset AVpos. An adjustment
mechanism 240 may then adjust the magnets 238 so that the voltages induced

in the coils 236 will be adjusted by the calculated colil voltage offset AVpos. As a
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polarization of the light from linear to circular. After passing through the quarter wave plate 234, the light
enters and passes through the objective lens 230. [0043] The objective lens 230 focuses the light on a
spot on the disc 220 which, in turn, reflects the light (as shown) back through the objective lens 230. The
reflected light théRopEEResKsER: B tHe quarter wave plate 234 which reverts the light back to a
linear polarization. After passing back through the quarter wave plate 234, the light is redirected by the
beam splitter 270 toward a second lens 239 which focuses the light into a sensor 300. The sensor 300

generates the SygyGORAIHNAMRIRGE W%!E&b%yﬂﬁﬁ%asﬁdrh@%ﬂi /2§65‘ fﬁélﬂbfgcm% e 9iggal, the coll

gain can be determined according to the previously discussed method. In turn, the coil gain may be used
with the Z-dista¥ée @ﬁ¥%tazg§t§8°(%ﬁ¥ﬂiatﬁeﬁ9§@d965ﬁeﬁj%co¥%@t Wé@”ﬂﬂ'é&ﬁ%ﬂh@n‘ﬂ”%chamsm 240
may then adjustdigamagomiset283.; so that the voltages induced |n the coils 236 will be adjusted by the

calculated coil Vf t&%(j offs tAVrQ ro? Attortrrl]e Or%anetn 0.2 Og,l 8%% 1r E§nul of th change in
voltage induced'inth cms%gg the %%Jec Ivedens move aé)stgnce i respéc o the disc 220)

substantially eqwaljtisttherz -rigstamvernfiéd Zozy [@@JJIIS] Illh%ld’ddlstamepadoﬂﬂﬁm@méeaﬁoterhﬂentloned coil
gain calibrationsy {Be; ARLIFIBERNTIRCRRS T Zﬁ%rﬁ?&d@%ﬁﬁgﬁ gf@'éltaPFH?ﬁ DiRRI R RS is in

substantially optimum focus or at a predetermined offset from optimum focus. Moreover, these

calibrations may M ?@f%rrﬂl?&%t%ﬁ@ﬂ&&ﬂ?%rp%@%f@ém%@é)@%ﬁ*bl@%ﬁo?u%fﬁfe#i%echan|sm 240
could adjust the Eofliskangsissunb dbpistheelanactiamiere hesvwear abpust-BRnztaweitttheudisc and about

+20m away from the disc ming Qm were the tance corr din tlmu focus. More
specifically, therﬂzﬁ Eﬁﬁ%% ?Sg?eé%%é}a%{aj Yk adff[%%‘ %Halﬁ%{) 30 were at
about -30m. [00416]a9(lth0ughnbeoaéoremenﬁmn@obqiasombﬁ embzdjmemtsaotm@ﬂpwm@,tdhe invention

IS not so restrlcted It will be a pment to those Fkl{ed |ra art that various g}&dific éior(ljs apd variations
dsD ore specifical adjustment mechanism could adjus
can be made to ﬂﬁ)e HEBILEL
the Z-distance such that the lens 230 were at about -30um.

[0046] Although the aforementioned describes embodiments of the invention,
the invention is not so restricted. It will be apparent to those skilled in the art
that various modifications and variations can be made to the disclosed
embodiments of the present invention without departing from the scope or spirit
of the invention. Accordingly, these other voice coil gain calibration systems
and methods of adjusting the input voice coil voltage to attain a predetermined
Z-distance offset are fully within the scope of the claimed invention. Therefore,
it should be understood that the apparatus and method embodiments described
herein are illustrative only and are not limiting upon the scope of the invention,

which is indicated by the following claims.
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embodiments of the present invention without departing from the scope or spirit of the invention.
Accordingly, these other voice coil gain calibration systems and methods of adjusting the input voice coil
voltage to attain a predetermined Z-distance offset are fully within the scope of the claimed invention.
Therefore, it shOHRNBERAERE NI THEShe apparatus and method embodiments described herein are
illustrative only and are not limiting upon the scope of the invention, which is indicated by the following
claims. 10 Attorney Docket No. 200311837-1 CLAIMS What is claimed is: 1. A method of calibrating an
optical pick-up unit, the method comprising the stegs\fida) applying a known voice coil slew rate to a
lens, at a first location on a disc; (b) moving the lens through a distance range which includes a distance
at which the lens is in optimum focus; (c) monitoring a sum signal while the lens moves through the
distance range;\hatierdifyngdagpeak in the sum signal corresponding to the distance at which the lens
is in optimum focus; (e) calculating a sum signal slew rate from the sum signal peak corresponding to the
distance at which the lens is in optimum focus; and (f) calculating a voice coil gain using the calculated
sum signal slew rate. 2. Thanatbod @faeddra@iingtercitical, piokher goitn thisime el stepwdsing) calculating
a voice coil voltagg g@‘é%%td{sing the calculated voice coil gain and an offset distance; and (h) calibrating

an input voice coil voltage using the calculated voice coil voltage offset. 3. The method according to claim
1, further comprising tf(@ s"i‘@Blﬂﬁg a known voice coil slew rate to a lens, at a first location on a

disc;

(b) moving the lens through a distance range which includes a distance
at which the lens is in optimum focus;

(c) monitoring a sum signal while the lens moves through the distance
range;

(d) identifying a peak in the sum signal corresponding to the distance at
which the lens is in optimum focus;

(e) calculating a sum signal slew rate from the sum signal peak
corresponding to the distance at which the lens is in optimum
focus; and

(f) calculating a voice coil gain using the calculated sum signal slew rate.

2. The method according to claim 1, further comprising the steps of:

(g) calculating a voice coil voltage offset using the calculated voice coill
gain and an offset distance; and

(h) calibrating an input voice coil voltage using the calculated voice coil

voltage offset.

3. The method according to claim 1, further comprising the step of:

(g) repeating steps (a) — (f) at a second location on the disk.

4. The method according to claim 1, wherein the step of (f) calculating a
voice coil gain comprises dividing the sum signal slew rate by the voice coil slew

rate.
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(g) repeating steps (a) - (f) at a second location on the disk. 4. The method according to claim 1, wherein
the step of (f) calculating a voice coil gain comprises dividing the sum signal slew rate by the voice coll
slew rate. 11 Attorney Docket No. 200311837-1 5. The method according to claim 2, wherein the step of
(g) calculating a”Uemey Befgoagaisiset comprises dividing the offset distance by the calculated voice
coil gain. 6. A program product for calibrating an optical pick-up unit, the program product comprising
machine readable program code for causing, when executed, a machine to perform the following
method: (a) applying a known voice coil slew rate to a lens, at a first location on a disc; (b) moving the
lens through a distance range which includes a distance at which the lens is in optimum focus; (c)
monitoring a sum sign& whife THENeALATEIEEIHREIg M T WIEHFREN PR G R PleE g A Deak in the
sum signal corregpeadisipvelitie: dftaneeaprisbichilitiignadofseptitantéobiishéegaaltatading a sum

signal slew rate from the sum signal peak corresponding to the distance at which the lens is in optimum
) YO"fe coll gam. . X . .
focus; and (f) calculating & voice coil gain using the calculated sum signal slew rate. 7. The program

product according to claim 6, wherein the method further comprises the steps of: (g) calculating a voice

coil voltage offset using thg ﬁ%g%%e&a(m% feRiaBIRARRIANRHRS! fiskanseranthéperiifrting a voice
coil voltage using the calculated voice coil voltage offsef. 8. The program product according to claim 6,
wherein the metRBYHSithepmMprising machine readable program' code for causing, when

executed, a machine to perform the following method:

(a) applying a known voice coil slew rate to a lens, at a first location on a
disc;

(b) moving the lens through a distance range which includes a distance
at which the lens is in optimum focus;

(c) monitoring a sum signal while the lens moves through the distance
range;

(d) identifying a peak in the sum signal corresponding to the distance at
which the lens is in optimum focus;

(e) calculating a sum signal slew rate from the sum signal peak
corresponding to the distance at which the lens is in optimum
focus; and

(f) calculating a voice coil gain using the calculated sum signal slew rate.

7. The program product according to claim 6, wherein the method further
comprises the steps of:
(g) calculating a voice coil voltage offset using the calculated voice coil
gain and an offset distance; and
(h) calibrating a voice coil voltage using the calculated voice coil voltage

offset.

8. The program product according to claim 6, wherein the method further
comprises the step of:

(g) repeating steps (a) — (f) at a second location on the disk.
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comprises the step of: (g) repeating steps (a) - (f) at a second location on the disk. 12 Attorney Docket
No. 200311837-1 9. A laser imagible apparatus comprising: a lens 230; a media tray 210; and an
adjustment mechanism 240 configured to: (a) determine a voice coil gain for substantially all locations on
a media 220; arfdqBPRBpGstiA'iseantSbetween the lens 230 and a media 220 on the media tray 210 in
response to the voice coil gain determined at each location on the media 220. 10. The laser imagible
apparatus according to claim 9, wherein the adjustment mechanism 240 is configured to adjust the lens
230 to be at a predetermined offset distance with respect to a distance corresponding to an optimum

focus at substantially all locations on a media 220 in the media tray 210. 13
9. A laser imagible apparatus comprising:

a lens 230;
a media tray 210; and
an adjustment mechanism 240 configured to:
(a) determine a voice coil gain for substantially all locations on a
media 220; and
(b) adjust a distance between the lens 230 and a media 220 on
the media tray 210 in response to the voice coil gain

determined at each location on the media 220.

10. The laser imagible apparatus according to claim 9, wherein the
adjustment mechanism 240 is configured to adjust the lens 230 to be at a
predetermined offset distance with respect to a distance corresponding to an
optimum focus at substantially all locations on a media 220 in the media tray
210.
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