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IN A SYSTEM FOR CREATING, READI NG AND VWRI TI NG ON ROTA
1 NEORMATI ON STOR’AGE MEDI A, Aljl APPARATUS FOR TWO- SI DED l 7
VARl TI NG - Backgropnd of the Invention The present

i nvent{ion is general |y directed to the manufacture and utilization of

i nformati on storing systems enpl oyi ng rotatabl e storage devi ces which
contain a-reference track which renders it possible to performnultiple
storage and retrieval functions including the identification of individual
bit | ocations on a recordable disk. Mre particularly, the-present
invention is direnN edSYSTEN Eon'maiynmhan'r:smmim MRIMING ONi | i zati on of

both sides of a rotatgpl A1 P g@ 3, Wy the present -
i nvention permts the utr PgEat I on ;5%&; bot h s? b?éﬂ recordabl e nmedi um
wi thout the necessity of WWUFOFQFOWQT@%W@EH ®racks on both sides.

A central aspect of the present invention involves the recognition of a

frequency doubling phenomengpn, LnQCSHT Shdglbedlibght source having an
essentially gaussian i ntenm-rylgtgglgs-prr%urrwr‘r's_grrh'er ed across a surface
exhibiting a sharp reflectivity discontinuity (or other optical property
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herein. present invention is directed to an optical mechanism which
permits utilization of both sides of a rotatable medium. Even
more particularly, the present invention permits the utilization
of both sides of a recordable medium without the necessity of
having to provide reference tracks on both sides.

A central aspecf §f the present invention involves the
recognition of a frequency doubling phenomenon that occurs when a
light source having an essentially gaussian intensity
distribution is dithered across a surface exhibiting a sharp
reflectivity discontinuity (or other optical property
discontinuity). The present invention exploits frequency
doubling and phase reversal as 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
apparatus for performing disk-writing operations, these systems
are expensive and cannot provide the information density which is
rendered possible by the use of 'a servo tracking system of the
kind described herein.
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2. Clearly, the commercial craving for increased information
density on recordable nedia has been a significant driving force in present
day information-handling systens technol ogy devel opnent. Moreover,

comerci al and market forces have increased the demand for a significant

I ncrease in the raw anount of data needed to be stored and accessed upon a
renovabl e device. These forces have also increased the demand that thi's

i nformati on be avail abl e quickly and aczurately. Moreover, there has been
an increase in the desire to nake the information on these disks witable
by end users. O her related devel opnents in this technol ogy have

I ncl uded 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 inages
and sound on t heSte¥ely c ddeh gommpreinl REALAN, FOraknsrarsed L HATMAHIH t ous
conput er- andeasitp &b RIdrinitlecncand hde barkel shgainbeabt ahciheithg fordat 0
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obj ect of t g Bfa'égé)%@ é%bg'n t?’(ﬁl“\é%: gggrgéﬁ(ﬁl@o%?gﬁg t@%&%&%ﬂb@m whi ch
occur in t hP&VEAEPEERE- t MATRIVEYy . commerciagh ang gagket FO%FRS VR ovi des
Snd i-sI an ?\iﬁb&bhsé@lt&é Menand Horpa odi e iasahtc Hakkeagesipritiiaedr Ryjount
igital in Lgn e C [ e R8s I Qv. ' Vi a
conpr ehensi gg”g%égdg%%%%g"osta%uF ?g%ggogﬁr%n%/ 0 teﬁeﬁgggbge%&}e‘%g]% (rzligé "l(i%%
thi s i ndust Fpeset fpsceedipvye alige ppeserted fhendeganthihat Hehis iarfiogmatiisore
Startgddf rﬁmeaatreﬁmam@gqum & aabaaeduitdtelsr.y 0 Mpasbrep i tigetd thad¥a\ten aéx
ext ended t bt eyt | ts L.de ensi an
conpr ehensi SB°EaRas; th' the W13  pichakd he, R QI EH ORI IYE
storage, tr¥&d&RrRIRORY sSREMSAF§-dat a accuracy. A conpl ete end-to-end

sol ution of the problens described is provided herein. It is therefore seen
t hat

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 these devices has also
produced variants of the now ubiguitous computer 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
which 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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3 the present inventive systembegins with the production of

I nformati on storage bl anks which are enployed in applicants' inventive
system Associated with these bl anks,*there is also included an appar at us
for- reading and witing to these di $ks. An additional beneficial mechani sm
that falls out fromthis work is a systemfor immedi ately perform ng
read-after-wite operations. This is possible since the signals produced by
the servo tracki ng nechani sm.of the present invention are particularly
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Desi gn. Simple and relatively inexpensive beam splitting devices. 1In all
of these variations, applicants have been able to exploit the
signals that are produced 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; (I1) Basic Writing
Operations; (III) Signal Detection; (IV) Reading after Writing;
(V) Error Haﬁdling; (VI) Multi-layer Processing; and (VII)
Read/Write Head Design.



4 To fully understand the advantages provi ded by the present
invention, one should appreciate the problens presently found in CD- ROM
writing technology. A significant problemin this area is the fact that the
disks for witing are not inexpensive. gFurthernore, a fundanental problem
in witing to CO-ROM1i ke devices using a laser is that there is a definite
need for data formatting.- In present day CO-ROMwiting technol ogies, all

of the data nedium | ooks the same. There are no reference points per se.
Efforts at resolving this problem by providing nolded grooves in a disk as
a starting point are disadvantageous in that they are large and consume a

si gni fi cant anopnt f‘ghspggger @an%etgésgdﬁ%ﬁ?e E[,\Q %@l\/ﬂhehpﬁéé&ﬁ@t to
solve this prob em enp however,
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di sks are bdiew) apeoperegd. and consume a sxgnlflcant amount of space gn t e
disk. Other approaches which attempt to solve this problem
employ master disks. These disks, however, require expensive
~mastering systems and the tracks are still too large or at least
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 presented. In
particular, it is knoﬁn that there are, in fact, different data
formats employed. For example, one data format may ke employed
for an audio CD-ROM, anothef format may be employed for a CD-ROM
which stores computér_program and data. Yet another data format
may be employed for the storage of real-time video presentatibns
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-

vlayer-disks are being proposed.



Yet another problemw th any advanced CD-ROM witing technology is the
question of whether or not it is conpatible with already existing CD ROV
readi ng technol ogy. Furthernore, still further questions arise with respect
to whether.or not future technol ogi es sfich as is provided by the present

I nvention are conpatible with systens such as magneto optical (MO
"recordi'ng techniques. Fortunately, the system provided by the present
invention is conpatible with many existing technol ogi es and provi des break
t hrough approach in which ultimtely each bit on a CO-ROMis addressable
and | ocatabl €. As a consequence, the problens associated with.disk
formatting di sapps@randehieecbiryBlom Wit apoRbleaRced €p-RoRgateding sof t ware,
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or r-directEpBe to easily express information in a variety of formats.

Summary of the Invention

The fundamental principle behind the present invention is
the utilization of optical dithering employed in conjunction with
the 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 reading 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 simultaneously provides the ability to select the layer
of the disk into which information is written and from which
information is read. 1In 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.



LR

6 The optical dithering principles enployed in the present
‘invention are significant because they result in a nmethod for tracking both
for witing and reading purposes in which it is possible to determ ne not
only that one is "on track,"” but also that one can determ ne exactly how
far off one is with respect to an edge of an enbedded servo track. This is
to be contrasted with other systens in which only off-track error

i ndi cations are provided. The present system provi des continuous positive

f eedback control which precisely deteém nes and controls the |ocation of a
| aser 'spot either for wi-ting o for reading purposes. It is this precision
which permits multiple information tracks to be read fromand witten into
t he recordabl e nedi um which |ies between enbedded servo tracks. The
positional precision plus the phase of the output associated with dithering
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purposes. It is t 1s precision which permits multiple

information tracks to be read from and written into the

recordable medium which lies between embedded servo tracks.

The positional precision plus the phase of the output
associated with dithering on one side or another of a servo track
side permits track counting and, therefore, provides an accurate
'detérmination of the radial position of any point on the
recordable medium. This fact coupled and used in conjunction
with one or more registration marks precisely determine the
position of a bit in the angular or 6 direction, 6 being a polar
coordinate position angle.

A number of advantages flow from 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

_ bermits errors to be corrected in ways that were not heretofore
pPossible with other systems. This is particularly true when the
pPrinciples 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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7 tracki ng mechani sns provided herein. It is furthernore noted that
the ability to know precisely where information is on a recordable

CD- ROM | i ke nmedi um nmeans that the disk may be i ndexed rmuch |ike a random
access or magnetic disk nenory. This neans that information on disks used
and manufactured in accordance with the present invention may be found
rapidly and stored densely and efficiently. Accordingly, it is an
obj ect of the present invention to provide a conprehensive system for
witing information on inexpensive rofatabl e media simlar to current

CD- ROM t echnol ogy. " It is also an object of the present invention to
provide a nmethod for produci ng bl ank recordi ng di sks which contain enbedded
servo tracks for precise control of information positioning both for
reading and for witing operations. It is yet another.-object of the
present i ntsatkaAgt Refhanisits Proafidedahgseinl Wt tisngurthetnate amtian

mul tiple i Q%QEWREO?b%¥$%ZtQ%n%e?:r%@?ggtgfdwﬁgfé/%ﬁf. Tion is on lé | s a

still further objec resent invention to provide apparatus and
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f eedback cearinselymaabasrsisidmhtigh are capabl e of conpensating for system

vari ations such as disk flatness, bearing tol erances and notor speed.

Accordingly, it is an object of the present invention to

provide a comprehensive system for writing information on
inexpensive rotatable media similar to current CD-ROM technology.

It is also an object of the present invention to provide a
method fox producing blank recording disks which contain embedded
servo tracks for precise control of information positioning both

for reading and for writing operations.

It is yet another object of the present invention to provide
an apparatus for writing information in multiple information

tracks between embedded servo tracks.

It is a still further object of the present invention to
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 information
bits or sets of bits on a rotatable recording 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.



It is aI so an object of the present invention to provide an apparatus and
method in which information which is witten onto a rotating CD-ROMIi ke
medi um may be inmedi ately read therefromso as to be able to deternmine its
accuracy and to i mredi ately apply egror correction or error conpensation.
It is a still further object of the“present invention to provide a servo

f eedback tracking apparatus which is capable of reading and witing
information froma plurality of layers on a rotating CD-ROMIi ke medi um
It is astill further object of the present invention to provide an
apparatus for nulti-layer witing and for multi-layer readi.ng of rotatable

information digkss ailsb hﬁ Qb?éétl. lodf lgh@%&e?@h@%n@nﬁl% QBeﬁﬁ“ldl@Vaﬁ{'t i on
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capabilities using | aser power nodul ati on. Is a still further
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readi n from lurality of Jayers on a sin
9 a'é)a servo feedbatk tracking ap aratus whlch is capable of

readlng 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 invention
to provide a system for writing to and reading from a plurality
of layers on a single disk.



9. It is also an object of the present invention to provide a
read/wite head which is particularly suitable for use with nulti-Iayer
tracked systens in which different |ayers are enpl oyed on opposite sides of
the sane di sk. It is a further gbject of the present invention to
provide a systemfor precisely tracking the position of a | aser beam so
that information nay be witten to and read fron1a rotatable disk in a
reliable, dense, closely packed fashion with*a | ow access time and with a
hi gh transm ssion rate. It is a object of the present invention to
provide a witable information storage systemusing a rotatable medi um
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ei ther one or ural ity of layers for witing and readi ng operati ons.
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that information may be written to and read from a rotatable disk
in a reliable, 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 the present 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.



It is yet anot her object 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. 10 - 10

It is astill further object of the present invention to provide an area on
an information di sk whi-ch includes information describing |ocations which
are in error. It is yet another object of the present invention to
provi de nearly sinmultaneous witing and read-back capabilities. It
is a still further object of the present invention to provide signal

processing ciradliste i ok 1dereFPRdY raﬁ;gle%%ebfb@ﬁ@ d@@géﬂtorlmdtabﬁ‘%aor
detern1n|é¥b ay r in_arotatable r is.b
of

Gaor in on ed
for readi mwf}lng oBgrﬁ? ormation dfgkpghﬁ?stﬁqql ?tﬁ@?°5@fgg$
t he prese¢ﬁ5¢¥ﬂhﬂﬂ9 d@cﬁélpn@vwhkskuﬁneneﬁpéﬁ§PVe recordi ng medi um whi ch |s
particularly useful in wite-once applications. It is an object of

the present i tlon +£9 vi d st.em an od ‘for contlnuous spi ral
track edge fol ovrlvl n ngggeftebjsecqﬁy § 2}11 ogre %’b PR EIPEs &Rt prﬂvéﬁ?i on
to creat eNQPEHF ccimul; §P9ﬁavrtﬁlngnﬂ@doﬁe?ﬁfbﬁﬁhi¢Qﬁﬁkﬂik§lﬁéeord|ng medi um

SO as to inprove access tine. It is yet another object of the

pr esent |nventiéniét)| ntegrate_error detecti capabilities in _an

i nformation stor age ?9 g rther objeéi o% gﬂe P esent 1nvent10n to
provide signal processing circuitry for determining laser 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 continuous 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 involving rotation and precision bit mapping of storage
locations.

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



systeminvolving rotation and precision bit mapping of storage |ocations.
It is also an object of the present invention to provide sinultaneous servo
tracking of laser focus within a given layer of a multi-layer disk together

wi th servo tracking al ong an edge. It is also an object
of the present invention to be abl'd to provide inproved measurenent for
rotati on speed of recordabl e disk nedia. It is yet another object of

the present invention to be able to create a recorded di sk information
storage nedi um havi ng indications thereon of actual recordi ng paraneters

such as physical speed, spacing, format and angul ar vel ocity. It is
a further objegt;ofaide for %sgaet | S &hd %eg@navmv&c@w@tt@ %eda!bgémzae
angul ar rotatlon vel ocity nore accur at r adi gsition.

It is a SCPPE ?u’r‘?%‘?"%’of‘@@?“ﬁ?m‘?’hte fﬁ’rre§8%‘f’¥llﬂf}e%?| on cfrp 56 oA gﬂfe o store

rot ati onaliskemediay information over tine so as to provide an assessment of
drive notor functioning particularly with respect to aglng and/or
end-of -life predlctlons an

ast]y. but t
hereto, it istan*Bby¥ctangt ﬁeoB?%éknﬂflﬁ$?eﬁfﬁgﬁn% ib?%ﬁﬁl e sys enégle
npthods_amdcappaeaag@gdqnde@bdmehjtgﬁonmaumomgS@prﬁg¢om¢ﬁ&q%nh&ﬂiﬂﬂ rotatabl e
di sk usi ngdiaaioNt ! tALANGLPASLEA P &IHiRy parameters such as

physical speed, spacing, format and angular velocity.

It is a further object of the present invention to more
éccurately 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 information on a rotatable disk using laser

writing and position 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, together 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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Bri ef Description of the Draw ngs The subject matter which is
regarded as the invention is particularly pointed out and distinctly
clainmed in the concluding portion of the specification. The invention,
however, both as to organization and nethod of practice, together with
further objects and advant ages t her Yof , may best be understood by reference
to the follow ng description taken in connection with the acconpanyi ng
drawi ngs i n which: 12 Fi gure
lis an is a partially isonetric functional block diagramillustrating the
basi ¢ conponents and operating principles behind dithering of |aser |ight

W th respect tRiquONpaet adi $&-4 igeetpallly; isometridifimcesordd 2k odkustrate
steps enp i i r.od i .fi.sks for use in
cony unot| etgrerh AR he heli & UERPo AL RE UEEEABILES | vent on:
Fi gure 3 PFingiRlasededigdoditherinnedl lapew biaht porth &$58ECh ED-ROM | i ke

r ecor di ngeshpsdctpadidkculikel pasbom ng nmultiple layers in which information
may be recorded, Figure 4 is a side elevation, cross-sectional view
of a portion of a CD-ROM |ike recording.disk, simlar to the view shown in
Figure 3, but Fguwremr2d 38 tltustrate strast ePER1MLd HE iPnPFASPeR WhieRl tipl e
Servo trapkodwy®s Slank recokl gl &iivksl Foz 169 Vh eyorjudictlionS@atR)the

|1 Tustr atfpgLhe, Presence, ot ; 8 LAl LLALhEN PRIk A b rtRbh3! track pattern
in which servo tracks are preferably di sposed;
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;

Figure 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 track layers;

Figure 5A is a top view (not to scale) illustrating the
presence of a registration mark and a spiral track pattern in
which servo tracks are preferably disposed;

Figure 5B 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



Figure 5B is a viewsimlar to Figure 5A but nore particularly illustrating
@ radial reference (registration) mark extendi ng across the entire radi al
extent of the disk; Figure 6 is a top viewillustrating the
.rel ati onship between servo track width and the width of the nedium portion
which is enployed for information storBye; Figure 7 is a top
elevation view illustrating the relationship between spots of |aser |ight
enpl oyed for tracking along a servo strip and correspondi ng | aser spots
whi ch are 13 enpl oyed for reading
and witing information into recordable material |ying between servo track
portions; Figure 8 is a viewsimlar to Figure 7 but m')rg
particul arl ?mﬂ?ﬁ%‘{l rg‘?’f FF AR5 PPdarF b 14 ‘\Nl‘crf’fﬂa?h?’br’r?&ﬁ FREPERPLEt en
W th respecthateridk Iyijgig ksitdeeof seheo ttsik pgripoesas opposed to the |eft
side which is shown in Figure 7, Figure 9A is a graphical
illustration of the rel ationship between |aser trac;d n ?lg)ot gosi tion and
ntensity of the'TBYR (4 i AePiEY SiPLiahdo Figurs 7 mgh morepbart icularly
gr aphi cal i Elyssteationg sihd [scitunbién gim evigiAhh infoonet jyar tisc wicdtkgn shbizh ng
the phase rebapbopstd P Lilne 83ubtoA%kd dRakkMhgNside Asa%g,bogéac{sbnshépm
is directed. on the opposite “edge of . the enbedded Servo track; Fi gure
10 is a fun&??Bn%+d%l hitgy PRAYPI F R TEEShd fan
Figure 9A is a graphical illustration of the relationship
between laser tracking spot position and intensity of the
resulting reflected signal;

Figure 9B is a graphical illustration similar to Figure 9A
but more particularly 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;



overall systemof laser |ight production and | aser position control

‘enpl oyi ng the servo tracking systemof the present invention; Fi gure

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, simlar

to Figure 11, illustrating collimation_of |aser beam output; Fi gure

13 is a functional block diagramill usttati ng a signal processing circuit

which is enployed to provide position indication in a radial direction;

14 Figure 14 is a functional block diagramillustrating an

al ternate enbodi rent of a systemin accordance wth the present invention;

Figure 15 is a functional block diagramillustrating a ,system.in accordance

with the present FRAVERt 1Hnis # Sk 1PE_E LIRS R A1RGY dbf‘i‘t‘%fdr?tol.n%r"dﬂuce

t he desired alttiernayeaatboditkref tofr a wystemgiropercaridense with thdé-ippesentt i s

a plot of |3sgknkight power as a function of sem conductor |aser drive

current; Figure 17 is a functional block diagramillustrating an

enbodi nent of the present invention enploying nulti-frequency dithering;
Figure 15 is a functional block diagram illustrating a

system in accordance with the present invention in which laser
power is modulated to. produce the desired writing and read-after-
writing operations;

Figure 16 is a plot of laser light power as a function of
semiconductor laser drive current;

Figure 17 is a functional block diagram illustrating an
embodiment of the present invention employing multi-frequency
dithering;

Figure 18 is a functional diagram illustrating an optical
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
illustrating an overall optical system for reading and writing
information 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 bartially isometric and partially functional
block diagram illustrating a system in accordance with present
invention in which an immediate read-after-write operation is
performed;



Flgure 18 is a functional diagramillustrating an optical arrangenent which
I's enpl oyabl e as a nmechanism for reading and witing information on both
sides of a rotating information storage medi um bl ank; Figure 19 is
an optical path diagramnore parti-cularly illustrating an overall optical
system for reading and witing informatson to both sides of a information
storage bl ank; Figure 20 is a side elevation view of a read/wite
head whi ch nay be enpl oyed in conjunction with the systemin the present

i nventi on; Figure 21 is a partially isometric and partially
functional block diagramillustrating a systemin accordance with present

vention in whi 6qagt BeCl &l o fieRdonly UL (6 9SLAYL OB Speld o ToCk

15 - 'S a func I ona ustrating a system
in accordanc¥ s\ﬁlef"n iphacpprdange |%FénFP8nPWﬁ%‘TF |1§W§“ﬁ'|ll°ar WEECR e Sigidar
shown in Fi gur &htO shdteOsRoparin Gilgakky10 | burs tncid @gr&:heunmg ori ng

functions .atl r

Fi gures 23%&3‘%@%&2?9%93 %91{0%'1 g ¥§%(téﬁ(|;%a r&%gir gg ter %?\];laﬁh nay be
‘control | ed t4HAtGVe ke Ghe| Q%EE?T #9188 BIZPERISi of the present invention;
Figures 24A-24C illustrate out put si gnal waveforns produced in the vari ous

configurations silgsesh9¥R 3{k F19UseRatd v andtiiRepbbYE dnal parameter
which may be controlled through the utilization of aspects of the

present invention;

Figures 24A-24C illustrate output signal waveforms produced
in the various 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 deéired variation shown in Figqures 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;

Figure 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



Figure 25 illustrates a systemin accordance with the present invention
Which is simlar to Figure 15 but yet particularly illustrates a mechani sm
whi ch nmay be enpl oyed to i nduce the desired variation shown in Figures
23A- 23C; Figure 26 is a plot which is representative of the

nmodul ation index for a sem conductorel aser device as a function of tine;
Figure 27A is a side elevational viewillustrating the operation of an
edge-em tting | aser di ode device particularly show ng |ight out put

moni toring device at the rear of the cell; Figure 27B is a side

el evation view of three vertical channel sem conductor emtting | asers

arranged:féaﬁm rar q.»)écordm maGIHE 1 ing ?:n‘fbﬁx\%’éi&ﬂ'tﬁfeﬂe%n'zl gure 15 but

nore particu lustrating ar at us enments for detern1n|ng rotation
vel oc tym%laﬁaﬁ 190 9 PRURGER b SRR B ek q i B e EPacifg

16 Paemteteysa recordi ng machi ne having information thereon indicative
of physical speed, format, tim ng and spacing paraneters Fi gure 29

is a flow ch il tratln the ste i.n a det er.mi ni n nqul ar
vel ocity, Egﬁ %% lén@u?ﬁ tﬁ}l“85€ én%e??%xfﬁﬁpﬁllﬁeatﬁgﬁgP rmne
drive nDIQW Qgpqqyuﬂm@gaangular|tgioc1ty, particularly angular velocity,

over a period of time to determine drive motor aging

characteristics;

Figure 30 is a flow chart illustrating in detail the step
shown in Figure 29 relating to measuring linear velocity; and

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 Description of the Invention

In a prior filed application, 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 dithered back and forth aéross 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 cover situations in which
writing information to a laser disk is a primary objective. 1In
particular, the applicants herein describe a writing system based
upon signal processing techniques demonstrated in several related



Figure 30 is a flow chart illustrating in detail the step shown in Figure
29 relating to neasuring linear velocity; and Figure 31 is a graph
illustrating typical angular velocity neasurenents as a function of tine
for conparison to provide drive notor performance and agi ng indications.
Detai |l ed Description of the Invention 47 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
denonstrated. In particular, the inventors therein discerned that if a

laser light_source is dithered back and i YdihpdCiRSSsatk AMentbrRoydaLy
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possi bl e toheapidy the information present in the nodul ated returning |ight

to determne and thus to control l|aser position. In the present

application, the,inventors therei ' [ p -
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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 means of voice
coil 20 which is provided with an appropriate dithering signal
from function generator 60. This signal also includes an
appropriate DC offset control level. Light from lens 100 is
directed on to optical disk or CD target 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 injection laser 10 is, in fact, modulated by the 1light
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
amplifier 50 which provides an alternate output signal. By
integrating this signal over an appropriate time period T
(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.



which directs laser light through preferred crossed fiber 80 which corrects
for unequal divergence of the laser light into lens 100. Crossed filters 80
serve to circularize the laser |light so that the divergence in both
directions is equal. The physical positjoning of lens 100 is controlled by
means of voice coil 20 which is prOV|déH’mnth an_appropriate dithering
signal fromfunction generator 60. This signal also includes an appropriate
"DC of fset control level. Light fromlens 100 is directed on to optical disk
or CDtarget 30 fromwhich it is reflected back through | ens 100 and di ode
injection laser 10 to photodetector 40. The electrical signal from
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back and fort across substantia ocally) parallel

hat analysis of the 51gna X I cdan 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. 1In
particular, in accordance with one aspect of'the present
invention, the dithering of the laser light source towards and
away from the target medium provides a mechanism for precision
focus control 6f 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 control, 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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reference tracks in what is essentially a radial direction as seen with
respect to target 30 in Figure 1. This oscillatory notion or di thering
produces a particular signal S x I which can be analyzed in the various
manners as taught in the above- refqpenced prior application. It is to be
particularly noted that analysis of the signal S x | can produce very

I nportant information with respect to positioning and control of the | aser
| i'ght source. It is the precision of position control which permts
the present invention to be useful in a nunber of different ways
particularly with respect to |aser witing operations. In particular, in
accordance W th &r&raeﬁoe%e% ShecHY @3@Bbnt NYRREMOILN | hedpkbeisag of the
| aser 1igh sour e .townar way_ fraom the di o
nechanrs%r%%?ep? c?%ﬁ<ﬁ+9P8&u§“%§¥ﬁ HIFRSE ¢Re® %g£%§%IJH%1 Q”ERE %kgﬁé-é di um
at vari odsverpers Prdwsdess m\ﬁprmrmgerreéeaane F‘ay%‘?%ltl\%“taﬂ Fespeet 1®
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nul ti-| apedédmdis ka:rleeaweeindnv\pr pbuchsblr!'at |°(5n§ubSP®19tJ£WllM@arallel
19 tracks| Df@ﬁ%&ﬁos@%p%@ tﬂé §£1%e9rte§ﬁabntmﬁntﬁm1<st agepr eci se

nat ure of the signal IS C d out by t vent ors
provi des SPRPOPRE % %xlgéaﬁFePo %xﬁﬁﬁﬁe CoRP T ?rg%aa%égggg&dégectron
This is panpeouramlganﬁmﬁsﬂ pamal hebeess U@aﬁréﬁ§ahheh%ﬁqmﬂ?°mﬁforﬁatron

stored 0'&ch§th§4§ @{trptaherreﬁeelwan dribimengedsi tha phdsedit invehtion,
substanti | el tracks Of PUrnoses of the re§§?ralnveg%|on

tracks ar e&éngfﬁ‘é %oaﬁ?araﬁrlaé‘ﬂ v’erh "’ff e§OTRER“SHT rH'E%r afranged as
concentriad ternagtése ikn&ndemenesﬁorsdESK(ﬁﬁﬂrapﬁemeﬁmﬁmﬁmplqm5 accordance with

a prefer r&%%ﬁb@%ﬂﬁiﬁd cheffef}%n%eé@éﬁké RMERbEeA, oh heskedrtaaks careuaaranged

in a Sln%racﬁonggnéé ectég radll.n 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
layer could be arranged as a spiral while another is configured
in concentric circles. Where 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.
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alternative arrangenent for disk storage nedia enploys information and
Teference tracks di sposed on concentric circular tracks at selected radii.
In point of fact, the pattern is essentially arbitrary. Miltiple spiral
tracks are al so enpl oyable. The pres&ht invention also permts different

| ayers within the nmediumto incorporate different track patterns: one |ayer
could be arranged as a-spitral while another is configured in concentric
circles. Wiere desired, each layer in the mediumis also provided with its
own reference datun1nark so as to make it easier to access any part of the
di sk (or other shape) storage nediumvia a conplete mapping of its surface
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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 precision 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 reflectivity is the preferred approach herein, it
should be noted that any optical property difference may be



i,nformation to a disk, one soon fully appreciates that it is not enough
sinply to wite the information to a disk, but, rather, that it is
extrenely inportant that the information be witten onto those |ocations
fromwhich the data can be retrieved. Again, it is the precision of control
associ ated with the signal proce55|ngzhethods descri bed herein that

provi des the required degree of precision witing control which is
sufficient to achi eve the necessary objective of being able to reliably
retrieve the information fromthe recording nediumat a later point in
time. Additionally, the methods and apparatus described herein al so provide
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useabl e Inons%ructlon of single-layer recording media, but that they are i

also extended to the construction of multi-layer media.

For a complete understanding 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 illustrated 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

. polycarbonate 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



construction of single-layer recording nedia, but that they are al so
extended to the construction of nulti-Ilayer nedia. For a conplete
under st andi ng of the process involved in constructing recordabl e nedia
useable with the present invention, attention is directed to Figures 2A-2G
These figures show various stages (30g 30g) of construction of a

singl e-layered version of a witable nediumuseful in the present

i nvention. ' In the beginning of the process illustrated in Figures
2A- 2G, it is noted that one begins with disk substrate 30a in Figure 2A
conprising a sufficiently rigid polyneric material such as a pol ycarbonate
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enbedded tracks to nmake up for any deficiencies that may occur because the
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appl i ed by any, nunper of well known nethods including spin coating which is
preferred.p ce photoresist 33 is applied to initial substrate 31,
the photoresist material is exposed through a mask which, in preferred

.embodi nents, i roHdedehoRosls{ PAlECaPpl W [t heteal esuwdiedient stpé the
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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
30c. 1In preferred embodiments of the present invention, this
metallic léyer 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



i ncl uding concentrically arranged circles or nultiple (that is,
interleaved) spirals. In practice, it is noted that the mask that is

enpl oyed 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 nounted on a separate rigid transparent material such as
quart z. Figure 2Cillustrates respgtant structure 30c which results
when photoresist 33 is exposed through a desired mask and then devel oped.
The resulting photoresist pattern 33 is actually the negative (in the

phot ographi c sense) of the desired track pattern. It is noted that
netal layer 34" is applied to structure 30c. In preferred enbodi nents of
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reflectivitydoey et operate to interfere with photoresist removal. Also, as
noted above, optical properties other than reflectivity may be

used.

The result of photoresist removal, namely, the structure
shown in Figure 2E as substrate 30é, 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 had, 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 Fiqgures 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



used. The result of photoresist renoval, nanely, the structure shown
in Figure 2E as substrate 30e, illustrates the result of a wet chenica

etch in the photoresist renoval process. Typically, photoresist material is
renoved by a wet chemical etch followed by a cl eaning process for renoving
any residue. The deposited reflective layer 34 which had, in Figure 2D,
been shown as being attached to patternet photoresi st Iayer 33 is now
renoved in those | ocations for which this attachment occurred along with

t he underlying photoresist. It should be noted that the steps illustrated
in Figures 2A-2E are ones which readily | end thenselves to nass

phot ol i t hographi ¢ production techniques. This and subsequent techniques
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subsequent layers, it may be of a different material than that
found in lower-layers, and in particular, it may have different
optical transmissivity properties or use an entirely different

optical property.

It is also noted that the process for embedded track
creation, illustrated in Figures 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 employs a single-layer or a multi-layer
structure, the last layer preferably includes layer 36 which
preferably comprises a layer of aluminum which is approximately
50 Angstroms thick for purposes of providing 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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found in lower-layers, and in particular, it may have different optical
transmissivity properties or use an entirely different optical property.

It is also noted that the process for enbedded track creation, illustrated
in Figures 2A-2G is fully conpatible with providing different information
formats in different |ayers. These formats include the CD-ROM format and
the DVD fornat. Whet her one enpl ogd a single-layer or a multi-Ilayer
structure, the last layer preferably includes |ayer 36 which preferably
conprises a |ayer of alum numwhich is approximately 50 Angstrons thick for
pur poses of providing differential reflectivity, logo printing, etc. This
Is preferably deposited by flash coating. A resultant single |ayer :
recor dabl e rﬁﬁﬂqﬂadss t horef pd iThowr19S ShésEiteggioddgare Fogaked 2@tween

It is to be q11 n,the present invention that it is layer 35 the

pol ymet hyl net acrylate | ayer or its equivalent, which is enployed for the
pur pose of providing information storing
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rat her processes could readily employ positive (in the photographic
sense) masks. Processes based on selective deposition, rather

than selective removal, are also employable.

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. Nonetheless, 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 recordable material such as
polymethylmethacrylate and repéat for as many layers as are
desired and are practicable. 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 reference
for the entire solid structure shown in Figﬁre 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 (1a§er
35a). Thus, tracks provided for writing and reading control are



than sel ective renoval, are al so enpl oyabl e. It is noted that, with
Tespect to Figures 2A-2G representative cross-sections of the desired
recordabl e nedia are shown at various stages. In terns of dinensions,
however, these figures are not drawn to scal e. Nonethel ess, the
representative relative |ayer heights gg described above are shown.

Wth specific reference to the situation in which a nmulti- |ayered 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 |ayer of
recordabl e material such as pol ynet hyl net hacryl ate and repeat for as many
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advantage i ptructures of the present invention, particularly that which is
illustrated in Figure 3, it is much easier to maintain logical
connections of data present in multi-layers. For example, in
those instances where the information stored in different 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.
However, 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



that data synchroni zation 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 maintain |ogical connections of data present in nulti-layers. For
exanpl e, in those instances where the i #ormation stored in different
Iayers‘represents audi o portions of the information in different |anguages,
it isreadily seen that it is extrenely easy to namintain synchronization
bet ween the various aspects of this information because each of the |ayers
Is referenced to a conmmon set of tracks. However, it is noted that
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bef ore depostiguar af. a second information-bearing |ayer, a |layer of

phot oresi st is applied, exposed and devel oped and is renoved after
deposition of a suitable reflective material, such as alum num for use as -
tracks 34a and ($¢s&n&ien %$d@%§‘94§°tﬁdFF@uFE°%e 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 togethér 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 processing aspects, particularly including special digital
signal processing aspects, are employed to achieve the desired

degree of laser beam position control for both reading and



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 nmediumwhich is constructed in consonance with the
present invention. It is, however, noted that the nunber of spiral tracks
shown (one) and the distances between the spiral tracks are enployed for
illustrative purposes only. In point cﬁzafact, there are many thousands of
tracks per radial inch and they are di sposed much nore cl osely together
than is shown. However, in this regard, Figure 5A is enployed for
illustrative purposes only. The nost inportant aspects of Figure 5A
are discussed. first. ln.particular, it i, t C I k i sk
30 has irrbe‘ﬁ%leéd”{ er eelrr?t(lﬁflgfera%vﬁl‘résél rlgcl gt gggéga%ﬁ{,@lgfk%bat?ﬁgggagggg
edges of theReratigne thagt age| asbparikhi( thoughyBati sxelyhieddi)c of

osci | | at or yihestken itrD tieOpirdeeftcapsitaafionhe desired tracking in the
present invention. Frequency doubling and its associ ated signal processing
aspects, particularly including special digital signal processing aspects,

are enpl oyed to ik dhehdmgestant RRAEE SC PREBEFCHREM TR FiigRTEonfr oF
for both regRa®Octd¥k are shown a plurality of typical laser sptft focuwriting

oper ati ons. Y id d. d Iyf | e Lt LR8L &4 ongthat are
primarily (PE%%\@h&?lsotjetegél gsglg’%gl %g%} ‘:’ﬁrﬁ e‘r)rilet_f:tse'?‘ Fﬁﬁ%hgggt? esenfst‘la'p ?ch'?i on.
One of the R et deestd lisabppr RF & EPAFGh ErgtkcPaiten qigPleRere are
shown a pl ueshtinudis teyjesdo1aweng SPorhifsd@dyepdsil Lowisg 3éardiksggdsedsal ong
the outer e f_tra 34, .t | il I a I
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begi n as eakhg %%“%KﬂkﬂTQQﬁﬁnsPﬁth%nd¥§#ﬁ<Q?PlﬁﬁélgoﬁPPﬁﬁ% same ( HELRAGSI nt o
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spindl e opeqi Age ddedl {SKa3% 395 M9 dhd 10085 BevBrd PAAIGA WA HBLK
37" may ext &nd %cross SEVEPA® £ ackY ani may
in fact extend across all the tracks to provide a reference for

position determination in the angular or 6- direction.

The tracking of a spot of laser light along an outer edge of
a track is important for fully appreciating the difference _
between the present invention and certain other exemplary systems
that could employ track-following methods. 1In 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
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in fact extend across all the tracks to provide a reference for position
determ nation in the angular or 0- direction. The tracking of a spot
of laser light along an outer edge of a track is inportant for fully
appreciating the difference between the present invention and certain other
exenplary systens that could enploy traclgfoll ow ng nethods. In sone of

t hese ot her net hods, tracking I s acconplished by making sure that the |aser
spot remains in a |location "sonewhere between" |ocally parallel tracks.
Thus, in other systens, the spot itself nmay be present at any one of a
plurallty of positions between the tracks. Nonet hel ess, it is a
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enpl oyed in special wa oes resent 1 nvention enploy track
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| aser spot placement, it is seen that this is done i'n a continuous fashion.
Thus, in the preg@ﬂis'ﬂﬁeﬂ}wr%mw&&'m B 8BubS1 ¥ tEEIW Lndtdi ke this

i nformati on may be written 1n _continuo
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enabl es nul sppirali phoormdt iam tiracks wioidie nun pheallel atwl treaddactkm 34.
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I'n particular, 1S se the present ntion that at | east
separate i nFBPﬁaFFB%r%‘F%o‘KSfQﬂ‘?tb%n p‘l"’@ﬁ]%f'e&laﬁe?ﬁe@ﬁ"ﬂ% Rafyesn frack
present invedgesn, hheeptssenll AvivefRBi&CL Hoate®eaRdprovides accurate and

precise means for identifying the location of a laser spot for
reading or writing so that information 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 stored 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 processing attributes associated with
dithering the laser light signal across a reference track edge.
In particular, analysis by the present inventors of the resultant
output signal provides a mechanism not only for determining when
a laser spot is focused on a particular 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 employed in

conjunction with the present invention) to determine which side
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pr.eci se neans for identifying the location of a |aser spot for reading or
witing so that information is witten to any reasonabl e nunber of
information tracks which |lie between reference tracks 34, as provided
herein. This aspect of the present invention pernmts an increased | evel of
i nformati.on storage density and, furthegoore, 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
attri butes associ ated mﬁth dithering the | aser light signal across a
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For the reasons pointed out above, it is 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



provi ding optinmal information storage density particularly since any
inter-track gap can include only one information track per |ayer.

For the reasons pointed out above, it is therefore inportant to observe
that focusing of laser light onto disk 30 occurs at points 38 which are
shown on the outside of track 34. Thft is, for purposes of illustrating
conti nuous edge foll owmng, -spots of Yser | i ght are shown as bei ng
positioned on the outside of the edge of track 34. It should be noted that
spi ndl e opening 41, while present in Figure 5A, is not shown in Figures 2,
3 or 4 for the sinple reason that these figures nerely illustrate typica
cross-sect.ional, areas.through di sk.30 which_do not _and/or ul d _not include
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extend in curved fashion around di sk 30, nonetheless, in a |ocal
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esign constraints, trade-offs and ire format, be -

it CD-ROM, DVD, etc.

In particular, it is noted in Fiqure 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 ianigures 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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it CO-ROM DVD, etc. In particular, it is noted in Figure 6 that if
one designates the width of a track 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
medi um bet ween adj acent track portions.3%his is in stark contrast to the
single information track which could be enployed in other systens.

One of 'the itens that is evident fromthe prior patent application which is
i ncorporated herein by reference is that the system and nethod of the
present invention enables one to not only followthe edge of a desired

track but, ahaenablseans boyPRe LD RERA Pl l 8T Leghiabp 2 variety

of p05|t|ons with res tra cts are
particul arl y“?‘f‘?%‘%lét"e&rlaﬁkﬁl gnrfeetmena t&3F%g. 3¢n particular, Figure 9
below illustrates sone of the signal processing aspects associated with the
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tracking spot 38a slightly to the right so that it tracks along
the inside of the left edge of track 34”, it is seen that an
information track may be written with laser spot 39b. 1In this
regard, it is particularly important to realize that the system
and method of the present invention provides a mechanism for
determining which side of track 34” the laser spot 38 is
tracking. In a similar manner by moving laser spot 38b to the
position illustrated by laser spot 38c, it is possible to write
an information track beneath spot 39c. Again, it is noted that,
by tracking along either the left or right edge of track 34", it
is p0551b1e to write up to four information tracks between each
and every 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



the inside of the left edge of track 34", it is seen that an information
track may be witten with |aser spot 39b. In this regard, it is
particularly inportant to realize that the system and nethod of the present
i nvention provides a nmechani smfor determ ning which side of track 34" the
| aser spot 38 is tracking. In a sinilar 3fanner 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 left or right edge of track 34", it is possible to wite

up to four information tracks between each and every reflective reference
track 34. distanf& Hetwddatheah@uekihgVep andhanpedgent Asnwemrésohtj s not

limted to t. ] ' t j, O3 R tr i - k
pacing i o 1orRagaoh Mhlle MegkRL DR AT UG ERAL TP oLy

gai ns in i nfar ke 6428t of dgte dasert §PARi WY dayche fRPIRA -t hEOPRERRNt
invention. lavepahkireyl fécusihdiRbeots doabhe pricsenpr swedrit iionv ént whikch

provi des 8 (Rl hye:bhNEALON ol SRy e HeRo2REAId Ifedidfe 0f @ track
whi ch is being followed, bu It a ST grow es an exact indication of the
33 di stPerdd thefweeevidrs avadk FAghEpHICAUdCanCtdtRe 1Rsexr fesypispot

i nformati on &3t Aragepdensi {1y drfy Iseliebtddi dr Alesiigedf Laget ofachendysky t he
size of the [ i C b C . W ere, .50 ing
aspects of t%cg:%%fi églg%’;’\{r&/_eln irl’(’;éréni %hégi%ﬁeegﬂ e\r/\?%géltto%ﬁsn%a% gwagﬁﬁlgm
t he recor dabife FASHFrant i ks peklnsteagipe oonbie s Shat| gPreintotr 8K of X tard
lj asEr f ocus mg@hdaSrétn@xwaaﬂsesjsnpaaﬁiBBé afitad the gessemd ﬂrﬁryeaf tioh thes

i sk. Accordj M. 1t 1S seen t t j r-1r - ' in
Flaure 71 s HRradinl 48 SR drddvebafeioiiing WRhsi B, Yockls BT RGN
nonet hel ess BfFsdnBheowi imfematdioas bhts | PR MIUSF et AGS2 pr oViTdCKS Bor @@én

greater recq4di ng @egeié Y7 idrd @MFwnOhst s@dsSgHICL ih8E hoWly i ffiroCBRY ERDe RS S
per square %rn%a.ea(sTra ks 34’ t??r}l%.34" in Figure 7 are shown as strai ght :

. e O unaers ng. .
| ines only for conveni enc THAPEARE - f  under st andi ng.)

With respect to Figure 8A, it illustrates yet another 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. 1In 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 édges 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 edée o@ 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.



Wth respect to Figure 8A it illustrates yet another aspect of the present
I nvention, nanely, the fact that, in contrast to 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 shgywn 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 fact be determned solely by reference to tracking spots noving
along the interior edges shown in Figure 8, nanely, the right edge of
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in 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. In the 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 fhe returning
(i.e., reflected) laser 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 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



Figure 9A. In the operation of the present invention, the |aser |ight
tracking signal reflected back fromthe recordi ng nedium (or the play back
medium) is converted to an electrical signal by various nmeans. For ease of
under st andi'ng the fundanental aspects of the present invention, one should
envision the returning (i.e., reflected)3d aser tracking signal as being
directed to a photodetector which converts the light to a varying

el ectrical 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
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Next is considered the embodiment of the present invention
which is iilustrated 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 Fiqure 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



Figure 10, it is inportant to note that certain enbodi nents of the present
i nvention enploy the |aser diode source in a second role, nanely, in the
rol e of signal detector. However, with specific reference to Figure 10, it
is noted.that the enbodinents shomn therein are ones in which separate

phot odetectors are provided. For a di sggission of enbodi nents of the present
invention 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
figure. However, since Figure 10 does not specifically include this
particular feature, it should be observed that instead, in the enbodi nent
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of lens 72. ) .
reference tracks. 1In a similar fashion, the signal from layer

detector filter 62 provides position control information for
achieving focus of the light from laser 65 within a specific
layer (35a-35c) of multi-layer medium 30. Focus control is
provided either by moving laser light source 65 in a direction
towards and away from medium 30 (the zZ-direction) or by varying

the focus of lens 72.

Laser light from source 65 is directed to a first beam
splitter 67 which directs 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 wg 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 foéal 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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Laser light fromsource 65 is directed to a first beamsplitter 67 which
directs a first beamto nmedium 30 through |lens 72 and beam splitter 73. As
descri bed above with respect to controlling focus so that focus lies within
a parti-cular layer, dithering at a frequency [err] is provided so that
either lens 72 or laser source 65 agg in effect noved towdrds and away from
medi um 30. However, it is noted that, in preferred enbodi nents 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 ectromechani cal fashion or by changing the focal position of lens 72 with
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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 focus 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 o, is employed
so as to provide position control in a radial direction for
spinning disk media. Dithering at frequency w, 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 nécessary 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.



so. as to provide position control in a radial direction for spinning disk
nmedia. Dithering at frequency [err] is used to control positioning of laser
| ight source 65 in a radial direction. It is noted that the
preferred enbodi nents of the present invention enploy sem conductor |aser
di odes as the laser light source. Itags to -be noted that this particular
enbodi nent is desirabl e though not necessary in the system shown in Figure
10. In those systens of the present invention in which the |aser |ight
source operates both as a source and detector, the use of sem conductor

| aser diodes or simlar sources is required. ;
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medium 30). Using the signals from photodetectors 68 and 69,
position detection and control is provided in accordance with the-
descriptions found above. In particular, it is noted that
position control may be achieved in either an analog or in a
digital fashion with 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 eithexr the position of lens 72 or
the focal length of lens 72 for purposes of initially determining
and, subsequently, for controlling the position of the focal
waist plane which is the point of narrowest focus for light beams
72 traveling parallel 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 mechanism.

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 tfacking marks.



the focal length of lens 72 for purposes of initially determ ning and,
SUbsequentIy for controlling the position of the focal waist plane which
is the point of narrowest focus for |light beans 72 traveling parallel to
the central axis of lens 72. Thus, focus position within either |ayer 35a
or 35b is determined and, in fact, ggntrolled by the use of a defornable
lens or |ens positioning mechani sm Figure 12 illustrates the |l ens
systemwhich is specifically enployed for directing a tracking beam onto
reference tracks 34. In a nmultilayer disk, it is necessary for the |ight
beam to pass through several |ayers of the disk to read the tracki ng marks.
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val ue T[errL &Eégw}lf% pgrtlcular, 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) or 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 9A and 9B, to determine whether orx
not the spot is tracking along an inner 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. In
such cases, it is necessary to know more specific information
about the position of the laser spot. In 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



right-hand portions of Figures 9A and 9B, to determ ne whether or not the
Spot is tracking along an inner or outer (left or right) edge. If one were
reading or witing fromonly a single information track di sposed between
reference tracks, threshold detector 81 would suffice for providing a
reference signal. However, as illustrat®d in Figure 7 or 8, it is possible
to enploy nmultiple information tracks between reference tracks. In such »
cases, it is necessary to know nore specific information about the position
of the laser spot. In 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
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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 aspect of addressability described herein relates to
addressability in the 6-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 acroés



|nned|ately directed. Accordingly, the circuit shown in Figure 13 provides
i nportant advantages in systens enploying the present invention. In
particular, it provides a mechani smfor addressing individual track

| ocations on a nmediumsuch as a rotatable disk. In particular, it provides
addressability in a radial direction. The other aspect of addressability
descri.bed herein relates to addressability in the [err]-direction. This
aspect of the invention is described in nore detail below For the nonent,
it is sufficient to appreciate that notion of the tracking spot across’
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out put from 5587 iM% a first beamfor witing onto select layers
wi thin nmedium 30 and a second beam which is supplied to ditherable
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in the embodiment shown, the laser light source is not
specifically employed as a detector. The role of the
photodetector in the embodiment shown is provided by separate
photodetector 84 which receives light from beam splitter 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 accordance with the
principles of the present invention, such media include the
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across an edge of reference track 34 which, as described above, is
preferably disposed in a spiral pattern on a rotatable disk which is
capabl e of being nodified by action of inpinging |aser light for the

pur pose of information storage. It is to be particularly noted that,
I n accordance with the principles of %%he present invention, such nedia
I ncl ude the o 42 typi cal CD ROM

di sk and additionally include such systens as magneto optic di sks. The
principle requirenents are that the nediuminclude a reference track having
differential reflective properties and that the nediumitself be capabl e of
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phot odet ect or 84. Because the dithering grOV|ded to reflective .
necessary for full laser power to be supplied to the tracking
beam which is directed to ditherable reflector 85. In 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 lasex strength is
required. Nonetheless, because of the particular arrangement
provided in Figqgure 14, it is very desirable that photodetector
84, together with any corresponding electrical circuitry for
amplification, detection or conditioning, exhibit an appropriate
dynamic range since, during write operations, a greater than
average level of laser power is directed via beam splitter 86 to
photodetector 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 considered for
its information content in the spectral region in the vicinity of
9., the frequency at which dithering modulation is applied to
reflective means 85. BAs described above, the resulting signal S
X I is analyzed by a dither tracking detector circuit such as



means 85 is at a specific and known frequency, the signal which is anal yzed
Vi a photodetector 84 only needs to be considered for its information
content in the spectral region in the vicinity of [err], the frequency at
whi ch dithering nodulation is applied to reflective nmeans 85. As descri bed
above, the resulting signal S x | is anglyzed by a dither tracking detector
circuit such as - 43 that seen in
Figure 13 (or in the application incorporated herein by reference). This
information is supplied to | aser position control 81 which adjusts the
position of l|aser |light source 83 in a radial direction. For purposes of

topi c focusiviht $elR! LAl F¥g@ ©A8rOhin Uikl sANdaRFont BRcSfdRiBeNBeR el A
Figure 14 iﬁ)not iIIust&atqﬂ}thh f eedback J 0Q &gng&oLo ggu%i %spkgce for
| aser focus ComEFeNEfien at HeedBECk™PrEOR" i R PITUETT &84 1% he

1
ver,
met hod descrddnddodb@tewhieh bed netsi thespesitian off dpeptel ighFispares 83 and
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Figure 14, data supplied to | aser. po control 91 is.used to vgry. the
drive currerf™ §25%d8 i}*}%é%{&‘}?"ﬁé“g'\gghfc%%%%“fﬁ Fisaf gll e 1%}bdﬁl 2P&d

| aser |ight ¥rlostsetedewsthi feadhagki ddopveentgmmepnet LarpBsce tieurddisem 30
on whi chti t ﬂdﬂ?{s"‘%ﬂt%@%?alj&ﬁ]ﬂ he f%itubia?ﬂ ol e &tsi,oﬁowgféry\/[(i%l?%l:m&l%%ﬁfi&hon
occurs at a distance rom oint o erence gn trac ich is
hood a5 a pdiif maEoer sPEREID ARvE. B RELET R SHRELEEY pels e
typical ly frRigunssr dRi aadely.tens of mcrons to about 1 mm It is to

be nhoted that proper operation of the apparatus shown in Figure 14 is

possi bl e becausegphotodetector 84 and dithﬁ% tﬂﬂ%ﬁi@ﬂ det ect or ci&guit.82
may be enpl oyed O d8LeFTIbRI PTIRFIEFnPET FETTTHh i §ASI EPPH- T VOB &7 of
[err], the fRigprendy  atlanhi shpplkifddetbi vasaparnyeds coptypl hgl els UFags to

tracking i nf\ AR S vECENrFARY 10 aSBbFEEe QlicH BEMhABYN YESIutdiNAlager
i npi ngi ng upon ‘det ect or be not ed %gat t he enmbodi nent

84. 1t Is also t ]
shown i n Fi gihesiera Hodhated 12595 1485k, S6PR Shirce 83 is supplied, Via

beam splitter 86, to medium 30 on which it impinges to cause the

. writing operation. The writing operation occurs at a distance D
from the point of reference on track 34 which is used as a point
of reference for precision writing. The value D ranges typically

from approximately tens of microns to about 1 mm.

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 employed to detect
only those information signals in the vicinity of w;, 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



useful insofar as the operation of the device shown in Figure 14 is
toncerned; in particular, it is noted that dense witing operations of
mul tiple tracks of information between reference tracks is made possi bl e
because of ‘the precision provided by thg,
44 tracki ng net hod described herein whose theoretical basis is
descrlbed above with respect to Figures 9A and 9B. Wth respect to
nmost of the embodi ments described herein, it is very inportant to note that
precision of information position control is much nore critical in
operations involving witing than in those operations involving readi ng.
Wite operat Foaskingatetlod eesaneébed ochesein Wheskatbadbrehivwe hasishes
recording medesgtindd tdbovd HiRhMRELBECE Std %ta%rngf;sqyﬁ&téy read in a
reliable and efficient manner, it is extrenely inportant that witing
consi stency be present in the witing system Accordlngly, one will find
that this positid%bthpreaneatomoimoath@flthn‘bm@bdﬁhensgsdésnrxhamcmbbedn, it
herei n. is &éi‘sﬁn{rhﬂ{}déhn%t ng{:éeEﬁﬂj ﬁz%c&@%ﬁps +fox§ﬂmﬂ BBk ition
Irecte

illustrated in Figure Is enbodi nent_ s artlcu
system and nEPABECE obS My Wé?t"?oﬁr\’n]"r‘f‘?hgm ﬁﬁ’@ré)tr%?%?n %’h\tﬁ\h‘”ﬁ@r Wrising
string of dathamiis Enisr opgraasens phwwslwiong rehdingt Mrite pewaitibas i nto

a recordabl eclay 0 Ls; Rf 5

Mvent] on. deLple € brinntotl, of sl bAnarRRROCHIREC 1P A GARERTL,
tracki ng purPBeten- | b this &PSQFE%El%PI%iyﬂP §FgﬁHPS%%¥%PF%Wlﬁﬁﬁdﬂﬁgaand
for witing petpdsks. arndisdfigdent sami¢n) itiik aitﬂemeaynimgbﬂﬂmatlemet of
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to be read fromor  witten on st orage ne ypically, there
is a ratio of PG et oy I’e1tlof{n‘5e’%‘W§er$htlﬁePP§%/E’r°’b§1 I%E%CrlSp@WeFS a
desirabl e fohaitmargf nfher sgsitemns | desarad semedhth the | evel which is
desirable for reading information. Accordingly, this dynam c range of |aser

power signals should be accommodat ed by photo detectors 93 and
Attention is next directed to the specific embodiment

illustrated in Figure 15. This embodiment is particularly
directed to a system and method for information writing. The
system shown permits a string of data bits entering laser power
control unit 91 to be written into a recordable layer on disk 30.
As with all 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 range of laser

power signals should be accommodated by photo detectors 93 and
94.



94. 45 Light from| aser 83
is first provided to beamsplitter 86 which passes on a portion of the
light to beamsplitter 92. A smaller fraction of the | aser power is
directed towards reflective means or mrror 85 which in turn directs | aser
light fromthe tracking beamonto referagce track 34. This mrror is
dithered in the sane fashi.on as shown for mrror 66 in Figure 10. This
dithering operation is enployed in accordance with the tracking principles
of the present invention and, in fact, returns reflected |light fromthe

di sk storage mediumto nirror 85 and, thence to splitter 86 and to

phot odet ect or 94 |\ h su |es t NASEYY a g racki ng
detector 95. An a oprflrg e %ls?Eu J‘1‘50 rac e%t({ e% (k))?gb Q?ilétﬁ s éasc
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detector 97 1S n& %noo e&o 75 eV S th t present at
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| aser power £ %ﬁ]{ causes the | aser power output to be increased to

t he approprlan eve for witing information onto rotating disk 30. I'n the
enbodi nent shown in Figure 15, reading

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 control
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, the read/write control sigﬁal line turns the
enable switch off so that data 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. 1In the embodiment shown in Figure 15, reading
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46 and witing operations are not carried on simultaneosly out,
rather, are spaced apart in tinme. Figure 16 is included and is

di scussed at this time in conjunction with the above di scussion with
respect to the systemshown in Figure 15 which is used for witing. In
particular, Figure 16 illustrates the 4t that the power in a

sem conductor | aser beami-s a function of sem _conductor device drive
current. In particular, it illustrates the fact that there is generally a
current threshold, Icrit, below which |asing action does not start or is

i neffectual. However, once a threshold current |level is reached, the power

in the | aser d.S d i, nat Lpear | y: w i S
ovels-of o iomEr g ShEERELoRPRLE iR Enfrib@ioh HalicdncBELERRbR0, |
not ed that, %% [areasr3enficeprfifctioy tiR8er devi ces age, the curve shown

shifts further out to the right. This neans that, as a typical

semi conduct or | aSgig aVii6e 3085e) Jdley ARG AE QUL RIESHL knbhey | aser

beam decr eases. theless, al so be appreciated fromFigure 16,
i ncl udi ng t ERRIWAGSi By ikhi Ehe ade i EEYSEEORNEL TR JFRSPeFTatte FEeaSYaket
devi'ce ages, shéwn SirpFSgjuldlee 150wk DFp elts alsedf dobrrediciheg | asier ppenecutant ent

by increasi nﬁigﬁ&ee dfe MG 1GUEERRL o ?Dléa%cll. ttparth‘éhg a5&ker 1 % @%ﬁ@gbnﬁactor
sen conduct or aser operatl on |s.re evant. or an unders;an INg O t he
di fferent | ak@¥epdpan |isval Supseion P FeMdFoPARFEPHVICYIFSidFdve EBTERRT s

addi tional | yrs epemadulladr, aft HnUesstads theofasdmehat therenisi genenglapda
compensat i on. Lucl Qs diah (CoDe: PRLHOLTRAER £001 ARl S! R Use of

. C
the tracki ng and accuracy aspects” of present i nv ure
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different 118 AR QY 180 [ 8Ll MY RaB30hT P& Yor IdurkRnEeeuh el
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 amount 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 device 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. 1In particular, the embodiment shown in Figure 17
employs dithering at two different frequencies o, and w,. More
particularly, it is seen that laser source 83 supplies a beam to



47 beam splitter 104. As in previous enbodi nents, one part of this
beamis used for reading information within various |evels of the recording
medi um and the other portion of the beam nanely, that which is directed to
reflective means 85, is referred to as4y tracking or reference beamand is
directed to reference layer 34 within the recording nedium as illustrated
in Figures 5, 6, 7 and 8. -The tracking beamis noved back and forth in an
oscillatory manner by dithering nodul ator 74 which operates at a frequency
[err]. Dithering nodul ator 74 preferably conprises a piezoelectric device
or a voice-coil-activated vibration device. The resulting reflected signal
i's suppliedHearbepmitpkit 164. 1% rlei piriei/ilgus PebsEinetrisi, 0bné r parrt hexr randisum

and is di re(f:;[ % 1@ %s%gmgcondu JlngS J.n%%rmggyég?)w?éunl tvaE' oggrié é;isaréfy the

not ed t hat, Ai's er 'source era I'ng as
source and a-?cé?rd‘éﬂ‘éci“éﬁil}lm ard thenwdhegepert ey %&P@ beRB, R rerithat
illustratedwhich ger alizctedefmlﬁm@d&ﬁwaameausfm tilde reffekireg ©F &£ eation

of infornatl rotatln di sk d|un1 0. i ry, i S
not shown fo(r}%tch urorogggelé?nie ure &7 % v ﬁIPas |n8;%c%§g L&?%gefs?ér% |%/11I |y
direct ed to%ﬁﬁ@n@@p@?ﬁ?t@h@g medlumr ep bé%‘??’é{ﬁté}d Adt Bip8rened £ £ot % hat

| aser |ight ameuBce GReakgacRPed B a% a.odeaesa@k dret fbl&ehl’ ehUsmi ng
reference bean q0d REQUNEESCS! IPal:S il ol RBYE TR 1A §nGaHPRRERlS. L el gr ed

at differen equencres. hese1¢8 nponent s |s cen ere around t
vicinity of fHeSyeasyy ofer rqltfleménm meﬁulet@"er?t‘lepé&farehh!d FemRpiessy a err]
whi ch is intgietideedcihie §8€isySde™ tvbﬁ@légbolhea@tpﬁfaaieldoE}J.Bi'af:i)@rusde\uce.

di t hering S ich_i al.l e el S g t rds
and away fgglﬁln% ﬁree%rre irdrh a?’szﬁ %/ eequselr9¥1y l@%r?&géfeﬁfﬁsch beSH ow ‘%:arl&:/xﬁg
its focal pdichwerdng aponheefhert fane dwemc he Thed raélﬁluéﬁcfielée%?%d ditdsen so

as to be readdironapeatatabheef reyn e sanot her lbype{zﬁﬁrdulfarhyeﬁoﬂaar&aItDZ 1aqnd
[err] filter hq%a%%b%g:imelpesfastézl tseorusrca‘er §3p£§f glgéa tylngt %rs].dgogh bansdource
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 particular note is the fact that laser light source 83
also operates as a detector for the returning reference beam and
produces 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 o, which is introduced into the system through the
operation of focus dithering means 101 which is typically
implemented as a lens moving towards and away from the medium at
a frequency w, 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 e, filter means 102 and
o, filter means 103. These filters are preferably standard band



48 pass, high-pass, |ow pass (or ‘conbinations thereof) filters as
appropriate and nay be either active or passive circuits. In typical
operation, [err] is preferably between about 5 and 50 KHz while [err] is
preferably between about 0.5 and 5 Kgz. Two band pass filters 102 and 103
may be enpl oyed or a high pass and |ow pass filter may al so be enpl oyed as
| ong as the frequency ranges do not significantly overlap. In this way, two
separate position signals are provided to | aser source position control

unit 81. This unit positions source 83 in a radial direction as a result of
the signals provided from[err] filter 102. Likew se, position control

el ement PBSsfovBighapeass| i iw-pessr ¢er SSonkimatdeongr theaagof) o Itrrsmedi umto
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splitters,shown.el sewhere herein. . Fro aéh .description provided
above coﬁrchélrsniuﬁlégt RESTRHOS SONTRR BR FRDARD ﬁéﬁleﬁ bRRAT & [5PS
present i9fvéle 6Agrays hierominisdadroned, filtes &P2ar Theawiseor @osdtaonhing in
the citeddntaeesslehest P HYvast 3a56£01 ol &cudiceasss tbioradesnGwesent on
both sides of .a rot Eabl e rredltuumAccor d n%l Y9esitehS geeg that it is
possi bl e TGt 648 ARA*WPi t® WGPl POR° £ S553&PEedSEFuLRY dF°qe Sane
di sk. An theséignplf bhatctonpiovidiedgby hiss faBjtert 102. i sTipwart itdghdr | y N
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0 ayGrE}aé%%laggrectigmlgk 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 a 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 is 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 from opposites sides
of the same disk. An assembly for accomplishing this objective
is particularly illustrated in Figure 18. This figure
particularly illustrates the presence of layers 35a and 35b on a



49 first side of the nmedium and | ayers 35c and 35d on the opposite
:(second or obverse) side of the medium In such an enbodi nent, systens,
such as are descri bed above, are enployed in duplicate or in parallel with
two | asers being di sposed on opposite sides of the mediumso that it can
have both of its sides read fromor4®sritten to at the same tinme in an
I ndéependent nanner. Nonet hel ess, when, principly for reasons of econony, it
is desirable to enploy only a single | aser beam such a systemis
constructed using the nmechanismshown in Figure 18. In particular, beam
splitter 85 divides the light froma |aser source into two beans, one of

whi ch i's @hf:gﬁtﬁ’dé o tl%o}ﬁbH%m AL l%fyeEQe3§9té’ﬂd n.ﬂsdrem temet Bbgagbté hutter
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in conjunctlon W th ot her aspects resent invention. |In particular,
it is seefi°PhSE, 1Y FHNLeBREm ?%e |"‘th’-58 hB ATt e SpPrPKErelgsa and
85b, as shaddm ¢fi ﬁhgnnutaiapglmedsnmeﬂesmahyshmteaplmwzﬂhUKMerStBGraaﬂ 87
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desirabl e gor reci se control
87. n 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
mechanism 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 mechanism 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
L]
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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 odet ector 84 which is provided to [err] filter 102 as shown.
Additionally, for reasons of sinplicit§9 clarity and ease of understandi ng,
function block 117 essentially incorporates 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 nmechani smshown in Figure 18 in an apparatus used
primarily for witing information onto storage nedi um 30. In sone
enbodi nent &¥XéftifHe ipfespatiomwetio erdand, 30 n por tdeowlignlarn sttiatsens

simlar to thhaat sﬁh&\ﬁ@rb nsé:laﬁ&bf 87280 hbt! SnSOPESATRS ciieshbaplenl (p%ozguce

two paral | gl t ht ar at 30 .shown in Figure
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perspecti vetbhagenfleaNar03¢i Ngly, it is seen that the systemin Figure 21
includes |aser |ight source 83 which directs a thin |aser beamto beam

splitter 121 which is positioned and angled to direct part of the beam
namel y, the traéRifgm@rembodiments of the present invention and5lin

particular, in situations similar to that shown in Figure 21,

it is sometimes desirable to produce 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
respect 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 method which permits
simultaneous 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 which is positioned and
angled to direct part of the beam, namely, the tracking or



reference beam to reflective neans 123 which, in turn, directs the
tracking beamto an edge of reference track 34. Mtion of reflective neans
123 produces dithering as described above. It is the reflection of this

ref erence beam back to reflective neanssi23 and through beamsplitter 121
to photodetector 125 which pernmits the generation of an appropriate
tracking signal. In short; the signal S x | is produced by phot odet ect or
125. However, it i s i mportant to note that, in addition to the usual
tracking function, the system shown in Figure 21 perforns a
read-after-wite qgeratlon This_is acconplished through the use

of a
second beanF&PFTEREF PeAmfkecRefieghbyedt dési YRifRd Hb B yo d&FFEE? t he
beam from | &ber tsackiregy $Rath techhyedyt o Feirencehtnackecrdi Mgtiedi om 30
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I he
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earlier time, This_information npdul ates. the }lreflec edfromthe di sk
and the ref FREFEq T?"Qrﬁlqnfldlsr Eclelf b@/r‘?cﬁﬂeéiclbﬁ’vg fFERAStASPDH ARt 0 angl ed
and positioned beamsplitter 122 to photodetector 126 which provi des, not

the S x | signal gobthed NStead 3 %gg t&i@%%@.@ $halal 1y ARdit iRheY L0 e

enbodi nents, reflective means dithered at an_appropriate frequency
[err] for tPéER%n‘@rW‘ﬁ&éﬁé‘nCth' t#%a?ﬁ%“hﬂ‘@?’“v%?t rpﬁ&\}l gesforms a
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possible to determne t bi t pat t een I n
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enpl oyi ng ewithicarecntdion aeding, 3@rtorbelefrattieoninto or onto. In Figure

52 21, it is seen that such a beam extends directly upward from beam
splitter 122. At the same time, a relatively small portion of
this beam is directed to reflective means 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 provides, not the S X I signal, but
instead, the information signal. As in previous embodiments,
reflective means 123 is dithered at an appropriate frequency o,
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 immediately 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



circuitry is used to analyze to the electrical signal from photodetector
126 to inmmedi ately determine 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 disk has been
incorrectly witten makes it possible g9 create directories and

subdi rectories of information which is 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 determ nation renders it possible to store the
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33 and every bit on the disk so that, in effect, the disk becomes.
completely addressable almost in the random access memory sense

of the word although not quite as fast.

The embodiment of 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 reflection of the tracking beam from tracking layer 34
through lens system 71 to mirror means 66 to beam splitter 67 and
finally to photodetector 69. The existence of this signal
provides a mechanism for monitoring the performance of laser 65.
In particular, it is noted that the system shown in Figure 22 is
particularly adapted for the writing of information to medium 30.
This is particularly relevant since the question of thé'aging of
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 measure the performance of
laser source 65 over a relatively long period of time to
determine whether or not the laser should be repiaced (or the



drlve current adjusted. As discussed above, with tine, the power-current
cturve shown in Figure 16 shifts to the right. If the sane | evel of drive
current is supplied to sem conductor |aser source 65, then the power out put
i s di mnished and, correspondingly, thé3voltage appearing as an output of
phot odet ect or 69 decreases. The aging of |aser source 65 can, thus, at

| east be partially conpensated by an increase in the drive current to a
nore satisfactory value. The signal S x | appearing as the output of

phot odet ector 69 provides an opportunity for neasuring a signal which is

I ndi cative of this aging process. There are several different ways to
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SUQQGStS thaﬁefgwé%[ﬂyeﬁ%tbgmihgg yﬁ?ﬁ%hJT% V%LQE &Ecé%p Yo sor 155,
receiving such a signal from maximum value detector 152, is
programmed to increase the level of current supplied by current
intensity control unit 91. Similar controls are effected if the
minimum value, as supplied by minimum 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 (Vaax — Vain) 7/ (Vpuo + V If this
value of E as thus defined drops below a predetermined threshold

min) .

. 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
pPlot of modulation index E as a function of time which is typical
for semiconductor lasers is illustrated in Figure 26. This
Ccurve suggests that at a point in time when the value of E drops



below 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 diode devices, then the passage of E to a val ue bel ow
E[err] is also usable to provide a sigmgl that a different |aser source in
the array shoul d be used. The circuits that effectuate this
measur.enent control and determ nation are shown in Figure 22. In

particul ar, maxi num val ue detector 152 and m ni mrum 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 tinme ranging from approxi mately tens of mcroseconds to
about hundr geslaf aricaricsesdrsludihdsg. deheot she prsar dievdceephesbhike i on of

this maxi MU 58 4¢d.0 'IhCEHQrQ@é‘rﬁLSQVha%55a¥\Qi:C$bx&tdér @S LBRpLidaH ues I n
(preferably Eﬂlgn volatile) stora
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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 memoxy preservation purposes.
Furthermore, 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.
Microprocessor 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 arri?al 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 important utilization of the signal S X I
comes from the fact that a form of laser diode that, in the so-



call 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 Figuggs 27A and 27B. In both of these
figures, laser light leaving partially silvered mrror 306 is focused by

|l ens 355 to forma focused beam 320 of usable |aser |ight. However, the
nost inportant thing of note is that in an edge-emtting | aser di ode 300,
as shown in Figure 27A, it is possible, because sone |ight escapes from
partially mrrored surface 304 at the rear of the device, to.provide a
separ at e nogalded nYVESEL 0 disivdeeo| Verticals dletnpellosebCoshovon ExEitguime 27A.
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56 However, in the construction of vertical channel semiconductor
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 partially transmissive mirror 306.
Accordingly, for such devices, the utilization of the signal S X
I, in the manner illustrated in applicants' Figure 22 and in the
manner discussed above with reference to Figure 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 temperature 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



operates at a |low threshold current level. For VCSELs, this current |evel
is approximately 1 ma. in contrast to |levels of 20- 30.nma. which are
required for edge-emtting devices. Additionally, |ow threshold VCSELs tend
to be tenperature sensitive which nmeanssé hat the anount of output power ,
produced by these devices can vary. Accordingly, nechanisns which provide
for constancy of this power in terns of a nonitorable and neasurabl e

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
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observer.) These signal's are simlar to those produce q
but also for the presently more common edge- emlttlng

aser diode.
Another possible source of error and misalignment can exist

in rotatable storage media in which laser light sources are
employed either for reading or for writing information. In
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 1is shown (in exaggerated form) in Figure 23A, an out of focus
signal, such as that shown in Figure 24A, is produced. In a
similar vein, if the angular misalignment is to the "right," as
shown 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



tracking, as seen in Figures 9A and 9B above. As above, the same circuits
are enpl oyed for detecting these signal waveforns to identify the existence
and degree of angul ar nisalignnent This misalignment is typically caused
by wear in drive notor bearings, g ortions in the |l ens systens or warping
in the disk itself. Nonetheless, in“an ideal situation, access of the
rotating disk should be essentially parallel with the optical access of the
| aser system which produces the inpinging radiation for reading or witing.
Accordingly, a system such as that discussed above can be enpl oyed for
determning this vertical msalignnent. In order to achieve this

obj ect i vebsketrves . flesThedd &ilgha@BPaty Sinidas £psthrosehpoiiyey ifoes edger

t racki ng r S, t I i t i g e

i gur o STACRIIE 78 S0 B Rgblol bh la 36 0TS, O bR tah o
i nvent i oﬁlrtcﬁﬂ*gs\/a??awniqygﬁdcéﬁrb@eﬁm&hsyedﬁé%} Ve iogHs, teuch as

| ens 162 iidenki@ur €ndSexvd ddiice aﬁaaaéﬁﬁéhtnﬂ landealaiGili sl ignatenitt. | $heant ed

2t 2 sl gaaagh gt L, "GRRRS L Oclibe Yl RLORL EERS S BCaIRose Vs

as an access o atTon Ire I|n er/l ens stem bt ed
that, whiditprgdpas 25n|fmensl{efnat 5381&%3 l&reW@ﬁfPanayw nEI'é‘T‘ digky idgeticiently
rigid fr amerhylbesenph Qa/recide-ﬁhlesi)ﬂllla/ti’cﬁﬂwarceﬁeét sf atige tﬂ‘iﬂiaﬁl'mgs haskd be

capabl € Qnlthnge! SLALAL NG Bn281 £APING, U ep@w&'m;ﬁ%f 2@ canted

posi tion. a sys emis mnin
m sal i gnriéFex system wipith grodyces the RN iaﬁl%ﬁ%ﬂﬁ|iF6VF@é§189her
possi bl e cadwantaggs |A1c¢crﬁdzmajayl oa @ﬁ@g@u&yxshenshas Cixtheneidaedveer ei n.

n part! eilidbe 2%8150Eq SRl RGNt A5RT AWl ch A 10 Aol 1! NG

pur poses can su egra ation over he Intensit ut put
produced by the laser. This is partlcularly true for senlconductlng | asi ng
devi ces. In order to achieve this objective, 18 is desirabllen tan

edge- e g '§S§5n96 L& H;S%chs SOOI N ACLOUEECRIAY dirdobalssl Ple to

enpl oy phofb gt ec disposed b
variation in angular allgnment as is suggested in Figures 23A-
23C. In accordance with one of the embodiments of the present
'invention, this variability can be produced by disposiﬁg 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
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

determining angular misalignment.

Monitoring of the signal S x I also provides other possible
~advantages in information storage systems as contemplated herein.
In particular, systems employing laser light for reading and
writing purposes can suffer degradation over time in the
intensity of output produced by the laser. This is particularly

true for semiconducting lasing devices.



rear, partially reflecting surface 304. This provides a nechani sm for
direct nonitoring of light strength signals. However, in nore recently
devel oped vertical -cavity-surface- enmtting |asers (VCSELs) such as are
shown in Figure 27B, it is not pOSSIb|e to enpl oy photodetectors to nonitor
light being emtted froma rear wall of 5& he | asing device. In VCSELs, such
light is blocked by underlying sem conductor body 308. Therefore, a

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

nodul ati on |ndexxﬁoagegdgénémat@ﬁﬁglD&éé&tdbvmwé efichi é# frmwnsam Edgdoet or
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useful |ifemethhheshaser dNEcEembiitPPiAcdl Ngdghknsgeaestdl sighedsnodul ati on

| ndex E 15 defLled as,Lhgd 0ot veen. fin YAkl Lh ecayiic desogipal or of

the ratio i s the Sum of mni mum val ues of the volta e
produced by eMAstpnGt baeerttGICSEREShSHERSAR SF9 KO IR IR 27%hel
numer at or  ohotthgosBdbl @t t OrenipldgxpHet edetattieg st e mahior slighe deiﬁgrence
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vol t age. AcCOr di ngl out put ~of to etector i's measufed In
terms of a \lélgﬂlﬁgés Ph@kﬁiﬁlﬂht‘@éﬁﬂiﬁﬂ%& 5%“1E°nd(‘9F%Fr1]’°dY A%rr1)/ (Verr] +
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59 i|l.esplaved pp Powyres 24, lasabr M4 s provided, or alternatively
or in conjunction therewith, power in increased to the |aser device to

correct for the @8 ggngpg{aCtqyk%tggggigigs%gfﬁonitor a quantity referred
' - to as the modulation index to determine proximity to end of life
for semiconductor laser devices. A plot of modulation index as a
function of time is shown for a typical semiconductor laser
device in Figure 26. When the modulation index approaches a

reduced value E it is seen that the end of the useful life of

crit’
the laser device is approaching. 1In 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 the photodetector is measured in
terms of a voltage, the modulation index is

E = (vmax - vmin)/(vmax + Vm.’m) ¢

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



therefore seen to prolong the life of the system It is also seen to
obviate the need for service in which it is necessary to replace one or
nore of the |asing devices enpl oyed. In systens in accord with the
present invention, |lasing devices are typically the edge-emtting

sem conductor | aser devices as shown i B%i gure 27A or the vertical cavity
devi ces shown in Figure 27B. For exanple, in edge-emtti.ng sem conductor

| aser 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. Aglq!hgggsgéﬁl ﬁb@\i%urgonsgoglmﬁh@t edepest Mded35S@rimay thenstpioyed
at the rear he | aser. sou

nd [eal [NAY; ect or
200 HonyeP? RecoRfEEde I GREEBE U PR ST LhiMader ot EBTLAEL:
provi ded i ndgviEAnte ¢orNgdtciorathe aaiNRIIhGFagher BRI - es TthPrPoEHQh surface
306 and is ft%es_ear_@ysé&nSt&%‘iol&hgcwé Cial £ eC @t aaés@a@he llasessabs€ nade

in accordance w r ragti.c

enbod nent s 5P FE PPEAAN SR BREHorcY | oA Gt whteh ip a3 Aeb8Eaary o
cavity senlG@Ddae€o¢n¢a@eﬂmuawpéesh§ub¢ﬁkng19%U§€GFI?WB&?¥ﬁQed in Figure 27B.
These devi ces have the advant age that they are nore readlly manuf act ur abl e
and, in particul are nanufact

d
li near or rectangul%YsEﬁW Ayt &S° ﬁﬁgeY%Fh P&%SggFu%iu 3’f%§%%ﬁ§e :
bet ween t he devigesupee tymigalily thu%g@-mlatﬁdnm ga%cmq@rt AaBeFfhe
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moni t ori ng dﬁS?MedBascﬂg3QQx|S§mltpoﬂv@kﬂwrm?ﬁ9¢éﬁltPW%Yby”h1@eP§@Vé¢edsuch
as detector 328 abBpul iy BY Qad{flg material 305 which defines the cavity

in which the lasing action occurs. Partially reflecting surfaces
304 and 306 are provided at each end. As discussed above,
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 surface 306 and is focused by lens 355. Electrical
contacts to the lasers are made in accordance with well-known

industry practices.

In other embodiments of the present invention, it is
desirable to employ vertical cavity semiconductor laser 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 disposed 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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The system of the present invention also has other advantages and usages
growi ng out of the great accuracy with which the information track position
is determnable. In particular, the system provides a nechani sm for

nmoni toring not only the performance of the |aser devices thenselves, but is
al so capable of nonitoring the perfoggance of the drive notor enployed to
rotate recordable nedium 30. In addition, the system of the present
invention al so enables the creation of recordable nedia which have recorded
thereon indications of the precise speed at which the information was
witten to the disk. Sonme of the latter aspects of the invention are

L1 ustratgded Nudd OWdh 48 M5 Cs | S 1siRg her Fb0Ufon Betfinahobas atneady
been descri bed, above. Howevér, certaln % glt onal_c%nponengz are provided
in this ndfe SR THEEF s FOCENRP 01t RFPFurpSs 8RO i W Rg %8B ect i ves
described nore i nmedi ately above. In particular, -during a read or wite

control operat}d, sy 1K o¥oLnk SpSd A fted n¥ent i ORPEIE Ahax RGEBaNI sm for
provi di ng_an |nd|cathg£ of witing. time or rgﬁgln tine T to nlcggprocessor
e

155. Addi 3T BHATT9RS £V eMPaget uPER AN Por SPReIDET (ASH RS “Eth& track in
a radi al dhiektin infaimedipnovraei dos iionops cdekemingdge.AsIdata i s read
out from phee dhskar Pidns QyaEeh éé@vﬁ@yiad%cﬂhﬁismrmlem&t&ééngﬁ hbta count
N of the nﬁﬂgerhof bits which have 5§§£2read“ Thls?cou ter can be reset as
necessar y°Uhfer"e RTHTHERH BF obho gr P¥ECeR) BB OoTESeor 555 31%P s0
coupl ed tecapaple odfatiidretoirang 168 ferfadmanger pbsehofdriver megovarupiopedR T
and N as thesgcyad UescHRbiaMRbESuP VRS, @ REhuadt Oén ) it sh@ReMObat the store
égfme”‘g% gﬁgs:%ﬁﬂfrg\ﬁer{%ﬂo}‘ﬁ%lg{; s'ﬁ-r_lé’@iecsh TP SRS S L 0P RNk dhgh gnce
A processwbickanzye mpaandedhéberden emdivatiions ahdtkomuacisiconpeed at

i |1 ustrat gién FhdUier A%hatliBnPakt i % @lon tie tRE0EESE. begins with the
measurenent of the value of R the radial position for a selected

information track (Step 200). At the
Some of the latter aspects of the invention are illustrated
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in Figure 28 which is similar to Figure 15 which has already been
described above. However, certain additional components are
provided in this more advanced system for the purposes of
achieving objectives described more immediately above. In
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 reading 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 bits written to the
disk.



sane tinme, a value for the linear velocity Vis also determ ned from val ues
‘N, L and T since it is known that the linear velocity is in fact
proportional to the ratio NL/T (Step 210). Next, a value is determ ned for
t he angul ar velocity [err] which is equal to the linear velocity V divided
by radius R (Step 220). These values, of R V and [err] are stored in
non-vol atile storage or even witten to disk 30 together with a tine

i ndi cator. Next, stored values of [err] are conpared agai nst one or nore
characteristic notor life curves (Step 240). If the conparison is

unsati sfactory, then an end-of-life notor drive warning is provi ded and/ or

a time-to-failngRLaegk o5 %h%aiﬁgseAﬁguéﬂdyﬁﬁkhﬁns'Snés noted that,

even wi.t hout conparison to_st h?led(?qno tor life ¢ aracterlstmf stored val ues
for [err]SBPYE1ORS) ﬁfedlb’j}s‘ill;?é%?éjell\'/‘eglﬂ‘ér%le%ge'r mitRe PREEEABRISE iBHF ity in
[err] is pressr deapinsdesthabhe rfeasurefontratt orhestvarlageoSyBt efise hread inegl
certain cgpacifon ad/ Qr sdatacdd amffo%ak%ﬁstra%w (@te}g &@owar nwgtﬁé gnal s

may be provided, for exanple, 1f the val ue

of a
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[err]. C earl e Information wt ect to mptor drjve life
is writtefetee dis Ifjeé'@rimr‘rﬁ‘?@aﬁméf“teo aé‘gﬁéﬁrv\’)‘?Ja‘f‘?ll & YPAGE o tIdheP it
I S necessthy liwdan edosang Uidivikizdebyl oyéthus R t(tkept GRAYe SYBewen when

motor |ife,ehad agd ofi sty %Q%%Qeﬁeaﬁr%mlﬁqw@w%ge SHch, syst ens

may be prOV|ded W th specl a used to maintain service and mal nt enance
|nfornat|%ﬁ1'ﬂﬁbGFHFH§Wy3OtH%Q%W€§éNFtPn9eﬁfW?quqﬁﬂﬁﬁﬁ€s sPg¥t g Stored
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per form npi pl enancs rr%@e&ﬂ?wg ang: di %998 %éﬁéd&{'ﬁté QB isfactory JN€
det er m natj on of Ilnear velocity as escrl above in
then an end-of-life motor drive warning is provided and/or a

time-to-failure projection is indicated. Additionally, it is
noted that, even without comparison to stored motor life
characteristics, stored values for w may be analyzed by
themselves to determine if the variability in e '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 v has dropped by a certain
percentage of its original value 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 o.

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 employed in the
storage system when motor life characteristics are being
determined. Accordingly, such systems may be provided with
special disks used to maintain service and maintenance

information. Accordingly, the present invention includes special



Step 210 is nore particularly illustrated in Figure 30. In particular, the
process of determning linear velocity V begins by reading infornmation bits
frommedium 30 (Step 211). Once the reading of information bits is begun, a
clock (such as clock 151) is started_(Step 212). During readi ng operations,
strings of information bits are prodited (Step 213). These bits are
counted, as for exanple-by bit counter 152, to produce an integer N

i ndi cating the nunber of bits in the string or stream (Step 214). At a
convenient point in time, the reading of the information bits is stopped
(Step 215), at which tinme the clock is also stopped to generate an el apsed

time (StepAtiodhat 89§ﬁs bgeIt g%' hebio veadl ddess NobblariVe AN co

val ues of r evi ous nown and_stored 3 ue, of t he |inear
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which it Ifn%ormatlon bits is stopped (Step 215), at which time the clock
is also stopped to generate an elapsed time (Step 216) that has
been required to read these N bits. From the values of N and T
and a previously known and stored value of L, the linear velocity
V is determined as at least being proportional to NL/T (Step

217).

As indicated 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 value of
angular velocity drops below the critical value, o4, there is
provided an excellent indication that motor failure is imminent
or that the motor is sufficiently aged so as to preclude 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 mechénisms, are



The mechani sm of the present invention is also enployed to detect wobble in
the drive and spindle nmechanism In particular, at any given radial
position, a wobbling nmotion will produce a variation in focus in the Z
direction as a function of the angular:903|t|on of the disk. Cearly, the
determ nation of wobble is nore sen5|t|ve at the outer tracks on the

medi um Nonet hel ess, at virtually any radial position, variability of the
focus of the laser light in the Z direction provides an indication that
wobbl ing nmotion is occurring. Wth particular respect to the present
invention, the ability to determ ne accurately values of R nmakes it very

easy to det epuraeiwgetihes @asm;n kg cleases e frges mgéi@éé Uhdysqvi des an

i ndi cation that ond ac table I1i exanple, a
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vari ation i siniveemeeRahisMe BhtOWHChH adi 8¢ PRsdddeans (hi gher val ues of R).

Thus, the systemof the present invention is also applicable to wobble

noni t ori ng. Next is considered the application of the present

i nvention in sysféfsmaAbapbsnos ther Ppesert oknvukatdon aat2bep iempllogedngol ar
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systemin te[ng &f Egggn a31a¥w)051 A: anﬂ, ngl these oper tions take

full advantage 0 SractattatiReitds rn%rove AGBP5EO™ S fh the

signal S x [variation yphfpeus sinjdher & Abtediiqreasun lﬁgnctﬂeorh@fghﬂlez of the
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indication that wobbling motion is occurring. With particular

respect to the present invention, the ability to determine
accurately values of R makes it 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
(0) direction together with 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



VWil e the invention has been described in detail herein in accordance with
-certain preferred enbodi nents thereof, many nodifications and changes
therein may be effected by those skilled in the art. Accordingly, it is

i ntended by the appended clains to cover all such nodifications and changes
as fall within the true splrlt and §8ope of the invention.

65 CLAIMS The invention clained is: 1.

An apparatus for WW|t|ng information on two sides of a recording nedium
which is susceptible to being nodified by inpinging |aser light, said
apparatus conpri sing: a source of |aser light; means for

Colnt rolliag thaﬁ%éf txiamaé)fofsai d -méailﬂﬂ'eg%hcsouée@een thesfe awd r st bbeamf
splitter romsaid source i .nt arr- e beam for
writing orﬁ'gé glé¥ |%%ga]|f saﬁ'ﬁ ﬂi?{ﬁ;‘ﬁ ofr & &G SPp3si 1Y Q‘flg ‘sai’ s%ur ce and
into a frBHitesfdea bergddtarmigedonatud r dengoisi bhusfan ginflimadiiom ®hiath | i es

on Ej h;a safRefbdes as &divh mf@&eor drive n%dﬁﬁﬁ@@ﬁl Qﬁﬁtﬂléﬁ)'ﬂ%ﬂ ﬁqrmfc@lr adll vi di ng
Sal ron mlntoa irst a or ertlng on sal ront portlon
i b

sai d i T d8cgRReH or tracking; a first

reflectlve means for directing said tracking beamto reference track edges
within said meghyle the invention has been described in detail herein in

accordance with certain preferred embodiments thereof, many
modifications and changes therein may be effected by those
skilled in the art. Accordingly, it is intended by the appended
claims to cover all such modifications and changes as fall within

the true spirit and scope of the invention.
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means for varying the point of inpingenment of said tracking beam backward
and forth across said tracks in an oscillatory manner at a frequency [err];

a phot odet ect or neans, positioned so as to receive t from
sai d second beamsplitter; 65 nmm Illmln) II “5!'

filter nmeans for extractlng signal s having spectra 1m the widnisty*of [err]
to provide control to said control neamsax@gntrol signals for the
positioning of said laser |ight source with respect to said reference

tracks in said nedium and a second reflective neans for directing
sai d far-sFbe beeeRtiamcdaidedi ¥st beam splitter to said side of said

medi um opposi te sai d source. 2. The apparatus of claim1l further
including Light,sh neasmihe a a The
appar at us of cl a?rr%@af{ﬂttuﬁer e e r?olhg ?{“aéf%rrrga%g Wi t%?ﬁgghgeq ath of

sai d firstrBeaniing medipevwhpphr bg tﬁsisc‘iﬁpéllhim 4o iRe i &Iﬁdﬁﬁi-ads@(éond

refl ectiveinpangit® MAdeTe ight); SéeaiRe dppatita s Chonpilsidgs three mrrors
which are oriented to direct laser light fromsaid first beamsplitter to

sai d opposite side of said medium 5. The apparatus of claim1l in which
sai d second ref®eteunae wfarasenclids a support for arms which are di sposed
on opposite sides of said nedium

means for controlling the position of said laser light

source;

a first beam splitter for dividing laser light from said
source into a far-side beam for writing on a portion of said
medium on a side opposite to said source and into a front-side
beam for use on a front portion of said medium which lies on the

same side as said source;

a second beam splitter for dividing said front-side beam
into a first beam, for writing on said front portion of said

medium, and into a second beam for tracking;

a first reflective means for directing said tracking beam to

reference track edges within said medium;

means for varying the point of impingement of said tracking
beam backward and forth across said tracks in an oscillatory

manner at a frequency o,;

a photodetector means, positioned so as to receive a portion

of light from said second beam splitter;



filter means for extracting signals having spectra in the
vicinity of e, to provide control to said control means control
signals for the positioning of said laser light source with

respect to said reference tracks in said medium; and

a second reflective means for directing said far-side beam
from said first beam splitter to said side of said medium

opposite said source.

2. The apparatus of claim 1 further including light shutter
means in the path of said far-side beam.

3. The apparatus of claim 1 further including shutter means
within the path of said first beam.

4. The apparatus of claim 1 in which said second reflective
means comprises a U-shaped arm which includes three mirrors which
are oriented to direct laser light from said first beam splitter

to said opposite side of said medium.

5. The apparatus of claim 1 in which said second reflective
means includes a support for arms which are disposed on opposite

sides of said medium.



