I'N A SYSTEM FOR CREATI NG READING AND MRITING C&gﬁgﬁgz
<1 NFORVATI ON STORAGE MEDI A, A LASER- WRI T ING
BLANK § Background of the Invention £§Id of
¥he - present invention is generally directed to the nanufacture af
utilization of information storing systens enpl oying rotatable storage
devices which contain a reference track which renders it possible to

- performnultiple storage and retrieval “functions including the
identification of individual bit locations on a recordable disk. Mre
particularly, the fieldofthe present invention is directed to a

| aser-writable recordi ng nedi um having reference tracks with edges from
whi ch distances may bey BOsgsTIME FogetnEateke] MeAsNd ARDt deraMEpose of

accurately controlling re?%bo%whé&l%&bﬂ& p@ﬁﬁ{l §I L Nformati on

tracks between adjacent erence entral aspect
of the present invention i nVFESWR P&cﬁ BEANE f o quency doubl i ng
phenonenon that occurs when a |ight source haV|ng an essentially gaussian
intensity distribution is di tBwketdodsd @FStie Jurémaenexhi biting a. sharp

reflectivity discontinuity (or ot her optical property discontinuity). The

Do she for OB Bedehe IARMINE R PRI ST 20 e o
write infor MeRuSAcHH andr eebkigablien qfpinfermiabion atering $ystems whi ch can
be nade to lemptoppad idvitatibld sborade nipvite Ruldlidr \dontaind ebfanémdd unat el y
i Sk e 1 ?L@“aegf‘aﬁ*“%ﬂaéz%ﬁ"’ﬁsémr S TRLN IR Lo e rslfv?&? the
i nf or mat i onqﬁggy Yai vﬁ" ncﬁm é'é%’e’?f ﬁggs’r%"ge \{"Slgnu%fe(:;L a &
t racki ng syé’tlé'nﬂeFa‘E’r%‘skPﬂoa d?é’ei‘-*ﬁb‘%’c? Hépki nMore Partlcu’-arlys the
2 present invention is directed to a 1aser-wr1table recording
medium having reference tracks with edges from which distances
may be more precisely determined for the purpese of accurately
controlling the positioning of multiple parallel information
tracks between adjacent reference track portions.

A central aspect of the‘present invention involves the
recognition of a frequency doubling phenomenon that occurs when a
light source having an essénfially gaussian intensity
distribution is dithered across a surface exhibiting a sharp
reflectivity diséohtinuity (or other optical property
discontinuity). The present invention exploits frequency
doubling and phase reversal és mechanisms for accurately
positioning a laser light source which is used to write
information onto a recordable, rotatable blank in systems which
can be made to be compatible with existing CD-ROM devices which
unfortunately only perform read functions. While\there do exist
_apparatué‘for performing disk-writing operations, these systems
are'éxpensive and cannot prfovide the information density which is
rendered possible by the use of a servo tracking system of the
kind described herein.
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Cledrly, the commercial craving for increased information density on
recordabl e nmedi a has been a significant driving force. in present day
i.nformation-handli ng systens technol ogy devel opnment. Moreover, commerci al
and market forces have increased the demand for a significant increase in

t he raw anmount of data needed to be stored and accessed upon a renovabl e
devi ce. These forces have also increasgd the demand that this information
be avail abl e qui ckly and accurately. reover, there has been an increase
in the desire to make the information on these disks witable by end users.
O her related devel opnents in this technol ogy have included the design and
construction of units that are capable of witing information to several
overlying layers in a single conmpact rotatable disk device. Furthernore,
the desire to store graphic and noving picture i mages and sound on these
devi ces has aléﬁﬁﬁgoduced varlant of the gom1ub| ui t us co ut er and audi o
CD- ROM devi ces l?heﬂﬁﬁff@Feﬂ3§'n8ﬂ?ﬁV§h Red-BIEPRT o "t RE proéhctlon of
DVD (di gi tdensityiecn degrydahlagt nedie hag ned ﬁgﬁwnléacmaimlag%g di°rcRe present
I nvent i on iinS presentO day Oisifidematd ari-handl iy pysbémsrgenimalvogyccur in this
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St or age t eB5hs 0Qgl €5 an e a conprehensjyve an tailed
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aspect s ofThelse fowreenhavel\sdisbi incriehaéd tthe demaend (ﬂlsthdu@ snﬁwtn@d:ibnom a
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sol ution t & aff>of*™ fé°above- descri p ens of data storage,
transm ssﬂﬁ’r’rtébé%d’YaﬁdeﬁeEsaccuracy A conpl ete end-to-end sol ution of the
probl ens described is provided herein. It is therefore seen that

Other related developments in this technology have included

the design and construction of units that are capable of writing
information to several overlying layers in a single compact
rotatable disk device. Furthermore, the desire to store graphic
and moving picture images and sound on thesé devices has also
produced variants of the now ubiqdi%oﬁs'bomputer and audio CD-ROM
devices and the market has now branched out into the production
of DVD (digital video disk) platters. Accordingly, it is an
object of the present invention to provide solutions to problems
vhich occur in this emerging technology.

The present invention provides and is an overall solution to
the problems and challenges produced by digital information
storage technologies. "The"present“invention provides a
comprehensive and detailed solution to many of the problems
existing in'this industry. It is seen in the present invention
that the inventors have started from a technology base related to
servo positioning and have extended that capability and have
utilized it to provide an extensive and comprehensive solution to
all of the above-described problems of data storage, transmission
speed and data accuracy. A complete end-to-end solution of the
problems described is -provided herein. It is therefore seen that
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the spresent inventive systembegins with the production of information
.storage bl anks which are enployed in applicants' inventive system

Associ ated with these blanks, there is also included an apparatus for
reading and witing to these disks. An additional beneficial nmechani smthat
falls out fromthis work is a systemfor imediately performng
read-after-wite operations. This is possible since the signals produced by
the servo tracki ng nechani smof the present invention are particularly
useful -for exceedingly accurate position control. Additionally, deliberate
dithering and its signal consequences are enployed to control focus for
reading and witing nmulti-Ilayer disks. Further inprovenents also result
fromthe fact that |aser beamsplitting is enployed to wite information to
both sides of a disk using sinple and relatively inexpensive beam splitting

devices. In all of these variations, applicants_have been able to exploit
the signal §*¢ REes8PE IRVERGLEY SYEFRY bsﬁﬁggisf‘i”c |t§}ed%’§1dg‘ﬁ§ KFector circuits

for perfor ifermatior | shorage bilankereichf anett?rmigyeqimrpappimﬁr&ﬁ t he notions
and probl effivanioei sfelnil t Refciated QHRRCthese bAKRkON thBrenid aeky new
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Witing q)eralon ect1on; |ng,
Error Hand FFP@“WI j‘mMﬂttSl s} aRRdy CPP%?,%’%‘FﬁQ a%?n&m("vﬂ’ﬁd a‘b‘?‘W‘P e Head
Desi gn. focus for reading and writipg fmylity-Layker stieksl. t Fertlteant ages

provi ded bympFs dpeRE€M1so result from the fact that laser beam splitting
is employed to write information to both sides of a disk using
‘simple and relatively inexpensive beam splitting devices. In all

. of these variations, applicants have been able to exploit the

signals that are prodiced using specifically designed detector
circuits for performing a variety of different functions. 1In
particular, the notions and problems associated with error
correction take on an entirely new meaning and perspective when
performed within the context of the system claimed herein.

The detailed description below includes a complete
characterization of all aspects of making and using the specific
system or method claimed herein. Various aspects of this
description can, however, be found as being described under the
following general topics; accordingly, the detailed description
is divided into several sections in which the following specific
aspects are discussed: (I) Recording Blanks; (II) Basic Writing
Operations;‘(IiI) Signal Detection; (IV) Reading after Writing;
(V) Error Handling; (VI) Multi-layer Processing; and (VII)
Read/Write Head Design.
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i hvention, one shoul d appreciate the problens presently found in CD ROM
witing technology. A significant problemin this area is the fact that
the disks for witing are not inexpensive. Furthernore, a fundanental
problemin witing to CD-ROV i ke devices using a laser is that there is a
definite need for data formatting. In present day CO-ROM wri ting

technol ogies, all of the data nedium|poks the sane. There are no
reference points per se. Efforts at resolving this problem by providing
nol ded grooves in a disk as a starting point are di sadvantageous in that
they are large and consune a significant anount of space on the disk

O her approaches which attenpt to solve this problem enploy nmaster disks.
These di sks, however, require expensive nastering systens and the tracks
are still too large or at least |arger than needed. Therefore, it is seen

that a signifi %ntfulfﬁ%q)diegsii}% %%&%g&wg’&%‘%ﬁﬂﬁgﬁé $rsBRehani sm-

for providing inéxpensive wita ) Qogpe In this
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larger than needed. Therefore, it is seen that a significant
need in the CD-ROM writing technology is a mechanism for
providing inexpensive writable media.

Other problems in this area are also preéented. In
particular, it is known that there are, in fact, different data
formats employed. 'For example, one data format may be employed
for an audio CD~ROM, another format may be employed for a CD-ROM
which stores computer program and data. Yet another data format
may be employed for the storage of real-time wvideo presentations
such as is seen in the recently. announced.DVD. technology (DVD
stands variously either for Digital Video Disk or Digital Video -

- Data).

Furthermore, in the midst of the technology explosion
related to CD~ROM type devices, various_implementations of multi-
layer disks are being proposed.



present invention is conpatible with many existing technol ogi es and

provi des break through approach in which ultimately each bit on a CD-ROMi s
addressabl e and | ocatable. As a consequence, the problens associated with
disk formatti ng di sappear. Effectively, such problens are rel egated to W -
software, leaving the hardware free to easily express® nformation in a
variety of formats. 5 Summary of the Invention

A fundanental principle behind the present invention is the utilization of
optical dithering enployed in conjunction with the provision of sharply
different optical disk regions. These optically different regions formthe
basis of providing a trackable servo spiral (or concentric) track wiose
edges define paths for control of |aser reading and witing. Furthernore,
in situations in which multi-layered disks are enployed, dithering across

an edge of the_track is supplenented with, dither] the z-direction
(towards and awgy ¥MVMeEE %%%?E)W1é%)aPHe?d %fcfﬁ éﬁgéﬂ r SE1T 8T si mul t aneousl| y
provi des ttﬂ;lmbllbgy yigt fheetusationeod ypefhey arhachi Sk isnfMRatiibhei nf or mati on
is wittenyad afl Fesay iz Btinf COARON arRatl$ng eatthnbhodihi S Fnegexthoref i s
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or r-direct¥gompatible wi systems such asmp eRticoalt H&é(?)i ng pl‘l nci p| es
enpl oyed i feddreipgesaniinigneent Fontwnradedvgntliie castemaprysded oy thesult in a
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Summary of the Invention

The fundamental principle behind the present invention is
the utilization of optical dithering employed in conjunction with
tﬂe provision of sharply different optical disk regions. These
optically different regions form the basis of providing a
trackable servo spiral (or concentric) track whose edges define
paths for control of laser readihg and writing. Furthermore, in
situations in which multi-layered disks are. employed, dithering

- across an edge of the track is supplemented with dithering in the
-z-~direction (towards and away from-the disk). Dithering in z-
direction simuitangously provides the ability to select the layer
of the disk into which information is written and from which
information is read. In this regard, it is particularly noted
that, not only is this layer selection rendered possible, but
controlled focus into the desired layer is also provided via the
same optical dithering principles used for servo tracking in the
radial or r-direction. '
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purposes. It is this precision which permts nmultiple information tracks to
be read fromand witten into the recordabl e nmediumwhich |ies between
~epbedded servo tracks. The positional precision plus the phase of

t he out put associated with dithering on one side or another of a servo
track side permts track counting and, therefore, provides an accurate
determ nation of the radial position of any point on the recordabl e nmedi um
This fact coupled and used in conjuncti on with one or nore registration
mar ks precisely determne the position of a bit in the angular or [err]
direction, [err] being a polar coordinate position angle. A nunber
of advantages flow fromthis capability including the capability of
providing the systemw th drive system di agnostics and nonitoring together
with the rmnitori ng of the performance of the | aser Iight sour ce enpl oyed.
Furt her nore, ?hgrect_! 5| 1:glemrrlesults f omthg use . of the BLesent

i nvention perni tS°et¥ 01’8 t%l eTINT PEIPETPITE B LY at P wele PEother et of or e
possi bl e wi {vesther apesedeRifirRpt ‘?eé’aha?t*r}t%’l BPFYL Y Al \IMEROENECDr i nci pl es
of - t he pr eserdckingendtilofoareridipd ;ardd readiconptirpetdsndgnr@sidhaiters wite

- confi gurat i gdssinha dt@gﬁitarmirﬁeasf ol gh@idn@Nss aidh tessieedup oS! e

because of 'Elbec %ﬁeCé | %eggrn'ﬁ % g:fc%c}ttlg how ﬁar of?urr}ehls with ref%ecf:ft hat t he

7 tracklng nechanli sns ernore no

ability to ?Eh(ﬁﬁgﬁr‘éfclaé’ele?b?ﬂf?rdesfmltﬁﬁflfon Thisobf For Be FPIBREEED ROM | i ke
medi um neanéitthgtheheswiteks nigy which wddx ef infochck i dkwroy indidefionsass or
magneti c disioviasal y. ThEhpsesBRaNsystenl pkodidsntbotimidudi Sdeatiged and

manuf acturepeéaﬁaeﬁcg&gﬁiagewﬂc&,hi%gaseagsgé%eanaxgytangncmroag fpund rapidly |

and stored frclen to an aspect of the

P esent. | nvETACGRE: Hoy TPECT ARIF ALFIET| SR MHFLISE SPLATARAB on 1 ecor di ng
medi um corrp?li@i%"g? 11‘- is thip pyecisdieni Wrich peopbls subtkinlgte for
recor dat i onirforiiatasy tdatRs tiebeoreddy fAeamdokriotdn ahtedHeaser radi ati on;

a metallic LdackaBad hiiaRufll vRRSEH: QN badhéh:s WRBLEREL seSb GrlakREK Pattern
having at |east one edge for edge follow ng when laser witing information

to said recordi ng nediunm and a sem transparent encapsul at ant
| ayer overl ayi ngheaperisipae} rechsiPrsrivs tthec Rhpag (of e outpu
Accor di ng tssspciiatédierithsgitierdhotdie opeesiais ornmerithesnof tshaeeve styacvi ded a

| aser writabi® ipabeff@td-a8x rm&ﬂw&n@dfme@ewr igHoRgdes an accurate
plurality 0&%‘&%&3@%4 ableyop %’Aﬁf %toéll;fé/ra |L'?’F #%%%Wn%n of binary

dat a-t her eon con ["aser at | east one

reference | ’é?ﬁé’rr ‘Pd'ferﬁlﬁﬂ a %Fa‘f"}‘itc cepRiad ﬁ&f‘t‘é?erif 1% $IPIFRG LI sai d
ref er ence | ¢y onbepngrodiespesisdravidiny nduks |prepibsevar desarningathe| ayers, said
metallic trpsdition of a bit in the angular or 6 direction, 8 being a polar

coordinate position angle.

A number of advantages flow f;om this capability including
the capability of providing the system with drive system
diagnostics and monitoring together with the monitoring of the
performance of the laser light source employed. Furthermore, the
precision that results from the use of the present invention
permits errors to be corrected in ways that were not heretofore
possible with other systems. This is particularly true when the
principles of the present invention are employed in constructing
read-after-write configurations. And again, these configurations
are rendered possible because of the specific nature of the
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pattern having at | east one edge for edge follow ng when |aser witing
information to at | east one data |layer of said plurality of substantially

pl anar data | ayers; and a sem transparent encapsul ant | ayer
overlying a data |layer of said plurality of substantially planar data

| ayers. According to a further aspect of the present
invention, there is provided a | aser wi4eable information recordi ng nmedi um
conpri si ng: a substantially planar substrate for recordation of

bi nary data thereon by neans of controlled |aser radiation, said
substantially planar substrate conprising a first material with a first
reflectivity; and ' a track pattern di sposed over said substrate,
said track pattern conprising a second material with a second reflectivity,
said first reflectivity and said second reflectivity conprising different
reflectivities, and wherein said different reflectivities of sajid track
pattern and WRCHiRg Rachaptsng PERYEaYPeFetk paftHF FHERHRoEER0% 4

ref erence pathadgr bhetrdilifiyeto Wnpviprpciaely npereninfermationr ésopdiang nedi um
and. wher ei n SRiogaklb BE pPAbI-CIIkeNBEa RN heasd . thae BslgaibrRImadge ioddxeai ng

when | aser wpjh e é " QaHBLh %CEQS S@a ﬂagﬁ&&rcdumgk rm.'oyg] | _This means

According to_ano re |aagrow ded a

ﬁ aspect of P &S ?ﬁﬁ ] nv ! r ek

| aser writ eaBta ﬂf%’f’??é’tlf’ﬁnm? Ertldal 5 d'fﬁn(‘f‘ lféadnﬂ;n

plurality ofwidiibtharpresienty isveniion may Pécﬁﬂ‘@@n@a?la%}ér 3ng dtoredor datl on of

bi nary dat'a ddigeegnaky exEnesertflycontrol |l ed | aser radi ation; and at

| east one reference Iayer cont aining a track pattern havi ng at | east one _
edge for edgefollovvl aser_wri.tipg i orrratlonto | east one data
recording | ayer B8P3 %‘g Yur aif ity °bdafg r}‘eg%’r PP Tay s,ntéﬁy Fef erence

| ayer of sai QF%’tldFeas‘f°“l§’ﬁéh?‘éﬁf1é’Feﬁ%%tq“‘a§%F %tl’rﬁgd}’éfﬁé‘g‘é'ﬁm"nGPV| dual | y

bet ween dat ainexpendiveg Hodyubalsleoomedia dsiphbanlta guoferdaCl-RAE dredhnyldayer s.

9 According to yet another aspect of the present invention, there

s provided a lasgr oI R0Le LYeQLE 100 HECOIA B IRILHTE U m ng:

a substantially planar "subs reco t| on ereon hy
neans of corf¢drdedor éé‘?é’fiuf’h’b‘i’ é’tlf“ﬁ]ﬁ res‘:&Fﬂl’é%tS’s"‘tsﬁﬁt‘l’lEl %‘f‘/ ‘Efgdterdat e
conpri si ng asénvos ttravke rfoxl ph@gm5ﬁgcwﬁn°ﬁs{>f \ﬂaifeemetloalnpgﬁﬂmllnprmty;

and foi RGK1AGI4RY Boflii@sRg dpepatsais] substrate, said track
pattern conprising a second material with'a second val ue of sai d opti cal

property, said first value apnd sajd sec val ue conpris
val ues for said JptiEafHP g’i’? °L’éﬁ%]t gté T PSEFA cﬁq‘vfgjtg% Va ﬁ%%ldf)ef sai d
optical prop®ktapperasas torr H‘ék"—lﬁ‘&t teformatdon dind MdbiRrlea it madheRai d track

pattern to berassedbaswéeen embedder spavd arackben | aser witing information to
sai d recordi ng nedium and wherein said track pattern has at | east one edge

for edge following yhen 1a3e" elidabl o1 ddkObF A Brb SoriPl ol QY Medi um
' provide apparatus and method for reading and writing information
at high density and with high information transmission rates.

It is also an object of the present invention to provide a
method and system for precisely locating individual 1nformatlon
bits or sets of bits on a rotatable recordlng medium.

It is yet another object of the present invention to provide
servo and feedback control mechanisms which are capable of '
compensating for system variations such as disk flatness, bearing
tolerances and motor speed.
-
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According to a still further aspect of the present invention, there is
provided a nethod for fabricating a |aser witeable information recording
medi um sai d nmethod conpri sing: provi ding a substantially planar
substrate for recordation of binary data thereon by neans of controlled

| aser radiation, said substantially planar substrate conprising a first
material with a first reflectivity; aqﬁ formng a track
pattern over said substrate, said track pattern having at |east one edge
for edge follow ng, said track pattern conprising a second material with a
second reflectivity, said first reflectivity and said second reflectivity
conprising different reflectivities, wherein said different reflectivities
of said track pattern and said substrate allow said track pattern to be
used as a reference pattern when | aser witing information to said
recordi ng medi ym usi e follown

Brief Descript :Ilé'ml%fa Re® ‘%r%\ﬂneﬁbs"f et PrefgBt sHeRE! “hatt BFoVHIS R

regar ded aRPRA¥EtRA\ANG mohheds ipavhichulafenmagdpntved cButs é‘ﬁ‘&t&F’ét‘?Iﬁé’t |ay

cl ai med i nedtha@iagNCH-RDMAG:IRD bl Olin @hytbe impedidtedyt réad thlegefrarerso on,

however, hot h:oaﬁet&l%r Q@naé@etrtn@ﬂe and a@ém%oanoprt%muﬁ@laftewtémw th

further 0b,§%ﬁ§ gn vanta&g ereon JBY best be understood by reference
to the fol NGO TR Bt PO T Ak TP PR €3 HTECt i on wi th the acconpanyi ng

drawi ngs i n which:
It is a still further object of the present invention to

provide a servo feedback tracking apparatus which is capable of
reading and writing information from a plurality of layers on a
rotating CD-ROM~like medium.

It is a still further object of the present invention to
provide an apparatus for multi-layer writing and for multi-layer

reading of rotatable information disks.

It is a still further object of the present invention to provide
a mechanism which is capable of determining variations in
rotation speed, particularly those variations associated with end

of motor life.

It is a still further object of the present invention to
provide a method and system for determining whether or not a
laser semiconductor light source is at or near its end of life
point. '

It is also an object of the present invention to employ
reading-after-writing capabilities using laser power modulation.

It is a still further object of the present-ihvention
to provide a system for writing to and reading from a plurality

of layers on a single disk.
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=12 Figure 1 is an is a partially isonetric functional block

diagramillustrating the basic conponents and operating principles behind
.dithering of laser light with respect to a conpact-disk-1ike parts;

" Figures 2A-2G illustrate steps enployed in a process which produces bl ank
recordi ng disks for use in conjunction wth the systemof |laser witing-
used in the present invention; gFigure 3 illustrates a
cross-sectional view of a portion of a CD-ROMIi ke recording disk
particularly showing nmultiple layers in which informati on nmay be recorded;
Figure 4 is a side elevation, cross-sectional view of a portion of a
CD-ROM | i ke recording disk, simlar to the view shown in Figure 3, but here
nore particularly illustrating the inclusion of multiple servo track
| ayers; Figure S5Ais a top view (not to scale) illustrating the
presence of a registration mark and a spiral track pattern in which servo
tracks are prEt éfaptse @inspbiest of the prepepl J8BRELCD, 19j BHPEIdR Rar to '
Fi gur e S5Aehdfwritechpad twhighaid yartiasiardyi suitabladfent usefeidnce
(regist rahhﬁﬂldﬁ&ktﬁe&aldgpgta@r o8 Sydika efmﬁd&ntﬁmﬁgsexf@nt of the di Ek;
Figure 6 V] sl L u af | f,onshi p between servo trac
W gt h angh?ﬁgyév?ﬁp%?h&%&étlhg ?T%EJI uhﬂggﬁ{ﬁgﬁgvﬁi 1 is enployed for information
st or age; Figure 7 is a top elevation viewillustrating the :
rel ati onshi p Hetiseanfuqidies ofpidcisef theghresenii dpvention teapkdvigleakong a
servo st syptamnEoropresipelg ttadaagr tisppbsiwivic bfak laser beam so

that information may be written to and read from a rotatable disk
in a relisble, dense, closely packed fashion with a low access

time and with a high transmission rate.

It is a object of the present invention to provide a
writable information storage system using'a_rotatable medium
which is compatible with a variety of different data formats.

It is a still further object of the present invention to ,
provide an information storage medium in which the information is
stored in a volume as opposed to merely storing information in a

single plane.

It is also an object of the present invention to provide a
blank recording disk which includes either one or a plurality of
layers for writing and reading operations.

It is yet. another object of thé présent "invention to provide
a writable blank information medium containing-a plurality of
servo tracks for precise positioning of information storage bits
on opposite sides of a rotatable disk.

It is yet another object of the present invention to take
advantage of frequency doubling and phase characteristics of
reflected tracking signals which result from a beam of light
being dithered across an edge of optically different materials.

IS SHEET HAG BEEW |
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13 - enpl oyed for reading and witing information into recordable

material |ying between servo track portions; Figure 8 is a view
simlar to Figure 7 but nore particularly illustrating the situation in
which information is witten with respect to the right side of the tracking
spot as opposed to the left side which is shown in Figure 7; Fi gure
9A is a graphical illustration.of the (flatiohship bet ween | aser tracking
spot position and intensity of the resulting reflected signal;

Figure 9B is a graphical illustration simlar to Figure 9A but nore
particularly showi ng the phase relationship of the resulting signal when
the laser tracking spot -is directed on the opposite edge of the enbedded
servo track; Figure 10 is a functional block diagramillustrating an
overall system of |aser |ight production-and | aser position control
enploylng t he ryvo trackin stem of the present inventio Fi gure
11 is a side elslg’vé?|%r?t§libv€q1rlt¥ﬁ’ét‘1béﬁ:ﬁg°fp £t POHiRG b’l‘veé‘tF8ﬁst%o that its
focal poi nPTPVige fR auea ppopeAnfemmpdion disk whighdaclpdgss infoimapioni il ar
to Fi gure ddscriblingtXaithgn< ol thirairieoin Gérdoaser beam out put ; Fi gure
13 is a functional block diagramillustrating a signal processing circuit
which is enpl o;i%digoy rQvi eerpogl ti.on_indication i.n a radi %0 di re%t I on;

ano ject of e present invention provide
nearly simultaneous writing and read-back capabilities.

It is a still further object of the present invention  to
provide signal processing circuitry for determining léser beam
position and also_for determining a layer in a rotatable
recording medium which is being employed for reading or writing
operations. |

It is a still further object of the present invention to
provide an inexpensive recording medium which is particularly
useful in write-once applications.

It'is an object of the present invention to provide a system
and method- for contlnuous spiral track edge following.

It is also an object of the present invention to create a
three-dimensional bit map of information on a recording medium so
as to improve access time.

It-is-yet another object of the present invention to )
integrate error detection capabilities in an information storage
system invblving rotation and precision bit mapping of storage
locations.

It is also an object of the present invention to provide
simultaneous servo tracking of laser focus within a given layer
of a multi-layer disk together with servo tracking along an edge.

This Sheet Has Been Repl
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14 - Figure 14 is a functional block diagramillustrating an

al ternate enbodi nent of a systemin accordance with the present invention;
Figure 15 is a functional block diagramillustrating a systemin accordance
with the present invention in which |aser power is nodul ated to produce the
desired witing and read-after- witing operations; Figure 16 is a
pl'ot of l|aser light power as a functionipf sem conductor |aser drive
current; . Figure 17 is a functional block diagramillustrating an
enbodi nent of the present invention enploying nulti-frequency dithering;
Figure 18 is a functional diagramillustrating an optical arrangenment which
i s enployable as a mechanismfor reading and witing information on both
sides of a rotating information storage medi um bl ank; Figure 19 is
an optical path diagram nore particularly illustrating an overaII opti cal

system for reading . and witi [ tion to bqQth sides formation
s%/orage bl ank; is 239 ﬁ‘F‘er‘%UéCt °ér% Br%?%rb%tlflgﬁn'?/‘l%’wt%fb% a#’gﬁd"f?/vri te

head whi ch Hﬁ?ﬂ’% em@;ﬁédmﬁ?ﬁwﬁﬁﬁﬁcﬁqroﬁwmﬁ?q greed fepeeerdafpdepr esent
i nvention; disk medfagure 21 is a partially isonetric and partially
functional block diagramillustrating a systemin accordance with present

nvention in whigh,an, L MEediale §5a% A he d2neP Rk | & RS LO[ITEC:

to create a recorded disk information storage medium having
indications thereon of actual recording parameters such as
physical speed, spacing, format and angular velocity.

It is a further object of the present invention to more
accurately determine angular rotation velocity by more accurately
determining radial position.

It is a still further object of the present invention to -be
able to store rotational velocity information over time so as to
provide an assessment of drive motor functioning particularly
with respect to aging and/or end-of-life predictions and
warnings. ' )

Lastly, but not limited hereto, it is an object of the
present invention to provide systems, methods and apparatus for
economical writing of inforﬁation on a rotatable disk using laser
writing and posifion control.

Brief Description of the Drawings

The subject matter which is regarded as the invention is
particularly pointed out and distinctly claimed in the concluding
portion of the specification. The invention, however, both as to
organization and method of practice, togefher with further
objects and advantages thereof, may best be understood by
reference to the following description taken in connection with
the accompanying drawings in which:
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5 . Figure 22 is a functional block diagramillustrating a
systemin accordance with the present invention which is simlar to the
system shown in Figure 10 but nore particularly illustrating the nonitoring
functions which may be provided relative to the | aser agi ng process;
Figures 23A-23C illustrate yet another positional paraneter which may be
controlled through the utilization of qﬁpects of the present invention;
Figures 24A-24C illustrate output signal waveforns produced in the various
configurations states shown in Figures 23A-23C, respectively; Fi gure
25 illustrates a systemin accordance with the present. invention which is
simlar to Figure 15 but yet particularly illustrates a nechani sm whi ch may
be enpl oyed to i nduce the desired variation shown in Figures 23A-23C,
Figure 26 is a plot which is representative of the nodul ation index for a
sem conductor | aser device as a function of e 27TAis a

S . f tine; . Fi.g
side el evati onaF ePERvY AP st PrRPGHELDP oere bRl G FEUBR T IRG4- giﬁ‘ikti ng | aser
di ode devi cdiagrer| ELivatirgtEinwhadeasigheorpansnts i ceer#igndevi ce at the
rear of theptiglciples behinéti ditherP ofSlasat deght exdathi easpacewtofat hr ee
vertical chanprktsSeELanRilcifsgM tting | asers arranged in an array;

Figure 28 is a viewsimlar to ﬁigure 15 but nore particularly illustrating

apparatus elenents for determ ning rotation velocity, particularI% angul ar
vel ocity, and f BLIVFRE 2A-2GC illustrate steps employed in a process whic

produces blank recording disks for use in conjunction with the
system of laser writing used in the present invention;

Figure 3 illustrates a cross-sectional view of a portion of
a CD-ROM-like recording disk particularly showing multiple layers
in which information may be recorded;

Figﬁre 4 is a side elevation, cross-~sectional view of a
portion of a CD-ROM-like recording disk, similar to the view
shown in Figure 3, but here more particularly illustrating the
inclusion of multiple servo tréék'layers;

Figure 5A is a top view (hot to scale) illustrating the
presence of a registration mark and a spiral track pattern in
which servo tracks are preferably disposed;

" Figure SB is a view similar to Figure 5A but more
particularly illustrating a radial reference (registration) mark
“extending--across-the entire radial--extent -of the disk;

Figure 6 is a top view illustrating the relationship between
servo track width and the width of the medium portion which is
employed for information storage;

Figure 7 is a top elevation view illustrating the
relationship between spots of laser light employed for tracking
along a servo strip and corresponding laser spots which are



16> creating a recording machi ne having information thereon
i ndi cative of physical speed, format, timng and spacing paraneters;

~Figure 29 is a flowchart illustrating the steps in a nethod for

determ ning angul ar velocity, particularly angular velocity, over a period

of time to determ ne drive notor aging characteristics; Figure 30 is
a flow chart illustrating in detail tﬂg step shown in Figure 29 relating to
measuring linear velocity; and igure 31 is a graph illustrating

typi cal angul ar velocity measurenents as a function of time for conparison
to provide drive notor performance and aging indications.

Detail ed Description of the Invention In a prior filed application,
Serial No. 08/626,302, filed April 1, 1996, and issued on Novenber 4, 1997,
as patent nunber 5,684,782 which is hereby incorporated herein by
reference, the generation and utilization of the signal S x | was
dennnstra&%ﬁi?yﬁg fofr Frading ang HEitipg informphieniintyi vReandellehat if a

| aser |i gidttesdal Ckying detvweenedemac krasikl doattibmscr oss an opti cal boundary
exhibiting different optical properties, such as reflectivity, it is

P et er s oo’ TR o &g DUALIPLLA B €5 ol &mﬁtnmggé%a% stany no 1ight
to determine and {hus.to aser @E
appl i cat |’01r}usitﬁ%tﬁ’ﬁ/§'ﬁ‘? o‘?’stuﬁﬁé?’éllr? BRt &nlfﬂE'f‘?tﬁﬂ’ﬁ OF Vﬁr%eflow:bm/er
si t uat i oreesipecthte har Fidhiy sidé crfnithe obracking| spdy agi aipdssdateriheary
obj ecti veledth spas twidhais shbeénafplrigant s7;herein describe a witing system
based upon signal processing techni-ques denonstrated in several rel ated
Figure 9A is a graphical illustration of the relatlonshlp
between laser tracking spot position and intensity of the
resulting reflected signal; .

Figure 9B is a graphical illustration similar to Figure 924
but more particulafly showing the phase relationship of the
resulting signal when the laser tracking spot is directed on the
opposite edge of the embedded servo track; '

Figure 10 is a functional block diagram illustrating an
overall system of laser light production and laser position
control employing the servo tracking system of the present
invention;

Figure 11 is a side elevation view illustrating positioning
of a lens so that its focal point lies in the proper plane;

Figure 12 is a view, similar to Figure 11, illustrating
collimation of laser beam output;

Figure 13 is a functional block diagram illustrating a
signal processing circuit which is employed to provide position
indication in a radial direction;_



27 > prior patent applications submtted by the sane inventors as

her ei n. For a nore conpl ete understandi ng of the present invention,
attention is directed to Figure 1 wherein there is shown, in schenmatic
diagram form an arrangenent which may be enployed to illustrate the

operation of the present invention. In particular, in Figure 1, there is
.shown di ode injection |aser 10 which diygects | aser light through preferred
crossed fiber 80 which corrects for unequal divergence of the laser |ight
into lens 100. Crossed filters 80 serve to circularize the laser light so
that the divergence in both directions is equal. The physical positioning
of lens 100 is controlled by neans of voice coil 20 which is provided with
an appropriate dithering signal fromfunction generator 60. This signal

al so includes an appropriate DC offset control level. Light fromlens 100

is directed on keg\% Ilqaisda s:lﬁneélmltﬁw@é d§Qg£5wm1mgeﬁﬂlhgl§nreflect ed
back througal'i | en on | aser glpg__thodet ect Lar 40. The

S injecti
el ectrical Si gné’f‘t? 6'%°§ﬁ'5?notde?ectéd’r 5t Ty 8r%?ﬁ) eoye reBETSS"
Al ternati ve’rfy’enltf-°%as been observed by the present inventors that the drive

current passing through diode injection laser 10 is, in fact, nodul ated by
the |ight returaha&é rlemgmmaegﬂnal%wzdhaebyam ti)llﬁéﬂ!v&iﬂihagaa resistor R
(reference pynmpal, 90k kB fdle oGUA T tgPé‘é Fn@%r S YRR chO1addy | S

possi ble toextract this sarre Si across resistor R by
connect i ng Rt%€TopH It atedia Brg‘? %eFEﬁt?eaﬁlrﬁﬂ'p‘l"f‘fV@g R werdreifeavi des an

al ter nat e ottiffdngserpraltioBys i ntegrating this signal over an appropriate _
tinme period [err] (measured in mlliseconds), it is possible to produce an

output result a”héﬁﬂé‘%‘a 'é%l'b?:f@f rl‘égeLOll%ke%gwﬁg@aﬁo“ﬁlrﬁctt%;x@&ﬁgﬂf fﬁgd

wi th the resistan L{r pr o i onal
| ens shoul ds%‘&cf’ﬁg 6ﬁ§?ir dﬁ%?a‘iﬂrpf*ﬁ ichi eve optimal focus for a
particul ar | ayer.

Figure 17 is a functional block diagram illustrating -an

embodiment of the present invention employlng multi-frequency
dithering;

Figure 18 is a functional diagram iilustrating an optidal
arrangement which is employable as a mechanism for reading and
writing information on both sides of a rotating information:

storage medium blank;

Figure 19 is an optical path diagram more particularly
111ustrat1ng an overall opt1cal system for reading and wr1t1ng
1nformation to both sides of a information storage blank;

Figure 20 is a side elevation view of a read/write head
~ which may be employed in conjunction with the system in the

-present invention;

Figure 21 is a partially isometric and partially functional
block diagram illustrating a system in accordance with present
invention in which an immediate réad-after-write operation is
performed;



d8 » For purposes of understanding the operation of the present
i nvention, Figure 1 should be understood to be a general schematic
description for performng the dithering operation on a |ens or other
optical elenment through which the light froma |aser source propagates. In
preferred enbodi nents of the present invention, the laser |ight source
conprises a sem conductor |aser diode. 1furthernore, for purposes of the
present invention, the dithering function can be thought of as causing the
| aser light to nove back and forth in an oscillatory manner in either of
two ways: (1) towards and away fromthe information nmediumtarget; and (2)
back and forth across substantially (locally) parallel reference tracks in
what is essentially a radial direction as seen with respect to target 30 in
Figure 1. This oscillatory notion or dithering produces a particul ar signal
S x | which can_be analyzed in the var{o S manners is.éaqght in the above-
referenced pri Br9%HPACEE i DIfunFiqnel BLEE SARPTHL A T;g*ﬁao 8d That analysis -
of the si grwEte8 in |acsandresdwéth idvey Pregaiyt Anventioss wWatdhoad swhit @@spect to
posi ti oni ngp aRd spEdiemOkh6dn tikeFiqaer 10i it meeergecticularly It is the .
preci si on gf e H:irfl%" tggrﬁ#xgrﬂltom& HuREEIBsS whiéh M2SSB88 proRN 8R4I ON to be

0 [

useful in a numper erent . ways Qart;cularly Wth respect to |aser
writing ofSr&rFBRst TRepd?TTcGPEPY BER°8¢T0r dance with one aspect of the
present invention, the dithering of the |aser |ight source towards and away
fromthe targeFigecks23p+230¢ dd3ustratehnet smoftber mosditiomal PetametE=aont r ol of
the laser JyiGht md tdl RohBfolRAl URRctighY 8hé QIS 162REIv%, of Nddpects ¥ tihlen

sel ectabl e Iassée;cs. Wth respect to nmulti-layered nmedia, the present

inventionfnﬁécgus%PYﬁnﬁﬁﬁg;precision of its focus control, provides a
mechani sm for precisely determning the focal point of the |aser spot

wi t hi n vari ous Fligyees 24fA-24@ idilyktrafiei sutputowional waveigmrsegrdfuded ead and
wWite operaf it®@Svarious configurations states shown in Figures 23A-23C,

respectively;

Figure 25 illustrates a system in accordance with the
present invention which is similar to Figure 15 but yet
particularly illustrates a mechanism which may be employed to
induce the desired variation shown in Figures 23A-23C;

Figure 26 is a plot which is representative of the
modulation index for a semiconductor laser device as a function

of time;

Figure 27A is a side elevational view illustrating the
operation of an edge-emitting laser diode device particularly
showing light output monitoring device at the rear of the cell;

Figqure 27B is a side elevation-view of three vertical

channel semiconductor emitting lasers arranged in an array;

Figure 28 is a view similar to Figure 15 but more
particularly illustrating apparatus elements for determining
rotation velocity, particularly angular velocity, and for thus



19 . I n anot her aspect of the present invention, the precise
nature of the signal analysis that is carried out by the present inventors
provi des information relevant to positional control in a radial direction.
This is particularly useful in those situations where the information
stored on the disk or other mediumis arranged in a plurality of
substantially parallel tracks (for purpeses of the present invention,
tracks are considered parallel even if curved into spirals or arranged as
concentric circles; parallelness is a |ocal phenonenon). In accordance with
a preferred enbodi mrent of the present invention, these tracks are arranged
in a single concentric spiral. An alternative arrangenent for disk storage
medi a enpl oys informati on and reference tracks di sposed on concentric
circular tracks at selected radii. In point of fact, the pattern is
essentially arbitrary. Mﬂ;i;ﬂe S£irsl traqkz arqfalsgheggkoyable. The
present i NVRHPEESRY A FEOPEF T FaghFI%R PRTTPY dYEPE W CRi R T he nedi um to

i ncor por at einfiitabientoft phrdiqedt seeath: format.gfdring@rd $R2APPanged as a
spiral whilgaranetéed; is configured in concentric circles. Were desired,
each layer in the mediumis also provided with its own reference datum mark

So as to nmeke it easier to acgcess .an t .of .the dis or .qt pe)
storage medi um GFEEE &npfet Ciﬁﬂpf)}ﬁ‘fé‘ g?{lﬁtf%ﬁrr’ échg, %‘r:{’fﬁ éﬁl Q%%%Qé
angul ar | y) . fofhdeketriningeangitlan velqsddy i RARRLCYA T 2 AT ST ﬁail?CdﬁYon
di fferent |amara péridieodi Bind Soad<imsadoe sriver netorskyging t h each ot her.
As is denmongtt,at-ed-Pediw. the signal processing aspects of the present
invention permt precise control of the |aser so that it nmay be positioned
in a proper focal plane (if needed or desired _and,lik?mjs osétioned at a
known radi al | oFagnem 30Fdf pUFeYseRar IRFRTFERTIPA G AGER U WS rably
hi gh densi t élesm thi Bigreckgielatingswepeasiiring linear velocity; and
20 :
Figure 31 is a graph illustrating typical angular velocity
measurements as a function of time for comparison to provide

drive motor performance and aging indications.

Detailed Desc}i tion of the Invention

.In a prior filed'applfcation, Serial No. 08/626,302, filed
April 1, 1996, and issued on November 4, 1997, as patent number
5,684,782 which is hereby incorporated herein by reference, the
generation and utilization of the signal S x I was demonstrated.
In particular, the inventors therein discerned that if a laser
light source is dithéréd'back and forth across an.optical
boundary ‘exhibiting different optical properties, such as
reflectivity, it is possible to employ the information present in
the modulated returning light to determine and thus to control
laser position. In the present application, the inventors
therein extend their prior work to coﬁer situations in which
writing information to a laser disk is a primary objective. In
particular, the applicants herein describe a writing system .based
upon signal processing techniques demonstrated in several related



Tt

Whi [-e t he above-nentioned prior application was directed primarily to -
reading information froma disk, it should be appreciated, however, that
witing information to a disk requires a much nore precise control
mechani sm Furthernore, those skilled in the art fully appreciate that the
mechani snms enpl oyed for witing and reading should permt a significantly
dense configuration of bit patterns on fje information storage nedium In
the present invention, the precision of control based upon signal
processi ng aspects provide the overall systemw th the necessary degree of
control which permts extrenely dense witing of information onto an

| mpr essi onabl e nedi um If one is involved in the design of a system
for witing information to a disk, one soon fully appreciates that it is

not enough sinply to writetheinforrrationtoadisk but, rather, that it
S extrerrel

{oapgrt ant the infor n be witte hose | ocations
from whi ch Herd %e%‘ ﬁpB c:r""é:tll"’f’%ve mgﬁg‘?ﬂ‘?ﬁ’y ithe | "'sa"‘tehlgn‘ge?}é:grél%% of control
associ at ed 1?ﬁ!’”tel’rnt he signal processing methods described herein that
provi des the required degree of precision witing control which is

sufficient to agbieyeorBecsNess ainacdREdine oof tiieipRgsalt entventisin, abl y

i e, Ad ?%gﬁgﬁﬁgmﬁgﬁ%%‘%ﬁ o ﬁ‘*grgg'ﬁ%?%%qﬁe%@%r?hé% %ﬁ%ﬁ‘%‘éy@%’ 50 provi de

an ability ¥ fit¢ sHagram r?fﬁrﬁfé Pemepde FhYFh maXgPY SHIP F% o al so
moni t or t hellduskiraye dfhet hnemzcdpamﬁ tthe| present invertiofur tI®er ance of

achi evi ng thertaculang iangigqeadilngthate) est shem aioddanpecsiont laserenoi on, a
recording maﬁnmé?c@mhgg@qlgﬁtmi&ngﬁ%reefe%@d aéxrogega ﬂ%‘é%eé'é

O oront el pel Lot Voo oot [BoetSha 5% 17 ok B RS LT |

shoul d be ntA%ed 1PRat Gnepseptiidarrdrheerye o‘?"f FaFeMeeiaaythse Laser

21 light so that the divergence in both directions is equal. The
physical positioning of lens 100 is controlled by means of voice
coil 20 which is provided with an appropriate dithering signal
from function generator 60. This signai also includes an
appropriate DC offset control level. Light from lens 100 is
directed on to optical disk or CD farget 30 from which it is
reflected back through lens 100 and diode injection laser 10 to
photodetector 40. The electrical signal from photodetector 40
may'be employed directly. Alternatively, it has been observed by
the present inventors that the drive current passing through
diode iﬁjection laser 10 is, in fact, modulated by the light
returning from the target. Accordingly, by providing a resistor
R (reference numeral 90) in the current path of power supply 70,
it is possible to extract this same signal as a voltage drop
across resistor R by connecting its opposite ends to differential
.amplifiér 50 which provides an alternate output signal. By
integrating this signal over an appropriate time period 1
{(measured in milliseconds), it is possible to produce an output
resultant signal, also referred to herein as R (not to be
confused with the resistance R), which is proportional to the
amount by which the lens should be repositioned in order to
achieve optimal focus for a particular layer.



used.) - These tracks are enployed as a basis for positioning | aser sources
for both reading information fromthe nmediumand for witing information to
1he nmedium Accordingly, as a first aspect of the clainmed invention, there
i s described a di sk nmediumand a nethod of constructing it with tracks

whi ch are appropriate for the purposes of the present invention. It should
be noted, in particular, that the desigg of the present invention fully
exploits the capabilities of these special disks. These di sks have al so
been particularly designed for considerations of cost and ease of
fabrication. Additionally, the structure of the disk recording nedia
associated wth the present invention has been structured so as to
maxi m ze, to the greatest extent possible, the density of information which
may be witten to any particular layer in the disk. It should al so be
particularly n%led t hat t he fagrlcatlon met hods set out herein are not only

useabl e in the "CEnBPRIEEF o FPSTHANPEyERe PBEBR Ui My Ofretha PEBEE Yt hat t hey
are al so ei@w@nfdant Figwrechbridrnid theonndeérsdod £ dyer genéral For a
conpl et e usclemettanddexg:raptidie fprosaFornivg | thed di thadngt speidtignr@car dabl e
medi a useaplfs Wt btﬁetleowcﬁéanfelgwtthwuz RLnEBhT Ak h3gRt rﬁ%hed to Figures

2A-2G These fiqures show various. sta of co ructlon of a
si ngl e- Iaygre(f \%‘enrlgc%ﬁ’ r°Pa% it abt &% %ga #l‘fg'g?‘g%ments regﬁﬁ?en

i nvent i on. invention, ntltenéaﬁé’g|]13rﬁ¥1ﬁgs°é‘ﬁ-”°?h‘é°’¥ﬂrd(§é§sa |Sle|'“€|§?’i“§’c°€8rl hasyur es
2A- 2G, i tdigienot Bdrtlratooas floegpurposethotlitdie pubsdntatiev@idony thegure 2A

conpri si ngastxd#ihChaddi¥n' &4 @epamgalu &£ npd %Eﬁ@ing?;ltﬁg BSsex BOLy€ar bonate
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wi t h whi ch one star prod uctlon reco i 8T TN accordance with
the pr esent2YSvert? ofPvdsEs ‘f‘fH’( aH%MefrPB‘ F]H"cl’ﬁ’(fé’rﬂﬁ'f’é?‘% Bpdim Gerpetoptical ly

flat. Thi sapd (2)dbe¢kieahdafextit ageosthisvhstastilaldyf ¢ lomailhe) preesdhek of:
enbedded t réfdeentce BPdcksUpn fiatany <habhei£NGi @Srhdiad]l dBYeOGGH abecause the
22 seen with respect to target 30 in Figure 1. . This oscillatory
motion or dithering produces a particular signal S x I which can
be analyzed in the various manners as taught in the above-
referenced prior application. It is to be particularly noted
-that analysis of the signal § x I can produce very 1mportant
information with respect to positioning and control of the laser

light source.

It is the precision of position control which permits the
.present invention to be useful in a number of different ways
particularly with respect to laser writing operations. .In

- particular, in accordance with one aspect of the present
invention, the dithering of the 1as&¥ light source towards and
away from the'tarqet medium provides a mechanism for precision
focus control of the laser light within the medium at various
depths, that is, within selectable layers. With respect to
multi-layered media, the present invention, because of the
precision of its focus contrel, provides a mechanism for
precisely determining the focal point of the laser spot within
various layers of the disk. This allows multi-layered disk read
and write operations. '
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Imittal starting substrate is not in and of itself necessarily an optically
flat piece of material. This clearly has cost advantages for those using

t Qe present system As shown in Figure 2B, substrate 30a from Fi gure
2A is coated with positive photoresist 33. This is readily applied by any
nunber of well known nethods including spin coating which is preferred.
Once photoresist 33 is applied to initi b substrate 31, the photoresist
material is exposed through a mask which, in preferred enbodi nents,
includes a spiral pattern. Wiile preferred enbodi nents of the present

I nvention enploy tracks having a spiral geonetry, any convenient track
pattern is useabl e including concentrically arranged circles or nultiple
(that is, interleaved) spirals. In practice, it is noted that the mask that
is enployed for creating the pattern seen in Figure 2C when photoresist 33
I s exposed is preferably not a freestandi ng nask but ather, is typically

a structure whi R PROTASINEERPTNOL S RTSATT: FRYPE Bns A BAECHG erial such
as quartz. nature ofthe ei@@} |apakysist that dsuFanrieds prtchwithe 3pkesgittch
resul t s wheimywitbos giicvidds irfoendgtdsadrd luvanghta mestiathlimasktaild ihhen
devel oped. Jh@qigsUliiddd: BROt @hesisS! pRAL{RNA-37 dsbras! Ualdnysthe negative
(in the pho;g’l%cl‘r %th cé{a)ense‘)lr of, %Qe aq:egl r&%rg&acllé fat églg.or other 'L 1S
noted that Tetal T ayefe3d “1% EAppiied®t o structure 30¢. 1% Preéterred
enbodi ment st UPHEs ArEesded | iy enptgRlithief sebaratdally qaredtpti ses
al um num whtxstkss ( S@proxposéelof U150 pres@U0 iAmgstians ttéglok areét | S
particul arl yoriaseded lraihii]l &vRhUR RURVES idtBl SAF-AB! 6r "Bir@hbéd as
g:‘r;'olcg' g; | YoRRERESE dilrch8s! RXRENSINE: VAL LHEELT 'p‘ﬂ%no;g%;ll?ir).”afne“ al's such
~ accordance with a preferred embodiment of the present inventionm,
these tracks are arranged in a single concentric spiral. &An
alternative arrangement for disk storage media employs
information and reference tracks disposed on concentric circular
tracks at selected radii. In point of fact, the pattern is
essentially arbitrary. Multiple spiral tracks are also
employable. The present invention also permits different layers
within the medium to incorporate different track patterns: one
la&er could be arranged as a spiral while another is configured
in concentric circles. Whexre desired, each layer in the medium
is also provided with its own reference datum mark so as to make
it easier to access any part of the disk (or other shape) storage
medium via a complete mapping of its surface (radially and
angularly). The reference datum is positional so that
information on different layers of the disk is accessed

‘synchronously with each other."

As is demonstrated below, the signal processing aspects of
the present invention permit precise control of the laser so that
it may be positioned in a proper focal plane (if needed or
desired) and likewise positioned at a known radial location.

For purposes of writing information at desirably high densities,
this precision is essential.



.reflective polyners. In this regard, it is noted that the primarily
desirable property for layer 34' is that, in finished product form it
_provides a | ayer fromwhich light is reflected in a different manner than
“it is fromthe rest of the substrate material. Accordingly, the present

i nvention finds it very desirable to enploy materials having different
reflectivities. It is this differenceypn reflectivity which produces
signals fromwhich the present applicants have been able to extract useful
positioning information. The other necessary property for layer 34 is that,
upon deposition, it adheres to substrate 30 and, furthernore, that, during
t he photoresi st renoval process, it does not operate to interfere with
photoresi st renoval. Al so, as noted above, optical properties other than
reflectivity may be used. The result of photoresist renoval, nanely,
the structure shown in Figure 2E as substrate 30e, illustrates the result
of a wet cheniWdlleethd ghevehaeptivnedenrinr eppbicdtipnotass dirgyscal |y,
phot or esi pkif@iAly 8b readiREDYAfbiMatdonetfrarha@néitsald, etcéhduakl pyed by a

cl eanin r n ot f | ayer
SaCani b PEREESEeRl BETECNDCAY fEBLEY dng f@ﬁ%f%"'t B £k bapklug |

phot or eS| &t m?%é‘f“ﬁ"f%""rﬁ?w PRRR e derheriffse T FBRESf ﬁgl ch this
at t achmentskdtted dadthe iF widhytarrrendatd vhag phromerhanisms epplkiyedl d be
not ed t hatfokherstisgsand | tesiis ayeshduldFpgiias a2di g farentinesenbe ch readily

| end therr%%hyfﬁumlaﬁwf et Bhtééfmr 8hhiKe RLedHEdHieR g@&ﬂa@equ@&mﬂhl s and

subsequent RE=l ue%t\/\ﬂ;‘;:entl[)e l.so egglsc%abl |°r;mrpg ductlon fashi on
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At t ent i on riezeneaty diegeet exf tconthel phdckgemstiep edtrestlnatdetsenwiEitgmge 2F in

\é\gl ch semgg 5 ARSARMRBHh bFEan3PmbresaRBLAE Medium.

If one is involved in the design of a system for writing
information to a disk, one soon fully appreciates that it is not
enough simply to write the information to a disk, but, rather,
that it is extremely important that the information be written
onto those locations from which the data can be retrieved.
Again, it is the precision of control associated with the signal
processing methods described herein that provides the required
degree of prec1s1on writing control which is sufficient to
achieve the necessary objective of being able to reliably
retrieve the information from the recording medium at a later
point in time. Additionally, the methods and apparatus described
herein also provide an ability to monitor the performance'of
laser writing source and to also monitor the quality of the
medium itself.

In furtherance of achieving the writing and reading
objectives of the-present invention, a recording medium is
employed on which there are already present differentially
reflective tracks for selected laser light reflection. (Although
differential refiectivity is the preferred approach herein, it
should be noted that any optical property difference may be
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Structure 30e (Figure 2E). Layer 35 preferably conprises a |ayer such as
pol ynet hyl net hacryl ate (PMVA) or an equivalent. In preferred enbodi nents of
the present invention, this material is spin coated onto structure 30e. It
is noted that at this juncture an optional planarization step my be

per f or med. It is also inportant to note that structure 30f, shown in
Figure 2F, is an inportant structure igythat it is the starting point for
the deposition of further layers if a multi-layer structure is desired.
These subsequent | ayers may or may not include inbedded track material 34.
| f tracks are inbedded in subsequent layers, it nmay be of a different
material than that found in lower |layers, and in particular, it may have

di fferent optical transnissivity properties or use an entirely different
optical property. is also noted that the process for enbedded

track crea\gé?@érlﬂgsse ggg}g arlleF%nang?dza@é %Gb?l?s fflé{ omq:n’gatl ble with

prOV|d|ng ent orna I.on eren ayers. ﬁ%ese formats

i ncl ude t htP%83 RWFISST FRF RRT rRRAipgDirfrmgtion from t%étel‘FéFmo‘Héi enpl oys a
si ngl e- | ay&er origimglimiformatkionste beumediunhe Aesdrdiayky, meehefabity incl udes
| ayer 36 whépdletpoeflefeabliyifBav&aaSon, | e b RJEFiBLMIVIEER hedium
appr oxi mat gly Qeéwto&og&sté}hgax{g?ﬁtpwﬁoscﬁ?ﬂé ged pogpg%g%f L2t al

reflect|V|£3/I, era £l ash

rintin
coating. A Tes Ft%‘ﬂﬁ’?f*ﬁg‘?g ﬁhﬁy%’Fesleé%o’r‘H‘ﬁ?ﬂté°ﬁedlW*‘%“%%«?Fe\“&‘ »shown as
struct ure BO@AFiEpisethek the desigpt of stheppbesenst ddventionefptlasent
i nventi on edpbits tiz lcapahbiliGies hef pheyereiphylsbtdianey| ateskayeskpr its

equi val enthavthatbo isecdBhAYRALEATy RS UL RIE indlbR¥hdiAg bRf Qimtion
Storlng and ease of fabrication. Additionally, the structure of the disk
recording media associated with the present invention has been
structured so as to maximize, to the greatest extent possible,
the density of information which may be written to any particular
layer in the disk. It should also be particularly noted that the
fabrication methods set out herein are not only useable in the
construction of single—léyer recording media, but that they are
also extended to the constéuction of multi-layef media.

For a complete ﬁnde:sfanding of the process involved in
-constructing . recordable media useable with the present invention,
attention is directed to Figures 2A-2G. These figures show
various stages (30a-30g) of construction of a single-layered
version of a writable medium useful in the present invention.

In the beginning of the process 1llustrated in Figures 2A-
2G, it is noted that one begins with disk substrate 30a in Figure
2A comprising a sufficiently rigid polymeric material such as a
polycarbbnate resin. It should be particularly borne in mind
that the substrate material with which one starts the production
of recordable media in accordance with the present invention does
not have to include material which is optically flat. This is a
decided advantage which results from the presence of embedded
tracks to make up for any deficiencies that may occur because the
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f£egions. Mire particularly, these regions are | ocated between tracks 34.

It should al so be appreciated by those of ordinary skill in the photolithic
arts that the process described above is nerely illustrative of a nunber of
di fferent possible processes which may be enpl oyed to produce the structure
shown in Figure 2G In particular, it is noted that the process described
enpl oys the utilization of a negative oto mask. Ot her nethods and
processes could readily enploy positive (in the photographic sense) nasks.
Processes based on sel ective deposition, rather than selective renoval, are
al so enpl oyabl e. It is noted that, wth respect to Figures 2A-2G
representative cross-sections of the desired recordable nedia are shown at
various stages. In terns of dinmensions, however, these figures are not-
drawn to scal e. Nonethel ess, the representative relative layer heights as
descri bed abgove_are shown ecific reference to the situation
in which aHeL- staRferdsthairare ’pﬁé‘&ﬁcg’a angk PENT TS BeRTREEeY ¥ Figure
3. As poi erticadly abiatepiece v natgriadhowihis chpgole 2B, coste nay agai n coat
t he ‘'subst r adweantat&s ardrayRés®fusing ofita preséme efyviseémsuch as

pol ymet hyl net hacryl at e and repeat for as nany Iayers as are desired and are

practicable. Fqr t hr m i |.ustrated in Figure 3.
In this cross- g@c?ﬁ%‘%ﬁﬁ“d?h‘ﬂ‘f"’ m§§ §g? %%&lgfgm IS dfd 35¢ are
shown. Addfedtsdarith noelFsvm{heéormsteaéh &iesoist#?@g‘ewaﬁmlgeﬂsby ogically
ref er encedaiy nunbek Flwell hnownhesehddsathksludinghspim\dodeiny walicheis ef erence
for the engid@r$ehid-structure shown in Figure 3. In particular, it is to
be specifically noted that each of the three recordable l'ayers is
referenced to the track(s) in the first layer (layer 35a). Thus, tracks
provi ded for wOPFERhoHRFePFLski3igie ARAGREd R initial substrate 31, the
26 Empicrpeiistgnakeritdbrign egpstadu thuowgt @r masle wdrichi eirvol une of the
preferred embodiments, includes a spiral pattern. Wwhile

preferred embodiments of the present invention employ tracks
having a spiral geometry, any convenient track pattern is useable
including concentrically arranged circles or multiple (that is,
interleaved) spirals. In practice, it is noted that the mask
that is employed for creating the pattern seen in Figure 2C when
photoresist 33 is exposed is preferably not a freestanding mask
but, rather, is typically a structure which is mounted on a
separate rigid transparent material such as quartz.

Figure 2C illustrates resultant structure 30c¢ which results
when photoresist 33 is exposed through a desired mask and then
developed. The resulting photoresist pattern 33 is actually the
negative (in the photographic sense) of the desired track
pattern. )

It is noted that metal layer‘34’ is applied to structure
30¢c. In preferred embodiments of the present invention, this
metallic layer comprises aluminum which is approximately 150 to
200 Angstroms thick. It is particularly noted that while
aluminum is a preferable material, particularly because it is
inexpensive yet effective, other materials such as gold or
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disk. This feature is particularly inportant to note for those situations
i n whi-ch three-di nensi onal volune hol ograns are enpl oyed in conjunction
with the present invention; accordingly, it is noted that the utilization
of the precision tracking aspects of the present invention are entirely
consi stent with utilization of hol ographic storage and hol ographi c storage
medi a. The fact that all three |ayers shgwn in Figure 3 can be referenced
to the same set of tracks 34 neans that the information in all. of the

| ayers shown nmay be witten or read using a single reference. This has a
particul.ar advantage in that data synchronization and storage between and
anongst the various layers is readily achieved. Accordingly, in the

structures of the present invention, particularly that which is illustrated
in Figure 3, it is much easier to rrai ntain | ogi cal connections of data
present in nulti-layers. For exanp in those instances wheie the

i nf or mat i on SEHIREFTR RAWPEF SNt IPaVé‘r% TPERTLs dft 15 APFES Pt BRs of the :
i nf or mat i on Primfirfifgrdenirhbhe ngesrty tforslaveniBhy bedhathdin finishedxtrenel y
easy to mai nbpéduckty Behii ,0nkzpidvakiebed ViRgRrt fuon fhi chiS ighperd efiedddas
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where one w theis tthiwrdiffeaankoint teflertivi gmwbpeio Jrcdusesiasgoals Eroai Sk

pl ?t ter. T{]eﬁﬁlap%ﬁbdﬁéée'n‘én&p li@a Rty Gakdl ﬂ)é/erﬁ'aﬁﬁélsﬁse@xgﬁéc&v\’u%hhi SDECI fic
reference to ures ve i s, 1.0 _be
particul arl yp'!’:é ed T hat mtaf%ma 19 FUct \tljfhee |°ItP§§téerél'f %ﬁ&gﬂ%%gg&té} tfd: layer

parti cul ar| y34pht d‘BF‘Fat‘E’%FeEWé%a HduAgRfGe 80 i SRRt FEFe e @ilshes to
read si nul t afieotislryote prohlatt hdwiidesthd phhboxkslst orenayaln pragess, oite

27 Suéles A bferARALS IOt herOtACh S orddi s rémed80 PALdd,Clkarly

desirabl e i ”néé‘é)é‘%bﬁbé“ tp'tgg%l %}%ﬁg %Q% Qéﬁ& Wah NGl L&ﬁﬁ}t fnﬁiédnes s

unconnected or unre ate ose situatironsin maxi mum
amount of dat&%ransferred in a gi ven i nstant

The result of photoresist removal, namely, the structure
shown in Figure 2E as substrate 30e, illustrates the result of a
wet chemical etch in the photoresist removal process. Typically,
photoresist material is removed by a wet chemical etch followed
by a cleaning process for removing any residue. The - deposited
reflective layer 34 which haé, in Figure 2D, been shown as being
attached to patterned photoresist layer 33 is now removed in
‘those locations for which this attachment occurred along with the
underlying photoresist. It should be noted that the steps
illustrated in Figures 2A~2E are ones which readily lend
‘themselves to mass photolithographic production techniques. This
and subsequent techniques which are also employable in mass
production fashion operate cooperatively to keep the cost of
production low while at the same time not interfering with the
speed at which production can occur.

Attention is next directed to the process step illustrated
in Figure 2F in which semi~-transparent layer 35 is applied to
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of time is to be provided. The construction of the structure shown in
Figure 4 proceeds in the sane nmanner as the construction of the structure
shown in Figure 3 with the exception that. before deposition of a second

i nformation-bearing |ayer, a |ayer of photoresist is applied, exposed and
devel oped and is renoved after deposition of a suitable reflective
material, such as alum num for use as acks 34a and (separate) tracks 34b

in Figure 4. Attention is now dirtected to those aspects of the
present invention which are illustrated in Figure 5A. In particular, Figure
SAillustrates a top view of a recording nmedi umwhich is constructed in

consonance with the present invention. It is, however, noted that the
nunber of spiral tracks shown (one) and the di stances between the spiral
tracks are enployed for illustrative purposes only. In point of fact, there
are many thousands of tracks per radial inch and they are di sposed nuch
nmor e cl oselsfrucigatehapet (Bisurs Fhownla¥FnevePrefayabhy coampgafes F-ilgHPe 5A is
enpl oyed f @achl 4! Pol ghétitylpetposydateal (PMMA) or anTlequindientnpolt ant aspects

of Figure RA.ALE-H SEHSSHERNkET $F -thkNpRAHhtC¥hAntibh, | thidOhetediat 15
recor dahl e medi um

di.sk 30 has_inhe d thetei r I iral) tracks
34. It is SRFBSTOAHRE 8'31‘6%55}%5?6% n%sg 'rgicIEsE?h'g‘féeg ?%%%%Qﬁ ?élé}%w%) is moved in a
periodic, dyaFtyzg enyorEiaRadnPlPFiedtifR SHEP fRAPEIPEYFeTRES| red tracki ng
in the present invention. Frequency doubling and its associ ated signal
processi ng aspegt Sis BRLS | Gipodthye itBChoEE RBatPLEhRItude PO shbwNakh
pr ocessi N9 Aspects 3Leuf TEOYehd QeathieYe s hhadestr Al HeoLesahy! aser

rol " for bot I an -

beam position con h_reading C )

28 ROLBE NP 7o FBP ATRATE EL o0 Ry EPE ST L8YRTGTE dd PHEIHE1P%% T he writing
oper at i ons stthuctunee igr desiniedy (Thasgghubraduert| laders| §3y ¢fr MAYerdst in t he
present apphkctadé Gmbedded tr@aR miteriiel i3gpor taNtraakpeats imbeadqd dai ate from

Figure 5A iggpbbaledth8hfel & i2NRYP R BEW AiicekrSHe WhRbral1 kasg usrot focus
found in lower layers, and in particular, it may have different '
optical transmissivity properties or use an entirely different
optical property.

Itlis also noted tﬁat the process for embedded track
creation, illustrated in Figureé 2A-2G, is fully compatible with
providing different information formats in different layers.
These formats include the CD-ROM format and the DVD format.

Whether one eﬁploys a single-layer or a multi-layer
structure, the last layer preferably includes layer 36 which
preferably comprises a layer of éluminum which is approximatély
50 Angstrbms thick for purposes of prqviding differential -
reflectivity, logo printing, etc. This is preferably deposited
by flash coating. A resultant single layer recordable medium is
therefore shown as structure 30g in Figure 2G.

It is to be noted in the present invention that it is layer
35, the polymethylmethacrylate layer or its equivalent, which is
employed for the purpose of providing information storing
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fosi tions 38 disposed along the outer edge of track 34. It is noted that
the utilization of a spiral track pattern enabl es continuous
.edge-followi ng. This edge-follow ng can begin as early as outer
registration mark 37 and continue all the way into the central region of
the disk, typically spaced sone di stance apart from spindl e opening 41 in
disk 30. As.shown in Figure 5B, a reg'§tration mark 37" may extend across
several tracks and may in fact extend across all the tracks to provide a
reference for position determ nation in the angular or [err]- direction.
The tracking of a spot of laser |light along an outer edge of a track is

I mportant for fully appreciating the difference between the present

i nvention and certain other exenplary systens that could enpl oy
track-followi ng nmethods. In some of these other nethods, tracking is
acconpl i shed by making sure that the | aser spot remains in a |ocation

" somewher erdsidpneen Marecpatticydpnly.ethesgdegionh fge LocafedePesfeens, the
spot itseldraemy B£. present at any one of a plurality of positions between
t he tracks. Nonet hel ess, it is a significant feature of the present

i nvention that _track _edge-followng.i [ | yS. ;Not only
does t he preseﬁ%’ %Fﬂ}‘é‘ gg??g’ f%re%%ggigery(yg%?%f.Iogwggcgﬁ*a%_ \%\%&rl%oégg of

provi di ng e ehptekiddis; exts et diver Brogass Jeesridset aptvac dfettelt i s seen
that this isSludonetive afcomumbeoust dasheramt Phesiblienpréeegseesdriich nventi on,
when i nf org@t baNehst ekt £8Pbriodude dheKstiltitart NEKSWIRLL 0N gy BE. Wikt ten in

contl nuo!"?})artic lar, d‘.t. is noted that the rProcess describedze?np,loys 't:he]c ashi on
from begi nning To_€n

ni . in a mar?ner whi ch assures ver preci se posi tioni ng of
the stor ed*$if3REEN Gf. @ negative pholorpaale RERF §‘§é‘ﬁ ‘%sh e di scussions
bel ow t hatpravessesn| gouddeseadid yeehydovopositiing (b Himequeotagykplyedl in t he
present i nysyel)OnaENdULLScEHsREI bdHedl 66 Bdlective idepbBitiati, eatired Wi th a
digital signal -5 96ESR! DEnd! ORFD b Clhibybied. enables multiple
information tracks to be witten to and reaé’ froma plurality of
It is noted that, with respect to Figures 2A-2G,

representative cross-sections of the desired recordable media are

shown at various stages. In terms of dimensions, however, these

figures are not drawn to scale. MNonetheless, the representative

relative layer heights as described above are shown.

With specific reference to the situation in which a multi-
layered disk is produced, attention is directed to Figure 3. As
pointed out above in the stage shown in Figure 2F, one may again
coat the substrate with a layer of recqrdable.material such as
polymethylmethacrylate and repeat for as many layers as are
desired and are praéticable. For example, a three-layer medium
is illustrated in Figure 3. In this cross-sectional diagram,
recordable layers 35a, 35b and 35c are shown. Additionally, it
is noted that each one of these layers is logically referenced to
track 34. It is these tracks which provide a volume referenqe
for the entire solid structure shown in Figure 3. In particular,
it is to be specifically noted that each of the three recordable
layers is referenced to the track(s) in the first layer (laYer
35a). Thus, tracks provided for writing and reading control are
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spirral information tracks which run parallel to the tracks 34. In
particular, it is seen in the present invention that at |east four separate
dnformation tracks nmay be provi ded between track edges. The present

i nvention, however, provides accurate and precise nmeans for identifying the
| ocation of a |laser spot for reading or witing so that information is
witten to any reasonabl e nunber of inggrmation tracks which |lie between
reference tracks 34, as provided herein. This aspect of the present
invention permts an increased |evel of information storage density and,
furthernore, results in the nore precise and accurate witing and retrieval
of stored information. It is noted that a | arge nunber of advantages
of the present invention arise out of the fact that the present applicants
exploit certain signal processing attributes associated with dithering the
| aser |ight %n across a reference track edge. In partlcul ar, analysis
by the pre%'gﬁf eav% taoIr§f‘6’Fe"t°ﬁesF’é‘%‘ifI“Fﬁnf°’be“ﬁufm§1r6n¥1?l‘ﬂe09 defe a

mechani sm #tk-onhis dieagureris pangiomienly impostantpde hetd doystbsen a
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30 i fabe tRACk1lhendeRSes esmtshbﬁlfﬁcﬁ&&eo@t @an Baat is, the system
of the preﬁé‘f@reh&!?fr@d Q—.ﬂ |§m{eeadjc ag %401;neget %”16 |ng whet her or not
€

the | aser s ocuse |ns oPSBh an-6urs de edge of any

gi ven trackEETALLRR oY élll‘ff |t§‘ea3r‘§@rﬁo§§?‘m dayRe wEikeen 9& peakent
i nvent i on,using @i strdles refigprmcat usTliisdhawts pdokbegplart addeitegai e exact |y
how far frewatadaedgeyidhabnidiaibasaia |sitﬁhigé Peltpests atla Jrﬁljr:%s@rﬂyé des an

unpreceden&mo%gisﬁez%f 1§ORLd 1yf9<!mﬁ%a& %%@ < SRR, PAS i oni ng.

Furt hernore %HQOI nt ed. out above e confrasted with other

systems i n>WHICHTERCT A28 PRSRSPE| ’s"vﬁrﬂtﬂ)%d Haﬁta?‘flfatﬂ?rgf'ﬁtoﬁélf?a‘@x to the
next in a Sbfustypted g Bamgrednt tolisspuckmasishi on maThtaie dvbkeal

connections of data present in multi-layers. For example, in
those instances where the 1nformat10n stored in dlfferent layers
represents audio portions of the information in different

languages, it is readily seen that it is extremely easy to
maintain synchronization between the various aspects of this
information because each of the layers is referenced to a common
set of tracks.

However, it is noted that the present invention may also
employ reflective tracks 34 in multiple layers. Such a structure
is illustrated in Figure 4 which is particularly useful in those

. situations where one wishes to write and/or to read from opposite
sides of the disk platter. These considerations are more fully
discussed below with specific reference to Figures 18 and 19.
Hdwever, at this juncture, it is to be particularly noted that
the structure illustrated in Figure 4 is particularly appropriate
for those circumstances in which one wishes to read
simultaneously from both sides of the disk or to write to one
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* systens only assure that the | aser spot is sonewhere between tracks. This
met hodol ogy is clearly deficient in ternms of providing optimal information
. storage density particularly since any inter-track gap can include only one
informati on track per |ayer. For the reasons pointed out above, it
Is therefore i.nportant to observe that focusing of laser Iight onto disk 30
occurs at points 38 which are shown ogpzthe outside of track 34. That is,
for purposes of illustrating continuous edge follow ng, spots of |aser
| ight are shown as being positioned on the outside of the edge of track 34.
It should be noted that spindle opening 41, while present in Figure 5A, is
-not shown in Figures 2, 3 or 4 for the sinple reason that these figures

merely illustrate typical cross-sectional areas through disk 30 which do
not and/or would not include spindle opening 41. (It is noted that the
"spots" shown in Figure 5A are nerely illustrative_and are not neant to
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present iThP¥RL iBFiMIeet mRrosredhdni R? SRedmaMias 8§ Fher CPRFBFUREEPBN st or age
i n the preSehe stmetirenshdwngim Figure |stitht @se amcepimnothat sk 30 whi ch
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syst em demiggeconstraints, trade-offs and desired disk format, be it

CD-ROM DVD, etc.

Attention is now directed to those aspects of the present

invention which are illustrated in Figure 5A. In particular,
Figure 5A illustrates a top view of a recording medium which is
constructed in consonance with the present invention. It is,
however, noted that the number of spiral tracks shown (one) and
the distances between the spiral tracks are employed for
illustrative. purposes only. In point of fact, there are many
thousands of tracks per radial inch and they are disposed much
more closely together than is shown. However, in this regard,
Figure 5A is employed for illustrative purposes only.

The most important aspects of Figure 5A are discussed first.
In particular, it is noted that recordable medium disk 30 has
imbedded therein (preferably spiral) tracks 34. It is across the
edges of these tracks that a laser light is moved. in a periodic,
oscillatory fashion to provide one form of the desired tracking
in the present ‘invention. Frequency doubling and its associated
signal proceésing aspects, particularly including special digital
signal processing aspects, are employed to achieve the desired
degree of laser beam position control for both reading and
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«Iln particular, it is noted in Figure 6 that if one designates the w dth of
atrack 34 as X, it is possible to enploy inter-track spacing which is
approximately 2X to 4X in width. This spacing permts from2 to 4 tracks of
information to be witten in the recordabl e nedi um bet ween adj acent track
portions. This is in stark contrast to the single information track which
coul d be enployed in other systens. g One of the itens that is evident
fromthe prior patent application which is incorporated herein by reference
is that the system and nethod of the present invention enables one to not
only follow the edge of a desired track but, also, enables one to position
a spot of laser light in a variety of positions wth respect to the edge of
a track. These aspects are particularly illustrated in Figures 7, 8 and 9.
In particular, Figure 9 belowillustrates sone of the signal processing
aspects assqciated wi.th the_present .inyention. weyer, JFigures. 7 and 8
Tor e par (TEARRE| PTHEISPT ot FOHET T & FAIOPE) PN 15 hecThSI vt CHife
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I nf or mat | atetreatkin ithebptewsat appiclcatldn. For exanple, in Figure 7,
it is seen that tracking spot 38a tracks the "left edge" of track 34".
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apart from spindle opening 41 in disk 30. As shown in Figure 5B,

a registration mark 37’ may extend across several tracks and may

in fact extend across all the tracks to provide a reference for

position determination in fhe angular or 6- direction.

The tracking of a sbot of laser light along an outer edge of
a track is important for fully appreciating the difference
between the present invention and certain other ekemplary systems
that could employ track-following methods. In some of these
other methods, tracking is accomplished by making sure that the
laser spot remains in a location "somewhere between" locally
parallel tracks. Thus, in other systems, the spot itself may be
present at any one of a plurality of positions between the
tracks. ’

Nonetheless, it is a significant feature of the present
invention that track edge-following is employed in special ways.
Not only does the present invention employ track edge-following
for purposes of providing superb precision and control of laser
spot placement, it is seen that this is done in a continuous
fashion. Thus, in the present invention, when information is
written to a disk, this information may be written in continuous



«regard, it is particularly inportant to realize that the system and net hod
of the present invention provides a nechanismfor determning which side of
. track 34" the laser spot 38 is tracking. In a siml|ar manner by noving
| aser spot 38b to the position illustrated by |aser spot 38c, it is
possible to wite an information track beneath spot 39c. Again, it is noted
that, by tracking along either the leff§ or right edge of track 34", it is
possible to wite up to four information tracks between each and every
reflective reference track 34. As descri bed above, however, the
present invention is not limted to the case in which the ratio between
track wdth and inter-track spacing is 1:4. However, Figure 7 is :
nonet hel ess illustrative of typical gains in information storage density
whi ch are achi eved by the present invention. In particular, as nentioned
above, the present |nvent|on OV|des a definitiv |nd|cat|on not only of
t he speci f?%"‘(?&gﬁr‘ﬁ‘f bRatpide §hi e 18 T)é'?aﬁ’é‘efo‘!’lf’ﬁ%eass‘b’iﬁs VT'4l so provides
an exact PryehHiset pesitdipninpg of the stored information. 33
di stance between the tracking spot and an edge. As a result, information
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ams y: ing or wrl‘t:l.ng sCoO tLa'g' S:l.nformat:Lon is written to any

reasonable number of information tracks which lie between
reference tracks 34, as provided herein. This aspect of the
present invention permits’an increased level of information
storage density and, furthermore, results in the more precise and
accurate writing and retrieval of stofed information.,

It is noted that a large number of advantages of the present
invention arise out of the fact that the present applicants
exploit certain signal procéésinq attributes associated with
dithering the laser light signal across a reference track edge.
In particular, analysis by the present invehtors of the resultant
output signal provides a mechgpism not only for determining when
a laser spot is focused on a ﬁarticular track edge, but they also
employ. the same fundamental signal processing method to determine
the actual distance that the spot is displaced with reference to
the track edge. Furthermore, analysis of the signals produced by
the method employed in the present invention yields specific
information which allows the user (and/or system employved in
conjunction with the present invention) to determine which side
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the situation in Figure 7 where tracking spots lie to the right of
information reading and witing spots, the opposite is true in Figure 8. In

particular, in Figure 8, reading and witing spots 39a-39d are shown to be

to the right of tracking spots 38a-38d respectively. Furthernore, it is to
be particularly noted that the witing of information tracks between
reference tracks 34' and 34" may in fsgct be deternmined solely by reference
to tracking spots noving along the interior edges shown in Figure 8,

nanely, the right edge of reference track 34' and the |left edge of
reference track 34". In such a situation, reference trackings spots 38a and
38b woul d be | ocated in corresponding positions along the |eft edge of
track 34". Any of these rel ationships between tracking spot and information
spot may be enployed in keeping within the paraneters, scope and
specifications of the present invention.
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For the reasons pointed out above, it ié therefore important
to observe that focusing of laser light onto disk 30 occurs at
points 38 which are shown on the outside of track 34. That is,
for purposes of illustrating continuous edge following, spots of
laser light are shown as being positioned on the outside of the
edge of track 34. It should be noted that spindle opening 41,
while present in Figure 5A, is not shown in Figures 2, 3 or 4 for
the simple reason that these figures merely illustrate typical
cross-sectional areas through disk 30 which do not and/or would
not include spindle opening 41. (it is noted that the “spots®
shown in Figure 5A are merely illustrative and are not meant to
suggest ‘either that the laser is necessarily pulsed or that the
spot. size is drawn to scale.)

Further appreciation of the scale and operation of the
present invention may, however, be gleaned from consideration of
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« of the present invention, one should envision the returning (i.e.,

refl ected) |aser tracking signal as being directed to a photodetector which
converts the light to a varying electrical signal. This signal is shown in
the right hand portions of Figures 9A and 9B. However, it is to be
particularly noted in Figure 9A that dithering of the spot between the
positions shown never results in a sitggation which produces maxi num
reflectivity such as that which occurs in Figure 9B when the tracking spot
is entirely outside the boundary of the track edge which is being foll owed.

Rather, in the case illustrated in Figure 9B in position 2 (shown by a
dotted line circle), there results a peak
35 or maxi mum val ue for the electrical signal which is produced. In

accordance with the principles of the present invention, the relative phase
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second rokg,crg_%l yn%netthe role of signal detector. However, wth specific
reference to Figure , St is noted that the enbodi nents shown therein are
ones in which separate photodetectors are provided. For a discussion of
enbodi ments ofInt perpiedemt it is noted in Figure 6 that if one

designates the width of a track 34 as X, it is possible to employ
inter-track spacing which is approximately 2X to 4X in width.
This spacing permits from 2 to 4 tracks of information to be
written in the recordable medium between adjacent track portions.

_ This is in stark contrast to the single information track which
could be employed in other systems.

One of the items that is evident from the prior patent
application which is incorporated herein by reference is that the
system and method of the present invention enables one to not
only follow the edge of a desired track but, also, enables one to -
position a spot of laser light in a variety of positions with
respect to the edge of a track. These aspects are particularly
illustrated in Figures 7, 8 and 9. In particular, Figure 9 below
illustrates some of the signal processing aspects associated with
the present invention. However, Figures 7 and 8 more
particularly illustrate how the track-following method of the
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4 nvention in which the | aser source is also used as a detector, attention
Is directed to Figure 17 and to the discussions bel ow concerning this
Jfigure. However, since Figure 10 does not specifically include this
particular feature, it should be observed that instead, in the enbodi nent
shown in Figure 10, there are included separate photodetectors 68 and 69
whi ch function as nmechani sns for contrgjling focus in a desired |ayer

36 and for controlling position with respect to a reference track,
respectively. In the enbodi ment shown in Figure 10, |aser |ight
source 65 is controlled in two different directions by neans of position
control circuit 64. These control circuits are nore particularly described
above and in prior application Serial Nunber 08/626,302 filed April 1,
1996, which has been incorporated herein by reference as nentioned above.
In particular, with reference to the situatign in which the recording
med!oum i s BRSO FRECTHIOR MaX iBGgeTRICYPENER WiikeKEoUT SeParatft ed t hat

posi tion ctmEeatier chracke4in defwerh ttaaphsii4-on | aser source 65 in a radial
direction with respect to one or nore edges of the enbedded reference

tracks. In a siggl axadASNi o0 rillife 57,998 1§ "0 BYEL at:ﬁfﬁgorspwéﬁ gﬁtZ Com

provi des pgsition,control i nfor e} J} aghi.eving.f.ocus of the
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conttol isiPFIRages SIHIFARIIRF ¥EoLIRg SROEr393 FRtbPepedsieomd n a direction
t owar ds angrpmeimbtely Be8kKute 3be( ldft Sfdtradtingnipotr 3B%. vaiagengbédie f OcCus
ofI | ens 7§§p§\} '396 chRIRS ulswfitimégggauﬁ@eoﬁ@r&&% rﬁcﬁﬁﬁlréﬁﬁiﬂtgi ;Zt bgam
splitter e r st am . t hrou ens an
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that focusSPRERIWPERYFETa1pEPT i9PaFar392agat, 3%t AbrinFesh et eqt®sdy [err]
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t owar ds andppi@Eimbtely Xydi 850mS@he HoMEC g tofl Traék &d’ L hagy moRipgeferred
e”bOdinentérégkﬂhgespot 38a slightly to the right so that it tracks along
the inside of the 1ef£ edge of track 34", it is seen that an
information track may be written with laser spot 39b. In this
regard, it is particularly important to realize that the system
and method of the present invention provides a mechanism for
detgrmining which side of track 34" the laser spot 38 is
tracking. In a similar manner by moving laéer spot 38b to the
position illustrated by laser spot 38c, it is possible to write
an information track beneath spot 39¢c. Again, it is noted that,
by tracking along either the left or right edge of track 34", it
is possible to write up to four information tracks between each
and evéry reflective reference track 34.

As described above, however, the present invention is not
limited to the case in which the ratio between track width and
inter-track spacing is 1:4. However, Figure 7 is nonetheless
illustrative of typical gains in information storage density .
which are achieved by the present invention. In particular, as
mentioned above, the present invention provides a definitive
indication not only of the specific edge of a track which is

being followed, but it also provides an exact indication of the



present invention, dither nodulation is preferably achieved either by
controlling the focal length of lens 72 in a nechanical fashion or in an
el ectronechani cal fashion or by changing the focal position of lens 72 with

respect to medium30. This is 33 37
consi dered sinpler than dither nodul ati on achi eved by noving | aser source
65. A second beam from beam'splitter 67 is directed to reflective

means 66 which is |ikew se dither nodulated (that is, noved oscillatorilly)
at a different frequency [err]. This dither nodul ation is provided by any
conveni ent means such as by use of a piezoelectric elenent attached to a
mrror or by an el ectronmechanical device. In contrast to dithering produced
by nodul ator 61, the dithering achi eved by nodul ator 74 such as to nove a
beam of |ight backwards and forth across an edge of reference track 34 in
medi um 30 fEetEddetiedd HPeOYVI4bKiggf GtsSada cantetigk. ofad Bi sesafter ence beam
it is pref ‘i%@irﬁ{a@_i'oke%&&gteh&gﬁ@%y' €051 S REE M L §§?1§ WQn{:nwzﬁ} gL 10.
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use of 34" in Figure 7 are shown as straight lines only for convenience
and ease of understanding.)

_With respect to Figure 8A, it illustrates yet anothef aspect
of the present invention, namely, the fact that, in contrast to
the situation in Figure 7 where tracking spots lie to the right
of information reading and writing spots, the opposite is true in
Figure 8. In particular, in Figure 8, reading and writing spots
39a-39d are shown to be to the right of tracking spots 38a—38d
respectively. Furthermore, it is to be particularly noted that
the writing of information tracks between reference tracks 34'
and 34” may in fact be determined solely by reference to tracking
spots moving along the interior edges shown in Figure 8, namely,
the right edge of reference track 34’ and the left edge of
reference track 34". 1In such a situation, reference trackings
spots 38a and 38b would be located in corresponding positions
along the left edge of track 34”. Any of these relationships
‘between tracking spot and information spot may be employed in
keeping within the parameters, scope and specifications of the
present invention. )
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,sem conductor -l aser diodes or similar sources is required. .
38 However, when it is not specifically desirable to utilize t hé
drive current variant phenonenon that occurs when laser light is directed
“back into the semiconductor |aser, separate photodetectors are enpl oyabl e.
I n these circunstances, the photodetectors may be of any convenient type in
t hese circunst ances. I n order to, segregate desired feedback control
signals, the apparatus shown in Figure 410 enploys filters 62 and 63, each
- of which may be designed as a band pass filter centered about the specific
control dithering frequency ([err] for focus control and [err] for position
control with respect to enbedded reference tracks in nedium30). Using the
si gnal s from phot odetectors 68 and 69, position detection and control is
provided in accordance with the descriptions found above. In particular, it
s noted that position control may be achieved in either, an anal.og or in a
di gi tal fashi odmppEirnthaserafist af RFBFeHe RS PEPePT R §1 8T R2PleE gure 11
i | | ustrat efran ahalilpetrationsf shéwn dppBigtnes 8howe PR- Filjure 10. However,
and nore i SDALARLEY tHebel twdIFh @Eas il bestiviteothomebhhmgmaby ewhizhad] ust
ei ther the posltion of L&ps, 7%s°%m;§1‘%"ye5°€@'di's‘é‘9ﬂ{ ha@bn! &y 2 {or purposes
of initially d’et_erm'nl ng and, subsequent| for.control | |£gs¥:£§d.%(%5| tion of
the focal WAt 15I%‘Pﬂé‘%\%?%°"fe§l't h@"%oﬁﬁte%%enﬁé?‘]r owest f'GCus Tor 1rght beans
72 travel | of e abbedtion eficthrenhold dgkpatast 8leiy Figurahik dipeeiiedpositi on
Wi thin eithéfe lpayeicdhal9r bafdy.i Swilet epatigid aaterdncef betEiguoatdol | ed by
the use of;a :ﬁjsetxﬁ'i:g?b&?atl BRS Pot! BAGmMP I8! 41y APcHEBERaPISMNand forth Figure
12 illustrates the Tepns system w?i ck}i IS 8 esci fdlan‘l I gn@i%gg <Bor directing
a tracki ng2Beff GHE o> 8F eACE FFa¥KS BRS* 15 8°huld i Tayer. i sko it is .
necessary pperation i ihtonseafn threpaRasitirptigll sévarhP) ay®r€ef the disk to
read the tpasktitghsnBrdsl 3 are the same with respect to the track edge,

the resulting intensity of the light reflected back is the same

for these two positions. This is shown by the heights of the
detected signal coming back as being the same in the graph which
forms the right portion of Figure SA. It is seen that, because
of the difference in reflectivity, the intensity of the returning

- light varies in substantially the fashion shown. It is minimal
when the spot is in the position indicated by dotted lines 2 in
Figure 9A. 1In thé operation of the present invention, the laser
light tracking signal reflected back from the recording medium
(or the play back medium) is converted to an electrical signal by
various means. For ease of understanding the fundamental aspects
of -the present invention, one should envision the returning
(i.e., reflected) laser tracking signal as being directed to a
photodetectof which converts the light to a varying electrical
signal. This signal is shown in the right hand portions of
Figures 9A and 9B.. However, it is to be particularly noted in
Figure 9A that dithering of the spot between the positions shown
never results in a situation which produces maximum reflectivity
such as that which occurs in Figure 9B when the tracking spot is
entirely outside the boundary of the track edge which is being
followed. Rather, in the case illustrated in Figure 9B in

. position 2 (shown by a dotted line circle), there results a peak



39 -~ The present invention enploys a conpound | ens system whi ch keeps
the beamcol linated over a |onger distance so that it can reach the servo
layer, rather than a sinple | ens which delivers light to the data |ayer.
The conpound | ens keeps the tracking beam from di verging too soon within

t he di sk. Next is considered the specific circuit shown in Figure
13. In thi's regard, it is noted that anmgoptinmal- understandi ng of the
function of the circuit shown in Figure 13 is best conprehended from
consideration of Figures 9A and 9B. There are in fact two principle
operations which are perforned by the circuit shown in Figure 13. The first
and primary function is to determ ne which of the two sides of a given
reference track the tracking beamis focused upon. In particular, for
spiral or concentric tracks on a disk, the beam may be focused on an inner
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determining, in both relative and absolute fashions, exactly

vwhere one is with respect to reference tracks on the ‘disk and

also with respect to other potential fixed reference points on

the disk including things such as registration mark 37.

Next is considered the embodiment of the present invention
which is illustrated in Figure 10. With specific reference to
Figure 10, it is important to note that certain embodiments of
the present invention employ the laser diode source in a second
role, namely, in the role of signal detector. However, with
specific reference to Figure 10, it is noted that the embodiments
shown therein are ones in which separate'photodetectors are
provided. For a discussion of embodiments of the present
invention in which the laser source is also used as a detector,
attention is directed to Figure 17 and to the discussions below
concerning this figure. However, since Figure 10 does not
specifically include this particular feature, it should be
observed that instead, in the embodiment shown in Figure 10,
there are included separate photodetectors 68 and 69 which
function as mechanisms for controlling focus in a desired layer
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A0, signal S x | using the threshold value T[err], as seen in Figures
9A and 9B, it is seen that nore information with respect to specific signal
dntensity levels are needed to determine on which of the four positions
shown in Figures 9A and 9B the spot is located. In this regard, it should
al so be particularly noted that, while detector 81 is described herein as
being a threshold detector, it is alsggpossible to inplenent detector 81 as
a phase difference detector which determ nes the fact that the signals
shown in Figures 9A and 9B are respectively 180[err] out of phase with
respect to one another. Waveform detector 82 functions to discrimnate

bet ween the two waveforns shown in Figures 9A and 9B irrespective of
vertical DC shifts in the signal patterns. The output signal from waveform
detector 82 is supplied to up-down counter 83. This counter responds to
changes in detected | aser spot position as seen by waveform detector 82 and
threshol d 8td fhwsonasolHagcpesitibnfetdl reppectoftot AerHeAERFNFIIEEM i s noved
across thegdgesciqfergequential reference tracks, a counter is provided

whi ch i ndicates a binary nunber which is essentially an information track
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i ndi cat or sbog8adl citdGitemnh TRésr pahtyl iackiten arhenaredpantiailprdyi ded
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41 reference tracks. In a similar fashion, the signal from layer
detector filter 62 provides position control information for
achieving focus of the light from laser 65 wi?hin a specific
layer (35a-35c) of multi-layer medium 30. Focus control is
provided either by moving laser light source §5 in a direction
towards and away from medium 30 (the Z-direction) -oxr by varying
the focus of lens 72.

Laser light from source 65 is directed to a first beam
splitter 67 which difects a first beam to medium 30 through lens
72 and beam'splitter 73. As described above with respect to
controlling focus so that focus lies within a particular layer,
dithering at a frequency'm, is provided so that either lens 72 or
laser source 65 are in effect moved towards and away from medium
30. However, it is noted that, in preferred embodiments of the
present invention, dither modulation is preferably achieved
either by controlling the focal length of lens 72 in a mechanical
fashion or in an electromechanical fashion or by changing the
focal position of lens 72 with respect to medium 30. This is
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rref erence track edges produces electronic signal indications which describe
not only which side of a track on which one is |ocated, but also provides
an indication of the specific distance away fromthe edge of a reference
track for purposes of specifying a definite one of a plurality of
information tracks | ocated between reference tracks. For purposes of
illustration herein, it is noted that te system described shows four
information tracks between reference tracks. This provides essentially a 4
to 1 advantage over other schemes which enploy only .a single information
track between two adjacent reference track portions.- Attention is
next directed to the exenplary system shown in Figure 14. The system shown
thereinis provided for the purpose of witing information onto a
recordabl e nedium I n particular, in the enbodi ment. shown, the | aser |ight
source i s nEPPYYREEPR %’é’lpll?re?ﬁﬂno%ﬁle&’smad‘bllétté(?f‘o?cmﬂ‘f@d i BO¥Eng he

phot odet ect dasémn sphecefdodi nent shown i s provi ded. by separate phot odet ect or
84 which receives |ight frombeamsplitter 86 which divides the laser |ight

output  r om S0URCEeBdud M Aeldf BlaPSaR LOL W 14 rearggwd sgl ect layers

wi t hi n nedi un%SO and a secon eam wh
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such as a pmedwdeltdotri< paevidel b¥hars; ebevenienprovardesuch dist bgrasyg oct i on
for the tragkpiGobeadtrlti eleheht! efcé&%adt@aephlap& ferL{a A€ross an edge of
reference tpagk 34wl ch, as, described above o SaAhelerahl v dlapeged in a
spi ral pattern on a (LA AbT S 1§ sk 'S capa ot %é’ nodi i ed by
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the present réefeiikeOtrackUsl {1 dedi i BOUESr i@poses of providing focused
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control of this reference beam, it is preferably directed through
lens system 71 as shown in Figure 10. '

An important aspect of note in Figure 10 is the fact that
dithering at two distinct frequencies o, and®, is employed.
Dithering at the frequency ¢, is employed and operates to provide
control of focus so that the focﬁs is in fact maintained in a
desired layer within medium 30, even if there is only one layer.
In a similar fashion, the dithering at frequency ¢, is employed
so as to provide position control in a radial direction for
spinning disk media. Dithering at freguency ¢, is used to
control positioning of laser light source 65 in a radial
direction.

It is noted that the preferred embodiments of the present
invention employ semiconductor laser diodes as the laser light
source. It is to be noted that this' particular embodiment is
desirable though not necessary in the system shown in Figure 10.
In those systems of the present invention in which the laser
light source operates both as a source and detector, the use of
semiconductor laser diodes or similar sources is required.
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typical CD-ROM di sk and additionally include such systens as magneto opti-c
di sks. The principle requirenents are that the nediuminclude a reference
track having differential reflective properties and that the nediumitself
be capable of storing information by operation of |aser |ight inpingenent.
In operation, the apparatus shown in Figure 14 wites information by
nmodul ating, via |laser power control 91 ich determ nes | aser drive current
and thusly, the output power of |aser source 83. Clearly, one requires a
relatively high intensity beamfor witing purposes. Typically, in normnal
operations associated wth conpact disk information storage, the ratio
bet ween | aser power for witing and | aser power for reading is
approximately 10 to 1, respectively. Cearly, it is not necessary for full
| aser power. to be supplied to the tracki eamwhich is.directed to
i Cher bl oEPEFYRe: BheBet 1A T SPpeLaanl 1y dretanbiacts i HESTED | Uy er s,
such as bednridpldwrrent Serigpe pheagresemRRt apt@risnwien diaserr ek dfount s of
| aser powedieecteadi beck eithtionthi fdeal compuditoeclasns. sEparguer poses of tracking,
ac-) si ?Ra: OEhQEEL&ét%cEQiN? &?%C&ﬁyslo%birl@x' rﬁﬁ%@@@rcﬁtbﬁﬁ@ﬁn@egg &f‘éqt;! red. 14
net hel ess ecause o e. particul ar arrangenent .prqvided in Figure 14,
it is verypagg?(g%b g"’f%é‘{aypﬁgt.oo%gg c %I}"%gigﬂgo%tehég @m‘ets% any correspondi ng
el ectri cal CeFFeRftanFefor anplification, detection or conditioning, exhibit
an appropriate dynam c range since, during wite operations, a greater than
average | evel ofn |o§§€f ROWRErégatdl 866184 teadbAM ORI @1 g8ALE,0 the o5
phot odet ec - t t her ' RJO tQ,r ti ans is
at a speci %P%ag%dl sk%%‘\?\"m%ﬁ r egg%l%lcey?st%%&ﬁsng#%scﬁzi gsgda%gf yéz%c Vi a
phot odet ecPEr "BIFHARY b 8851812 E5:BrF e PEES f Tl teF sCTHes PRl BIF EBRtent in
t he spect r gpeeiffiosonhreahdivhering frequensiyr ¢, tinr fretperofret andi «h
di t heri ng Eedupeditioni Gorfipli eikH eespddiedbl wrbeiieds r8ferefsedesikisbéd above,

the resul tiyag;sh HB. Sidy ithe ANIUIE0ehhn Bnotddectsas endndedsct or
circuit such a 43 t hat

seen in Fi ﬁ?%éﬁ?.(ig}:ef%l%nhgn%pcp PEERti Th AR b By BECHSPEFR BV &F8rence) .
Thi s i nf or REEFEIPHENE UEPM%e 8PPYE | adBrPHTIICHL8H: ddnfeoro®f ®RrEh adj usts the
posi ti on ofpokdtion |coghtolks mayckee 8higved riadiedkhelr ra@c khakpg Bor ipuwr poses of
topi ¢ focugliB@tabidiRhi&htwith the digital fashion being preferred.

Figure 11 illustrates a small portion of the apparatus shown
in Figure 10. However, and more importantly, it illustrates the
notion of being able to adjust'either the position of lens 72 or
the focal length of lens 72 for purposes of initially determining
and, subéequentlf, for controlling the position of the focal
waist plane which is the point of narrowest focus for light beams _
72 traveling parallél to the central axis of lens 72. Thus,
focus position within either layer 35a or 35b is determined and,
in fact, controlled by the use of a deformable lens or lens
positioning meghanism.

Figure 12 illustrates the lens system which is specifically
employed for directing a tracking beam onto reference tracks 34.
In a multilayer disk, it is necessary for the light beam to pass
through several layers of the disk to read the tracking marks.
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and ease of understanding, the systemshown in Figure 14 is not illustrated
with feedback | oop control neans in place for |aser focus control. Such a
feedback |l oop is, however, illustrated in the nmethod described above and
bel ow with specific reference to Figures 10 and 17. During wite
operations perfornmed by the apparatus shown in Figure 14, data supplied to
| aser power control 91 is used to vary 5@9 drive current in a device such
as a sem conductor | aser diode. Mdulated |aser light fromsource 83 is
supplied, via beamsplitter 86, to medium 30 on which it inpinges to cause
the witing operation. The witing operation occurs at a distance D from
the point of reference on track 34 which is used as a point of reference.
for precision witing. The value D ranges typically from approxi mately tens
of mcrons to about 1 mm . It is to be noted that proper operation of
t he appar at The SFSGART doEpptiqn supioyspssTMoNng okeiifs BYPIR HBEtRMH6PS84 and
di t her tractherdpednt @slldmated cvetr B omayr bl séapto\sed that ddt ek 1mach t hose

i nformati ongied GRaVs 1dyebrhersinerniian af s{mie 1ehdqnliERMBNGYrat1sAECh
rerlective ppaiy 82cd 90btnCHRL odilding {A6K kidod Tha! EAlhAfg! SeahT Y €2SY 10
sel ect out fromany othéer signals_ I nplinging upon detector 84797 is also to
be noted th&o™ AEVERHW FEAtSORRHTE F]?%Jljgék14 is particularly desirable
and useful insofar as the operation of the device shown in Figure 14 is
concerned; in pNektCid @onsidered A6 efetific deBSE Mshbi@nOpegwtd aBS Of

mul tiple tracks,af »LOLG, MLTAN BEINGRD: M & pRRES WhatkStdnai ARAS: RASSI Dl e
because of %he ‘]_er eﬁ%f[s% g[ow,c!iegbo% t he . Ny ded
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descri bed afeare oppsidersdpertof Figunpsr 83 TN §Rd JPpere are infaet ftwepect to
nost of t hepridridlebsicaratdesny ivheeh hakeparfdrimed Soyw ehy ¢frmitashownoinot e t hat
preci si on Of; hyie0h AL 9 POSIH 208 HAREREP! U tAME N STRE Eadiierhl £@lyriBh
operations |AVQIViRg WL 0 J Ua0.d 1 EDOSE OREL AL 1 9RS LONALYT 0k, £2]1 NO.
Wite operallons create®s Permdnent “6f sem - permanent —change 1n t he
recordi ng focused upon. In particular, for spiral or concentric tracks on

‘a disk, the beam may be focused on an inner edge (or left track
edge as seen in Figure 6) éf an outer edge (or right track edge
as also seen in Figure 6). These two situations are shown in
Figures 9A and 9B, respectively, (in particular, the differences
are shown in the left-hand portion of Figures 9A and 9B). The
signal S x I,'as seen in Figure 1, is first passed through
threshold detector 81 which employs a value T, , as shown in the
right-hand portions of Figures 94 and 9B, to determine whether or
not the spot is tracking along an innér or outer (left or right)
edge. If one were reading or writing from only a single
information track disposed between reference tracks, threshold
detector 81 would suffice for providing a reference signal.
However, as illustrated in Figure 7 or 8, it is possible to
employ multiple information tracks between reference tracks. 1In
such cases, it is necessary to know more specific ihformation
about the position of the laser spot. 1In such cases, it is
necessary to know the specific signal values at the point 1, 2
and 3 as labelled in the right-half portion of Figures 9A and 9B.
While detector 81 can essentially determine the phase of the
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«medium If this information is to be subsequently read in-a reliable and
efficient manner, it is extrenely inportant that witing consistency be

.present in the witing system -Accordingly, one will find that this
positional precision is. a hallmrk of the systens described herein.
Attention is next directed to the specific enbodinent illustrated in Figure

15. This enbodinent is particularly digected to a system and net hod for
information witing. The system shown pernits a string of data bits
entering | aser power control unit 91 to be witten into a recordable |ayer
on disk 30. As with all enbodinents of the present invention, disk 30

I ncl udes | ayer 34 which is enployed for reference and tracking pur poses.
Laser 83 provides a light signal both for reading and for witing purposes.
Laser power control unit 91 determ nes the |level of drive current for |aser
83 't hus detigmaln$ iy Inkeipethsr thgashphd orataei n. a6 seehelny FaguresofPor
witten omdrgl BBe ik gk séen ahetmeaieudnfdnympitdah| witl Respedts ta smddidiof
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45 detectpyifil fpodescribed gBriednfis HeipgowiWedsholdheatesypin.t ter 86
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signal to trac det ec opria cki ng
detect()r Q%PHS cgvﬁﬁﬁ{ FﬁSQQ%ﬁﬁfgolgpanges 1n detected laser spot position

as seen by waveform detector 82 and threshold 81. Thus, as the
central focal spot of the tracking beam is moved across the edges
of sequential reference tracks, a counter is provided which
indicates a binary number which is essentially'an information
track address. In preferred embodiments of the present
invention, this counter value/address is supplied to counter
logic block 84 which includes tables therein which map specific
binary counts to provide a radial position indicator signal.
Thus, each information track on the medium is provided with a
reference address to which the reading or writing head may be
immediately directed. Accordingly, the circuit shown in Figure
13 provides important advantages in systems employing the present
invention. 1In particular, it provides a mechanism for addressing
individual track locations on a medium such as a rotatable disk.
In particular, it provides addressability in a radial direction.
The other éspect of addressability described herein relates to
addressability in the 8-direction. This aspect of the invention
is described in more detail below.- For the moment, it is
sufficient to appreciate that motion of the tracking spot across
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= The portion of laser light signal fromlaser 83 which is not directed to
mrror 85 is instead directed to beamsplitter 92. The emtted | aser |ight
is thus directed frombeamsplitter 92 to a particular one of the layers in
the recording medium During read operations which are controlled by the
read/wite control signal line which is supplied to Enable Switch 96, the

| aser power is set on its |ower (readgpg) |evel power and switch 96 is
enabl ed to pass refl ected photodetected signals to data detector 97 which
supplies the output signal. Photodetector 93 senses the variation in
reflection caused by previously witten physical variations in a selected

| ayer of the recording medium During wite operations, the read/wite
control signal line turns the enable switch off so that data detector 97 is
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in the | aser hessntisni D€ neasedi mpeaxtoTahel yxdriphany | 3y sweinhshdigr @asi ng

level s ofgsgMibeqd . \fheleyg&h m&&@wlwmw%ﬂ RnEi OHERsd6, 1t 1S

not ed t hat as_.sem conduct O%ﬁ‘;%ﬁ ces age the curve shown

e
shifts furt r‘fgrgufﬂ 1tn§°f'haetlr°f1 R FhFEe A PYPriyte
seni condd@ &Pe| erkadipeyt c@%@esthet hesemddght Wuﬁﬁwe]rs BP&sent in the |aser
beam decrsp@séficdidiyeehpl@ss, asta slevedicbral sThdeocdppsedihat ed from Figure 16,

i ncl udi NGHMRG8ELt& AT ORStH efFodii@nt shown is prévided by separate
photodetector 84 which receives light from beam splitfer 86 which
divides the laser light output from source 83 into a first beam
for writing onto select layers within medium 30 and a second beam
which is supplied to ditherable reflective means 85. As
described above, reflective means 85 preferably comprises a
mirror to which is attached a vibratable mechanical element such
as a piezoelectric device. This element provides a dithering
action for the tracking beam which is reflected back and forth
across an edge of reference track 34 which, as described above,
is preferably disposed in a spiral pattern on a rotatable disk
which is capable of being modified by action of impinging laser
light for the purpose of information storage.

It is to be particularly noted that, in accbrdance_with the
pPrinciples of the present invention, such media include the
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*shifted to the right, that, as a | aser device ages, it is possible to
conpensate for reduced | aser power content by increasing the drive current
ssupplied to the laser. This aspect of sem conductor |aser operation is
rel evant for an understanding of the different |aser power |evels used in
the system shown in Figure 15 and is additionally relevant for an
under st andi ng of sone of the nonitoring and conpensation functions that can
be perforned in conjunction with the use of the tracking and accuracy
aspects of the present invention. Figure 17 illustrates yet another
enbodi mrent of the present invention. In particular, the enbodi nent shown in
Figure 17 enploys dithering at two different frequencies [err] and [err].
More particularly, it is seen that |aser source 83 supplies a beamto
bean1sglitter 104. i.n previous enbodi nents, one part of this

47 . AS T 3

beam i s u§ERFFr PRl sk ntt AELHOPRL LRI HRSILPP oHED 8VEFD RSt he recor di ng
medi um anBagnrtcopheic sdskEon T PHdiPdm remyiwkyentsharevkhiaththe directed to
refl ecti veedBanin8budd & ref@rened tiaokshavinqakifpgraftibef fsmpreeibeam and is

di rect ed poogaheenses LAUEr crdd mblidl 1 £bBEr RE QLPitid dggspings i1 Tustrated
in Figures 5 6&:'7 nd 8. T?.e tr c};ﬁiﬁn ge mi.s rmvedqgac and forth in an
osci | | at oRSEORREEP™ (Y GPERATIoR O RoRAAt bTo5 WRFLIFTSH

rates at a frequency
[err]. Dithering nodul ator 74 preferably conprises a piezoelectric device
Oor a Vvoi ce-coiln gpérationd vhédeppavrtwevhcen ibh@igesuhti woiteaf | ect ed signal
i's suppl i eArdsnaltean sPhmoliie4titgd ¥AL UaBEAGHARNCERIHRCHI Ghilchom t he medi um
and 15 di GEELAARED! LaRGTLEARIUGE AL R8T (HOHICC RS oukbul SRR LEL! AT 1Y
noted that, In ?ﬁls enbodi nent,, Taser source~“83 1S oOp ratlﬁb aS"both a
source ani*%¥ FoHEFedtor FHeaH: nthfhErInters paalalagedy W enbodi ment
i || ustrat datensifygoean ¥prieridiipbaywwboses narivpicably,t he meintalng or creation
of - i nf or mepértionsr Héstici aged ivaknnBshigadt38i s ThesAmition s€xdlqgay ghdcuitry is
not shownrhofo bREvBLS AISES Ghuek B0 Grh sy sl 1850) ndlealRd, Laafppential Ly
di recte_d to writi ng o er%li(:)on " respecti l);o-artcllcu'fa note 1s the Thct that
| aser |ight ¥TEFPEE"ETY ° s pective early, it is not
necessary for full laser power to be supplied to the tracking
beam which is directed to ditherable reflector 85. 1In this
regard, it is noted that beam splitters, such as beam splitter
86, are readily available in which various amounts of laser power
are directed in differing directions. For purposes of tracking,
© a signal of only a few percent of maximum laser strength is
required. Nonetheless, because of the particular arrangement
provided in Eigure 14, it is very desirable that photodetector
84, together with any corresponding electrical circuitry for
amplification, detection or conditioning, exhibit an appropriate
dynamic range éince, during write operations, a greater than
average level of laser power is directed via beam splitter 86 to
prhotodetector 84. Because the dithering provided to reflective
~means 85 is at a specific and known frequency, the signal which
is analyzed via photodetector 84 only needs to be consideréd for
its information content in the spectral region in the vicinity of
- @,, the frequency at which dithering modulation is applied to
reflective means 85. As described above, the resulting signal S
x I is analyzed by a dither tracking detector circuit such as
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¢ al so operates as a detector for the returning reference beam and produces

&

signal s which have multiple conponents centered at different frequencies.
One of these conmponents is centered around the vicinity of frequency [err];
the other is centered around frequency [err] which is introduced into the
system t hrough the operation of focus dithering nmeans 101 which is
typically inplenmented as a | ens novi ngg towards and away from the nedi um at
a frequency [err] or which is sonehow varying its focal paraneters at the
sanme frequency. These frequencies are chosen so as to be readily
separatable fromone another by [err] filter neans 102 and [err] filter
means 103. These filters are preferably standard band

48 pass, high-pass, |ow pass (or conbinations thereof) filters as
appropri e et ctjvg O C jca
operati o%&lgggér]er rrgx Pl rgﬁ q\bic'iahv\}gheen aggg%fsa%gn %’[(%gbﬁlgﬁté\ﬂlh%w r r] is

preferabW ﬁeéboﬁhlﬁ iTRaEiqn s FRPIEAItHAAEF i P41 02 and 103
may be ewphtydd 83r whidh gidipabs thadeevipnset fliasperlivhy edunsen83 ehpl oyed as
1ong as taheadizaqdepeytiodNgeBorl@uepésed g tomianttbyudiney, | 8fmpliRitHi s way, two
Gy 51, AR WA Rl BHG AYIelR URREL 18 MGEPDP LY B3¢ TOTGul t of
the st ondt-LeSriRbed Rt areiess Lpoe <oneib niape D miacs b LagRr Cont o

el ement §P°%\Fé§1’°F-'a§er uchhe Lesdbaek doopoikr d@WeYe%}1$?%tFﬁelfﬁedl umto
control ftheusetvdaddestibed hlewel ahy pawswith tspechfignakfétwaicel $o provi ded by

[err] filsighrdd3o TRaS7.tight control is provided for positioning |aser
| ight source 83 in a radial direction on the disk and al'so for positioning

the light source at an appropriate distance away fromthe nedi um so that

its focus rermHHRISYEL S PPefrtitrf REROFBEEt RY Ity eRPPHPELSS |5FOVPNIR he
si tuat i offighosuld, ndetyrupplied Foslasean powst rontonl t9181isi weddudes t he

t racki ng viey eeld QRigh Iditirehy SDhaVBedltQyeuél &y gUsEnikInaidsdr QhsaOt e i N
Figure 13;i8e! hffqtod e SRLELS eflgﬂag“féoﬁ. §.QQ¥@e 'é%r?é ”su%gli‘ecpr L3 to indicate

t he use of such evi ce as si npl er beam
splitter ?eéﬁdﬁﬁf‘lélt%v@ﬁer é°°h’é?‘§1“f? 30 on Whl?—lf‘o‘rﬁ PHBHEP&SCF? {3955 provi ded
above cowgdtingrenatinmnelhe ivrifiied operatikibloccwesliak asdkdiaacePt he
present iffréRNEteOpoliRy dXe reBatdme! o athackt 34 viikRals iisall ddier @oist not hi ng in

the citeds reference for precision writing. The value D ranges typically

from approximately tens of microns to about 1 mm.
3
It is to be noted that proper operation of the apparatus

shown in Figure 14 is possible because photodetector 84 and
dither tracking detector circuit 82 may be eﬁployed to detect
only those information signals in. the ﬁicinity of @,, the
frequency at which reflective means 85 is dithered. Thus,
tracking information is very easy to select out from any other
signals impinging upon detector 84. It is also to be noted that
the embodiment shown in Figure 14 is particularly desirable and
useful insofar as the operation of the device shown in Figure 14
is concerned; in particular, it is noted that dense writing
operations of multiple tracks of information between reference
tracks is made possible because of the precision provided by the
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< process ‘whi ch prohibits recordable surfaces from being present on both
sides of a rotatable nmedium Accordingly, it is seen that it is possible to
- read and wite information from opposites sides of the sane disk. An

assenbly for acconplishing this objective is particularly illustrated in
Figure 18. This figure particularly illustrates the presence of |ayers 35a
and 35b on a 49 first side

of the medium and | ayers 35c and 35d 3% t he opposite (second or obverse)
side of the nedium In such an enbodi nent, systens, such as are described
above, are enployed in duplicate or in parallel with two |asers being

di sposed on opposite sides of the nmediumso that it can have both of its
sides read fromor witten to at the same tinme in an independent manner .
Nonet hel ess, when, |nc reasons of con |s desirable to
enpl oy onFEACHLEY R °fia§ %Bﬁ‘ﬁ]h &R R Erny még U &8 using the
mechani smestvavihed rabevg uwith] gesperthirt FEIHLAS, 9be%ﬂﬁ §BI-| tter 85 di vi des the
light froma |aser source into two beanms, one of which is directed to a

proxi mal si deyofy, they reefcaéa ﬁgsm %ﬁbt&m&neﬁbytéeeer%e@mrsm Qither of
which is directed to th i noge énaQe of .nedi unyL flo%oglqjh shutéer 87. In

general , el r§h’cff‘f°é'|’;a§3trs Spen- shitter |s HESERA RGP Thutter 87
is opened‘=°¥§1¥811te# "yGh| Boxg 6§e‘EP°thF-§ MFATILEs | WHrAvieHh ‘F&F“E“he readi ng
and wr i t | ¥iarofini thagemapexatione mraned ving tHerdiedi uirilenexdyaitéess it i s
necessar YeohddatenR! $8imdn8Re ansem fpdrmaneit @iangg id ght féqpaeng side of the

enphed ] ! sStl%e B i pgovi ded by
WO S £AGRs o B ddiBa et 5 E0%e Thb3eaRERAY 508 3P

moveabl e upports o rrors 11 and 113 as shown.

(Addi t i on5FipP1e ang teéfn‘é’t L hpfiarentsts e?xftFB'é"F 36&“?8”&"’5’51 #h a noveabl e
mount i s yridiindedonsisieney enpresdndr incthe awritheg |syssem| i ght from one si de
of medi unabridanthe, ohberii dend that thidigosatiQinl preexdioch aecied to

Figure 19,.hQWe %Qch;el Listdat 88sddieArgdanti;sm of Figure 18 in the nore
conpl ete context of an inmformation witing system enployed in conjunction

with other aspects of the present invention. In particular, it is seen
that, when t hétberviansigppexnt girertadstefthr srespria eEpedigmatand 85b, as
shown in Fllpateatéd iint Figureedéssdfhi st emboquineptshsitdeatsc@rraiyd 87 positi oned

as Shomﬂ-dﬂ?&%t&ﬁsﬁé”ﬂ $P8¥Eh iaAd method for information writing. The
system shown permits a string of data bits entering laser power
control unit 91 to be writteﬁ intoc a recordable layer on disk 30.
As with ail embodiments of the present invention, disk 30
includes layer 34 which is employed for reference and tracking
purposes. Laser 83 provides a light signal both for reading and
for writing purposes. Laser power control unit 91 determines the
level of drive current for laser 83 thus determining whether or
not information is to be read from or'written_onto the disk
storage medium. Typically, there is a ratio of approximately 10
to 1 between the level of laser power desirable for writing
information in comparison with the level which is desirable for
reading information. Accordingly, this dynamic rangé of laser
power signals should be accommodated by photo detectors 93 and
94, '
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« Figure 19 is particularly desirable for precise control of

v

50 witing information onto nmedium 30. In particular, it is seen that
shutters 86 and 87 do not interfere with the return of a tracking signal to
phot odetector 84 which is provided to [err] filter 102 as shown.
Additionally, for reasons of sinplicity, clarity and ease of understanding,
function block 117 essentially incorpgsates the two functions of position
and intensity control as is nore specifically illustrated in Figure 15 as
function blocks 81 and 91, respectively. Accordingly, Figure 19 represents
the incorporation of the mechanismshown in Figure 18 in an apparatus used
primarily for witing information onto storage nedi um 30. In sone
enbodi ments of the present invention and, in particular in situations

simlar to th t%l'?th%\émm L s'falrgP{% %.‘L s}: aprov§.8<a rrg esspllg.%ge 0 produce

t wo paraIIeI | aser gure 20
achi eves WHFE PRASSEFsenLy WSW’Hl%gtPﬂe“éf‘FeE?sb?ﬂ“ Fv\b”d:reirsﬂ% 131 and 132
di sposed swallher eSpetion cHbe alrrelrepowsr dlsodiregteli yewagrd20. Thi s mechani sm

provi des 30b8e{vdmalss f& mEPléd lE5NEhHth IRPYhrA idiRbctd aRdkri NEdghet WO
separ at e ﬂ”@ﬂé fémﬁﬁk‘m? %aﬂeé’{'éo QL L VR tQch?%ie“thﬁsJ g.in?‘&a' ilsel paths.

The enbo esent 1 nvention shown gure I'S part icularly

di rect ed W&rg %ﬂamﬁ%%re&%t’g ‘%ﬁrﬁﬁf’t%‘?'lé‘(?ugl?‘é%?dl Rg and
witing dhisnfbrheatingnopdimtian gropuprleyafeint asetindgnot¢ withsthepect of the.
present idp4eRih®brintipFed BROtRADrebonBApiaat Bt ahatin Watte partially
funct | onalesybhe fééluékéathgﬂts #ch8 BARIEEoLdodl fedl SP thlnPA, 5! ee-
di mensi onal ?Thmatrl% %%} $+ g‘ gat_h & %ete W|th t hat
per spect e P, SRcRIrERE aP % PRRERST TSt °fh é’@% min Figure 21
i ncl udes ﬁ“@ﬁ’é%% i et rgé‘ﬂlr"é@%?:l%’ﬁféﬁahlsr’@é‘?é e tpaking detpetan ©8- beam
splitter zi2apphomtiaite Ehshdiitofed taadkhngldetetordiobets ghawh of t he beam
nanely, tgigutbagking or

The portion of laser light signal from laser 83 which is not
directed to mirror 85 is instead directed to beam splitter 92.
The emitted laser light is thus directed from beam splitter 92 to
a particular one of the layers in the recording medium. During
read operations which are controlled by the read/write conﬁrol
signal line which is supplied to Enable Switch 96, the laser
power is set on its lower (reading) level power and switch 96 is
enabled to pass reflected photodetected signals to data detector
97 which supplies the output signal. Photodetector 93 senses the
variation in reflection caused By previously written physical
variations in a selected layer of the recording medium. During
write operations, tﬁe read/write control signal line turns the
enable switch off so that daﬁa_detector 97 is not fooled into
believing that a data signal is present at its input. At the
same time, the read/write control signal line, either indirectly
through enable switch 96 as shown or as directly controlling
laser power control 91, causes the laser power output to be
increased to the appropriate level. for writing information onto
rotating disk 30. In the embodiment shown in Figure 15, reading
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51 reference beam to reflective neans 123 which, in turn, directs
the tracking beamto an edge of reference track 34. Mdtion of reflective
means 123 produces dithering as described above. It is the reflection of
this reference beam back to reflective neans 123 and through beam splitter
- 121 to photodetector 125 which permts the generation of an appropriate
tracking signal. In short, the signakeS x | is produced by phot odetector
125. However, it is inportant to note that, in addition to the usual
tracking function, the systemshown in Figure 21 perfornms a
read-after-wite operation. This is acconplished through the use of a
second beam splitter 122 which is angled and positioned so as to direct the
beam from | aser source 83 directly onto a spot within recordi ng nedi um 30

to be Wf;tdt e,@%fmgp gﬁrgeafoqm Lﬁee FAOQU& A 5&24&1%““}%9{4%%&;; ngugh a beam

extends direc rom an1s |tter Tme, a

rel ati vef3FShal ?rep(‘?P?F‘B‘ﬁ FETE S HWBSm is directed to reflective means 124
whi ch provides a |ight beam signal for reading informati on which has just
‘been writtenriguidiasdiskimiuabd clhdBy didic@sbe@mbtMehi s efine0ihhe di sk at an

earlier tJ ncmé wa@ﬂ%ﬂgatabeae dul 8l &5 F&'f&%gﬁ%glés%%ﬁ%%%mthe di sk

and the re ect dj rected b to angl ed-
and posi T1%ReH™ %&ﬁhg # t‘?‘é?i‘fﬂ“FS %‘B"t SG&EERS or TROBRHCEESr ovi des, not
the S x Figrgni$, 1”@&? Felaschbe fagk Fhﬂ?nﬁh&tP@WPnylgnalsem@sonﬂnqﬁ0§V|ous
enbodi netser bedd dat bvoumaans df2 Iemscelidueesbe ddaticandap petaie f requency

[err] f(ﬁh.b%?@kéﬁﬂlrpUigcﬁﬁfﬁstrates thé*%ﬂ@tnghéétéﬂéréfié'é&ﬁe?éf&@rqes

f k wh
o1 0 pat 19PRoRE RS (ioEATt SURE Tk TRPIHE Soham el 9ot nor of ore

possi bl % tder e‘rsm"ﬁéff?fé't“alr n Boyeyery mpebﬁtﬂwtsbe%% wgsepbekevieddeed
act ual | yiswreatked.t dhehpowtirsin e daper theawl &8 |incrieasédiose situati ons

enpl oyi NgbpRbk Dfa el EEhéN yCRIEN AncPédNingdLELld @7 current. While
not specifically illustrated in Figure 16, it is noted that,
generally as semiconductor laser devices age, the curve shown
shifts further out to the right. This means that, as a typical
semiconductor laser device ages, the amqunt of power present in
the laser beam decreases. Nonetheless, it should also be
appreciated from Figure 16, including those versions which are
shifted to the right, that, as a laser &evice ages, it is
possible to compensate for reduced laser power content by
increasing the drive current supplied to the laser.
This aspect of semiconductor laser operation is relevant for an
understanding of the different laser power levels used in the
system shown in Figure 15 and is ‘additionally relevant for an
understanding of some of the monitoring and compensation
functions that can be performed in conjunction with the use of
the tracking and accuracy aspects of the present invention.

Figure 17 illustrates yet another embodiment of the present
invention. In particular, the embodiment shown in Figure 17
employs dithering at two different. frequencies @, and ®. More
particularly, it is seen that laser source 83 supplies a beam to
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02~ circuitry is used to analyze to the electrical signal from

phot odet ector 126 to inmmedi ately determ ne that an error in information
storage has occurred. Wth particular reference to the present
system the fact that one thereafter knows that a particular position on a
di sk has been incorrectly witten nakes it possible to create directories
and subdirectories of information whichy4s stored on the disk itself (or
el sewhere) which specifically indicates bad tracks and track "sector"”
positions. This is particularly true in the present invention since the
accuracy of position determnation renders it possible to store the
|-ocati on of each and every bit on the disk so that, in effect, the disk
beconmes conpl etely addressabl e alnost in the random access nenory sense of
the word al though not quite as fast. The enbodi nent of the present

i nventi on SN sphi#iegunes 22 Ass isiphevabus enbodisgst=enens ot of #Higur es 10
andf 15, di ng iy %o%ﬁﬂa%bp%hﬂmfnﬁtﬂﬁr{tvﬁi%kliﬁlr\}a&gbﬁgdﬂ%i?cc%f ocub.tts for
per f or mance_nopni.t oring, i s nitqring is. possiple. because e.return
reflection oF LAE T FACRIR arb%ar&nef?%ﬁr_t Pesfich °?a§é‘? PEATY h‘%aé“ﬁgﬁ' I'ERE system
71 to nirrofhifBahs HerersePeimreplettidr B8BTS~ | Halnefersedh st 88t ect or 69.
The exi st enomckfing heis reffgneticepbenmn casl is ndigfegted td aefevendeol ayry ke

per f or manceyithihatid R2ordindakhiaml ak, illudtyrated eth Fhghrdd 8, sy stem shown

n Fioure 2gd $.Paild @bkl de 3AaR' A ub0La Witk ehd | A8+8! 1 0T MBLT On O
medi um 30. T |§ll EO%ZHICU arly relevant since t ewﬁ]ﬁestlon of the aging of

| aser sour G5 MEPPET R AL TRFIPH™ ARG 6 AFBrIMARERS 1R it is
to the readfreRguency rif.or nBitaritgomdnlgrek 74 preferabyecomniigesike to be

abl e t o neasiezeel betiier Hevienee afvoikasesilautieatEnl oibrataohelaticeel y -1 ong
period of tiye rbou€flehr-aE i tdaetNgla105 s NlppiReal @5 Seam Nepilidebe Joap! aced
(Or the returning upon reflection from the medium and is directed into
semiconductor laser source 83. It is particularly noted that, in
this embodiment, laser source 83 is'operating as both a source
and as a detector in the manner described above. The embodiment
illustrated in Figure 17 is employed primarily for the writing or
creation of information on rotating disk medium 30. Information
reading circuitry is not shown for the purposes of Figure 17
which, as indicated, is essentially directed to writing

operations.

'Of prarticular note is the fact that laser light source 83
also operates as a detector for the returning reference beam and
pro&uces signals which have multiple components centered at
different frequencies. One of these components is centered
around the vicinity of frequency @, ; the other is centered around
frequency @, which is introduced into the system through the
operation of focus dithering means 101 which is typically
implemented as a lens moving towards ard away from the medium at
a frequency @, or which is somehow varying its focal parameters
at the same frequency. These frequencies are chosen so as to be
readily separatable from one another by @ filter means 102 and
o, filter means 103. These filters are preferably standard band



53 drive current adjusted. As discussed above, with tinme, the

power -current curve shown in Figure 16 shifts to the right. If the same
| evel of drive current is supplied to sem conductor |aser source 65, then
t he power output is dimnished and, correspondingly, the voltage appearing
as an output of photodetector 69 decreases. The aging of |aser source 65
can, thus, at least be partially conpggsated by an increase in the drive
current to a nore satisfactory value. The signal S x | appearing as the
out put of photodetector 69 provides an opportunity for measuring a signal
which is indicative of this aging process. There are several different ways
to determne, control and conpensate for this phenonenon. For exanple, if
t he maxi num val ue of the output signal fron1photodetector 69 drops bel ow a

predeterm ned threshol d, .then m ¢roprocgssar such a signal

f r om maxi RYFR 21’11818 “RAfSac tOY PASS ? %S SBPBEPAEThIRE %ﬁereﬁgfeé&%%fﬁeaﬁ evel of
current sEPRIREdapy angy raktbs ﬁf‘% eFtévntaoPaghife gircuidisni | B2 controls
are eff ectyplidafl bheratiionyuen \ial pesfeaabiyppdtivedn babauitné nami Bal Xz det ect or

154, fallgnbel QV 8s5:REeLEE1Y Bedwddd @bt . sVhad OPKBGESSRl baRdi S
programre a£§ ﬂ%ggmfd}e ﬁ&'l%%t h&e’g ey eﬁgwﬁd QPe (hq.r hb 55@ afh ifipse two

criteria I ncr Sl N even sem conduct or

| aser curP%‘?‘Ft filter mayl—l@ﬂxé?/é?e eﬁplrﬂi’reél PRa}I& PE %Fﬁ?@éﬁn af TRRSS

| aser - agi 4@ Ttocagnifhcantly perdap of Ini felig waypeewd isabreatey pashiidm ati on

I ndex E wWeigrdnisS adefprrddas doViasés] souYEergdsition \onrtkdl unfkesr] ). If this

T T R I T P T R SR
19'81 ]FJ \ﬁﬁ°8h ed lfrorPre ? .rl..lé‘e 1% 1ke 1se aostlg

nerits rep acenen T acémen | verI‘y short,
pr edi ct abPERHRH; Séle‘bﬁ‘ntt |8|’re"‘°‘¢?st }b?%lllﬁFBtsWCﬁD%IWFB‘FF i9de¥2E as a
functi on 6fon ithe mhdiim ite ¢gpirodl fdars dvna clewdued dreviedsley selagsi ¢4 ust r at ed

in Figuretd.signal HHUtS iGUPYSiaHgO8Fles EhBteratios. Painik, | fidntme when the

val ue of E%£¥f3¥sls provided for positioning laser light source 83 §ﬁ a
rgdlal direction on the disk and also for positioning the light
source at an appropriate distance away from the medium so that
its focus remains steadily within a selected layer. Clearly, in
the situation shown in Figure 17, position control unit 81
includes the tracking detection circuitry shown above in Figure
13. Also of note in Figure 17 is that beam splitter 104 is shown
herein as a prism to indicate the use of such & device as an
alternate to the standard, simpler beam splitters shown elsewhere
herein. '

From the description provided above concerning the manner in.
which recordable media useable in the present invention may be
manufactured, it is clear that there ié.nothing in the cited
process which prohibits recordable surfaces from being present on

" both sides of a rotatable medium. Accordingly, it is seen that
it is possible to read and write information froﬁ opposites sides
of the same disk. An assembly for accomplishing this objective
is particularly illustrated in Fiqure 18. This figure
particularly illustrates the présence of layers 35a and 35b on a



«<pbelow a critical value, E[err] then the |aser device should be replaced. In
the event that |aser source 65 conprises a plurality or array of '

sem conductor | aser di ode devices, then the passage of E to a val ue bel ow

E[err] is also usable to provide a signal that a different .| aser source in

the array shoul d be used. _ The circuits that effectuate this

measur enent -control and determ nationggre shown in Figure 22. In

particul ar, maxi num val ue detector 152 and m ni num val ue detector 154

det ermi ne maxi mum and m ni rum val ues for the signal S x | over a relatively

short period of time ranging from approximtely tens of m croseconds to

about hundreds of m croseconds. These detectors provide a representation of

t his maxi mum val ue to m croprocessor 155 which stores these values in

(preferably non-volati]e) storage 158. C earl non-vol atile store 158 is

pr ef er r ecfigiscgide\pfr the r'@%‘“é"yi?ﬁ?@s ﬁgf’i 6%‘1 c??dt Pireshes 8PP9% 000 hour s,

t he stor apecdedi e dowvenke k [sidheoftbgsartdivmy entt diichsapreabedinendys be t ur ned

on and ofdys¥emthaduchouer atd @es@eibeddalodvet,i Bee @pleyed Simauppiesent at all

times for, MuDLY, PRSeLYA] (}8 PANSRASESind Wi LPSEDLR: offtailt@Ngid&y M st orage

of these val ues provide {pbctr ogr‘oce sor bl% wlftq_’st he,a |Ielagiyf}t“g)m conpute a

history ot &Fnl B&r ¥t mancEt 88t ed dafa TOr “each 1 aser source.

M cr opr ocEE4Een 155 §ts the ctadof ey 1802y SieReRL O ARRRI  t he | evel of

sem condukirethébssy, chene inciplty ifor wedsc8s af egonemms iftois at | east

i Ei ti a! | ydéﬁ@ﬁﬂ?@ﬁ%ﬁﬁl&ﬁror?gﬁci %fi%@gell%%@i: B@Jnf,ors_ﬂ”aﬂ?f_-syst?m ids TPe system

shown in Fiqure as.a jnumber. of. AQE S i gpi fi.cant advantage is

t he abil i(foigéfu & é’fi‘%fl%m ‘_aomficr:léa ﬁ?@ %}ﬂJeUnI rgﬁg'riﬁr‘fedr?tr%argéli vaI%l of the end of

life of tRFHGEEAT d&PPRSRIGEBRSDAVHER iThet hetraSEoB@ dA&Fray). This

occurs assqureevimie tyb Pealwr easef Whitly ishditregted” tofa prexémale shown in

Fi gure 26siddoveVere rdtEUORy MRBEun BARbh@H Ishuttét 2%t hAd tHe bliResignal S Xx |

comes fromsihes f agi-dcah & fReMfeahasfie de0faiiAbo tHkAlE SRitter

87. In general, when shutter 86 is open, shutter 87 is closed
and when shutter 87 is opened, shutter 86 is closed. This
provides isolation for the reading and writing of information
from and.to the medium. Nonetheless, it is necessary to employ a
mechanisﬁ for redirecting light from one side of the disk, around
.its_edge, to the other side. This mechanism is provided by
moveable.frame 114 which supports mirrors 111, 112 and 113 as
shown. (Additionally, in alternate embodiments, a fiber optic
cable in a moveable mount is provided as a mechanism for
redirecting laser light from one side of medium 30 to the other
side.)

Attention is next directed to Figure 19. Figure 19
illustrates the méchanism of Figure 18 in the more complete
context of an information writing system employed in conjunction
with other aspects of the present invention. In particular, it
is seen that, when the beam is split by means of beam splitters
85a and 85b, as shown in Figure 19, it is necessary to employ
shutters 86 and 87 positioned as shown. The system shown in
Figure 19 is particularly desirable for precise control of
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cal-l ed "VCSEL" device (Vertical Channel Sem conductor Emtting Laser 300
in Figure 27B). These devices are to be contrasted with edge-emtting | aser
diodes, 300 in figure 27A. These two different kinds of |aser devices (300
and 300") are illustrated in Figures 27A and 27B. In both of these figures,
| aser light leaving partially silvered mirror 306 is focused by lens 355 to
forma focused beam 320 of usable |asergdight. However, the nost inportant
thing of note is that in an edge-emtting |aser diode 300, as shown in
Figure 27A, it is possible, because sone |ight escapes frompartially
mrrored surface 304 at the rear of the device, to provide a separate

noni tori ng phot odet ect or such as detector 350 shown in Figure 27A. Since.
there is an escape of light fromthe rear, albeit small, it is nonethel ess
possible to nonitor the performance of the |aser over a period of tine.
However, i aifédngifornatian opro wedipe o310 -chARRATtEEM Eondtici®reesRi tti ng

| asers as sthawnshuttergug® #hdBg7ido netsieherifhae wilth flabmetatnoof @ t hese
devi ces On {raecRINPbiTruRS! {AipRhoRsdtedd6s BIC4ASEh 1ie bhéviear t6fw such devi ces.

In-such devi;Gea,y £dJ Al Gy S £EA{Hi8Hal 1P MebRSIR AN GingPRc ANt ai ned in

sem conduct gr hody 302 and exits thrqQugh partjally._tra ssive’ ror 306.
Accor di ngl YPr3FSFY stitth eﬁ@?/i‘?feé’f’df’FFetaﬁ‘g?’ig?’zﬂ‘f’Shl°6f %}ﬂ‘ék g'lig]ngf‘s%’e?glﬂ',iyi n the
manner il | usicoaperketes Shel tweafunctipnguet PREikien iandt hrtapghf¥rcdit¥edssed
above with asfier asee spectf e y221 1usecatms ihhat qunec b5 noy guhapiort ant f or
per f or manc &, gkt 81 i3y Y ElrdkpBfivady0f Add¥Baingly, ridlde Wbilization of
VCSELs offeres chal%er&%;_M| cﬁ %{{3 presgnt | Qggnr}témoghos% \iesEiAcr%orlgl ngly,

t he presentl_’ PRVERT Ton makas’ €§_ s°r_'t Rat much nore desi rque. TH %articul ar,
because VCSEL &0t 8PRRUEFUBLFAS Primaidy af o &rdERRY tidfernafdmet®ER enitti ng

di odes, it st®»rpgsshddiem 88i ng the present invention, to nore closely _
~control the value of the current drive. In particular it.is nore readily

EgSSi bl'e now tolgogén{emem{)ggin?elﬁrtgeﬁ thE IBLt@stenitt invention and, in
. particular, in situations similar to that shown in Figuré 21,

it is sometimes desirable to pfoduce two parallel beams of laser
light. Apparatus 130 shown in Figure 20 achieves this purpose by
providing the effects of two prisms 131 and 132 disposed with
respecf to one another as shown in Figure 20. This mechanism
provides another means for splitting an input light signal into
two separate signals which are meant to travel on essentially

parallel paths.

The embodiment of the present invention shown in Figure 21
is particularly directed to a system and meﬁhod which permits
simuitaneoqs reading and writing of information. For a proper
understanding of this aspect of the present invention, it is
important to appreciate that, while partially functional, the
illustration shown in Figure 21 is also in part a three-
dimensional isometric view which should be read and interpreted
with that perspective in mind. Accordingly, it is seen that the
system in Figure 21 includes laser light source 83 which directs
a thin laser beam to beam splitter. 121 vhich is positioned and
angled to direct part of the beam, namely, the tracking or



&

Operates at a low threshold current |evel. For VCSELs, this current |eve
is approximately 1 ma. in contrast to levels of 20- 30 na. which are
.sequired for edge-emtting devices. Additionally, |ow threshold VCSELs tend
to be tenperature sensitive which nmeans that the anount of output power
produced by these devices can vary. Accordingly, mechani sms which provide
for constancy of this power in terns ofgja nonitorable and neasurable

f eedback | oop can in fact produce stable conditions in otherw se
potentially unstabl e devices. Accordingly, the performance nonitoring in
terms of maxi mum and m ni mum out put values is particularly useful and
desirabl e when the | aser source being used is a VCSEL. Accordingly, the

f eedback mechani sm of the present. invention i-n particular mcroprocessor

155, is used to control t he val ue of E. wziaﬁrrportant nog onlg/ for

VCSELs but T&f8E°15 PEfR ﬂ"r"eE%frﬂtelc;‘flﬁ%r“?aé‘Bn}r’r% B: M PRy $EEEFS di ode.
Anot her pogbebtrackingceeayf terawedgadohirefprepnre frachPdexi Betion pdt at abl e
st or age nedeflédtivel fibals8328 prddiites Aithesing ascapbayidedeahdvar. f ot readi ng

o ol grmo e e 'lfe‘ﬁg@g} ['of fhai ng&?“%?c%éﬂ‘? B, WAl hRhne  ting
12 "gad RERPUF Bsanorn iR 2 O RS E T P EE B3RR 535 and

medi um Th
23C. | n paPereifarthe ‘Eel}eé‘aﬁé?%d’ft ﬁatamrgarbafz%ﬁrwkw FagRal-a dBse of i deal
al i gnnent whoht s gdeestgrad She larigl praducetdi b phegofleisartoli I#B. | Npi nges upon
the rotating nedi um is noted, however, that if the angle is off

to the "l eft" agjgeahoun '1(;' OR%%%Q%FPJ %gtz;aggt | B FLEEo2 3 (D Ut of

focus signal, suc uced simlar

vein, if tK&ah JAesKing sfé‘lnFﬁﬁ?fbnttthsif ef“hﬁh““m Rt Fioure EhARGTS Pﬁmilagure _
23C, then teedoafyertwiitamobasetiopourBu/sddscatenmpddshese t8Bough $hevmse n
Fi gure 24Cof &"s&fohd Bédh spilLgbier L2 wiSeH Derdhqdsdl fldbbYetiiedssehi ch

refer to aa\él £y & bﬁ’hé”‘behﬁs om laser source 83 directly onto a
57 observer. hese SLd simlar to.t osen%roduceg ?or edge

S
t racki ng, ydtoin ¥ ﬁrﬁ’r’(}ﬂﬁ"&g 38nﬁ° HHOGESD AT €2 FPhe Tafd9 T cui t s
are enpl oy@d,fb¥ idereen ithgtt mede asbgmlexmm sHpsctly jueard firophkeaik | st ence
and degr ee spliistgiiae . maalhgnsemet tiddl & relatively small portion of

this beam is directed to reflective megns 124 which provides a
light beam signal for reading information which has just been
written to the disk or which may have been written to the disk at
an earlier time. This information modulates the light reflected
from the disk and the reflected light is directed by reflective
means 124 back to angled and positioned beam splitter 122 to
photodetector 126 which proviaes, not the S x I signal, but
instead, the information signal. As in previous embodiments,
reflective means 123 is dithered at an appropriate frequency e,
for tracking purposes.

Reading after writing provides significant advantages to the
system. In particular, when it is known what bit pattern is
being written to the disk, it is immédiatély therefore possible
to determine that, in fact, that bit pattern has been indeed
actually written to the disk. More particularly, in those
situations employing error correction coding, error detection
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. msalignment is typically caused by wear in drive notor bearings, )

distortions in the lens systens or warping in the disk itself. Nonethel ess,

in an ideal situation, access of the rotating disk should be essentially

parallel with the optical access of the | aser system which produces the

i mpi nging radiation for reading or witing. Accordingly, a systemsuch as

t hat di scussed above can be enpl oyed f determning this vertical

m sal i gnnent . In order to achieve this objective, it is desirable to

enpl oy a | ens system which provides for tracking purposes, a variationin

angul ar alignnment as is suggested in Figures 23A- 23C. In accordance with

one of the enbodi nents of the present invention, this variability can be

produced by disposing a |lens, such as lens 162 in Figure 25, within

rotatable cylinder 161 so that it is canted at a slight angle with respect

to the cylé¢inguiitey imcueed tshpbhlyres 50 sthe edegtrifiplaft®¥ §F°Fot ation for

t he enti r epotoaBe@sdreN36 Syes timmedilatel g detterdindidthatwhan |exrrbirgime 25 _

illustrate b py.sufficiently rigid frame may be

enpl oyed. ﬁﬁ?reiﬁgﬁ %%&ag?%rﬁg%???fg that it should be capabl e of being

rotated and al so capable of holding lens 162 in a canted position. Such a

systemis wel | With tnattioplarreferenchgtardis aremtasyghefnthe fact

Moni t ori ngtipdt bhe Giggrakt& xnbwalgatpa geadEsudahaospbien lvine aadiaint ages in

i nfor mat i Of, S4REAE,GHSLEEEy 3516604 aaRbatad phesaile thnepaite cul ar, systens

el oyi ng LASEL bl OllarlsOLul 83ULDG. ARAOH {14 diha PP 485 En CAN 3UELLTon

. degradati ofi ‘over %!.me P SPHE Rt ensi t of out pu%_ rciduce by Lhe J aser.

“ This is paFes Giskriysalfuéor cﬁls§¥]i‘ﬁr(?dnéﬁi:‘f}? fyefy ’r“lr??(} JeVFTEEes o2 |

i 58 tracHsnand ©ogl- EseditrigpdsisdeonsgleyThés sig ParsiaH®m Yi BEYW gure 27A,

it is possiplime Bres@tOY npitiRdesaticothd54kdtirappser poebtnth rear, partially
refl ectingsurface, 304 JALS, REOKISIAR18 65 GABRESER] QocRList beMBald ori ng of

| i ght streng Si gnaTs. wever. 1n e recentl d&ve(lio eq)ecom s

verti cal - c899 tS7esrpicon Ehe (4iskgs? atgggr's ’(W@%%E%?’ sSUCh“&%" are shown in

Fi gur e 27Bgompletelmotddressaiple almotiiroihe HANGER T RTIEESTeHP O APRYT | i ght

bei ng emnit bedtdd @6ra 41mbudhldotofuitee akasasg device. I n VCSELs, such

The embodiment bf'the present invention shown in Figure 22
is similar to the systems shown in Figures 10 and 15, discussed

above, but which more particularly includes circuits for
performance monitoring. This monitoring is possible because of
the return refiection of the tracking beam from tracking layer 34
through lens system 71 to mirror means 66 to beam splitter 67 and
finally to photodeteétor 69. The existence of this signal
provides a mechanism for monitoring the performance of laser 65.

i In particular, it is noted that the system shown in Figure 22 is
i particularly adapted for the writing of information to medium 30.
i This is particularly relevant since the question of the aging of
i laser source 65 is more relevant to the writing of information
than it is to the reading of information from a disk.

One would like to be able to heasure the performance of
laser source 65 over a relatively long period of time to
determine whether or not the laser should be replaced (or the



«lFght is blocked by underlying seniconductor body 308: Therefore, a

-

di.fferent nechanismis needed for nonitoring performance and agi ng
characteristics associated with VCSELs enpl oyed as sources of |aser light.
Fortunately, it is possible to nonitor a quantity referred to as the

nodul ation index to determne proximty to end of life for sem conductor

| aser devices. A plot of nodulation ingex as a function of tinme is shown
for a typical sem conductor |aser device in Figure 26. Wen the nodul ation
i ndex approaches a reduced value Eferr], it is seen that the end of the
useful life of the | aser device is approaching. In general, this nodul ation
index Eis defined as the ratio between two quantities. The denom nat or of
the ratio is the sumof the maxi num and m ni rum val ues of t he vol t age

poduced e ICBIASERTAL ML B FEILERINE, Sl ety T

numer at or the rati o e difference

bet ween t tfé’wﬁﬁxFﬁfﬁﬁ’\FaFﬁﬁv%fShf’ﬁﬁ‘sn\/SFF‘é’@ee léng ’tﬂ? rT1°nF]Pr‘i?1rﬁ Foe Bf this
vol t age. Adeordinagleyeli £ tdrdveutpuensf is rupphbeddet senbsondiickersured i n
terns of alasekt agencd Bs, Mkl 8hé Powepdextpu: Esdimdneehéd-and,err])/(V[err] +

V[err]). corres &ﬁhﬁ%‘i rdéﬂlec%o!“cé&é Qﬂseﬂi%%dhgﬁéﬁ o%ft LbePresent invention,
t he nDduIaHE%? %? %s noni t ored_over erlg tlne cohen t he val ue
of E fal | 153 %té’ﬁ f’ CHICA AP, Efqar?ﬁl "*sse:rhgt’“rce can,

59 i tugst F'atlf,f@s‘tnbﬁlgﬁfrtéaQB’ camperdated P¥ P drruese dn Fheernativel y
or in conjdrmicki curidndr €wi 4 morposwrisifactory sased. t Thishei¢masles device to
correct fQipdel@in@idid thbasBPuer b6 ighetoddttictokSed &%@&9&@ aeen to prolong
e b 1 OpebBEuiiY) $k nddecind! S 813881 ROV AifsblELNIEQ] LRI, Service 1h

which it ecess one-or eylces

enpl oyed. 29ing Pr‘fcr?s'?yst"étﬂ%rei ﬁr%c??HFHathffFﬁ%n?)rV@génP BiBf: | asing
devi ces areentypl cald yompenstge feim thil snphawmenonduFogr ekagedre.dé¢i Bes as
shown in MiaFHintm AEAWRS of NEne/ Buthelsigaxl tekoclepherictaovsy igd Birgpse 27B. For

exanple 'ﬂkf%ggg ﬁ%@dé%é?%&ﬁ%%ﬁkﬁf&gﬂ6359rthen microprocessor 155,
receiving such a signal from maximum value detector 152, is
programmed to increase the level of currenﬁ supplied by current
intensity control unit 91. Similar controls are effected if the
minimum value, as supplied by niinimum value detector 154, falls
below a predetermined threshold. Microprocessor 155 is
programmed to permit the selection of either one (or both) of
these two criteria as a mechanism for increasing (or even
decreasing) semiconductor laser current.

However, a more realistic appraisal of the laser-aging
process over a period of time is specifiable by a modulation
index E which is defined as (V__ - V. ) / (V. + V_). If this
value of E as thus defined drops below a predetermined threshold
value, then it can be concluded that laser 65 has in fact aged to
a point which merits replacement or which will merit replacement
in a relatively short, predictable period of time. A typical
‘plot of modulation index E as a function of time which is typical
for semiconductor lasers is illustrated in Figure 26. This
curve suggests that at a point in time when the value of E drops



« laser device 300, sem conductor material body 302 is provided with doped

| ayer of lasing material 305 which defines the cavity in which the |asing
action occurs. Partially reflecting surfaces 304 and 306 are provi ded at
each end. As discussed above, nonitoring photodetector 350 may be enpl oyed
at the rear of the | aser source behind rear, partially silvered reflector
304. However, the relative reflectivity, of surfaces 304 and 306 are
provided in a manner in which laser radiation 320 enanates through surface
306 and is focused by lens 355. Electrical contacts to the |asers are nade
in accordance with well-known industry practices. I n ot her

enbodi nents of the present invention, it is desirable to enploy vertical
cavity sem conductor | aser devices such as those illustrated in Figure 27B.
These devices have the advantage that they are nore readily manufacturable
and, in pXPLPER FitiFal YRAUP adtur abTER I5°al28F FevifS FESBMAiRe cit her a

| i near or reptacethul an the ayehhidihag bissresryrcalfs pempriissiseadi f f er ence

bet ween t beusarimyt u&esrﬁdapwn senikbfductor’ Aa sl dibgeldevd éBs| Stidmitht he

l-atter |aslng, ﬁsté adhé b%rlb@rﬁ ed l\éegié&ﬂs 1@% g&sviééogal fﬁf gd on

opaque su str esc e I.S t e o
substrat e &ﬂ? tha a é¥% eren laser source 1n the arra 8 used

precl udes nmonitoring of the lasing action from behi nd over ti me by a
detector, such amedeisaiidts Bhét effestuaterthik anedéArement contifd ayat em of

the pr ese&TetéPaYﬁ{latthQH é’:.ié%hb@ﬁ iQf Begu.Rdvant aﬂ%a@eﬂcmaqem%mm ng out of

the o7 eal LAPGATARLILL M ALER Selll\ IR hoRe hlaCke PORILLON L ©
determ nab e. I cu nF'I St em provi des a I’T'EC noni tori ng

not only f“ﬁﬁ”fb‘é? fa(?fin’é?ﬁé“uﬂ‘f Valpes g%rﬂ'tfe\?flg‘é%l tsnérrée?‘(%sa ﬁfllfatllé’eéYSO
capabl e ofhaphineripdgof HimgerdngimgnEeomn fapphexidraitedy matner oénpl oyed to rotate
recor dabl aigeskedtnde. té nbdddi hirdteds e mistesaddhakhe MleacenttddboeBt i on al so
enabl es_ 1 bgog{&dld Qdppleditaridly fetﬂﬁ et R d1BLCed GHQL B0 ddL2Le0n
i ndi cat | Ori§5 wh:.cq'le sggxe'gsl St%eS ee ues in (pre%erably ggrrx@voll%rél eS ten to
the dis
storage 158. Clearly, a non-volatile store 158 is preferred
since, over a relatively long period of time, say 100,000 hours,
. the storage device in which the present invention is present may
be turned on and off so that, over that period of time, power is
“not present at all times for memory preservation purposes.
Eurthermore, the long term storage of these values provide
microprocessor 155 with the ability to compute a history of aging
and performance-related data for each laser source.
Micrbprocessor 155 is therefore also usable to control the level
of semiconductor laser drive current in unit 91 as a means for,

at least initially, compensating for decreased laser performance.

The system shown in Figure 22 has a number of advantages.
A significant advantage is the ability of the system to predict
the imminent arrival of the end of life of the laser device (or
one of them in the case of an array). This occurs as the value
of E decreases along the "knee".of the curve shown in Figure 26.
However, a much more importanf utilization of the signal S x I
comes from the fact that a form of laser diode that, in the so-
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. Sone of the latter aspects of the invention are illustrated in Figure 28
-which is simlar to Figure 15 which has al ready been descri bed above.

~

However, certain additional conponents are proVided in this nore advanced
system for the purposes of achieving objectives described nore i medi ately
above. In particular, during a read or wite control operation, clock 151
is started or stopped as a nmechani smfggr providing an indication of witing
time or reading time T to m croprocessor 155. Additionally, a very accurate
value for the position Rof the track in a radial direction is also
provided to m croprocessor 155. As data is read out fromthe disk, bit
counter 152 provides m croprocessor 155 with a count N of the nunber of.
bits which have been read. This counter can be reset as necessary under
control of mcroprocessor 155. M croprocessor 155 is also coupled to
non-vol atile store 153 for the purpose of storing values of R, T and N as

t hese val ues are sanpled over a period of tinme. Non-volatile store 153 may

. al so include val ues of L whi ch represents the physical distance between

bits wrlttentothe dis 61

A proce&@lbed cGSFEn gdeé’l}f’et Rerrigat SrReti B R S ol At oS i s
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measur eraith edgd-lemiveinte 1abelR dibHes ) adioalin phigurieoR74.0r These ot ed
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V and [ ehbr8ie a&ﬁﬁedof mo%en:s/%atlire 25t Q8GGIRAtENE L vk tdivdet 0 di sk 30
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agai nst- ‘oné or charact erq s ’i ¢ _not Or teg . I f the
conpar i sﬁﬁ?apgsuﬁé"&‘t P%’F‘é’ﬁl&ﬁ’y’,““f”r?éﬁ G0 ¥‘Pr%t or “dPT ve war ning is

provi dediearidtorta provwide G- Bapinate ’pwe)}f@e‘ﬁmerph%mfiﬁﬂ?%red“cmmﬁ tionally, it
I S not edsdtfdadtor BN sHbidI G FEQIRARTAON Sitcet thead WBtar eschpe of
char act gy qi}t ?ﬁ om Hhe £ %a alaggéle‘ ;naiirr,]t ggyngpe@gggyg_ sbypvidewsel ves to

det erm ne e variabi'1ity in eri reater rtmgn %swablefor

i nforrratn?‘ii’t’rtgf"o EeEHUMARS A i 92PNt apaci

However, in -the construct1on of vertical channel semlconductor
emitting lasers as shown in Figure 27B, it is seen that the
fabrication of these devices on a common substrate precludes _
access to the rear of such devices. 1In such devices, all light

| is emitted from lasing channel 305 contained in semiconductor
body 302 and exits through partlally transmissive mirror 306.
Accordingly, for such devices, the utilization of the signal S %
I, in the manner 1llustrated in appllcants Eigure 22 and in the .
—ﬁaﬁner dlscussed above with reference to Elgure 22 becomes that
much more important for performance monitoring over a period of

time.

The utilization of VCSELs offers challenges which the )
present invention solves. Accordingly, the present invention
makes VCSELs that much more desirable. In particular, because
VCSELs tend to be more température sensitive than edge-emitting
diodes, it is possible, using the present invention, to more
closely control the value of the current drive. In particular it
is more readily possible now to control the current so that it



and/or data transfer rates. End-of-life warning signals may be provided,
for exanple, if the value of [err] has dropped by a certain percentage of
its original value or if it has dropped bel ow a val ue which is acceptable
for a drive notor having an age which is indicated by the time index (clock
value) which is stored with the sanple values of [err]. Clearly, if
the information with respect to notor drive life is witten to disk 30
‘instead of to a non-volatile storage unit, then, it is necessary that this
sanme di sk be enployed in the storage systemwhen notor |life characteristics
are being determ ned. Accordingly, such systens may be provided with
speci al disks used to nmaintain service and mai nt enance i nformation.

Accordi ngly, the present inventi.on includes speci al

62 di agnosti c di sks which are usable with one or nore drive units to

per f or m naPeratiegned avkAw Shreedfdowriegitodeve! -f uRet iWifERg: this The
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medi um 30 rea ngo format o bits 1s begun, a
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strings othesd glavatesrcdn wvsras e Agrovdicwd v¢ Steghapl 8hs wiiebepirtisiear e
counted, @srfeinstaasPlex Rpibi foweUith eferh82of 0 mBhOtbicd18NakhdIt eger N

i 0at | Nab 08 MHAOBLeBach] §50d BahNn Sk Shucht EEAN Sh58: ALAL 1Y 2

convenlentt£0|nt In e infornation pIts 1 s stopped

(Step 215f &\ Eﬂt‘f’ﬁf@ltlﬁ Itﬁté‘f?kel‘ie"éfgﬁ stAS5BEX 1B YgehT at e an el apsed
time (Stepepieymansgt mopitoréng inefarnedt saxbue ehdseindmynt eutytom t he
val ues of vhllaesl ik padtioylaely aiseifyl kawiwdeandalslleOwhéen illeUa8ér Lsoukrbe | i near

\fAsel ocht y Meaﬁg Glﬁ;ear Ergn@drc%&:.at Plc%@§&11bﬂ'yngtﬂé %@%am%chgnm be(Step 217).
I nal ca

versus time e or

to control the value of E. This is 1mportant not only for VCSELs

1’-l:ﬁe n%‘re%aéi V\%}I;Pge rtgla :tr:h paﬁélmﬁar micrst}pg‘roce:essor ligg O [us[a&] = VIR
but also for the presently more common edge-emitting laser diode.

Another possible'source of error and misalignment can exist
in rofatable storége media in which laser light sources are
employed either for reading or for writing information. 1In
particular, there can be an angular misalignment between the-
laser light source and the surface of the rotating medium. Three
variations of alignment are shown in Figures 23A, 23B and 23C.

In particular, it is noted that Figure 23B illustrates a case of
ideal alignment with respect to the angle at which the laser
light impinges upon the rotating medium.

It is noted, however, that if the angle is off to the "left"
as is shown (in exaggerated form) in Figure 23A, .an out of focus
signal, such as that shown in Figure 24A, is produced. 1In a
similar vein, if the angular misalignment is to the "right," as
shoﬁn in Figure 23C, then the output from laser source/detector
device 83 is shown in Figure 24C. - ("Left" and "right" are used
here as relative terms which refer to a view seen by a fixed
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previ ously known and/or determi ned notor |life characteristics. Such a
characteristic is illustrated in Figure 31 which shows the typica

variation in angular velocity as a function of time. As with the |aser

| i ght output as discussed above, once the value of angular velocity drops
bel ow the critical value, [err] there is provided-an excellent indicatien
that motor failure is inmmnent or thagzthe notor is sufficiently aged so as
to preclude its further utilization. In situations where one is witing
information to disk which is permanently stored thereon, it is inportant to
be able to deternine that the witing systen1 nanely, the notor drive and
the | aser drive nmechani sns, are

63 operating in a fashi on whi ch does not write usel ess and/ or

unr et Vgt pr rﬁgggnsfg%aapeag ks T4 stocam% begslRIodt g iyl rect um

I ncapabl e_of witten to e necharsnms into

which it F?"Ikr’l%rtaeﬁ seen in Figures,@fnand 5 °‘feh’e AP AREVE- | YR f@™8n is al so
enpl oyed trgdtecaravssbleyed fohedatecvtna tdhespi M@IMRMm tq n
parti cul atderati £@nyhed)iexe Btérmd ahd plRgirte OGE  ahgWdb Inii BgL 1giment . WiTHispr oduce a

}',?”tﬁfa I glrxgg&ﬁ e n gt hgpéthg%usea By @akumtdmeq&oeogebémwg@r posi tion

et erm.nation of wob tive at the
outer tratky °5n1?lhse %%Fﬁrﬁenﬁoﬁ’é’ﬁ?gfesg R {744 r’t%é#’? émspfy ?32‘& posi ti on,
vari abi | i NQpeFhel os.f dBuan ordephesityasion, qfceFn ethéhe ’ﬁﬁtraééP‘Fd-‘HS&r ovi des an
i ndi cat i oshduldt bawdesdenhfjaligt perallelowith rihegoptiidall perdsiscof athe espect to
t hE pr etsemsérméggténfmmeitiepﬁaubéé )&htaolﬁeitz@rlﬁbn@aﬁg@ymt&lryr?adﬂﬁﬁ of R
makes i r Iy
vari ati onglgr%v?géé %clggdg cng‘tlpbnwg% QS,E héeuc\?o % éh%% e eu%% Qa%%ogf)t abl e
limts., FO™ SRafffpieved §P% SletPrATEzRs B]?F%f"%b?ﬁ]emﬁﬁ gLI‘E‘i‘Sﬁ'Cshoul d be
considered in light of the radial position at which it is neasured since it
i s known that rhoékiserv@bi aéniRRrei EhiDbB] 6HISel, | V€ ial desieibieadd al positions

i o aiisy 813cils "‘;QH@‘“ vhileh PIRVERLE) dRCLAIRR i BERL AN 1S 8100,
PP he oy PR s gL 3, A0 et aﬁdlwrisa%t%ﬁn,gw s Agsapp! | cat i on

in the angfff-ar In accordance w1th one of the embodiments of the present
1nvent10n, thls varlablllty can be produced by dlsp051ng a lens,
such as- lens 162 in Figure 25 w1th1n rotatable cylinder 161 so
that it is canted at a slight angle with respect to the
cylindrical access which also serves as an access. of rotation for
the entire cylinder/lens system. It is noted that, while
Figure 25 illustrates the use of a cylinder, any sufficiently
rigid frame may be employed. The only requirements are that it
should be capable of being rotated and also capable of holding

" lens 162 in a canted position. Such a system is well suited for

determinipg angular misalignment.

Monitoring of fhe signal 8 x I also provides other possible
advantages in information storage systems as contemplated herein.
In particular, éystems emplofing laser light for réading and
writing purposes can suffer degradation over time in the
intensity of output produced by the laser. This is particulérly
true for. semiconducting lasing devices.
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{[err]) direction together with nethods for determ ning perfornmance of the
systemin terns of potential wobble. As above, all of these operations take
full advantage of characteristics and i nproved accuracy associated with the
signal S x I. Wbbl e is determ ned by neasuring the height Z of-the
focal plane at a small value of the radius R and by neasuring it again

64 At a larger value of R The differsgce between these two neasured foca
pl ane heights is a nmeasure of wobble. If it exceeds a predeterm ned val ue,
there is thus an indication that there is a drive notor or drive nmechani sm
probl em for which an appropriate signal is generated.

Accordi ngly, an advantage of the present invention is to prOV|de a

conpr ehensi ve systen1for witing information an i nexpensive rotatable nedia

simlar toc t _ROM gf the present
‘invention_is ggpré%‘ onéﬁ}égg%%?)&eglfe sucrhoaum n%b?]gnii%r%ecor di ng di sks

whi ch coft&i r?tel’rﬁeﬁ‘lﬁﬁ}b%ér% Wéﬁ%?@&?dﬁ? °§e3§%r#138?s?ﬁ behiRd mat i on
posi ti onregr beatially eediectimgdsfofacsr 304 ng Thperprdvidss a Anot her
advant agfieéfarlit® P6£SAHect iaNtbOIng St Deg Gtrehdth @figRanApparat us for

Wi ting Lghordpat | mnmax% gah%wﬂyedwéﬁa&w&huaacgéu het weeh Lrbedded servo

tracks urt'her. advant a res invention is the
provi si oﬁ‘“b‘f’tlé’;?pé?ﬁ?’ifs (Xﬁﬁmrﬁs)t FBE 135 afga%‘?’fﬁ‘ éﬁdE’vé)"\rﬁ %JGB Aot fation at

hi gh densptypaasdbhette lemghoy Ffhotade ian¥ore afs monstem lighkdbeing It is
al so an aflietdageonfa tdearpwaeEicRE thw daking ddvdkea rmi NosEmNd saystem f or
preci el ¥s4RCald Biobitdll vlyOhier1 6.0 Mk 00nflded 0ol lsda0l DI ts on a

rotatabl g rec In et anot her
advant agg'hﬁ ﬁo%ﬁ(? pgecg%% erF’ﬁ€ ?‘Bﬂl’?%éf BFS ARE ’?°é?§'&8’é% cont r ol

mechani sRE*HfHmeRcar *E KIAPY ccheraebeiiatd 66| RFFCIPL]Y ik V&FELSt i ons such as
di sk f| aempksyedbear sa\grdesl ef arazes Huhtnot or speed are provi ded.

It is also an advant age of the present invention that a apparatus and

rethod in whigh 4 BLOLAC Lo WALERyLE, W LIS QNLO ntqttﬁtf?%gg?wl | ke

rredlummay be I miedl aél erefromso as ermne its
accur acy Fan@s t'de Hﬂ%‘(’:l]iaé?éf‘y ngay vo Sfetsrming rfi-ﬁi’f‘ilﬁht’b OefRbrofcdipensat i on.

for semiconductor laser devices. A plot of modulation index as a

function of time is shown for a typical semiconductor laser
deﬁice in Figure 26. When the modulation index approaches a

. reduced value E__, it is seen that the end of the useful life of
the laser device is approaching. In general, this modulation
index E is defined as the ratio between two quantities. The
denominator of the ratio is the sum of the maximum and minimum
values of the voltage produced by the photodetector which
measures the S x I signal. The numerator of the modulation index
determining the ratio is the difference between the maximum value
of this voltage and the minimum value of this voltage.
Accordingly, if the output of thé'photodetector is measured in
terms of a voltage, the modulation index is

= (V. - LWL+ V).

In accordance with one embodiment of the present invention,
the modulation index E is monitored over a period of time. When
the value of E falls below a critical value, E__, such as that



65 It is a still further advantage of the present-invention that a
servo feedback tracking apparatus which is capable of reading and witing
~information froma plurality of layers on a rotating CD-ROMI|ike nmediumis

provi ded. It is a stiil further advantage of the present
I nvention that an apparatus for multi- layer witing and for nulti-Iayer
reading of rotatable information di skssg S provi ded. It is a still

further advantage of the present invention that a nechanismwhich is

capabl e of determning variations in rotation spced, particuarly those

vari ations associated with end of notor life, is provided. It is
a still further advantage of the present invention to provide a method and
system for determ ning whether or not a | aser sem conductor | |ght source-is

o cen | eAEs HA S vonying 10, a0 UAADS Poer”
HeoEh fpbke Bl Dhek il Gt {npvended Ja, ahe s

poww nodul at on ®6f the present
i nvention qe(‘flﬁ?o"?ﬁ Ferresly feentieorIiRg tqhﬁgat:‘éﬁ%ﬁéw%adrl‘hgswﬁ)m aplurality
of | ayers therafetengleendisiprolong the lifel bfi thealsyetan advaid ageoof the

present i Rt {:@rblctv@agé Qiﬂedﬁeéi.rfﬁﬁdéélw:l.t:@ b@%ﬂéﬁi ftb ilg Sn@@é’stslag"gl'@gl y

suitable f mul ti - er.track systenms, |n which different |ayers
are enpl oy%é gngoo\g%ogft"éorgl ‘Lég%of l??lengsgiﬁ‘é i gmpLoyed. It is a further

advant age of the present invention to provide a systemfor precisely
tracking the pbsigvistemsfinaatesst vibdanmieoptésdnt] hhventibnonlamygbe witten to
and read fde®ités raeat i @1l Sthd @déeiéilﬂtebﬁ@seﬁl@@&?duc%?sf‘&éérpacked fashi on

with a | oye3gg 5 tgﬁan@qﬁ W 4k YL LLaNGy éai)“caf&tc evice It is
5b? g

an advant age o Fesent  ThVention t G provi Afor mati on
storage s ’dél r’t B rdBat dtf%e SHER IS tRi e §“‘H‘o“rﬁ§‘§t ??ﬂ"é’%fi?ﬁt%‘ vari ety
of differ d9per RaviceodPfht semiconductor material body 302 is provided

66 wilth ddpedl Shidd JfULidioly Asdheanthagsonivnibe dHf&%SBttHé”lV:ﬁGiﬁﬁn to
provi de any wﬁpémwaéﬂngréa&o@iegéamg n M&Qﬂg%ﬂ eéﬂgé 38@f+ Stored in
a volune 8.3%4()&1?8%%% are I’{&I;)g&gegt %I‘ L Iemi?r FRBét Id(:gscussed above, ane

‘monitoring photodetector 350 may be employed at the rear of the

_ laser source behind rear, partially silvered reflector 304.
However, the relative reflectivity of surfaces 304 and 306 are
provided in a manner in which laser radiation 320 emanates
through surfgce 306 and is focused by lens 355. Electrical
contacts to the lasers are made in accordance with well-known
industry practices. ‘ B

In other embodiments of the present invention, it is
desirable to employ vertical cavity semiconductor laéer devices
such as those illustrated in Figure 27B. These devices have the
advantage that they are more readily manufacturable and, in
particular, are manufacturable so as to be aisposed in either a
linear or rectangular array lasing elements. The principle
difference between the structures shown in Figure 27A and Figure
27B is that the latter lasing devices 300’ are oriented
vertically and are fabricated on opaque substrate 308. As
described above, it is the presence of this substrate which
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<t~ is also an advantage of the present invention to provide a bl ank
recordi ng di sk which includes either one or a plurality of l|ayers-for
wWriting and readi ng operations. It is yet another advantage of
the present invention to provide a witable blank information nmedi um
containing a plurality of servo tracks for precise positioning of
information storage bits on opposite sggles of a rotatable disk.

It is yet another advantage of the present invention to take advantage of
frequency doubling and phase characteristics of reflected tracking signals
which result froma beamof |ight being dithered across an edge of

optically different materials. It is a still further advantage
of the present invention to provide an areas of an information disk which
i ncl udes information describing |ocations which are in error. It

is yet angirleludél/ abhageriol bhanRr es€iiy LBYEHH I0Bmt PeliiaVboler NaaL!l Y
Simul t aneqys aiLdddiB-anth g RACKeSANBY Lhbdfin Fiqure 27a, 1! 1S @ still

further advantage of the present Invention to provide signal processing
ctrcuitry for determ ning | aser beam position and also for determning a
| ayer in.a rotEratfvetercf dhagpresdntininpenthon salisei hgs eripeoyed f or readi ng
or writingdvpatajds0mAd usages growinytoutS off Shé Idreltir hdrairaegvianimage of the

pr etsent | I raalfﬁeal o tlafema/eldﬁ @ﬁaknsa@ﬁ&%mes rmrﬂaﬂ&fged' H whi ch is
particul ar]

t ﬁ&qa %ﬂe e Orgg%lgg a mec 1s § %§ i %
advant age 55T "t he present 4 venti on rOV|3% o SYStaMaRg W%fﬁ’d for
cont i nuouL ey Fae Wé&’&‘“%e°? o"fhleo%\ﬁﬂf devices themselvesy Rpgcismglagvant age
of the prespable menbhbtotingctisaperfotnunee- df ndies dofwd nitbr rm@mfyed

i nformati ajp @Btatd %eséamenﬁéaﬂm 56. asnt thm&xvetﬁécé?y%%eﬁ' I8 -the
67 prebeh® d%}%tenéi‘é’ﬁ 550 %Vaﬁﬂ%é‘g&e L6 ) egen cor’&"gg%'rrgn étagyst om

|ntegrate error In an 1n orna 1 on

i nvol vi ng Warht haye 5ﬁ8°fﬁ%§:tg?fﬁ?anPd%ﬁ%SﬁPﬁﬁ A DeoPErf FeotRrIDAS.
It is al sohdghatherinfgemafionheapwestan itovehe idiskt.0 provi de si mul t aneous
servo tracking of |laser focus within a given layer of a nulti-layer disk

toget her with §&£é/Q)ft Eﬁ&ﬁé&a?'%ﬂﬂe@é‘ Qﬁg :l.nventlon a:.l 1Il§u§‘ll:r$a gg

advant age ,of _t he rovi I mpr ove

Teasur everi FOPOFOR PRI JEcRaF cEo F4RPE 1 SRLARCSE alrbady been

described rabove. However, certain additional components are
provided in this more advanced system for -the purposes of
achieVingiobjectives described more immediately above. 1In
particular, during a read or write control operation, clock 151
is started or stopped as a mechanism for providing an indication
of writing time or peading time T to microprocessor 155.
Additionally, a very accurate value for the position R of the
track in a radial direction is also provided to microprocessor
155. As data is read out from the disk, bit counter 152 provides
microprocessor 155 with a count N of the number of bits which
have been read. This counter can be reset as necessary under
control of microprocessor 155. Microprocessor 155 is also
coupled to non-volatile store 153 for the purpose of storing
values of R, T and N as these values are sampled over a period of
time. Non-volatile store 153 may also include values of L which
represents the physical distance between bitsg written to the
disk.
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lt~i s yet another advantage of t he present invention to be able to create a
recorded di sk information storage nedium having indications thereon of
.actual recording paraneters such as physical speed, spacing, format and

angul ar velocity. It is a further advantage of the present
I nvention to nore accurately determ ne angul ar rotation velocity by nore
accurately determ ning radial position.g; It is a still further

advant age of the present invention to be able to store rotational velocity
i nformati on over time so as to provide an assessnent of drive notor
functioning particularly with respect to-aging and/or end-of-life
predi cti ons and war ni ngs. Lastly, but not linmted hereto, it is
an advantage of the present invention to provide systens, nethods and

apparatus for &%&%gé'o%aﬁfﬂ.g%{ %%egaaét@}m%@langt gh@bl e di sk using

| aser writi ng a V\? t #nvenhl on has been
descri’bed iS"HY ?%W“ﬁe’r%lﬂlf‘ﬁt%ﬁﬁ?grb‘ér‘ffd‘@uﬁfﬁ? ce ?a?a}f 6?3 ¥ &®enbodi nent s
and advant ®¥esesshdegbhs withy the diehperanediisofridhec Hakige £t Rer@tenradirhe
effect ed bypokhosmn Fisic| 4 atblieptédandoimatAoaotcidkyl(Btep t2009 . i ktentded by t he

appended cls%gstm CQV€£1@ Lsowﬁ!a D Galoony @nds ciagogstanihah! within

thetrues rit_and oeof nventl
- 68- %lmm A us?g V\/rpfl‘ £ é‘glt ﬁlnf:or at| o{rglnrwer%:or 8. %h qgnear Vemc”‘sy 1 NQ:

a subst ant i1 H’/ FcinRFoRnTdrrat &of Bhe radde M To{ SBEP A1RAr y l‘lfa‘tta thereon by
means of conineli=detaswimedadeatthenangular velarifgt @lvhiicht isciqupattern

di sposed orngaitheibgbicdity vadirilieaqky Ratied R Rsvép@2aY . | ermlseone edge for
e AT A MO i e 10 e
track patté’P ten f‘° h Qk'ﬁ?etf’%%%‘rea?/ﬁ gzh'f‘r%/ ﬁﬁx%l %ﬁ *®%id track
pattern is V§E)P?%1I°f © gre compFhed @ééb‘?%ﬁ l?gen%’dll‘lﬁﬁ?ﬁo?h%qaﬂ:ﬁ?&s‘?%ﬁ’ m’f'% sai d
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nmedi um of  alhahmrl éna-w@iﬁfresawbrsabﬁé H@nifg A PPLYPRIed andfor a The
recording rgdlups Qf,s ¢l al Pl L0 MN €0 L6 ZU0ST T alifs {5 yCardenat e.

noted that, even without comparison to stored motor life

characteristics, stored values for & may be analyzed by

themselves to determine if the variability in @ is greater than

desirable for information storage systems having certain capacity

and/or data transfer rates. End-of-life warning signals may be

provided, for example, if the value of @ has dropped by a certain

percentage of its original wvalue or if it has dropped below a

value which is acceptable for a drive motor having an age which

is indicated by the time index (clock value) which is stored with

the sample values of 6. -

Clearly, if the information with respect to motor drive life
is written to disk 30 instead of to a non-volatile storage unit,
then, it is necessary that this same disk be'emplpyed in the
storage system when motor life characteristics are being
determined. Accordingly, such systems may be provided with
speciél disks used to maintain service and maintenance
information. Accordingly, the présent invention includes special



O~ The recording nediumof claim 1 in which the netallic track pattern
is alum num 7. A laser witable information recordi ng nedi um

_conpri si ng: .a plurality of substantially planar data |layers for
recordation of binary data thereon by neans of controlled | aser radiation;
at | east one reference layer containing a netallic track pattern, with any
of said reference | ayers being dispos i ndividually between said data

| ayers, said netallic track pattern having at | east one edge for edge

foll owi ng when |aser witing information to at | east one data | ayer of said

plurality of substantially planar data |layers; and a
sem transparent encapsul ant |ayer overlying a data layer of said plurality
of substantially planar data | ayers. 8. A laser witeable information

recording cﬂ.%ghgs J'Ecmg:)trﬁtzsslvrr}g.:ch Txre usabl V{ith one or more d i.v.e units to :
-69- a substantral Ty plranar substrate for rccordation of binary

dat a t her ®SFEBY™ MRS eprng FepdiIday ard dipgarstiofrstiPi®gbst antial | y
pl anar substrate conprising a first material with a first reflectivity; and
a trackdpat ter '_@héiicﬁa_(i:‘éﬁﬂﬂné)d&% §£i1d nsHbSHd1dlce Lty S %e'is_&ﬁﬂked)&%tgeé N ONPr | Sijng
a secon ter ) . S - t.4 e ctivity an
sai d secon e?’e??%c]\tlgl %fg %%Cr?%??ls%rﬁl gﬁ#%’%‘%ﬁr@ I é%%?%j%q'esbﬁand wher ei n
sai d di f f REHEPHEATePPVPTIRES0PE SEEETTHHOT phPReah VoARE $aVd8eb¥t rat e
al | ow sai et reeftipatindprmatiopebitedran medigmep@nitepaZibln Rhen theser
Wi ting i nfeidiByi N inFosithth onebotliiagbadei,um contk Weatri a5 sabdkt 150K
pattern has af.least 20§ £09€ fHir1800RidHOVWH0L. 4388, | 458w bEi NG
i nformation OS%dlﬁgﬂ ngﬁm#ﬁ( Q.B QEJG§¥QQ medi-um of
claim 8, YHEFBFR ¥hid “Fr 3k PFArtEh (B6MpA'3ds 4 1R%6r B5YF (&fure having
opposi ng teawkegoras d9s erduenhy it APErYRR 164, stoPAgRUFRFRoANteger
t her ebet waerindicdfing théhsuntecosdivigsmbli thma etriidqion Strewwenetapsai d
i nformat i oy 45t.0r RPE, IRELOR GATBELSEI MUl hd PltBe R RihGasKStet ween said
Opposi ng tfack pert %G‘L%s eé"cs'{od;%‘éc? (tsﬁcéﬁszkf),sglcdwh&ﬂéﬁat Il:?rlnee 4at a,LLacks being
witten to using edbe ol omnnB of ‘at Teast_ 'one edge of_ sal op$05|ng track
portions ofs &3FA FreRRedphe tessrate pp elapagih YLBR ofHeRg2 Helitmtol2®l ai m 10,
wher ei n ededent ragkipst ttooredthshase dcbahgul diromr tirs wadyes ceodsanpadcti on and
two paral | gla @dgesviousld. knownl Bd raeed VoluEdiE ) GtheCl fhdar8 velbsidier
conpri si ng, nyl ti a_regondi aver | e i bstrate,
wher ei n ng ttrdgg E‘bla%tdeﬁ% i&gs)lgh%?éfgﬁsaér%or e?glr?%ln%\é %%??e‘%ﬁg\i}men | aser
wxitingirﬁ%ﬁhation to at | east some of said multiple data recording
| ayers. 13. The recording nedium of claim 12, wherein said track
pattern conpri a@sifdiz-ated above with respect to Step 240, stored values

of @ = V/R versus time may be compared with one or more

previously known and/or determined motor life characteristics.

Such a characteristic is illustrated in Figure 31 which shows the

typical variation in angular velocity as a function of time. As

with the laser light output as discussed above, once the wvalue of

~angular velocity drops below the critical value, © there is

oxat?
provided an excellent indication that motor failure is imminent
or that the motor is sufficiently aged so as to preélude its
further utilization. In situations where one is writing
information to disk which is permanently stored thereon, it is
important to be able to determine that the writing system,

namely, the motor drive and the laser drive mechanisms, are
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[track pattern of a plurality of track 'patte'r ns over said substrate, and

wherein at least two of said track patterns are disposed in different
reference | ayers over said substrate. 14. The recordi ng medi um of
claim 13, wherein said plurality of track patterns have different
configurations over said substrate.

- 70 - 15. The recording medi um of g ai m 13, wherein each data recording
| ayer of at |east two data recording |layers of said nultiple data recording
| ayers references a different track pattern of said plurality of track
patterns when information is being laser witten to said recqrdi ng nedi um
usi ng edge foll ow ng. 16. The recordi ng nedi um of claim8, wherein
said track pattern provides a coordinate reference frame for laser witing

i nformatiog éfhél‘ﬂ% g "B NSIsRDSn whtlbhruoms Bt ARl Qe dsar ag/dregi on defi ned

bet ween track par ti sai d track.pa n. 7 al RELIELC @I ng medi um
of. cl ai m 187 ?/ﬁé‘reé( %za’lrg°ffm?%’?°r?a??oﬁpsttd%rg% e Trhélél %%ulcorrg?l ses multiple

dat a tracksiek Sissden HraaRabhe of deirRde ol FIHRE Bfl"staﬁnd 2R REBEE ter n.
18. The deteomaichgnimdi umtofwhdichi it 8 s vheextied.said track patt er n .
conpri’ses one of a spiral pattern or a pattern of concentric circles. 19.

The recording di umof .clai i na t ek ciz\rqara}:){:j,ses a
nmetallic trackrag‘aet f“erﬁ cf‘gs que% ﬁpgéa?q{(f] Bk 6K ﬂago B e ordi ng

bstra
nedi um of EPEPFHY HPLPYR IR s%’d’es%%tfrp g I | Bf "Fr’e Igrp%lru%flyc%r bonat e.
21. The ateany diingnneatiah pdsidiighm QO’ObhhelF%lthéaﬁl ditdt BF‘PCP’(?et Rack :

pattern isyakiiiviMin fehs in tHee zr ebesctiing aedi womoficl aEnthel9, furt her

CompY S| N9 sRaRFAN SANRRAL Y <AL ARRY ek By ErRY gt Salidasthistsat € and said
track patte wharein sal d track

r of 1!
pattern ha¥°Bphosisngors a%ﬁf‘%‘d?"f? 5‘%’ E]geef |uq"eﬁn]: N o[@hrrgét on. st ora r eg| on
t her ebet wedinnethglesisnf af EEtHAL St GPYgeadEdi B?ls’c"d-r?ﬁr i @GP Y ffe
tracks bet weeds saf dheppasimgighach phe td disectixehpdevidesr agk bei ng for

laser wri tllﬂglémﬂnmﬁéeq\r%@iﬁé Qno\ﬁ@l.&lhoj!-g okBer RS e W badtycgiaar d bands
bet ween t he nul t%q1 18__ga a tracks of. .1t &g |t|91f oggﬂftﬁgtgt&g@gﬁlﬂggl on. 24.

A | aser w itTE8BY 10N recor i um corpri sin
accurately values of R makes 1t very easy to determine whether or

not the degree of focus variation provides an indication that the

wobble is'beyond acceptable limits. For example, a given

indication of wobble magnitude should be considered in light of

the radial position at which it is measured since it is known

that focus variation is more sensitive at outer radial positions

(higher values of R). Thus, the system of the present invention
~ is also applicable to wobble monitoring.

Next is considered the application of the present invention
in systems and methods for position determination in the angular
(8) direction together wifh methods for determining performance
of the system in terms of potential wobble. As above, all of
these operations take full advantage of characteristics and

improved accuracy associated with the signal S x I.

Wobble is determined by measuring the height Z of the focal
plane at a small value of the radius R and by measuring it again
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e -1 a plurality of substantially planar data recording
| ayers for recordation of binary data thereon by neans of

. controlled | aser radiation; and at | east one reference

| ayer containing a track pattern having at | east one edge for
edge follow ng when laser witing information to at | east one data

recording |ayer of said - plurgl ity of data recording |ayers, any
reference |ayer of said at | east one reference | ayer bei ng

di sposed i ndividually between data recording |ayers of said plurality of
dat a - recording |ayers. 25. The recordi ng nmedi um of
claim 24, wherein said at | east one reference | ayer conpri ses at
| east two reference Iayers each reference layer of said at |east two
reference a ers £c8ntaf ni ggf‘@elgern%gkbg tterghfor edge foll ow ng
when | aser™wfi tPRET rY]aor Freatt on to- er ent- data recordi ng

| ayer of %aﬁuﬁ?‘ﬂlr%qaﬂypb?nedaﬁhgrftécbﬁd? H‘!falsé‘tyér%f. wobble. If itpg The
recor di ng exsgrds ofpreleatem@iedwhaiiue, ntieach idatlus @boiulq‘ii'_cgat!laye‘_chaﬁ said
plurality werdald 4 98I MBIrayL EiveNfedIas si prdbibm MBS :Lhhdchidh a first

reflecti wah%y: ?.p:g te sional 1S\A,Qg‘1;eega[1egach reference layer of said at |east
one refere ayer comnprises-a second material of a second

reflectivity, said first reflectivity and said second reflectivity

conpri sing di f Weiknttheeiheantionthass beohedasicribed dindidbtatlederedh|iocti viti es
facilitat eadcdg@since with certdintpreferpédrdimodnents ThkdedBCaadiyNng nedi um
217. ThenJ R 1ihTEHS UR Qe &/ &Je%géma)%%eéf‘fe%%eg Ly a&%sgat tern

conpri ses crostruct i hav) n 03| rag porti ons spaced
“to define si?ﬁlﬁ‘rio’r’hatlhle ATy o}‘ﬁ‘@%r Tng1y, ie qrseg ‘%gt {W 8"3‘33‘1 ast one
dat a recordliaigs| ﬁvwvﬁﬁeﬁlldwﬁuﬁé??qlﬁé?%ﬂ?fﬁs?ﬁ@ Bugges as fall widtinow ng of
at | east ofie edge spiriai endppopengf tthaciknyemtibons. 28. The
recordi ng medi um of claim 27, wherein said at | east one reference |ayer
conprises at |east two reference |ayers, each containing a track pattern

havi ng at | east one edge for edge followi ng when | aser witing
information to at | east one correspondi ng data recordi ng | ayer of
said plurality of data recording |ayers. 29. The recording

medi um of claim 28, wherein said at |east two track patterns have

different configurations within said respective at |east two reference

| ayers. 30. The recording nedium of claim 24, wherein said
track pattern prOV|des a coordi nate reference frame for |aser
witing information in two di nensions within an

- 72 - information storage region of said at |east one data recording

| ayer, said information storage reglon being defined in two dlnen5|ons

. relative to said track pattern.
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31 The recordi ng medi um of claim 30, wherein said information storage
region conprises nmultiple data tracks, each data track of said nultiple
data tracks being witten to using edge follow ng of at | east one edge of

said track pattern. 32. The recordi ng nedi um of claim 24, wherein said
‘track pattern conprises one of a spiral pattern or a pattern of concentric
circles.. 33. The recordi ng nedi umf claim 24, wherein sard track

pattern conprises a netallic track pattern and said
recording layers conprise non-netallic data recordi nH"lmmus"mnmﬂm The
recording nmedium of claim 33, wherein said netallic*track patternsls
alum num and said non-netallic data recording |ayers each conprise one of
a polymer or a polycarbonate. 35. The recording medium of claim 24,
Further conprising a sem transparent gncgpsul ant |ayer over said substrate
and said track pattern. 36. A | aser witable information recording
medi um conpri si ng: . a substantially planar substrate for recordation
of binary data 2hasesnwhitapdgninfsirmgbien glecedding dlaphdioapPrsingai d
substantially planar substrate conprising a first material having a first

val ue of an optj Gaj,-RLARENY, mr substratd Eﬁ@é‘éﬁ:t@ﬁﬁ.éet!d“ rdbsaft&a@nover
sai d subst r?g?nsal g %ﬁ?&é leoﬁterrr}lretgorrpré ng. & Sec g d.mat PLE wth a

second val r Sai FPst®valte and 8aid 'second

val ue conprising different values for said optical property, and wherein
said different saldtallid tsmict pptteral dismpedt yn ofaidapdbdiratk; padd ern and
said substrate allow said track pattern to be used as a reference pattern
when | aser witing i.nformation to sal L€qrdin wherein said
track pattern hassCL3 AARRAISRE 28 &t aé’st’l g'%gg% %eﬁgk%%ﬁgl aser writing

i nf or mat i orfuP§tEake andceris rtga

- 73 - 37. The recordi ng nedi um of clal m 37, wherein said track pattern
provi des a x00r thdHe@orffy 166k faPERaimrl Imsemaefsaﬁenmm patkammi ti ng of
~information ? %#EB.— di mensi ons between portions of said track pattern. 38.
A nethod for fabricating a |l aser witeable information recording medi um
sai d net hod conpri si ng: providing a substantially planar substrate
for recorda-i onThd nsicrading dlank & cdaimyl FparBigt seddt Fuackepatayrdy

radi ati on, isAadseriss aBt édldentpiardicsedstrate conprising a first naterial

vmthaflrst reflectivity; and : formngatrack pattern over said
substrate, said_track ftern _havi ast_on e foI | owi ng,
said track Patterh r&‘fﬁ%&f%‘t r?ga 3 £onalm et § 1&1 sﬁ‘gg sec%ﬁ 468 Fefl éctivity, ..

said first RE#PeELivity and said second reflect|V|ty conpri si ng different.
reflectivities, wherein said different reflectivities of said track pattern

and sai d supstr @he RlboMi Sqitl ahk 88K cath el int grbeh Uneds@sstratef fg ence
pattern m%ly@i&on@t‘et' ng information to

6. The recording blank of claim 1 in which the metallic track
_pattern is aluminum.
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.s&i d recording medi um using edge follow ng. 39. The met hod of claim
38, wherein said formng of said track pattern conprises depositing and
. photolithographically patterning a sacrificial mat

substrate, depositing a netal over said substrate | ficial
material, and renoving said sacrificial material w lﬂ |m posed
t hereon thereby producing said track pgttern over

track pattern conprising said netal.

7. A laser writable informatién recording blank comprising:

a plurality of substantilly planar data layers susceptible
to recordation of binary data thereon by means of controlled .
laser radiation;

at least one referencé layer containing a metallic track
pattern, with any of said reference layers being disposed
individually between said data layers; and

a semitransparent encapsulant layer overlying the upper most
data layer.
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