Attorney Docket No. 200311837-1 APPARATUS AND METHOD FOR CALI BRATI NG A
LASER | MAG BLE APPARATUS BACKGROUND [0001]As a laser (or other I|ight
source) and sensing lens are noved radially (by an 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 inperfections nmay arise over
the surface of the disc and/or the shape of the disc may vary. For

exanpl e, t heAtingcPaseeyNHa081IBjdct to "potato chi pping"” (i.e., where the disc
bends al ong a dianeter) or "cupping"” (i.e., where the outer edge of the
disc are generally planar but not coplanar with the center of the disc).
Previ ous net hods and apparatuses have addressed these inperfections such
that the lens remains substantially at a Z-di stance of optinmumfocus with
respect to each portion of the disc. The Z-di stance of optinum focus w ||
correspond to the Z- distance at which a maxi num anount of data can be
witten to a disc or read fromit. There may, however, be other
applications in which the Z-distance of optinum focus may not be ideal.
Accordi ngly, therRARATUS MMDMHTM%B@RWIB;@RTHNGMAWMMID@E to optinmum
focus at each |ocation on a disc. FI SCRI PTI ON OF THE DRAW NGS [ 0002]
Figure 1A is a graph of a voice col app Ied voltage defined by a changi ng

coil voltage (nV) versus tine (rfﬁﬁqﬁéﬁﬁﬁﬂl Figure 1 Bis graph of the |lens

Z-di stance corresponding to the appl i ed voltage of Figure 1A
showi ng t he ghostpRrceladar)ortdiesrlightSomoe)amdsensinglens aneendved Jadiglip094] Fi gure 2A
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whi ch corr esp@h*dse b@weﬁetheéwé@e fhe digceand hea‘?'@ (hewsnaftergaiesed g 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 2Cis a second sumsignal P2 which corresponds to the voice
coil slewrate p of Figure 2A; [0007] Figure 2D is a third sumsignal p3
whi ch corresponds to the voice coil slewrate p of Figure 2A; [0008]
Figure 3 is a graph of the peak of the second sum signal p, of Figure 2B;
[0009] Figure 4 is a schematic diagram of an enbodi ment of a nethod of
calibrating the Z-distance of a |lens, the nethod may be perforned by a
program product enbodi nent; and [0010]Figure 5 is a schematic depiction of
an enbodi nenttoppy ReoeNPI0%E837donpri sing a disc tray, a lens, and an

adj ust mrent mechani sm configured to adjust a Z-distance between a disc
provided in the disc tray and the | ens. DETAI LED DESCRI PTI ON

[0011] Ref erapGSﬂ\Mgl "é’abff?stmgdngl &I% il cofr@spbAdd Blke widkediigert s of the

i nvention, re | Pdstrateddn the ravvl ngs. An effort has been nade
to use tlh_eksaaemeofrlﬁgleeéhce nunbers throughout the drawings to refer to the
sanme or i I [ a Z-distance
correspondi nG°°P§’F§?%he %)%3; %@(c&%l cﬁ,gxlaﬁle? ZAJ hgc@%logé?pﬁgﬁép{oltﬁﬂﬁ]a?ég%ods An

under st andi nge\@frateh@fblgurerthl on of the Z axis along which the Z-distance

offset is ad Ogﬁ';]%u}esﬂ@r \é'tﬁiig)dsdrﬂ sE'nQI %ﬁﬁr cc;mﬁpon%s% %eaﬂﬁc% &l opti mum

focus may be det'erm ned based on a sum signal returned to the

| ens, as | at gewddseof bgdrei2A; det ai | . However when creating a | abel

desi gned T or o § 9% ort S d YR Bt Y Qe Ad Zaslisphans e eblierst han  optimum
focus may be[ 8e§]?fg2'dé i QP P &ocum ng & aslér S%ea%mayb% | ow better

i mage qual | t [POBPIFigure f4a'§t%|50'1ﬁma}*it3|df'ﬁ§rar[‘ 07(5]?3'] TR REHi Ftd yel¥dofi n CD | abel

| aser i magi ngyipaifin@ el -NaBstee! 8 len¥bikk MEMddinglybel pekfemsddiny sagtogramst be kept
above a critical tenperature for a period of tine. Wth a | aser beam at

opt i num f ocuBduGEMEgdMERL Mk | aser power allows the print time to
speed-up to ROPOIFRfure s MthdrﬂMmmﬂrMcaon of danagtedinignt of e CDadrive. One

sol ution i's Lo | Rerease (s LIGRr REUR" adiiindlf REHE{R SoRRRMa & ALLOr ney

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 systemcan wite a | arger spot at
one tinme and, thereby, print faster. For exanple, the ability to wite to
a disc may be enhanced when the Z-distance of the lens is slightly offset
(e.g., 30m fromthe Z-distance of optinum focus. [0014] An optinum focus
is conventionally defined by an OPU form ng the snallest dianmeter spot on
the disk as defined by the spot's full width half maxinmum ("FWAM'). |f 04m
corresponds to the Z-distance of the lens at optinmmfocus, a |ight
intensity be§?°"1e¥)P°°|‘eéH‘éI2‘?°ﬁledul d correspond to an of fset bet ween about

-80m (i.e., toward the disc) and about +20m (i.e., away from the disc). In
one enbodi nent, the offset may be about -30m i.e., inthe mddle of this
range. Accords.n@lazd.sﬁnaehﬁrsé &5 LIRS Systdm e WwitdA 1hiabedgonst drecise | s about
1.4mm the Z-distance of focus offset for |abeling wuld be about 1.4mm -

30m = about 218 70ereRY: RNt fReteni S emﬁ]t%a%%.t%w te; Qi L ISHA e set, the

vol tage appl efshnt&d Whéh e zCistaiek lof (hetdrshs siybuy sHset (B, \B0E®) fidrh Heali N the | ens
at a predete g}ésned Zfdl stanfc such as the Z- distance of optinmum focus)
nmust be chang tangh 8 QRUIGIMELOPY whi ch the vol tage nust be changed, in turn,
depends on t [®14JAN opgtaum (SUE&'$ cofivenhienallpidetinedloby aofORWdorn@y thei ve. The

coil gain cogftpsp d%n%tezag%%ﬁnﬁfd%& & b&ﬂéd‘ﬁytthers%éﬁeﬁfll Wigthandhi sc.  Wth

respect to Fi gur es y e VOl ce COl | or a given change in
time At (nsnaxinyny £FVEBE).i Jf au@hceqﬁrgépqnﬁs¢@|thea%ed'%@ﬂcenw)thﬂé@&eaf to nove the

llens a cert ghneth 3480 CL 1 irftdRsity Béstff&“ét%\ﬂﬁg c&@ corfeépéndt¥ bfisdt [ 0016] Wien
the voltage or current (hereinafter mply referred to as voltage )

suppl i ed to PRwegHRRULEINM (i M‘@tﬁ%gﬁ d'ﬁché"‘ta?ﬁ%f%?ﬂ% G 3N PBYs i s

correspondi nme)/d|§bb‘amgﬁgen%@&m@ﬁtafﬁ@'o‘ﬁ‘set%y?dé%\%ut' BI);,H\ gur eshdAidard 1 B, when
t he vol t age sg%pl ied to the voice coil increases, the Z-distance of t he

lens correspbiii ALISy '?“‘r?@?dé't%’egth%ﬂﬁtaf‘ﬂje%?H‘f"‘éﬂ”‘dﬁ%'@g aev$ s PePhy caused by

nmechani cal i AQinh dne FHAWRYES of HhER ofb& ME8atieingZwelile baassat Adrmhor3oanpar ti cul ar
change in voltage AV is not readily neasurable in conventional optical

drives and, “tRBYPEMN TPREGH] gain can not sinply be cal cul ated based on
measured  chyoue]Tidackiedl Sis0emATs@Nte solmsSWpRA 16 RNGReicnil kalidhage AV.

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 eq. 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 determ ned, a change in voltage AV can be cal cul ated
to correspond to a desired change in Z- distance AZ as follows: AV = AZ /
CG eg. 2 [0018] Another conplication arises in that the coil gainis

subj ect to change over the surface of the disc, For exanple, coil gain is
nost strongly affected by tenperature changes as the printing process
progresses. Accordingly, although a predeterm ned offset could be applied
to the | ens PR REEMEIOBHE'CD drive, the result would not be effective
due to the varying coil gain. As a result, if the offset is to be
effective, the coil gain nust be continually evaluated and adjusted in an

iterative mapper]-RvefACRohmo&RkiiHNnON1 thenddtSCgais @ah it ddtéreniar kect vol t age
of fset may be applied to obtain the desired Z-éii st&ﬁnce offset. As a result,
an accur at eChANER MORAYR AY CRIY be gaiculatd to gairesPeRd AFFSBLERAEA "o the disc is
needed to SgkiahQeAZ SN fofisds: Z- di stance of fset AZ at each | ocation on the
disc. [0019] As shown in Figures 2A-2D, as the coil voltage increases
linearly over tinme (as shdWT44 G gure 2A) at a constant véi9%® coil slew

rate p, the podgRhameeconticAivhantsdih detiteicsil yaleRtsubjeedo byarigb@vgreak in the
sum si gnal (as shown {)P" -l gup.es 28-FD) .iit a.tine tt%dn rbg\%\é%[j,bfor a given
scan time, tHE YUfAFROLIeHRE paRARSG 158" S8 B iMGRLFTRIY $5C52Y may vary
(as shown) depeeditutg coangefies thgerioting Arénesy piogreseasi [Acpardiogly, althegshe i nt erval s,

the directiop 0liRAMRLE okdet Eould ﬁéa%;ﬁ@d kSR 1ed¥ON @ohNasFh €D Avay from the
disc), nedia type changes I n operatlng eratures, or ot hg{hereasons. For

P tenp
this reason, thegpeut vawd ngyde efiedive dratq Bayaryipgcelisan (R BRUkEMen the sum
signal pi, pgffsel@g%ito B@)éff&fﬁ\@\ﬂﬁ!@ﬂ%éin rhust b@b@ﬁruall?%gﬁlﬁ@é&d}f a&ijustedtg obtain a
more accurate coj ai n. reover, pmany sanpl es : +)_an
associ ated ci %fm‘%{?t?%SriEafWﬁyatb“@CS\'PeCFg%‘e%? ﬁ‘leirq')stce?%@%?thgﬁogggglg?lag%et c. to
obt ai n a nor effset sy atecappiied togatitain tHeO@R0@d Fidistearse loffeet. dst rasiihead t hat t he
coil gain at j - ' : i id Alse 6k fgbd® sum si gnal
at that Iocaf’a?%'gﬁépl}a&t ‘@_{Oﬁ"*ﬁ%?‘é\/@?82‘“@3?%“3’%3%6'?%'{@F SSpeci fically, the
rate of changetted cafsrct Zgistanee effset Adpheartyloagtion@nihedish cinity of the

[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 ps, 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 ps, p2, ps, 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 |ocation on a disc defines a sum signal
slew 4 Attorney Docket No. 200311837-1 rate at that |ocation. 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 defines an input voice coil slew
rate ("VCSR'). Specifically, with respect to Figure 2A, the VCSR is defined
as: VCSR = Avc / Atc = %VCZ - VC) [/ (tc2 - tcl) eq. 3 [0022] As shown in
Figure 3 (whitéaner SockiNenPPat'§¥d vi ew of the sumsignal pi of Figure 2Bin
the vicinity of the point of optimumfocus), arise tinmne AtR (or fall tine
At F) of the peak can be neasured with respect to the change in sum voltage

AVSR (AVSF f ofie hifthatWtiafibh. OReWush SidHal aau ?ah@&ar{ be@aiculR2@1h the knagcur acy
purposes, it is preferred that a rise or fall tF) and

associ at ed v&pP‘a‘Q’gecPH%lﬂ@éi A iglAthereof 8?'" ﬁsﬁreégtﬁr q?éﬁr%fjghdr%@ ween t he
points in ti [ui)zm]tTh‘dmbﬁtkbllbdilehal@alm thazoit enatabedem@%aoﬁnput wigeeail siew ue and 90%

f t kK v f I
Ceason: for (A s FaRge SPrAan M <o EroRERa M TR Rt tBaBt ol [o°
subj ect to doubl e re\‘/¢9|e1=izxyra/ar¢d= (%M1%%Eh@) sum si gnal ies.8ubject to
noi se whi ch 28Ch wn ln urerfse %l%flé’igﬁeﬂgr EQ@ie@'o%?he Q&QA?%Soppt I mm
StHSY e v Orhes ar e

focus. Furth asurenent own-as'bei ng taken at
40% and 90% Flg’uresikB)ui tﬂeb@mnwmﬂmesnom@fbmmunn ru@usveasiae@mmta farf@s may be

rade anyuher g Bek e lyd Gy 306 L S0UoMCONFTacodR b e LrBRoh LA,

nmeasur enent s na ddarin e r| trme bet ween 40%
and 90% andvolta@eanlsFl (At\/lsmrm\‘?hlém 0®.urs dugeg thettm®0% and 40% and t hese
nmeasur enent s e e ! kel d a nore
oot o r ool RE B FAl Pftede. e Hebroq EPA Bt afliGral o bl 4, 2

neasur ed betm@asacﬂateﬂwolt&d@l chahgeiVssh AVrefopstakarninieasined b4@¥er dleue and a

time tR2 ngnféhn 'trlhe Q{ \rNﬁEi h% p%m}{%a%{'%IaHEed 4%5/0”{2# ﬁrpleXk yé’}ug QTH Qd:% BF At F may be

nmeasur ed bet ween ts its 90% val ue and a
time tF2 at Whipedk vaduehwmn megwer%rwawse'% vglue (@ssgfiown)- AThe =289 - tR1 eq.

4 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 Atg (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 Atz may be measured between a time
trs at which the peak hits its 40% value and a time tr, at which it hits its 90%
value. Similarly, a fall time At may be measured between a time tr; at which
the peak hits its 90% value and a time tr, at which it hits its 40% value. As a
result:

Atg = tr2 - tre eq. 4

Atp = tr2 — tF eq. 5
[0025] The change in the rise time sum voltage AVsr associated with the rise

time Atg is calculated by subtracting the sum voltage at tz4 from the sum voltage
5



AtF = tF2 - tF, eq. 5 [0025]The change in the rise time sumvoltage AVsR
associated with the rise tinme AtRis calculated by subtracting the sum
voltage at tR, fromthe sumvoltage 5 Attorney Docket No. 200311837-1 at
tR2. Simlarly, the change in the fall tinme sum voltage AVSF associ at ed
with the fall time AtF is calculated by subtracting the sumvoltage at tF2
fromthe sum voltage at tF1. [0026] It should be noted that if the sane
peak percentage points are used on both the rise and fall of the peak, the
change in ri8®mey prekesin?P1'BHde AVSR is the same as the change in fall
time sumvoltage AVSF and can sinply be defined as AVs (as shown). It
shoul d be understood, however, that if different peak percentage points

are used, the Chagﬂg?ée}ﬂ tﬁe’[ (3%5% h& Y417 oHd g@ﬂ@oléﬁ@%\@ﬁ‘gsgo%%{ed With® sum

vol t age AVSF ma%/ e sumsignal sl"'ewrate SSR for the rise
ti me At R andthiedsll tinné e isitaicuiatad bybsubtiedting de sue Yaltegealds: foBRNeSpNR / AVSR eq.
6 SSR2 =AtF, (flta ah.ed. 7 [0028] Ei ther of these sum signal slew rates can
be used to ca ate the coil gain as |later described in detail. However,

the sum si gnEi02&]teshopldthesnotegitnat i BEREMRHRFaH BEEFUFHHRANS £I9 YEASE, regr essed,

eLf For exap®th@ne fidtCarkiian &f tiﬂac’pleak ,Shecnangd esrissSie sundSkRatagaynVbgisaver aged to
obtain a nore accurate sumslew rate ("SSR') as fo (SSR1 +
SSR2) / 2 eqthegamedsity Msrepdq! t'”é?ss”l”héo"@%%‘b\é*@f‘dFﬂ'és'g‘\é\ﬁ]bgﬁﬁﬁrﬁd may vary,
as previousl ¥s Ak 841888h). It sHoSldabes Ondeedsddd Ihewéver Obitaif diffsenhepédkan one sum
signal and perform SSR determ nat| ons far each of hes add| |onal sum

signals. |n BEEPUAEHPONIS are yRef thASYANGE 15 NP iMp SN ag(e Gd&lcoil siew
rate and thet,,s,ulguﬁlvguf@bmg;mgyd.ﬁaﬂay be introduced in rreasurl ng the sum

bassi ng t he FRRATIGRUGIRTTLTIY GR6SSRPLes tte e Mrcamodal e hk e 11 ve 7
di recti on ande gefiRdiaB diibgs:negati ve Z directi on.

SSR1 =Atr / AVsg eq.6

SSR; =Atg / AVsk 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 SSR;,
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 = (SSR4 + SSRy) /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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[ 0030] The coil gain can be cal cul ated using the input voice coil slewrate
previously discussed with respect to equation no. 3. As a result of know ng
both the sumsignal slewrate and the voice coil slewrate, the coil gain
may be calculated using a constant k associated with the OPU used to nove
the lens. The coil gain may be cal cul ated as follows: 6 Attorney Docket
No. 200311837-1 CG = (k) (1000ktm nm) (SSR) / (VCSR) eq. 9 [0031] For
exanple, if an NEC 9100A optical pick-up unit having constant k of 2.54E-3
mN wer e useftitoaecPocheeNosie?'dddgial sl ew rate were cal cul ated to be

2V/ 18.67nms and if the input voice coil slewrate were 0.619mV/ ns, the coil
gain would be: CG = (2.54E-3mM) (1000m mm) ( 2V/ 18.67ns)/( 0.619nV/ ns) eq.

10 CG = 0.440m / nV % =hd10b80a4im B ehafgr) according to eguation 2, the
coil voltage offset A os}%ullbcfgﬁe )(det e)rtm' nec} fromthe Z-di slgance of f set

Zos and the [98311Fgagxempie. ficin Nl 9198/ gptical pigksyp ynitdrgvipng corstantkg@i33) 1 f a

Z-di stance o} 5se8 KA/ Whre- RBMNE IR SRS LGRS sidwWRteChble calilat@eo Obf set  AVos
woul d be decreased a = -68.18nV eq. 13

s follows: AVos = -30m/ . 440m / =
00341 As o £0F67me and Rineytni ugee s aupa et BT e o oot ne o
optimum focwsuleee 1.0V, the voltage Vos applied at the offset Z-distance

woul d be: Vos = vg(:2_54 A ”ﬁﬁ“@i@oﬁeﬁ“’@ﬁé\%’f&r@ﬁ%@%%§'%{7M‘S q. 410 [0035]1In

practice, the coil “gain printing progresses across
the disc and the input voice €68 #0¢édtrageV shoul d be adj ust e’fl- dtcordi ngly.
Further, to racy. Pl &5 GOl Lo daithedeiser G NabLee My be nade
at each Iocﬁ{a?%ln%grﬁ?%ilég%qglp%em" %/@Ira ?(%)nuzs’q@%%xf"ggg{br_? resul tog may be averaged,
filtered, rdgemusasdionethe Z-{igaBe]offygtizhs prasthe el gain 75 fglavs 4, a series of
steps can be described as fol\l,ows 4 Q) ,;&&l cul ate of the voicg ¢eil gain and
t he change in vol tage offset AA%s(r(fg)eded to nove a lens tg&]a predet er m ned
Z- di st ance of0088}f Z@glistarice oHseltZepof -3hmewRIe slesired, the coil voltage offset

AVos would be decreased as follows:

AVos = -30um / (0.440um /mV) = -68.18mV eq. 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 Zos 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
7



woul d substantially be perfornmed after the | aser power is decreased so as
to prevent marking on the disc. [0037] In a first step 110, a desired

Z-di stance offset Zos is predeterm ned. For exanple, if the initial
Z-distance of the lens is defined as Om a Z-distance offset may be
defined, for exanple, between about -80m (i.e., toward the disc) and about
+20m (i .e., away fromthe disc). In step 120, which nay be either after
step 110 or sinultaneous therewith, a substantially fixed voice coil slew
7 Attorney DeketDReiNQe9319837-1 rate is applied to the lens 230 (shown in
Figure 5A) to nove the |lens 230 through vertical range which includes a
Z-di stance of optinumfocus ZOF. As the voice coil slewrate is applied to

the lens, thesumsienad el 338 ééﬂ%wn |ﬁfﬁ§iﬁé o) Y nidle Rl sstot he sensor
i's m)nltored as shown in step on obtaining the sum signal, the

peak corr esp@fﬂﬂ'ﬂhdeﬁ'éa'trﬂ%geZN'éiF%tnéﬁe%s 6fz HiRncRLAh Pl OSHEof 5 Ai%dent ified in
step 140. Frog jdie &disdew irae iangpisd foalhk lensrah@kumhggnapeaisus timehe sum

signal, the sym.si Iew Ic (=) I t

160, upon cal% gﬁ(ft%é E%S“ t Sec'[é’um éfgnsgpfé 'p&e't\(év%r %J‘J’a]i%& Ih\r%f)el?’ce C(])é‘% gai 2 ?rme/p be
cal cul at ed usbtaiging tre sumpelgnaldheeeaimdrreswcewngam theahdistanee falpiml@t ed sum
signal slewat g()F PT&e%tlﬁ&elH SQ(%PC%&%O[: dor r} bﬁm@ez;rﬁi'hflnfé\?ﬂne Bhﬁ\evo' ce coil

gain may be “use sired |s ance of fset Zos
cal cul at e t heeakdh Ihe\ﬁ@mm| thef gusesignal/slew ratg rayels CP‘FG'ateldl"Pla‘IeP950| n st ep 180,

the coil vol tage, ¢dd, %S@n @é(&ﬁahﬁ'&%e aen sigidi isrd bR, theesoreidoil yaihtnege at opti nmum
focus VOF to vyiel

an vol.t Vi 8 h f
be under st an fﬂ%‘fatﬁ%”? 'Pﬁ @‘%‘é‘t“ﬁ&?ﬂc SZ‘%te%?fﬁ gsd tLe c%"el]rla ?\gl%'g%!gg%legs ?glr” chh
| ocation on sedirste. Gksedhe egcd Ll gquon detarminad, thhefmeé teibgain gwylbevol t age Vos
for a parti CF%] ra|J> \ﬁﬁH ﬁ’\@ f%retdh?dgfaﬁ{?e ofrfngZ?r%:@ﬁ&JIéT@Yheb&ll vorayat ed

(starting ei at ste w th anot her |ocation on the
di sc. [0039] mt a‘f/@er, emﬂﬁw i16hebinaiyt modem®8P, e ealivplitageerifsetVos 1&¥gr am pr oduct

enbodi ment ‘Q’Pé %Bpneb B LB vd@%( e ROpEAIMITSEE Vol @ yieldhh SideV oil D drive, or

ot her optic non-optic drive enbodi nent. For exanpl e,
m crocont r ol Mey

[0038]1t 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.



(whi ch may be an adjustnent mechani sm 240, as shown in Figure 5A),
conprising a programmed product, may control the radial and/or Z-distance
novenents of the lens 230 with respect to the disc 220. In addition, the
m crocontrol | er program product may al so control the coil gain and/or

Z-di stance offset cal culations (including averages, regressions, etc.) at
each location on the disc as well as the nunber of sanples from which
these calculations are derived. In other words, a mcrocontroller may
conprise a pPeeaRIckR BuaRP 18¥ohfi gured to perform the af or enenti oned

Z-di stance calibration nethod steps. 8 Attorney Docket No. 200311837-1
[0040] Figure 5 is a schematic depiction of a CD drive, other optical

drive, or sigoabpigdré8as al%ﬁ&h&lcedémb@eféfwew@amh@ro féa@trvbvgr") 200 whi ch
is configured to Eerfor m the calibr eV| ous descri bed. The

drive 200 i néMige? eé"“??'%{ﬁdﬁ‘i?? Wﬁfet’ﬁ‘% %Poqﬂ“’?égsg hich '%%ﬂ"ﬂg‘ﬁe %c or other
medi a (her ei pafdrerthé daibeitipn ni2Bdd dreviduslyides@ited.t Ete Byvea2d0i ngd'lmdescwr ce 250

(803,53 ! 238k hOHkn W hrflkB Aal'd gisd pﬁotﬂ%ﬁ@ﬁf%@g%ﬁt@ shie_obj ective

| ens 230, as erea er ex I ne ens 230 to
focus the reRR@ckight is B@ﬁf?d By @pight spurcet?S0i(eas alewer Aigde) anddefactsdh | y spaced

fromthe di sgeZRR DY afd MPRE b} ct%%n@rz@@ asmeeaaercbxﬁrameemdetm chis the
space between the | ens 230 and the d Jjusted _according to the

met hod pr evi P41 oaEEIEMDERP ByosHbs EﬁﬂP?tﬁ%“QM@rQPSW dofe'eBh 26hBUsthpvabl e
coils 236. The pmpmpk@cs@rrbm tRzBBIsdEYDMBb)E hB@rdpens-didBihcé OMAE @-distshcaway from

t he di sk basgv iR ? Fe V(a)(I:ég qﬁcq?ns Eg eaing tp\g(g 55@”?;&1] nets 238.

[0042] Wth respec ure source t as
i ndi cat ed byacqonbngjiortb@me@wellpr@mm@weemmtb‘v iggntrctiing difier mit\agerh@tha ght passes

through a cmobétﬂ@&an@%éeﬂﬁe %3%@&.& heORGYe ﬁe%rifsfzra@%wmammyng 280.
After passin rou t he fraction %ratl ng , the Ilght passes

t hr ough a begﬁﬁ“érﬂﬂ dig @Se‘i?ﬁt"&ﬁ’ﬁ't‘iﬁé?ﬂ“? Pﬁ&[r@hbvast%ﬂ?a?w?a%% Sl ate 234; the
quarter wave [qo4af\@ithlR4pdch gsre tshhe IIPAH sdutce B0 @Mmitefiighitke indigitdd By om | i near

enters and pEsEERIS R erE g Be e ons 2dR PeBsS) FeBbi ective I ens
230 focuses tbih!ndatlnghﬂnsamand;rbmugbm diffrectidn gatieR80nAfiehpassing thraugh, refl ects
the light ( a%eﬁ:ﬂﬂ%%n Blaacfikg %H%%h{ ;Qa%s&%r%ﬁbﬂ ¥3eérﬁg|§liﬁg?@i‘0 amQhen

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 Zog, to calculate the coil voltage offset AVps. 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 coil voltage offset AVpos. As a
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reflected light then passes back through the quarter wave plate 234 which
reverts the |ight back to a linear polarization. After passing back through
the quarter wave plate 234, the light is redirected by the beamsplitter
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 sumsignal, the coil gain can be determ ned
according to the previously discussed nmethod. In turn, the coil gain may
be used wi t hAtorey DapkegiNs pRRIBS7df f set Zos, to calculate the coil voltage

of fset AVos. An adjustnent nechanism 240 nmay then adjust the nmagnets 238

so that the voltages induced in the coils 236 will be adjusted by the
cal cul ated cgig|y }5\0&1& %H&hg%f if %8!¥agévr%ced°ﬁ tﬁ‘e c&ls%&%@%ﬁ;e&%lﬁéﬁs o
200311837-1 resu hange i1 n vol i nduced in the coils 236, the

obj ective | eWd mayg a WtP'I‘CGrKWE '%?PEI‘F@‘P ﬁ\‘i’dﬁsc(%oi pubsianfalyteapd) 1o e 4 sc 220)
substantlalINSQﬁ&ahgbqgghe Z- distance offset Zos. [0045]1n addition to

performng t f or j.one 00| ca |brat|o S, b dj ust nent
mechani sm 24@%55}” Sgﬁﬂﬁo 4t % %eép é'feg%lgreemseBL?nﬁgtcoy Iceaﬁl'grg}'qsn%i_ knhlé
subst anti al | gdjeginentumedhaoiss 240 aay adpsteﬂjetzedlﬂtan@dscoﬂfaséte er® A Bpt i num

focus.  Mor eQM%fantléllpeo?)ﬁmGﬁll b gaér'é?'ésprg@éfer%egec{ﬁgé’trm opfim@REdEub 0cati on on

the disc. For exanple, ust nent mechani sm 240 coul d adj ust the
Z- di st ance slferPovemifiese Wé"qr‘éﬁ’ﬁs ey fepsfopaedalepAchBftion 88rH¢ dRer d t he disc
and about +208 exanile, teCdBjdsttertinfeharfss 240 BguldaIjVR e Z-dBtadeelsadhance

di t ti f fically, th dj ust t
mechant sm 248t a/gRAAp e rger AL EIRE dou e dig LRSS0 er e a
about -30m ERAAGHA t%oug&_é@emmbw@meomd -digtsiei bersesporbiogi went s of the

i nvention, i nyenti tricted. rent to

n i re W
t hose skil l eagf”ﬁ” &Y%4r F’Ioreﬁf’gf'??fé}’l o%galrjr%r&qfa?tl neg hla%)'ﬁns1 ééhﬁ@a%?@ i ons can be
made to the dmgbwgaa¢smenbmdmamn$§3@WemhﬂapmﬂSﬁmn1|nvent|on wi t hout

departi ng fr gd& ﬂgthou %pt%[alaoorgr% tfohed (a%sctnggs Elﬁ%&ﬂf‘\% 'ﬁ?ecﬁ}l(/%{tlggl y, these

ot her voice ratro usting the
i nput voi ce beiihventién sget 50 reaﬁttrtcaidn |awmrt@o@lpé'iem i@éhoseZSkd|i9§ﬂfhWé@”0f fset are

fully w thi nylhegR60PthRfficitRfs CArdi URAtbAY 84 | N maliBefoettRr Qisclosed
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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it should be understood that the apparatus and net hod enbodi nents descri bed
herein are illustrative only and are not limting upon the scope of the
invention, which is indicated by the following clainms. 10 Attorney Docket
No, 200311837-1 CLAIMS What is clainmed is: 1. A nethod of calibrating an
optical pick-up unit, the nethod conprising the steps of: (a) applying a
known voice coil slewrate to a lens, at a first location on a disc; (b)
noving the | ens through a di stance range which includes a distance at

whi ch t he | eA® PP BR PP R  Fbcus: (c) nonitoring a sum signal while the

| ens nmoves through the distance range; (d) identifying a peak in the sum
signal corresponding to the distance at which the lens is in optinmm
focus; (e) calculating a sum signal cgshgyg rate fromthe sum signal peak
corresponding to the distance at which the lens is in optinum focus; and
(f) calculating a voice coil gain using the cal cul ated sum si gnal slew
rate. 2. Thé&Vhattshtaimedtisording to claim 1, further conprising the steps of:
(g) calculating a voice coil voltage offset using the cal cul ated voice coil
gain and an of fset distance; and (h) calibrating an input voice coil

vol t age usi ng t he!- camethod okeplipgtiegan eptical picsturafd. the mediod cgmpisg et hod
according toid sg¥ok, further conprising the step of: (g) repeating steps
(a) - (f) at a second |l ocati according to

claim1, wherein @hPr¥ng (")"?’f"g'%ﬁ%&Eﬂg‘}é?’?‘%{’nﬁ’df%'elg%t %Fsgg’g?t'oﬂaﬂ”r‘? conpri ses
di vidi ng the sum si gnéikc;sl ew rate by the voice coil slew rate.
(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:

(9) calculating a voice coil voltage offset using 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 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.

11



11 Attorney Docket No. 200311837-1 5. The nethod according to claim 2,
wherein the step of (g) calculating a voice coil voltage offset conprises
dividing the offset distance by the calculated voice coil gain. 6. A
program product for calibrating an optical pick-up unit, the program
product conprising machi ne readabl e program code for causing, when
executed, a machine to performthe follow ng nethod: (a) applying a known
voice coil slewrate to a lens, at a first location on a disc; (b) noving
the | ens t hr &RgKY Boawt ¥ gPEE8Fahge whi ch includes a distance at which the
lens is in optimum focus; (c) nonitoring a sumsignal while the | ens noves
t hrough the distance range; (d) identifying a peak in the sum signal
corresponding to the distance at which the lens is in optinmmfocus; (e)

calculating a sumsignal slewrate fromthe sunlslgnal peak correspondi ng
to the distance at Tieinegthedrecpiding o slaimh2. yperaiuive stephi &) ca'ﬁwa'mg)a cal cul ati ng

a voi ce coi | vgigé Boiugitage &ff3et comiveadiading tHe Fstidtarte @ thataculated The
progran1product accordlng to claim®6, wherein the nmethod further conprises

the steps of YOFgY° é?fculatlng a voice coil voltage offset using the
cal cul ated voice coil gain and an offset distance; and (h) calibrating a

Ol e COl | oLt 32 NSl Bafala kAt il Gcdi ck-usoh Jeeorogahpet . 8. The

program product acco alm o6 erelnt her conprises
the step of: P@gyctr éﬁ'@&fﬂﬁ"}ﬂg machipg (egfiable (Arpgram odes doin @AVt WBAP on t he

disk. 12 Attidie, Drekmhe Nberorr? M0 Ro1bdRa frethod:

(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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9. An apparatus capable of formng an image with a |aser, conprising: a

| ens; a nmediumtray; and an adjustnent mechanism which is configured to:

(a) apply a known voice coil slewrate to the lens at a predeterm ned
position on a nedium (b)nove the lens within a distance range including a
di stance at which the lens is in optinmmfocus; (c) nonitor a sum signal
while the lens noves within the distance range; (d) specify a peak of the
sum si gngtorndyd&dkeC6.1:20pPNES740 the distance at which the lens is in
optimum focus; (e) calculate a sumsignal slew rate based on the peak of
the sumsignal, which corresponds to the distance at which the lens is in
opti mum focus; (f) carry out the processes from(a) to (I), for calculating
a voice coil gain by wusing the calculated sumsignal slew rate, at nearly
all positions on the medium and calculate a voice coil voltage based on a
di stance set between the |ens and the nedi um above the nediumtray, and the
cal cul at ed vOite @naratgni papeBleadyfusiormaingolanagignags npith & dAseth EONRNIBRE coi | .

10. The apparnaijss capable of form ng an image with a | aser according to
claim7, mhereih t he adj ustnent nechanismis further configured to adjust
the | ens by adpageum frgy:e voltage input to the voice coil so that the |ens

0oL on SR o081 LAgh Pyl orm ned aount from he
t he medi um above {d)eappbdiaulmoivnayoicd 3oil slew rate to the lens at a predetermined
position on a medium;
(b)move the lens within a distance range including a distance at which the
lens is in optimum focus;
(c) monitor a sum signal while the lens moves within the distance range;
(d) specify a peak of the sum signal, which corresponds to the distance at
which the lens is in optimum focus;
(e) calculate a sum signal slew rate based on the peak of the sum signal,
which corresponds to the distance at which the lens is in optimum focus;
(f) carry out the processes from (a) to (f), for calculating a voice coil gain by
using the calculated sum signal slew rate, at nearly all positions on the medium, and
calculate a voice coil voltage based on a distance set between the lens and

the medium above the medium tray, and the calculated voice coil gain to adjust a voltage

input to the voice coil.

10. The apparatus capable of forming an image with a laser according to claim 7,
wherein the adjustment mechanism is further configured to adjust the lens by adjusting the
voltage input to the voice coil so that the lens is positioned at a distance offset by a
predetermined amount from the distance corresponding to the optimum focus at nearly all

the positions on the medium above the medium tray.
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