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VETHOQ: AND SYSTEM | N AN OPTI CAL STORAGE DI SC DRI VE (‘R}Q]@élﬁé’ LASER

* PONER BACKGROUND OF THE | NVENTI ON 1. Technical Field: The present invention
relates to an inproved information- retrieval nethggpgcqu stem In
particular, the present invention relates to an i ed éﬂbitally-based
i nformation- retrieval nethod and system WMre particularly, the present
invention relates to digital video disck and digital video disc drives.
Still nore particularly, the present invention relates to a nethod and
system for conserving | aser power after the retrieval of digital video data
fromdigital video discs and to a nmethod and system for extending the

operating | iyBrifdp hig t S sring eON A COBIFI QTS . STORAGEDERISG IMRIVE FOR he

Rel ated Art: e digital vi REINGOMAsER ddwerext generation of optical
di sc storage technol ogy, whiCh succeeds ere conpact disc (CD) technol ogy,
i ncl udi ng CD- ROM t echnol ogy, ended. Wthin digital video disc technol ogy,
audi o, conputer, and vi deg_dat ogggﬁﬁﬁ# a digital video disc,
whi ch appears visually toBP§§@%9 aB%D&§% 8Eut whi ch stores a nuch

greater ampunt of data. A typical digital video disc 990 2 8 64- 9 2

1. Technical Field:

The present invention relates to an improved information-
retrieval method and system. In particular, the present
invention relates to an improved digitally-based information-
retrieval method and system. More particularly, the present
invention relates to digital wvideo discs and digital video
disc drives. §8till more particularly, the present invention
relates to a method and system for conserving laser power
after the retrieval of digital video data from digital wvideo
discs and to a method and system for extending the operating

life of digital video disc drives.
2. Description of the Related Art: -

The digital video disc (DVD) is the next generation of
optical disc storage technology, which succeeds where compact
disc (CD) technology, including CD-ROM technology, ended.
Within digital video disc technology, audio, computer, and
video data can be encoded onto a digital wvideo disc, which

-- appears visually to resemble a CD or CD-ROM, but which stores

a mﬁch greater amount of data. A typical digital video disc
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,Stores greater anpunts of data than traditional CDs. A standard,
single-layer, single-side digital video disc, for exanple, can store 4.7 GB
of data, while a two-layer standard digital video disc increases the

singl e-sided disc capacity to 8.5 GB. Digital video discs nay be conposed
of doubl e-sided discs having a storage gapacity of approximately 17 GB per
di sc. O course, as technology advances, this storage capacity wll
i ncrease. (Note that the acronym"DVD ' can equally represent the term
"Bigital Versatile Disc" as well as the term"Digital Video Disc".) A
probl em associated with digital video disc drives which retrieve video data
and ot hersheresi atmthidat aafibuats afli datdat sshayonpuhaitdaehal @ps.) from

di-gi tal video,discs i nvolves the power required by a laser |ight source to
successi vBF§RERR 'nﬁppﬂﬁﬁélﬁﬁﬁéri@ﬂnﬁéﬁésﬁg§ep§96¥aﬂyM%9%°(ﬂ%§QwﬂfQﬁdeo

di scs. SouRafibgb! dbaN! S0rd! 607 A VAS QRN  GAYALC, Alyb DELAAS & dhddley | aser
power required to successively reading these multiple interior Tayers.

Thi s incrédgéteh vider daeincsensessshe singliarcriskskdiibe sapaalty tmoi se

tio inh i th.reading. data_f tical st dj d t,
Conensat - ForBt heliBE e ifeantaBer TBEY oe cOTPRTESE o P sHdesh
path. Anydisesehseing laas®foRQyercdpadsty Oof shprbeiinAgelP thedp freof the

| aser, because the laser's life is inversely proportional the power |evels
at whi ch #£56per ats. CPHEFSY hedP askaClp¥W9Y s adveénessed Gebietgtiarady

accordi ngchQabhey"WIHAr increase. (Note that the acronym "DVD" can

equally represent the term "Digital Versatile Disc" as well as

the term "Digital Video Disc".})

A problem associated with digital video disc drives which
retrieve video data and other associated data (i.e., audio
data, computer data, etc.) from digital video discs involves
the power required by a laser light source to successively
read multiple interior data layers of typical digital video
discs. Some digital video disc drives may require an increase
in the laser power required to successively reading these
multiple interior layers. This increase in laser power is
necessary to increase the signal~to-noise ratio inherent with
reading data from optical storage discs and to compensate for

the absence of an aberration compensator in the optical path.

Any increase in laser power leads to a shortening in the
life of the laser, because the laser's life is inversely
proportional the power levels at which it operates. When the

laser power is increased geometrically according to the number



3 interior layers being read, the |aser life is unduly shortened because
*the laser remains constantly in a power-on tracking node for a given
interior layer, even after all the video data and ot her associ ated data has
been read fromthat particular interior |ayer. Even during qui escent or
transition periods prior to focusing thg |aser on a subsequent |ayer, and
hence a subsequent track of the digital video disc in use, the digital
video disc drive |aser continues to operate at that power |evel. Based on
thhe foregoing, it can be appreciated that a need exists for a nethod and
system whi ch woul d effectively decrease the power |evel at which a | aser

| i ght souigeeSPEF al Bre P RYirdy readi, nghef Llaseted idat 4 sanddol heshadsomdt ed
data contained within multiple | ayers of an optical storage disc, such as a
di gi tal vhegeausestheshapes FEMRGASaSONSFSNEAY il BnAWRI CRRSUH RS esul t
in an inc ' I f asel L L.Lght . Sour Atithi 28 yyesseaiation
Wi t h opti%(g?é;%xg %@qafs&ﬁ gé‘%?’#@’%s?a S SN T e SUMVARY OF THE

| NVENTI O\ahdl dBhéheas§octanadoiptat has baeni neatt foemt that quantsl aanldmpr oved

information-retrieval nmethaod and, system .It is_another_ object of th
inventiongFBeE£%§iH%Y%ﬁ- Even duﬁﬁng quiescent or pran81{10n periods

prior to focusing the laser on a subsequent layer, and hence
a subsequent track of the digital video disc in use, the
digital wvideo disc drive laser continues to operate at that

power level.

Based on the foregoing, it can be appreciated that a need
exists for a method and system which would effectively
decrease the power level at which a laser light source
operates after a reading of video data and other associated
data contained within multiple layers of an optical storage
disc, such as a digital video disc. Such a method and system,
if implemented, would result in an increase in the life of
lasér light sources utilized in association with optical

storage device drives, such as DVD drives.



I,mproved digital-based information-retrieval nmethod and system It is stil
anot her object of the invention to provide-an inproved digital video disc
drive that retrieves video data fromdigital video discs. It is yet another
obj ect of the invention to provide an inproved nethod and system for
conserving |laser power after the retrieval of digital video data from
digital video discs. It is another object of the present invention to
provi de a nethod and system for extending the operating life of digital
vicdeo di sc drives. The above and ot her objects are achieved as is now
descri bed. A nmethod and systemin an optical storage disc drive for

conserving |aser power aftguMirRy esdirag GNVENTTONg of data fromor to an
optical storage disc via a laser |ight beam generated by a |aser |ight

source within the optical storage disc drive, wherein the optica
storage disc nt ai iLple. d Y el s s opt.| st Qrage
disc is proviggd&%hgﬁggﬁkékg gBt?%i?égfégZﬂ%ggfggﬂpﬁé¥€§g§Bgﬁggé?eéﬁnst

dat a | ayémpaptesiud aFDIinae iH-rictlrd dvallemeahodatadl ayetemt herein for the
storage of data. Thereafter, the laser light beamis focused at an interior
data layer of the optical storage disc in order to read or wite data from

or to the It is another -object of the invention to provide an
- improved digital-based information-retrieval method and

system.

It is still another object of the invention to provide-an
improved digital video disc drive that retrieves video data

from digital wvideo discs.

It is yet another object of the invention to provide an
improved method and system for conserving laser power after
the retrieval of digital video data from digital wvideo

discs.

It is another object of the present invention to provide
a method and system for extending the operating life of

digital video disc drives.

The above and other objects are achieved as is now
described. A method and system in an optical storage disc
drive for conserving laser power after the reading or writing
of data from or to an optical storage disc via a laser light

beam generated by a laser light source within the optical
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intertor data layer. Data is then read fromor witten to the interior data
| ayer, in response to focusing the |aser |ight beamat the interior data

| ayer. The laser light beamis then automatically refocused at the
outernost data-layer of the optical storage disc if the optical storage
disc drive enters a quiescent node afteg the reading or witing of the
data, such that upon refocusing, the laser |ight source experiences a
decrease in | aser power, thus pronoting an extension of the |ife of the

| &ser |ight source. The | aser |ight beam can then be refocused at the next
succeedi ng data | ayer of the optical storage disc, in response to

t er m nat istgptdye qliisesdeiveyoedbereini hhe espohsel tskerage disd eontisénsi nput .
The opti cal

stara di s¢c drive and the optical .stora disc can be,
respect | J‘B%J;Fléﬁrﬁ ?‘S‘ﬁ?%d%éé’e5sdi QLHLN| dg di°§<¥1(°6\]/D%eto°ﬁ%Pee A% dgital
vi deo di §eovidddl RindXedeR RHON gt iddn DRAWNGE Thie seoveéhciieaksr ean

bel i eved characteristic of the invention are set_forth in the appended
clai ms. Thammasatt | datat daver Rowe\auccessied |makt ip}e eiBEeEdORDEAtEf use,

further aqbjects, .and .adyant ages_t her eof i_LL b r 0

Fof f encd AT SRS RG leert SRdRar tatpsn Hie b N R0 Sages

enbodi menti giebdapnd si Boe@BpUNgt i N Mitidr ildre dacaobapayicl) tdreavbhadgsal

wherein: FIG 1 is a schematic diagramof a djgi2§l vi deo di sc
storage disc in order to Tread or write data from or to the
interior data layer. Data is then read from or written to the
interior data layer, in response to focusing the laser light

beam at the interior data layer.

The laser light beam is then automatically refocused at
the outermost data layer of the optical storage disc if the
optical storage disc drive enters a quiescent mode after the
reading or writing of the data, such that upon refocusing, the
laser light source experiences a decrease in laser power, thus
promoting an extension of the life of the laser light source.
The laser 1light beam can then be refocused at the next
succeeding data layer of the optical storage disc, in résponse
to terminating the quiescent mode, or in response to a
particular user input. The optical storage disc drive and the
optical storage disc can be respectively configured as a

digital video disc (DVD) drive and a digital video disc.
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gtoraBe system which can be utilized in accordance with a preferred
‘enbodi ment of the present .invention; FIG 2 illustrates a nore detail ed
schematic diagramillustrative of t he optical head and digital video disc
of FIG 1, in accordance with a preferred enbodi nent of the present
dinvention; FIG 3 is a block diagramofga controller systemof the digital
video disc drive systemof FIG 1 and FIG 2 in accordance with a preferred
enbodi ment of the present invention; and FIG 4 depicts a flowhart of
ofgerations illustrating a nmethod and system for conserving |aser power in
an optical 7 disc drive, in accordance with a preferred enbodi nent of
the present invention. BRIEF DESSHIErIECH AEEONRAWIRBEFERRED EMBCDI MENT
Wt h reference now to the figures and in particular with reference to FIG
1, there is depicted a schematic diagramof a digital.video disc storage
System 10 10, 8868 038681 W b0aRuBEe! ChLedeEROUME Lo Mlr 1 T P ene

i nvention.
lnventlon are set forth in the appended claims. The inwvention

itself, however, as well as a preferred mode of use, further
objects, and advantages thereof, will best be understood by
reference to the following detailed description of an
illustrative embodiment when read in conjunction with the

accompanying drawings, wherein:

FIG. 1 is a schematic diagram of a digital wvideo disc
storage system which can be utilized in accordance with a

preferred embodiment of the present invention:

FIG. 2 illustrates a more detailed schematic diagram
illustrative of the optical head and digital wvideo disc of
FIG. 1, in accordance with a preferred embodiment of the

present invention;

FIG. 3 is a block diagram of a controller system of the
digital wvideo disc drive system of FIG. 1 and FIG. 2 in

accordance with a preferred embodiment of the present

invention; and

FIG. 4 depicts a flowchart of operations illustrating a

method and system for conserving laser power in an optical



,gi sc,5torage system 10 includes a.digital video disc 12 which is renovably
nounted on a spindle 14 as is known in the art. Spindle 14 is attached to a
spindle notor 16, which in turn is attached to a digital video disc system
chassis 20. Mdtor 16 rotates spindle 14 and digital video disc 12. An
optical head 22 is positioned below digrtal video disc 12. Head 22 is
attached to an arm 24, which in turn is connected to an actuator device,
such as a voice coil notor 26. Voice cdtl notor 26 is attached to chassis
20 and noves arm 24 and head 22 in a radial direction below digital video

disc 12. Video, audio, and conputer data can be encoded onto a single

di gital vi#8e driveq2in apecerdarge grith @ rEefisnzedfempadineanin afr 4diet i onal
cénpact dj single-layer, single-sided digital video disc can
store 4.$b%§§%9€h§%g€9§i€ﬂb-layer standard digital video disc increases the
single- sided disc capacity to 8.5 GB.- Digital video disc 12 al so includes
mul tiple successive interior |ayers wherein data may be stored and
subsequently read by a digital video disc drive. Those skilled in the art

wi |l appreciate that although digital video disc drives and digital video
di sc systens are discussed in accordance with a preferred enbodi nent of
the present invention, other types of optical disc drives may al so be

i npl enented in accordance with a preferred enbodi nent of the present

i nvention.
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EIG,2 illustrates a nore detailed schematic diagramillustrative of the
optical head 22 and digital video disc 12 of FIG 1, in accordance with a
preferred enbodi nent of the present invention. Optical head 22 includes a
| aser di ode 200, which may, for exanple, be a galliumalum num arseni de
di oxi de | aser that produces a primary beam of |ight 202. Primary beam of
light 202 is first diffracted by grating 201 to produce two secondary beans
for tracking, in addition to the primary data beam and then collimated by
| éns 203. The resulting three-conponent beam 204 then passes to a beam
splitter 205. A portion of beam 204 is reflected by beamsplitter 205 to a
| ens 206 and an ®RTIAIIEDIDESORIPTION OF:(EREFERRED; EYBODIMERNT he power of
| aser beam 204, which is reflected by mrror 208, passes through a focus
lens 210 and is focused to a diffraction-limted spot. Focus lens 210 is

mounted in a haltderedbdentclenBastbl 8ReOfiyhred arkd adi yeirad dlllad WwigH O
digital video disc 12 by a focus actuator notor 216, which may be
i npl ementiefegrenge dicc&IGoi L nbheore el derhehndid aghenatiofdidgiamiost or age

devi ces. _Myv.enent of.%ocu .lens, 21 %y t.h ogUsS . ac tor..noves .t he focused
Spot bot fbal T 15ARE ErEoSedraar oy arell 3s A sEtbtpfRs i A
skill ed iprdferid emblddisepitesiratBet pabsaht hongbneish ! alpig e diisted?
depicted in FIG 2 illustrates a digital L. . ] .
disc storage system 10 includes a digital video disc 12 which
is removably mounted on a spindle 14 as is known in the art.
Spindle 14 is attached to a spindle motor 16, which in turn is
attached to a digital wvideo disc system chassis 20. Motor 16
rotates spindle 14 and digital video disc 12. An optical head
22 is positioned below digital wvideo disc 12. Head 22 is
attached to an arm 24, which in turn 1is connected to an
actuator device, such as a voice coil motor 26. Voice coil

motor 26 is attached to chassis 20 and moves arm 24 and head

22 in a radial direétion below digital video disc 12.

Video, audio, and computer data can be encoded onto a
single digital wvideo disc 12, and stores greater amounts of
data than traditional compact discs. A standard single-layer,
single-sided digital video disc can store 4.7 GB of data. A
two-layer standard digital video disc increases the single-
sided disc capacity to 8.5 GB. Digital wvideo disc 12 also
includes multiple successive interior layers wherein data may
be stored and subsequently read by a digital video disc drive.
Those skilled in the art will appreciate that although digital

video disc drives and digital video disc systems are discussed
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\ideo'disc 12 having only two data.-layers, digital video disc 12 may be

i npl emented as an optical storage device having many additional interior
data layers. Thus, a portion of |ight beam 204 is reflected off of either
data |layer 52 or 62 as a refl ected beam 220. Beam 220 returns through |ens
210 and is reflected by mrror 208. At beamsplitter 205, beam 220 is
directed through an astignatic |ens 232%nd onto a nulti-el enent opti cal
detector 234. FIG 3 is a block diagramof a controller system 300 within
tHe digital video disc drive systemof FIG 1 and FIG 2, in accordance
with a preferred enbodi nent of the present invention. Milti-elenent

def ect or 284 asfcomdance geheh arespoeipuredi giwoslimgat mbvihe PrRIensignal ,

a‘focus eg L gnal FES) tr i l, '£g§§ E

These si g?ﬁéﬁéniignan&tﬁfgec}:ma&gi(gjrflaf)ggéf):?ig‘f i%gr 23‘?‘~ an Srgél%[ §|)lrsgctkf(§/ to
control | eimglémeAt p@akndet€6+0@an84 Owirtls oa rprefyesed hambdcB meartd @f pretedk
detector 312 al-so receives the TES from signal anplifier 236. Controller
314 al so PEEEFREsLIPHPUELISRgnal s from | aser power optical detector 207 as
wel | as the outputs of peak detectors 310 and 312. Controller 314 is a

m cr opr ocessor - based di sk drive controller, and is connected to and
control s | aser FliBode® 20D}usthrates saomefeor devhidefdasshemaghc sbiageam or
gener ati ng,323el;Lbalt beam. SOty ld-ef ¥ 4nlsSaRbseatopnsss <8 29

of FIG. 1, in accordance with a preferred embodiment of the
present invention. Optical head 22 includes a laser diode
200, which may, for example, be a gallium-aluminum-arsenide
dioxide laser that produces a primary beam of light 202.
Primary beam of light 202 is first diffracted by grating 201
to produce two secondary beams for tracking, in addition to
the primary data beam, and then collimated by lens 203. The
resulting three-component beam 204 then passes to a beam
splitter 205. A portion of beam 204 is reflected by beam
splitter 205 to a lens 206 and an optical detector 207.
Detector 207 monitors the power of laser beam 204, which is
reflected by mirror 208, passes through a focus lens 210 and

is focused to a diffraction-limited spot.

Focus lens 210 is mounted in a holder 214, the position
of which is adjusted relative to digital video disc 12 by a
focus actuator motor 216, which may be implemented as a voice
coil motor, well known in the art of digital storage devices.
Movement of focus lens 210 by the focus actuator moves the

focused spot between data layers 52, 62 of digital video disc
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« ot or * 16 and focus actuator notor 216. Focus actuator notor 216 can be
I npl emented via a voice coil notor or other devices such as a piezoelectric
nount for the focus lens or a fixed position liquid crystal |ens. An
applied voltage alters the refractive index of the liquid crystal materi al
conprising the liquid crystal |ens, thu§ altering the focal |ength and
changi ng the focus without noving the |l ehs. Referring again to FIG 2,
digital video disc 12 is shown in cross-section. Digital video disc 12
cdnprises a light- transm ssive substrate 40, typically polycarbonate. A

first surface. 41 of substrate 40 faces focys |lens 210 and i.s the side onto
whj ch thé? gtﬁ‘?sse SEeE. 11Thgh8p66§i a1 u@&é@%%&ﬁgﬁ%%%%
formed omiigh t&1f kidkodal 3¢l BY epiletdd i3l Fd¥. 22| BYLhsPRat8s R%tgti%{l of
pits or depressions forned into the surface of substrate 40 and covered

with a fivigesf disct L2l haviinghonlyahwai dataelapeesi aligFaktvidida diser 52

is formed.by_conventiopnal injection, nmoldin enbossi ng, or phot opol yner

replicatﬁgh%a§u3§t+@3 e%%PEﬁéi%%:%ﬂ:QE&%&aﬂagéPréﬁeaﬁ%vg??ﬁﬁ%§aﬁ%>_%E%e

found i n agRAENANa ndBL oM §Bc b heag%eant | %&@,@tafﬁsm&&bm ceveridig the
y

pattern of pits on the substrate surface is partial l'ight-transm ssive
rat her theam @04 11 meffilesttioe ofthicf faitthesf dedteerlagter &2 e 6 reedd f - any

convent i sem conduct.qr, material .(e. anoyphous, Sy, Si G _&GSh). ,

di el ect r%cré%lr%&c ﬁdg & 32,°‘Zr 8 %2681:%-@8? {TISJE%II“F]? (?iéﬁ%? e?jr%lart‘g.lgs. . Al

Au) .  Thesgleitedd Ay warrde 2EPOsi AedpB¥m splitter 205, beam 220 is
directed through an astigmatic lens 232 and’ onto a

multi-element optical detector 234.

FIG. 3 is a block diagram of a controller system 300
within the digital video disc drive system of FIG. 1 and FIG.
2, in accordance with a preferred embodiment of the present
invention. Multi-element detector 234 of FIG. 2 generates
output signals that provide a data signal, a focus error
signal (FES) and a tracking error signal (TES). These
signals are amplified by signal amplifier 236 and sent
directly to controller 314. A peak detector 310 also receives
the FES, and a peak detector 312 also receives the TES from
signal amplifier 236. Controller 314 also receives input
signals from laser power optical detector 207 as well as the
outputs of peak detectors 310 and 312. Controller 314 is a
microprocessor-based disk drive controller, and is connected
to and controls laser diode 200, which is one form of a laser
light source for generating a laser light beam. Controller

314 is also connected to and controls head motor 26, spindle
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.12 sputtering or evaporafion, as is known in the art, and may have a
t hi ckness in the range of 30-3000 ‘Angstrons. A |ight-transm ssive spacer

| ayer 44 is formed over first data | ayer 52. Li ght-transm ssi ve space
| ayer 44 can be formed of a photopol ynmer material deposited by
spin-coating. Alternatively, light-transm ssive space | ayer 44 can be

formed via a | am nation process (e.g.,‘UIuing a thin plastic sheet,
enbossed with data | ayer 62, onto the covering filmof first data |ayer 52
ol substrate 40). The surface of light- transm ssive space |ayer 44
opposite the surface in contact with first data layer 52 has formed init a
second datatdryré H2d Secondchaiatdayertd@? 286, cFpnisadthaetasmodtata | ayer

if the digital videg disc 12, and may have a,hygical thicﬁ?ess in the range
of 100- 109b6 SRS oARPLagenked; Kider 9% FoNt PRECE, PR HICLSSVEGER e t hat

al though gLy L¥0,dgia,Layere-2tendaRt Cr8Y. tRENELAR! Qlenal HALA £1axRIS MBY
be i npl enmented In atcordance wth a preferred enbodi nent of the present
i nvent i onpodiei embbsgeid patystral afersecorth dipral ley erolBagemaldefsoraed by a

phot opol yneri zatjon process Wth a st er .in contact.with the. polyner,
Wher o n {FECFOPVIET TRORLATATRS AT EY BTt HaltRkEr oY Fyrbising ehe

l'ight -trapsghs§i &-aa0er 1baxer vhd Sah eeredgbynamraabilonieddieh searNd data
| ayer 62 may be preé- enbossed onto the plastic sheet before the sheet is

gl ued to cdeying ethaofocugyyl oty motH ddpt LISt he pits in the

Referring again to FPIG. 2, digital video disc 12 is shown
in cross-section. Digital video disc 12 comprises a light-
transmissive substrate 40, typically polycarbonate. A first
surface 41 of substrate 40 faces focus lens 210 and is the
side onto which the light is incident. The opposite surface
.of substrate 40 has formed on it a first data layer 52. First
data layer 52 is a pattern of pits or depressions formed into
the surface of substrate 40 and covered with a film of
partially light-transmissive material. First data layer 52 is
formed by conventional injection, molding, embossing, or
photopolymer replication. Substrate 40 and first data layer
52 are similar to those found in conventional CDs, with the
exception that the film covering the pattern of pits on the
substrate surface is partially light-transmissive rather than
totally reflective. This film of material can be formed of
any conventional semiconductor material (e.g., amorphous Si,
SiC, GaSb), dielectric material {(e.g., Z2r0,, SiN), or metallic

material {e.g., Al, Au). These materials can be deposited by
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13 enbossed patters in data layers 52 and 62 lies in the range of 1000 to
‘2000 Angstrons, but may vary. Finally, a protective layer 70 is of a

phot opol yner is formed over second data | ayer 62 by spin-coating followed
by curing. The multi-layer digital video disc 12 shown in FIG 2 is a
dual data | ayer disc. The substrate 40_has a thickness tl and is forned of
| ight-transm ssive material with an i nd®&x of refraction ni.

Li ght-transm ssive spacer |ayer 44 has a thickness t2 and is forned of

| i:ght transm ssive material with an index of refraction n2. Addi t i onal
data layers may of course by utilized in association with digital video
disc 12. spliote£x@gPbe, eddoiria@nah ,eHossedkidlh eiAs taad 2Rt iald Ymdy ght -
transm ssive filns nmay be fornmed between first data |ayer 52 and second
dat a | ayeha®2. a Thiekeeasi bh bhedrangal ofi Jo3eRe ARIBEEGES syst em 10 of
FIG 1 may now be understood with reference to FIG 2 and FIG 3.
Controller 314 controls notor 16 that rotates digital video disc 12 and
not or 26 that Aovieshtoptraedmiesive 3paacrnéapeapéd o gotrimed bebow gt t al
video dis Laser_200 is energi zed to read data fron1digita| vi deo di sc

12.
12. The bRAMR288YEF (BRused HPETIARTRIRS M0 BBAGSndANAF dff 1 A8t i M-
limited spolngldsthiSpfoeys69yRBetnkSet PSR 88508: 188 HPSLEEE-coating.

Alternatively, light-transmissive space layer 44 can be formed

via a lamination process (e.g., gluing a thin plastic sheet,
embossed with data layer 62, onto the covering film of first
data layer 52 on substrate 40). The surface of light-
transmissive space layer 44 opposite the surface in contact
with first data layer 52 has formed in it a second data layer
62. BSecond data layer 62 may comprise the last data layer in
the digital video disc 12, and may have a typical thickness in
the range of 100-1000 Angstroms. Again, those skilled ip the
art will appreciate that although only two data layers are
depicted, other interior data layers may be implemented in

accordance with a preferred embodiment of the present
invention.

The embossed pattern of second data layer 62 may be
formed by a photopolymerization process with a stamper in
contact with the polymer, wherein the polymer is cured by
ultraviolet radiation. If light-transmissive spacer layer 44
is formed by lamination, the second data layer 62 may be pre-
embossed onto the plastic sheet before the sheet is glued to

substrate 40. Typically, the depth of the pits in the



.Gne of the data layers 52 and 62. The reflected beam 220 14 returns and
is directed to multi-element detector 234 by astigmatic |lens 232. The FES,
TES and data signals are output by detector 234 and anplified by anplifier
236 of FIG 3. The FES is utilized by controller 314 in a conventi onal
servo-control technique to control focus actuator notor 216 so that focus

| ens 210 nai ntains the spot on the desi'Ped data | ayer (e.g., data | ayer 52)
as digital video disc 12 rotates. Wen it is desired to read data from data
| dyer 62, the controller 314 signals focus actuator notor 216 to nove the

|l ens so the spot is noved fromdata |layer 52 to data | ayer 62. Wen the
spot is | embbedednpaiatars ayrerd32 lelyersi §Rtand &8 fldess inenle 2dnaa afer ses

tHe enti i ck tl of substrate 40 and_thi t2 of light-
tranom ssK9B0s B 08, bpSantone | BuErFer Rertosd Y bt A RAERY Wiyl t

video di s§,¢bi-ves {4 ACGORHBREBOM/MB i §ifiimal @9Rrd58608d 1 derSNhRFS such
as the optical disc drive systemof FIG 1 to FIG 3 to increase l|aser
pover whef2s sy espiivelopatdagi ngol hoeedoby agersngf anTbhpt imdltistleyege di sc

h digital vig disc 12._This i QL t
nr oase BRBLEPINANRS. KHRGe T THOEhGU PR 12 bPoBably indases Ary aho. mike

up for thgiapsence of an aberration conpensator in the optical

The substrate 40 has a thickness t1 and is formed of
light-transmissive material with an index of refraction nl.
Light-transmissive spacer layer 44 has a thickness t2 and is
formed of light transmissive material with an index of
refraction n2. Additional data layers may of course by
utilized in association with digital wvideo disc 12. For
example, additional embossed patterns and partially light-
transmissive films may be formed between first &ata layer 52

and second data layer 62.

The operation of digital video disc storage system 10 of
FIG. 1 may now be understood with reference to FIG. 2 and FIG.
3. Controller 314 controls motor 16 that rotates digital
video disc 12 and motor 26 that moves optical head 22 to the
proper position below digital video disc 12. Laser 200 is
energized to read data from digital video disc 12. The beam
204 is focused by focus lens 210 to a nearly diffraction-
limited spot and this focused spot is located on the desired

one of the data layers 52 and 62. The reflected beam 220



path.*Such an increase in |aser power can very well shorten the life of the
"l aser, because the laser's life is inversely proportional to the power
| evel s at which it operates. In accordance with a preferred enbodi nent
of the present invention, when a digital video disc drive is operating a
gui escent state in accordance with an ?ptical storage disc drive system
such as digital video disc storage sy% em 10 of FIG 1 to FIG 3,
controller 314 signals focus actuator notor 216 to nove the |ens so that
the af orenentioned spot is noved froman interior data |ayer to the
outernost data layer of the digital video disc in order to conserve |aser
life. Wiertilrmd ased fdewedirsctadr éaseadujebrelenent | vedeodod n2s4 obiyhe
ndnber of interior data layers being read, laser life is unduly shortened
by | eavi A§tEAtASeAans 23%wer-on tracki ng mode at that particul ar
interior layer. By "junping"” to the outernost layer, the life of the |aser
is dramatically increased by running the |laser at the | owest power possible
during a tracKiheg E@Sr,i @as whdl datbesﬂgghlal aye ctaﬂ:piitsd:ydrdab@dtwrs 234 a

qui escent oy "qui.et" ate I|f there is o a,5%| oss_ of t..per | ayer,
for exanphé aF"E’ llfér?éir No@ﬁ‘ﬁl%gﬁ%?fr@% %\E'r% chr(:a%%% o l‘-%g‘[téﬁrl]ze\%l chis

equi val emf, Tc%n%r@il%&: 392%0 E%v%'t%ﬁé'l 98}9% ?Sﬂt’i*éf%é&r{l% the 10th

| ayer. Thus, junping from ayer to layer result 1n a significant
reductlorcarrtﬁodsefopumeracm&uuﬁr motor 216 so that focus lens 210

maintains the spot on the desired data layer (e.g., data layer
52} as digital video disc 12 rotates. When it is desired to
read data from data layer 62, the controller 314 signals focus
actuator motor 216 to move the lens so the spot is moved from
data layer 52 to data layer 62. When the spot is located on
data layer 62, the light from focus lens 210 traverses the
entire thickness tl of substrate 40 and thickness t2 of light-

transmissive space layer 44.

It is often necessary when utilizing digital video disc
drives in accordance with digital v%deo disc drive systems
such as the optical disc drive system of FIG. 1 to FIG. 3 to
increase laser power when successively reading interior layers
of an optical storage disc such as digital wvideo disc 12.
This increase in laser power 1is necessary to increase the
signal-to-noise ratio and which is probably necessary to make
up for the absence of an aberration compensator in the optical
path. Such an increase in laser power can very well shorten
the life of the laser, because the laser's life is inversely

proportional to the power levels at which it operates.



transtates to added laser life. "Junping” to the outernost |ayer of a
“multi-layer digital video disc in order to conserve |laser life may -be

acconpl i shed when there is no aberration conpensator in the optical path

16 and the | aser must increase its power for each successively interior

| ayer in order to maintain an acceptabhg signal -to- noise ratio. Such

"junping" is perfornmed when the DVD dri've is quiescent, neaning that no

wor kl oad is in process. Junping in the manner can be perforned at tine T1

after the drive becones qui escent. Time Tl can be user sel ectable. The

digital video disc drive's laser and "servo" remain conpletely active. At a

| afer tiner T2Intaecerdarcea anthe adpckiesgefderbegitngte dfadde RRESSBEVO shut

déwn. However, betweern times, T1 d T2, t l.asgr. .and. g r j cys servo
ore ful Ly SEEEES e PBRnn THILETheBiopes BSoky ha Bods  PRELEHRICH The
Most FreqyenésyehbedtoVEU) nf id®soreihdee witl esh odpt beabuseopragé bager, in
order that they be read with the | east |aser power available. A_preferred

enbodi merdrbye t fesprms etch mredligdh afayiARel HEC A TALhAYHER d0e8Tsuch as
colL b LuBe! T LoSEle MR AT kot Yufogis mdosacduy beeaa
| nput / Qutpué £é/MAvaciidillahs Eoosaaskthbedfonetmdret oredMddot is moved
from an interior data layer to the outermost data layer of the
digital video disc in order to conserve laser life. When the
laser power is increased geometrically according to the number
of interior data layers being read, laser life is unduly
shortened by leaving the laser in a power-on tracking mode at

that particular interior-layer.

By "jumping" to the outermost layer, the life of the
laser is dramatically increased by running the laser at the
lowest power possible during a tracking period, while the

. digital video disc drive runs in a quiescent or "quiet™ state.
If there is only a 5% loss of light per layer, for example,
the laser would require a power increase of 1.05° which is
equivalent to 1.55 or 155% of the original power required to,
read the 10th layer. Thus, jumping from layer 10 to layer 1
would result in a significant reduction in laser power, which

translates to added laser life.

"Jumping” to the outermost layer of a multi-layer digital
video disc in order to conserve laser life may be accomplished

when there is no aberration compensator in the optical path



appretiate that it normally takes between 1/2 to 1 second to fully
calibrate a laser (i.e., laser light source within a DVD drive) for read
and wite activity for one |ayer of DVD nmedia, when the DVD nedia (i.e.,
DVD disk) is initially loaded into a DVD drive. For exanple, if a.DVD
having a 10 | ayer side is utilized mjgg a given DVD drive, then between 5
and 10 seconds will be spent calibrating the laser to all |ayers of the
si de 17 of DVD disk pointed towards the |aser. Thus, |laser life can be
extended and the "tine to first data" performance netric nmay be inproved by
only calibrating the |l aser to those |ayers on the DVD di sc which have
pendi ng land aie Vidger Detet nintchgasdi ths| pyees farveepehdisngcks@igeliwity
can be deternmined by reading the directory, associ ated wi.th the DVD di sk

g
Uti | i zed JOFECTIOT, IRYSH dat OTEBEytOf MA@ AFGePtanded 1GRRE oSt PC,
by readi ngyithatrfnard i cuiah d‘r?g?r%i‘?f\%’-r 1B pRalrciedd WRehNEnkNBVDARE /0 those

inactive layers (1.e., no pe In the queue), a significant
anount ofig igwd esseanftysmeanédg th8uat womkload Agsiarproestss r edungiag

"performance’. and_such paraneters are very inportant to users. I.n.addition,
by cal | brat i Hict FEPPEZercarh Kl DT ROMEST of br & 106n i AU S 5% r B3RP | oaded
DVD di sc pddcmtePogaeesceaadi norind @tt icdr Ypet hgell fRliccdases, 1 s gaved by
avoi ding a needless calibration to the layers of the DVD disc which do
digital video disc drive's laser and "servo" remain completely
active. At a later time, T2, the drive can be declared idle
and the laser and servo shut down. However, between times T1
and T2, the laser and tracking/focus servo are fully active
vet remain in a laser-life-saving mode. In addition, the Most
Frequently Used {(MFU) files can be stored on the outermost
layer, in order that they be read with the least laser power
available.

A preferred embodiment of the present invention may
include additional featires such as calibrating the laser
- light source to only focus a laser light beam at those layers
in a freshly 1loaded DVD disc which possess pending
Input/Output (I/0) activity. Those skilled in the art will
appreciate that it normally takes between 1/2 to 1 second to
fully calibrate a laser (i.e., laser light source within a DVD
drive) for read and write activity for one layer of DVD media,
when the DVD media ({i.e., DVD disk) is initially loaded into
a DVD drive. For example, if a DVD having a 10 layer side is
utilized with a given DVD drive, then between 5 and 10 seconds

will be spent calibrating the laser to all layers of the side



®

_pot pbssess a pendi ng workl oad queue. Should a workload later arrive for an
uncal i brated | ayer, the laser would then be calibrated for that |ayer
before 1/Ois perfornmed. Since a |laser nust be recalibrated after bringing
a previously idle DVD drive up fromlaser and "servo" shutdown, junmping to
the outernost | ayer saves | aser power gntho requiring a nultisecond disc
"spin-up" and | aser recalibration pena should a new workload arrive. A
substantial tine penalty is paid if the drlve is awakened fromthis idle
shut 18 down node. However, it is not necessary for a tine penalty to be
paid if the laser is tracking on the outernost |ayer of the disc and
opgratingOEnDNﬁedﬁskepbihasdrtpwmedsstheelamhkle Thesdrlasersliﬂélgamctive
artd i rmedi at el avag:'abl for ny new rk os%T,he fﬁg of full%
calibratiR§ ¢ (e Qﬁé% F2esPERFYHIAGY PeFrife FES,

the TES, mhg b@aﬂmlseweéd @gadoﬁw M1 {15 ROMRY tHef 1Wskk-eabl €h8§9' Bay&rdei ng
utilized. Because of he " paranmeters " involved, full callbratlon of

t he | aser O8oé&BecBNBufdse th?hlhﬁaﬁ BABOARIOL /0| ABLiTibYt ypes of DVD medi a
are presently being utilized in DVD systens. The first type of DVD nedia
being utilized with DVD systens is DVD-ROM (i.e., anal ogous to CDROM,

whi ch is "readbetkymindng"”wiich rieage mnhpveepenying Theo setard thypendbe

determined by reading the directory associated with the DVD
disk utilized or, if a duplicate copy of the directory is
stored on the host PC, by reading that particular directory.
By not calibrating the laser to those inactive layers (i.e.,
no pending workload in the queue), a significant amount of
time is thus saved. Such time savings are referred to as
"performance" and such parameters are very important to users.
In addition, by calibrating the laser to only those layers
contained in a freshly loaded DVD disc which possess pending
1/0 activity, the 1life is laser is saved by avoiding a
needless calibration to the layers of the DVD disc which do
not possess a pending workload queue. Should a workload later
arrive for an uncalibrated layer, the laser would then be

calibrated for that layer before I/0 is performed.

Since a laser must Dbe recalibrated after bringing a
previously idle DVD drive up from laser and "servo" shutdown,
jumping to the outermost layer saves laser power without
requiring a multisecond disc "spin-up" and laser recalibration
penalty, should a new workload arrive. A substantial time

penalty is paid if the drive is awakened from this idle shut
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DVD nedia is DVD-RAM which is "random access nedia" or "random access
menory". Digital video disc 12 described herein, for exanple, is a
DVD- ROM di sc. Most videos currently being sold today in DVD form are

mass- produced and sold on DVD- ROM nedia. DVD-ROM nedia is typically stanped
in order to mass produce copies of novies and other video materials. As
expl ai ned above, capacities for digitép video disc 12, a DvD- ROM di sc, are
inthe 4.7 GBBto 85 B range for one and two | ayers per side,

respectivel y. Such a range results in a total disc capacity of 9.4 GB to
17 GB for dual -sided DVD- ROM nedi a. DVD-RAM can be witten to as well as
read fromdohmemodeor diogetrayerst dan nod heceedatyofio neg rdine peniad tgr tphase-

19 change nat er.i al,s. VD- RAM differs fromPDVD-ROM in that conputer
users cgn R Ptaéddé?at?%%fiﬁfw Firécking ep }El?e‘?“ti%g?%stb%?yreé%lé?rfrg’épﬁ from
bot h DVD- RGMRehdD¥BeRAM ndl tHOHEE Powd&f erd £k el Ak o, SwHeger thed in

the context of DVD- disCs, those skilled in the art wll appreciate that
t he preserijigy et i Bhl Bppr¢iebve curd | ymred Bvoe RAMV vz §13b bedf OwDaRAVnES
drives and, syst . epj . QMEDfr f ratiaon 400
iIIustratS%g ache'ho?hghgtgés?gn??g¥§d%%%%é%lng 5%5?9'5ﬁ§$%9h¥§% @gPica
di sc drivelidm edexoridanderad tdaldprefien ed etleodEsenthef TEBe pheseahd
invention. It can be appreciated by . . . .

power, and, the write power, 1if writeable media is being

utilized. Because of the parameters involved, full

calibration of the laser does consume a nontrivial "amount of

time.

Two types of DVD media are presently being utilized in
DVD systems. The first type of DVD media being utilized with
DVD systems is DVD-ROM {(i.e., analogous to CD-ROM}, which is
"read only media" or “read only memory". The second type of
DVD media is DVD-RAM, which is "random access media™ or
"random access memory". Digital wvideo disc 12 described
herein, for example, is a DVD-ROM disc. Most videos currently
being sold today in DVD form are mass-produced and sold on
DVD~-ROM media. DVD-ROﬁ:media is typically stamped in order to
mass produce copies of movies and other video materials. As
explained above, capacities for digital video disc 12, a DVD-
ROM disc, are in the 4.7 GB to 8.5 GB range for one and two
layers per side, respectively. Such a range results in a
total disc capacity of 9.4 GB to 17 GB for dual-sided DVD-ROM
media. DVD-RAM can be written to as well as read from. The

recording layers can be formed from magneto-optic or phase-
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those*skilled in the art that FIG 4 presents a self- consistent sequence
‘of steps leading to a desired result. The steps are those requiring

physi cal nmani pul ati on of physical quantities. Usual Iy, although not
necessarily, these quantities take the formof electrical or magnetic
signal s capabl e of being stored, transferred, conbined, conpared, and
otherwi se nmani pul ated. It has proven cBhvenient at times by those skilled
inthe art, to refer to these signals as bits, values, elenents, synbols,
characters, terms, nunbers, or the like. It should be borne in mnd,
however, that all of these and simlar terns are to be associated with the

appropri alch apiesikat e SUANS [ U1 esvRORANT &iFFedly £65YepverRoMabels epatied to
t Hese quantities. 20 Further, the nanlgulatlons erfornmed are often
referred compytesr isersichans waddienglata ¢ %anmwsare conpahey

i T £ hldsh B R ORRAL U RAEFOTABORBM 2ol BRB-ARE: ! AT rnblaRuCT

capabilit atori's necessary or desirable 1'n no ases in
any of the ppefatiredseniesdimbad hereéscuibed fmrthgarnteiktt b€ PYBSROM
i nvention; the operations  _are nmachinpe operatjons. Useful nmachines for

per f or ni n§iSsErat FReRe ofkd 1306k ettt e4NE i niht L oPPPFE PRESert 3y ERE on
i ncl ude d?@:s%rnr%cgﬁ%ﬂa_i%&ﬁgﬁég%@aﬁlwr&%r BUDPRAROSEs S GintAbvHORRML er S

or other simla evices. In
disc drives and systems.

FI1G. 4 depicts a flowchart of operations 400
illustrating a method and system for conserving laser power in
an optical disc drive, in accordance with a preferred
embodiment of the present invention. It can be appreciated by
those skilled in the art that FIG. 4 presents a self-
consistent sequence of steps leading to a desired result. The
steps are those requiring physical manipulation of physical
gquantities. Usually, although not necessarily, these
quantities take the form of electrical or magnetic signals
capable of being stored, transferred, combined, compared, and
otherwise manipulated. It has proven convenient at times by
those skilled in the art, to refer to these signals as bits,
values, eleﬁents, symbols, characters, terms, numbers, or the
like. It should be borne in mind, however, that all of these
and similar terms are to be associated with the appropriate
physical quantities and are merely convenient labels applied

to these guantities.



tases'the distinction between the nethod operations in operating a conputer
“and the nethod of conputation itself should be borne in mnd. The present

invention relates to nethod steps for operating an optical storage disc
drive systemsuch as digital video disc storage system10 of FIG 1 to FIG
3, in processing electrical or other (%.g. mechani cal , chem cal) physical
signals to generate other desired physical signals. Thus, as illustrated at
bl ock 402, the process is initiated when a DVD disc is nounted in a DVD
drive. Munting of the DVD disc can occur manual |y by an individual user or
robotically in a DVD library. As depicted at bl ock 404, the DVD drive
(e, g., digitalFutitesn ditdte siaf el styisdesnpd)fdregidiaird ©fRer atd farind
sﬁinningégg the DVD disc to is operating RPM and calibrating the |aser
(e.g., | rDOHRRY tHCh AR ya<?f=*§mﬁ QF BAFRASAT e "L ChmARg qompanld gi t al

video di sgadddiated 21riA%, desGiiqed Ler B 4 | 358k peam i s
focused at ézlig%liar sef datlﬁ a&%ﬁltg? tﬁgggégﬁé r%nuﬁ%léd&%@/ dd?@%. aal'hen, aarg
depi ct ed eretadtoek. 408, shth capaeilbdbrtyerf at htthenfopsratiat ald ayesresdanthe DVD

di sc. Upon, conmpl.eti on of the operation descr.i bed at bl ock 408, the
qui escentOt RFTEARIR it pStgCages; Al Y cal by FRITA BDACHTILIExt , as
i1 Tustratiegratn dagh 5t0n K P48 ot esthd S present invention; the

operations are machine operations. Useful machines for
performing operations of a preferred embodiment of the present
invention include data-processing systems such a3 general
purpose digital computers or other similar devices. In all
cases the distinction between the method operations in
operating a computer and the method of computation itself
should be borne in mind. The present invention relates to
method steps for operating an optical storage disc drive
system such as digital video disc storage system 10 of FIG. 1
to FIG. 3, in processing electrical or other (e.g. mechanical,

chemical) physical signals to generate other desired physical
signals.

Thus, as illustrated at block 402, the process is
initiated when a DVD disc is mounted in a DVD drive. Mounting
of the DVD disc can occur manually by an individual user or
robotically in a DVD library. As depicted at block 404, the
DVD drive {e.g., digital video disc storage system 10} begins
its operation by spinning up the DVD disc to is operating RPM
and calibrating the laser (e.g., laser 200) to the newly

mounted DVD disc (e.g., multi-layer digital wvideo disc 12).
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perforned to determ ne whether or not after the reading or witing of data
fromor to the data layer of the DVD disc, the DVD drive has entered a

gui escent state. A determination is nade as to whether or not T is greater
than T1l. As described earlier, tinme Tl is the threshold tinme for

determ ning qui escence. - This tinme is_user adjustable. Time Tl is
typically a non-negative integer. Thos®' skilled in the art will appreci ate
that setting tine Tl to one or two seconds is a reasonabl e qui escent-state
deéterm nator. Setting idle drive tinme T2 to 1 or nore mnutes, which is a
substantially greater anmount of tine than T1, is appropriate for

det er m ni Ag déeardréd echerealftennt Wisidierd0@, roflaseri beamnks t Ho@oyvest - down

the | aser and servo system Both tines,T1 and T n he user. adj ustabl e
for indi vf“gu%lfsjorrfitvé’?%é’ngaé@ru abPg %?whﬁé“%‘yg’i%q(i&/éjilsfzor W# idFaries.
If it is deperpbaedt! halodi "Pod, | $/00t OreatLorkd@Nati BBl ki vdie dpser beam

is sinply refocused at the next succeeding layer, as indicated at block
418. Hbagerr of itthe i DVDj glisc.22 dpoer niorenl etaor | phsttihat evpatatieck 410,

(et i oSS LT ESLP Ath 2 0 AL Iah 18 nebhaltnol 80

ref ocusedialiiEheeQUbLPr Mshr| a¥epiokR gegence, the laser |ight beam

generated by a laser |light source within

Next, as illustrated at decision block 410, a test is

performed to determine whether or not after the reading or
writing of data from or to the data layer of the DVD disc, the
DVD drive has entered a quiescent state. A determination is
made as to whether or not T is greater than Tl. As described
earlier, time T1 is the threshold time for determining
guiescence. This time is user adjustable. Time T1 is
typically a non-negative integer. Those skilled in the art
will appreciate that setting time Tl to one or two seconds is
a reasonable quiescent~state determinator. Setting idle drive
time T2 to 1 or more minutes, which is a substantially greater
amount of time than T1, is appropriate for determining when
drive is idle and whether or not it is time to power-down the
laser and servo system. Both times Tl and T2 can be user
adjustable for individual drives and adjustable at the system

level for DVD libraries.

If it is determined that time T is not greater than time
Tl, the laser beam is simply refocused at the next succeeding

layer, as indicated at block 418. However, if it 1is



gﬁé DVD drive is refocused at the outernost data layer, if the optical
"storage disc drive enters a qui escent node after the reading of data from
or witing of data to that |ayer, such that upon refocusing the | aser at
the outernost data |ayer, the |aser |ight source experiences a decrease in
| aser power, thus pronoting an extensizn of the |[ife of the laser |ight
source (i.e., the DVD laser). As thereafter indicated at bl ock 414, a test
is performed to determine if the quiescent state has termnated. If the
gui escent state has not termnated, then a test is perforned, as indicated
at block 415 to determ ne whether or not the quiescent tinme T is greater

than the ddkeriifed]2as liflluke st Gidik ope,atiret defd ahesd @tiwd ep 415
is NO then the process continues, as indicated at block 416, wherein the
| aser beaﬁﬁ§on?ﬂ£@§%dfdtugwﬁgséﬁnﬁhesbat@rr&%MGJrayﬁr,>tHﬂércohb@mvﬁng | aser

_ ) Stater " 9 roobenviam | ase
A6, o tosoreelintTy  QLISrRaRa) Bolk o A DRBE. BaCEP S ne

whet her omutematieaqlivesegotustkat athabet eufbpRrbed. laye23 |in ddweranswer to
the operation_illustrated at block 415 is YES, then the drive is declared
idle and t8eshafedohhonbsPean BenetdrAdbRodrssT71ight. souree evigHiin

down”) . FehbOWRIqEPFR! £ 1Ty dE a2PERAT & Ok ARSE 138D ﬂékaPCff4égg the
optical storage disc drive enters a quiescent mode after the
reading of data from or writing of data to that layer, such
that upon refocusing the laser at the outermost data layer,
the laser light source experiences a decrease in laser power,
thus promoting an extension of the life of the laser light

source {i.e., the DVD laser).

As thereafter indicated at block 414, a test is performed
to determine if the quiescent state has terminated. If the
quiescent state has not terminated, then a test is performed,
as indicated at block 415 to determine whether or not the
quiescent time T is greater than the idle time T2. If the
answer to the operation depicted at step 415 is NO, then the
process continues, as indicated at block 416, wherein the
laser beam continues focusing at the outermost layer, thus
conserving laser power consumption. Following completion of
the operation depicted at block 416, a test is performed
again, as indicated at block 414, to determine whether or not

the quiescent state has terminated.



gperati on depicted at-block 414 is resuned. The idea behind these steps
centers around the situation in which if only a small anpbunt of quies
has been attained, the laser junps to the outernost |ayer of the DVD
and remains there at a "read" power |evel. The "read" power |evel

utilized because this is the only power needed for tracking. The nuch

hi gher

"wite" power |evel would r&dult in data being overwitte

a great ampunt of quiescence is attained, the drive undergoes a drive
shut down, which essentially puts the drive to "sleep." If the answer
the operation perforned at block 414 is a YES, then as depicted at b

414A, a deternipatited driswadeomMidichepegation Lhiudtiyecdast debdeik otiLs dl e
and shut down, as indicated at bl ocks 415 and 417. Any previously shu

DVD dri veldu¥BES pethenthe «drive okdleteckarrd f ks aRd 170 shut dawl, |kh as

the, 170 apti ity dE3oid bk ol ARG 120 wable UQR @6RAOY T 1115

as illustrated a

answér is e D rive

cence
di sc

S

n. If

to
ock

t down

ration
S not

"asl eep" aviphasidnl lof f unet | ep@tatsesyo deaseripedt hen the gk 04e3s citd i nues,
as indicated at block 418. In other words, if idle drive was not shut

as i ndi ca®Rrabien efeRicrdckt Mlock Lkt BRIHEGDy erThan 4R |

sought bytﬂ@§?2§§§é%488n£é§% argﬁnathgi%ﬁ%ﬁat@gﬁfgﬁn%ﬂich i@0%§¥ﬁf’a

the answer

small amount of quiescence has been attained, the laser jumps
to the outermost layer of the DVD disc and remains there at a
"read™ power level. The "read" power level is utilized
because this is the only power needed for tracking. The much
higher ™write" power level would result in data being
overwritten. If a great amount of quiescence is attained, the
drive undergoes a drive shutdown, which essentially puts the

drive to "sleep."

If the answer to the operation performed at block 414 is
a YES, ihen as depicted at block 414A, a determination is made
whether or not the drive was declared idle and shut down, as
indicated at blocks 415 and 417. Any previously shut down DVD
drive must be restarted in order to perform any I/0 activity,
such as the I/0 activity described at block 420. If, upon
performing the operation as illustrated at block 414A, the
answer is NO {i.e., the DVD drive is not "asleep" and has
fully functional servo laser), then the process continues, as
indicated at block 418. In cother words, if idle drive was not
shut down, as indicated earlier at block 417, the next data

layer can be immediately sought by the laser and 1I/0
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gperation, as indicated at block 414A is YES, then as illustrated at bl ock
“414B, the disc in the drive nust be spun up to its operating RPM and the

| aser is recalibrated. After the | aser has been recalibrated, the operation
depicted at block 418 is processed. In other words, if a |laser and servo
shut down occurred earlier, as indicateqmyia t he operation described at

bl ock 417, a time penalty nust now be paid via the operation perforned at
414B before proceeding to process the operation indicated at block 418. As
described herein, an idle drive shut down saves nore power than junmping to
t he outernost |ayer. However, the subsequent disc spinup and |[aser
recal i br &dtoivitsies ngrer fordmdd nul t ilkeecord t | nEf pehal t pnaweaci &bedthet h

bringing up a . drive from,an.idle drive shut d st at e. enalty i s not
assogi a?e %QW%{H@! tqspn&P&IlFétﬁgt i 9Ft flgcfcflér Oﬁ\gﬁﬁpl ng t%é%'ﬁ_er{g’&%r st
layer, savegstoyedd ldd 5&1“&?]9%1“4@, 23nheS8¢kc #Rdcnd SRRy m | t Be sbul® for a

hal f revolution of the disc), which would be needed regardl ess where the
| aser is Updusedd:s Wimrathieopddatinonthe tepert bel mcallidBatedxeddted, it is

desi | i.b he | h I havi d
wor ki 0ad< g nBPaE: PG B | SR T S DO% | OYRTEREOY cUaPLRTaE! o
process asléik ckiy 25 PpPesseédi&ifor the best "perfornmance” avail able. 25

In other words, if a laser and servo shutdown occurred
earlier, as indicated via the operation described” at block
417, a time penalty must now be paid wvia the operation
performed at 414B before proceeding to process the operation
indicated at block 418. As described herein, an idle drive
shut down saves more power than jumping to the outermost
layer. However, the subsequent disc spinup and laser
recalibration 1is a nontrivial multisecond time penalty
associated with bringing up a drive from an idle drive shut
down state. A penalty is not associated with additional I/0
activity after.jumping to the outermost layer, save a few
milliseconds for a "seek"™ and "latency" (i.e., time for a half
revolution of the disc), which would be needed regardless
where the laser is focused. When the operation at depicted at
414B is executed, it is desirous to only calibrate the laser
to those layers having pending workloads, in order to save
laser life and perform the recalibration process as quickly as

possible for the best "performance" available.
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.thus ‘as illustrated at block 418, the |aser beamis refocused at the next
succeedlng data layer and data is then read or witten fromor to the next
data |l ayer, as indicated at block 420. As described at block 422, a test is
perfornmed to determ ne whether to denount the DVD disc. If so, then t he
process sinply ends, as indicated at 4 However, if not, then the
process continues, as described at bl ocK 423, wherein a declaration of
"T=0" denpnstrates that the gui escent tine has been reset to zero. Not e
that the step perfornmed, as described at block 423, is anal ogous to the
operational step illustrated at bl ock 409. Once the quiescent time has been
reset to zero,Thhe, oper atlilorstpetfeat neld, basckndil8at etheat Lbdeckbdaf, iiss
repeated. Thus, while the invention has been rticular]y shown as

descri bed® ?ﬁu?%@e?EnE%et%e%tp?%@%ﬁ?%%P%wé%ﬁé) er jandyidatad sykdstst ood
by those skik! g wlﬁ‘a@naﬂoﬁ % YT HMSH SHANGRS: I Thyd, Mand réftaidedray be
made therein wthout departing fromthe spirit and scope of the invention.
For exanpét, bbotkrd2§pedidammriidaid stttobégekdéﬂﬁse@ et o ipeadfogmecdage

di sc drives other than a VD or DVD dri tjlized_i.n acc dan with a
preferredgﬁﬁ% o R ofhe %@é ﬁPOPH%eE?ggﬁwy§Gs§§ t he ¥nt od and
system f oprbedysi ggmb@§eénagnsagpahamcaeedeét—_eadung haaelvbi:? Qff e | aser

devi ce renains. her ef or e contenpl ated that such nodi i cations can be

made wit hbhend@parptmﬂysfsr conthouspi ras dgseridmd ot bh@cbr@%%nwhem;mu on as
defined |n 5 Slaggggggdoglahnﬁ“ demonstrates that the quiescent time
has been reset to zero. Note that the step performed, as
described at block 423, is analogous to the operational step
illustrated at block 409. Once the quiescent time has been
reset to zero, the operation performed, as indicated at block

410, is repeated.

Thus, while the invention has been particularly shown as
described with reference to a preferred embodiment, it will be
understood by those skilled in the art that various changes in
form and detail may be made therein without departing from the
spirit and scope of the invention. For example, other types
of optical storage devices and optical storage disc drives
other than a DVD or DVD drive may utilized in accordance with
a preferred embodiment of the present invention, so as the
central method and system for reducing laser consumption and
extending the 1life of the laser device remains. It is
therefore contemplated that such modifications can be made
without departing from the spirit or scope of the present

invention as defined in the appended claims.
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26 "CLAIMB: What-is claimed is: 1. . A nethod in an optical storage disc
drive for conserving | aser power after the reading or witing of data from
or to an optical storage disc via a |aser |ight beam generated by a | aser
|l ight source within said optical storage disc drive, wherein said optical
storage disc contains nultiple data |gyers therein, said nmethod conprising
the steps of: focusing a laser light beamat an interior data | ayer of an
optical storage disc, in order to read data stored at said interior data
| &yer or wite data to said interior data |ayer; reading or witing data
fromor to said interior data |ayer, in response to focusing said |aser
|'i ght beauuﬁnmsaid interior data | ayer; and automatically refocusing said
| aser ht beam at an outernost data layer if said optical storage disc
drive ent at dfuFeaiel Wbde after said reading or witing of said data,
such that upon said refocusing, said |laser |ight source experiences a
decrease in |laser power, thus pronoting an extension of the life of said
| aser |ight scumesth&i in Emeopgticad eforhgenilstuwdthee Tonprarsiewyime step
of laser power after the reading or writing of data from or to an
optical storage disc via a laser light beam generated by a
laser light source within said optical storage disc drive,
wherein said optical storage disc contains multiple data

layers therein, said method comprising the steps of:

focusing a laser light beam at an interior data layer of
an optical storage disc, in order to read data stored at said

interior data layer or write data to said interior data layer;

reading or writing data from or to said interior data
layer, in response to focusing said laser light beam at said

interior data layer; and

automatically refocusing said laser light beam at an
outermost data layer if said optical storage disc drive enters
a quiescent mode after said reading or writing of said data,
such that wupon said refocusing, said laser light source
experiences a decrease in laser power, thus promoting an

extension of the life of said laser light source.

2. The method of claim 1 further comprising the step of:

I
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27 refocusing said | aser |ight beam at a next succeeding data |ayer -of said
optical storage disc, in response to termnating said qui escent node. 3.
The nethod of claim2 wherein the step of refocusing said |aser |ight beam
at a next succeeding data |ayer of said optical storage disc, in response
to term nating said quiescent node, ng;her conprises the step of:
automatically refocusing said |aser light beam at a next succeedi ng data

| ayer of said optical storage disc, in response to termnating said

qui escent node. 4. The met hod of claim3 wherein the step of refocusing
said | aser |ight beam at a next succeeding data |ayer of said optical
storage disc, i¥Piesionge 3aid elabant Laghsaibeaguiats canterbdesucioerdiery

conpri ses S f: ge Si said | |.i ght beam at_a next
succeedi nga%]%% 'a&‘f;gffgr D fgglgg o%lca 1 s?%?’%gedi €51 n ' PesPOTREER er
i nput. 5. terfhsmateirhpdaifd ehdianckntundodder. conprising the step of: storing

at said outernost |ayer of said optical storage disc, the data nost
frequently used, in order that said data 28 nost frequently used be read

or updated w t irHh @k 8RS oFASEL 1 RV RRIS PLE step of refocusing said

laser light beam at a next succeeding data layer of said
optical storage disc, in response to terminating said
quiescent mode, further comprises the step of:

automatically refocusing said laser light beam at a next
succeeding data layer of sald optical storage disc, in

response to terminating said quiescent mode.

4. The method of claim 3 wherein the step of refocusing said
laser light beam at a next succeeding data layer of said
optical storage disc, in response to terminating said

quiescent mode, further comprises the step of:

refocusing said laser light beam at a next succeeding
data layer of said optical storage disc, in response to user
input.

5. The method of claim 4 further comprising the step of:

storing at said outermost layer of said optical storage

disc, the data most frequently used, in order that said data

T
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6. The method of claim5 further conprising the steps of: identifying
“data layers within said optical storage disc which possess pending

i nput/output activity; and calibrating said | aser |light source to only said
identified data |ayers within said optical storage disc which possess
pendi ng i nput/output activity, prior tg begi nni ng sai d pendi ng i nput/ out put
activity. 7. The nmethod of claim 1 8%t her conprising the step of:
storing at said outernost |ayer of said optical storage disc, the data npst
frequently used, in order that said data nost frequently used be read or
updated with the | east |aser power possible. 29 8. A systemin an
optical shes@agerelsentlyVvesé@rbeonsed vbAgupasesd PRI ©iié eleide 1£38+ng or
witing of data fromor to an optical storage disc via a |aser |ight beam
gener at ePPEH PAERIPI€ght source within said optical storage disc drive,
wherein said optical storage disc contains multiple data | ayers therein,
said system conprising: neans for focusing a |laser |ight beam at an
interior @ata Thyenethodnobptieah St Hunpkedi soppiinsnglethd osteps data
stored at said interior data layer or wite data to said interior data

| ayer; neans for reading or witing data fromor to said

identifying data layers within said optical storage disc

which possess pending input/output activity; and

calibrating said laser 1light source to only said
identified data layers within said optical storage disc which
possess pending input/output activity, prior to beginning said

pending input/output activity.
1. The method of claim 1 further comprising the step of:

storing at said outermost layer of said optical storage
disc, the data most frequently used, in order that said data
most frequently used be read or updated with the least laser

power possible.
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isntertor data | ayer, in response to focusing said |aser |ight beamat said
interior data |layer; and neans for automatically refocusing said |aser

| i ght beam at said outernpst data layer if said optical storage disc drive
enters a qui escent node after said reading or witing of said data, such
that upon said refocusing, said |aser Ljght source experiences a decrease
in |aser power, thus pronoting an extension of the life of said |aser |ight
source. 9. The system of claim8 further conpri sing: 30 neans for
refocusing said | aser |ight beam at a next succeeding data |ayer of said
optical storage disc, in response to termnating said quiescent node. 10.
The systef-of & BVAEtomwheran roriah @R oy aas distodtivagieni epnsssring ght

beam at a ed; ta r. of sal i cal 0 RS i.n
response tl %gté%rﬁgﬁ%?i%ggﬁ% %t]‘lle?s@en oﬁo‘g}é?tfgﬁét %rdazzt)arr%%ggleg# 'Tg%a%% for
aut omat i cablty caef etusiane sEigt |Aseral Lgberbeaghat baaneyenswateadibig at a
| ayer of said optical storage disc, in response_to termnating said

qui escent ‘RSGE. HODETROWNGS Wi BR1R| 8RAT1OPKAERE STOFRECNEHRS 1Hrive,

refocusi ngngabdnl asefq! byt agamaby é‘eﬁtis%u%&?’@éﬂgs dahath xer %{téai d

optical storage disc, in response toggerninatlng sal d qui escen de,

further cdayeirrsesherein, said system comprising:

means for focusing a laser light beam at an interior data
.layer of an optical storage disc, in order to read data stored
at said interior data layer or write data to said interior

data layer;

means for reading or writing data from or to said
interior data layer, in response to focusing said laser light

beam at said interior data layer; and

means for automatically refocusing said laser light beam
at said outermost data layer if said optical storage disc
drive enters a quiescent mode after said reading or writing of
said data, such that upon said refocusing, said laser light
source experiences a decrease in laser power, thus promoting

an extension of the life of said laser light source.

9. The system of claim 8 further comprising:

L



.heans' for refocusing said laser |ight beamat a next succeeding data |ayer
of said optical storage disc, in response to user input. 12. The system of
claim11l further conprising: nmeans for storing at said outernost |ayer of -
said optical storage disc, the data nost frequently used, in order that

31 said data most frequently used be rggd or updated with the |east |aser
power possible. 13. The systemof claim 12 further conprising: nmeans for
identifying data |ayers within said optical storage disc which possess
pendi ng i nput/output activity; and means for calibrating said | aser |ight
source to only said identified data |layers within said optical storage disc

whi ch possess %%ﬁﬂ?n&quﬁﬁﬁQﬁﬂﬁﬁﬁgaé?ﬂglﬂ@sﬁﬁwkﬁgﬁ% %@@mnﬁﬁngisaedt
pendi ng l@@@éé@&iﬂ?ﬂ @ta Vitahe 14 o £ T4 $%St f' %HB:% ! QQ Cri i

conprising: neans for storing at said outer st ayer
st orage dfssporse tatbeminatirgueaitlyqusedcenh moder that said. data nost
frequently used be read or updated with the | east | aser power possible.
10. The system of claim 9 wherein said means for refocusing
said laser light beam at a next succeeding data layer of said
optigal storage disc, 1in response to terminating said
quiescent mode, further comprises:
means for automatically refocusing said laser light beanm
at a next succeeding data layer of said optical storage disc,

in resporise to terminating said quiescent mode.

11. The system of claim 10 wherein said means for refocusing
said laser light beam at a next succeeding data layer of said
optical storage disc, in response to terminating said

quiescent mode, further comprises:

means for refocusing said laser light beam at a next
succeeding data layer of said optical storage disc, in
response to user input.

12. The system of claim 11 further comprising:

means for storing at said outermost layer of said optical

storage disc, the data most frequently used, in order that

_
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said data most frequently used be read or updated with the

least laser power possible.
13. The system of claim 12 further comprising:

means for identifying data layers within said opfical
storage disc which possess pending input/output activity;
and

means for calibrating said laser light source to only
said identified data layers within said optical storage disc
which possess pending input/output activity, prior to

beginning said pending input/output activity.
14. The system of claim 8 further comprising:

means for storing at said outermost layer of said optical
storage disc, the data most frequently used, in order that
said data most frequently used be read or updated with the

least laser power possible.
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