1 4 SEP 2004 1 METHOD AND SYSTEM FOR DETECTI NG CRACKS I N OPTI CAL DI SCS
FIELD OF THE | NVENTI ON The present invention relates to opticaj diS¢®s 28
disc drives. In 5 particular, the present invention relates to the nethod

and device for nonitoring and detecting small damages on optical discs.

BACKGROUND Optical discs are typically nmade of pol ycarbonate at a thickness
10 of around 1.2mm 1In a disc drive, the disc is placed onto a turntable by

the disc | oader nechanism and clanped onto a clanper for spinning. Due to
normal wear and tear, or user m shandling when renoving/returning the disc

fromto the case, BAFTHOTCANDEFSTENYFORDETEETING CRACKS IN OPTICAL BISCS

typically created at the inner edge of the 15 optical disc (edge defining
the centre hole) and extend radially outwards towards the outer edge.
These cracks have a tendency to propagate into the data area of the disc,

particularly durg t i ﬁ&ﬁﬁq spinning used in the disc drive for
readi ng. Once tﬁgggDégggagqngFOM/or "cross over" into the region used for
the table of content, the- 20 optical disc cannot be read by the disc drive

any nore. 1 4 SE P 204presSMARRNti&I rdldied M/BptitdMNdiscs and disc drives. In
5 particular, the present invention relates to the method and device for

monitoring and detecting small damages on optical discs.

BACKGROUND

Optical discs are typically made of polycarbonate at a thickness

10 of around 1.2mm. In a disc drive, the disc is placed onto a turntable by

the disc loader mechanism, and clamped onto a clamper for

spinning. Due to normal wear and tear, or user mishandling when

removing/returning the disc from/to the case, hairline cracks may be

created. These cracks are typically created at the inner edge of the

(\- 15 optical disc (edge defining the centre hole) and extend radially
outwards towards the outer edge. These cracks have a tendency to

propagate into the data area of the disc, particularly during the high

speed spinning used in the disc drive for reading. Once these cracks

grow or “‘cross over’ into the region used for the table of content, the

20 optical disc cannot be read by the disc drive any more.



For the foregoing reasons, there is a need to detect cracks.ﬁndSEp peFuce
'the damages to the optical discs. The detection principle is éased on the
fact that cracks in a transparent material, 5 such as pol ycarbonate, act as
a mrror, reflecting optical signals that are directed at them

Accordi ngly, the present invention provides, in one aspect, a device for
detecting a crack in an optical disc. The device uses a transmtter to
propagate an optical signal through the optical disc. At |east one
receiver is then used to detect the 10 progagated signal that emerge from

the disc. Fromthe pattern enerated by the received signal, a
m crocontrol | er WQ\EMW OFNAIEWNVENBOMNet ernine if a crack is present on
the optical disc. In one enbodinent, the receiver is positioned to detect

the unreflected propagat Fd Ith%h]l. In[ anot hser & odéi3 rrien%‘, thﬁ [ ec itve{ S
positioned to 15 detect 8F 1 té’(ﬁe%ﬁ’ BBab%ﬁ 205 i YRS PnafGE eltoa %88 , the
crack detection device is incorporated into a conventional_disc drive as a

new crack det ect FEafkeeahia ducsthegiamaggs & thesorticr! disew kTR dstestinn
mechani sm may be installed into the disc drive with the traverse and

| oader nechani snprindipte 20 basedsonttherfapt dpdgaadss in la ghnsgamgndlmatar@igh t he
disc, and in and at |east one receiver is used to detect the propagated

signal . The spat §gsm s@epsiyea®dnkimnadt R & etiplor eebfiictingloptical sitays elaby t he
m crocontroller to determne if a crack is present on the optical disc. 1 4
SEP 2004 are directed at them. -Accordingly, the present invention provides, in
one aspect, a device for detecting a crack in an optical disc. The
device uses a transmitter to propagate an optical signal through the
optical disc. At least one receiver is then used to detect the
10 propagated signal that emerge from the disc. From the pattern
generated by the received signal, a microcontroller makes an
analysis to determine if a crack is present on the optical disc. In one
embodiment, the receiver is positioned to detect the unrefl‘ected

propagated light. In another embodiment, the receiver is positioned to

15 detect reflected propagated light.

In another aspect, the crack detection device is incorporated into

a conventional disc drive as a new crack detection mechanism for
optical discs. The crack detection mechanism may be installed into

the disc drive with the traverse and loader mechanisms. The

20 transmitter propagates a light signal through the disc, and in and at
least one receiver is used to detect the propagated signal. The
pattern generated from the received signal, is analysed by the

microcontroller to determine if a crack is present on the optical disc.




3 In a further aspect, a nethod for detecting a crack in an optical _disc
and for preventing further deterioration is provided. The method 4 s$ER t2004
with the loading of the optical disc into a disc drive, followed by

spi nning, and reading of the Table of Content. An optical signal is 5
propagated through the optical disc along a path that crosses the region
where crack detection is desired. The propagated signal is then received
and analysed to determine if a crack is prssent. From the results of the
anal ysis, an appropriate command is given to the disc drive. In the

preferred enbodi ment y é%nﬁ@ﬂﬁ@ﬂé’cﬂ% ﬁwlafhdlf it deldediig’ & Wa'clg iRPSY Yrftical

normal speed if no crack 1s detecte one or nore cracks are detected,

then an alert wil}l b n Q the nd . the disc driv n majntain
the | ow speed or dLSa Wf@ g ?Vﬁﬂt'ﬂg%@ﬁ?%ggfeﬁ'@@ o1 ISgRI PHdPsES Iﬂﬁ:’b@%: THE
DRAW NGS Figures 1A and 1B are schematic drawings to show the top and side
views of a CD dr StAstsawib thae Mepding ohthe petiettdisqvilet @ gisc diiveirfelowed 1y show
the signals received by the receiver in Fig. 1A over 2 revolutions of the
rotating opti cal sginsing,nanthereallen ot tiid-iTgble ©f Caflent An epdicak sifnadnis
(Fig.1 D) or tw (Fig-1E) cracks. Figures 2A and 2B are schematic draw ngs
to show the sop Ertsb dled theovigHP thed oplcalr dise aleegr i patht thdt h&roBEES efie
Invention. 1 4 SEP 2004

region where crack detection is desired. The propagated signal is

then received and analysed to determine if a crack is present. From

( the results of the analysis, an appropriate command is given to the
disc drive. In the preferred embodiment, the command to the disc
10 drive will operate at normal speed if no crack is detected. If one or
more cracks are detected, then an alert will be sent to the user, and
the disc drive can maintain the low speed or halt the spinning
altogether. |
(- 15 BRIEF DESCRIPTION OF THE DRAWINGS

Figures 1A and 1B are schematic drawings to show the top and side

views of a CD drive according to the present invention.

Figures 1C-1E show the signals received by the receiver in Fig. 1A
over 2 revolutions of the rotating optical disc in the absence (Fig.1C)

20 or presence of one (Fig.1D) or two (Fig.1E) cracks.

Figures 2A and 2B are schematic drawings to show the top and side

views of a CD drive according to the present invention.




4 Figures 2C 2E show the signals received by the receiver inFig.2A over 2
revolutions of the rotating optical disc in the absence (Fig.2d) 408EP 2pg4
presence of one (Fig.2D) or two (Fig.2E) cracks. Figures 3A and 3B are
schematic drawi ngs to show the top and side 5 views of a CD drive
according to the present invention. Figures 3C 3E show the signals received
by the receiver in Fig. 3A over 2 revolutions of the rotating optical disc
in the absence (Fig-3C) or presence of ong (Fig.3D) or two (Fig.3E)
cracks. Figure 3F is a perspective view of '‘part of the CD drive shown in

10 Figures 2A anCigles@CIPH 880 R Sidafs Riceiverr B fite AR ank ) r@?/te;'r)”

dotted lines. Figure 4 is a schemati ¢ diagramto show the circdi
trol th ' dl i . _ Fi A.J
lowehart o1 11 gst g of e, SleBROCHMRR BAREEE 6% ke o3 SraBAnar i ng

according to the pref erreﬁ?en‘ﬂgdi ment of the Er esent invention. Figure 5B
shows part of a EFFERNGFCVPIH (I CnN twadio 2ReFEAGKSand a crack detection

system accordi ng to one enbodi nent of the present invention. 20 1 1, SEP
2004. 5 Figures 3A and 3B are schematic drawings to show the top and side

5 views of a CD drive according to the present invention.

Figures 3C-3E show the signals received by the receiver in Fig. 3A
( ) over 2 revolutions of the rotating optical disc in the absence (Fig.3C)

or presence of one (Fig.3D) or two (Fig.3E) cracks.

Figure 3F is a perspective view of part of the CD drive shown in
10 Figures 2A and 3B, with the positions of the disc and crack shown in

dotted lines.

Figure 4 is a schematic diagram to show the circuitry to control the

crack detection and CD handling processes.

Figure 5A is flowchart to illustrate the method of crack detection and
15 CD handling according to the preferred embodiment of the present

invention.

Figure 5B shows -part of a CD drive with a disc loaded therein and a
crack detection system according to one embodiment of the present

invention.

20




.DESCRI PTI ON OF THE | NVENTI ON Referring first to Figure 1A and 113, one
enbodi nrent of the present invention shows a transmtter 22 ang agngng?ggr
24 nmounted on the periphery of a disc drive 26. The disc driv I'ns
an s optical disc 28 that is |oaded into the chassis (not shown) and

cl anped onto a turntable 30 by a clanper 32. Turntable 30 is coupled to
spindl e notor 34. The disc contains an outer edge and an i nner edge 35
that defines the centre hole 36. The Table _of Content of the disc is
typically found in a concentric area 28a pFoxinate the inner 10 edge. For
optical discs cu [ , |l e of content is typically

12 5mm fromthe H\%ttr:h Jggﬁ (?Iﬁ?bﬁilgvgmg@ﬁnent , the transmtter 22 is
position such that the light signal (shown by the dotted arrows) is
propagat ed from a poReferoingt fisst ctot EiguesigrA aind hiB, ghé CembBdrhemg dfhghep! ane
of the disc. In this enbodinent, the direction 15 of the propagated | i ght
signal 31 is appF%ermwéhtwgﬁmaé trafshitfer 2200 & H06ivier 24 hifnflibC,

and the light path cones wthin a short d| stance of t I nner edge ©

di sc. The shorte .S et yween th and he e of the
di sc depends on @h e né%?ms?#;% ¢ dﬁ'gegéaﬁ C dJ“’feozée ‘?iﬁ?g\,st@(ﬁ’ For
exanpl e, 20 deteCt’@gE{q a crack with a m nimum | ength of 2mm fromthe inner
edge 35, the cl®8 disst gdcthal iselamsied I'"tghih%éﬂﬁséﬁd (nphshoddye angd 2nm

It is clear that distance d can be adjusted and determ ned according to
desi gn requi r eneglagipeddentol § furitatie3fcyia ctaraper 32 Eirotatde 3dhisnco ineled

( to spindle motor 34. T_he disc contains an outer edge and an inner
edge 35 that defines the centre hole 36. The Table of Content of the |
disc is typically found in a concentric area 28a proximate the inner

10 edge. For optical discs currently avaifable, the Table of content is
typically 15.5mm from the inner edge. In this embodiment, the
transmitter 22 is position such that the light signal (shown by the
dotted arrows) is propagated from a point on the outer edge of the
disc and along the plane of the disc. In this embodiment, the direction

( 15 of the propagated light signal 31 is approximately tangential to the
inner edge 36 of the disc, and the light path comes within a short
distance of the inner edge of the disc. The shortest distance d
between the light path and the edge of the disc depends on the
minfmurﬁ size of the crack that is to be detected. For example,

20 detecting a crack with a minimum length of 2mm from the inner edge
35, the closest distance d between light path and inner edge is 2mm.
It is clear that distance d can be adjusted and determined according

to design requirements. Ideally, distance d should be shorter than the



1 4" SEP 2004 6 distance fromthe Table of Content, such that a crack may
be detected before the Table of Content is affected. The receiver 24 is
positioned at a short distance on one side of the transmtterl 4 nSkihi2jps
enbodi ment, the position of the receiver may be at any convenient |ocation
that is 5 not directly in the path of an unreflected propagated signal. For
ease of explanation, the relative position between the transmtter and the
receiver is expressed as an angle (see ref. nuneral 42 in Fig.1A) they

make with the center of the disc. In this Enbodi nent in which the receiver

I's designed to r ' { r d_ligh the angle is, 10
preferably |ess ta &Z%Hg%h%rlgrﬁ%eﬁgb'giog%&ﬁ Sfﬁﬁyﬁu%t\ﬁ ﬁ%ﬂrraﬂyaelﬂ te&F%Q:ks
can be detected  based on the signals received by the receiver. Referring
first to Figure P% ,reﬂBeBTr%%@E[C?%e@ﬁ gnaffecipd, The recaiwnd ippositionetei ver
in the absence of cracks because the propagated |light (see 39 of Fig. 1A)
15 will exit theabipshost digtanseren aoe sife okihesirangmitiepdsi this ehebqutimentpf
entry into the disc, and a constant, |ow base signal will be detected. For

ease of expl anat thenposgitiopagfathedrece@bt mdiabe ich ahgt cdrivieRidriabestion thaefd ect ed
by a crack is referred to as unreflected propagated light. In the presence

of a crack a thgoPlRS&N Pedet i ' f 0 jner

edge, the propagat edi?%(lﬁgjnlal ?cljé%hﬁr%eGbgeﬁlleg%cghﬂﬂ&rﬁg??%g%ﬁ%bg?)\egrdse%very

time the rotati NGk 8)?;955&1&&#,' the' Petlé)ﬁvtehgo&%igﬁCBétl\?vee%npﬁ% Erlaggmitter and the

( receiver is expressed as an angle (see ref. numeral 42 in Fig.1A) they
make with the center of the disc. In this embodiment in which the
receiver is designed to receive reflected propagated fight, the angle is

10 preferably less than 90 degrees.

Fégures ‘iC—1E show how radiating cracks can be detected
based on the signals received by the receiver. Referring first to Figure
1C, no propagating signal will be received by the receiver in the
absence of cracks because the propagated light (see 39 of Fig. 1A)

15 will exit the disc at a point 40 approximately opposite the point of entry
into the disc, and a constant, low base signal will be detected. For
ease of explanation, propagated light that is not interrupted or
reflected by a crack is referred to as unreflected propagated light. In
the presence of a crack at the prescribed distance (i.e. distant d) from

20 the inner edge, the propagated signal 31 will be reflected onto the
receiver every time the rotating crack falls into the prescribed position
41 in Fig.1A. The path of the reflected signal is shown by arrow 43 in

Fig.1A. When there is only one crack, one voltage peak (at Vcc) is




Al in Fig.1A The path of the reflected signal is shown by arrow 43 in
Fig. 1A. Wien there is only one crack, one voltage peak (at Vcc) is 1 4 SEP

2004 7 detected in each revolution, as shown in Figure 1D. We t\lggpc&ﬂé:k
lines are present (indicated as ref. nuneral s 41 and 45), two géa [1
be detected in each revolution as shown in Fig 1E. Each peak represents
the periods during the rotation of the disc in which a crack 5 at the
prescri bed di stance fromthe inner edge of7the disc falls into the
prescri bed position. The duration of the peak is dependent on the Ilength

of the crack. RefigictiddiP8sknrvéiifiodas 8hBRHORAFRe AD. NABRMW efadee and

recei ver 24e is used to show the flexibility of the present invention.

10 this exanpl e, 5 n a 2
osi 11 on of T ecelVat B4 PMPer i Mube BT F Tudierels Qﬁc @3 %é@? 2 s
angle 42a. If a crack is present on the disc, signal b% reflected
al ong path 25b eVer petdeteciadeincpaeh rexolugen:as Shewaom |f9)HE REEK ver
24e will thus pick up the reflected propagated signal 15 and show a signal.
pattern sinilar rteprésentertbs pshiods duningithe rotadionooflthg, disesiia eyhich leacradie
spikes will appear at a different position along the tinme axis. Figures 2A
and 2B showmn attipensres¥sbedraRtani®R Mol thehifinePEage of thedRt falld intd thai ch
the receiver 24a is positioned opposite the

prescribed position. The duration of the peak is dependent on the

length of the crack.

Referring back to Fig.1A, a second set of transmitter 22e and

receiver 24e is used to show the flexibility of the present invention. In

10 this example, the signal 25a is generated by transmitter 22e. The
position of receiver 24e relative to the transmitter can be expreésed

as angle 42a. If a crack is present on the disc, signal 25a will be
reflected along path 25b every time the crack is rotated to position

25c¢. Receiver 24e will thus pick up the reflected propagated signal

15 and show a signal-pattern similar to the ones shown in Fig. 1C to 1E,

except that the spikes will appear at a different position along the time

axis.

Figures 2A and 2B show an alternative embodiment of the

present invention in which the receiver 24a is positioned opposite the

20 transmitter 22a. In this embodiment, the transmitter propagates a
signal 31a within the disc 28a and along the plane of the disc similar

to path 31 of Fig.1A. The position of the receiver 24a allows it to

receive the signal 39a when no crack is present in the disc. The



20 transmtter 22a. In this enbodinent, the transmtter propagates a

P, i .
signal 3la within the disc 28a and al ong the plane of the disc gim to
3 S anf

path 31 of Fig.1lA. The position of the receiver 24a allows it t

t he signal 39a when no crack is present in the disc. The | 1 4 SEP 2004 8
difference in refractive index between air and the transparent materi al
(pol ycarbonate in the present exanple), is taken into account when

determ ning the exact position and direction of the receiver. (The change
in angl e caused by the difference in refrdttive indices 5 between air and

oV borete | bl iOUDeichlrReR AN PAT iy T Sbrblef )

The direction of approxi ma ange to the inner

edge 35a of the dISC deflnln cent hol 3 d di st f
Tho edge 35a. D BOHRAELAAC B 66 PERERF 130T E if Hekah du ABRH: WMEAce)

defines the position of a 10 detectable crack relative to the inner edge of
the disc. For crdafesmiring ther exaciapesifionnandedirenion efigheararaivadi {fbe
outwards toward the outer edge, distance dl al so defines the shortest

crack that can bgharfig! €6t adghky dduseddeledierdiffiéhencearie psfravtivel éndicpsi es to
the prescribed distance d |n t he enbodi nent shown in Fig. 1A-1 C 15 The

et L ARl Yt et e ol B sbnngserr
ease of illustration). The direction of signal 31a is again
approximately tangential to the inner edge 35a of the disc defining
center hole 36a, and a distance of d1 from the edge 35a. Distance d1
(also referred to as the prescribed distance) defines the position of a

10 detectable crack relative to the inner edge of tﬁe disc. For cracks that
originate from the inner edge and radiate outwards toward the outer
edge, distance d1 also defines the shortest crack that can be

detected by this detector. The same principle applies to the

prescribed distance d in the embodiment shown iﬁ Fig.1A-1C.

15 The prescribed positions (such as 41, 25c and 41a) discussed
above are only used as examples to iliustrate how uniform cracks that
are radiating directly from the center of the disc are utilised as mirrors
to practice the present invention. It is clear that the same receivers
can detect non-radial andfor non-uniform cracks, but the prescribed

20 position at which the reflécted light is captured by the receiver may

vary from the ones used for illustration in the drawings.

Examples of the signals received by receiver 24a are shown in

Figure 2C-2E. In this embodiment, the receiver will receive a constant



are radiating directly fromthe center of the disc are utilised as mrrors
to practice the present invention. It is clear that the sane re e%v %5 %Zn
detect non-radial and/or non-uniformcracks, but the prescribed?2 g i 4006
at which the reflected light is captured by the receiver may vary fromthe
ones used for illustration in the draw ngs. Exanples of the signals
received by receiver 24a are shown in Figure 2C-2E. In this enbodi nent,
the receiver will receive a constant 1 4 SEP 2004 9 "high" signal (Vcc) as
the disc spins in the absence of a crack, as shown in Figure 2C. If one

crack is present ;sh@hsesgﬁ@t (\S?’éc _tegethé:glf%t ?@@38'{?3% E'Rgehgél(g):% edjf%&e path

43a when the crack™reac position and 2 IS results
in one sharp dip_[n the 5_sign p revol ution, as shown in Figure 2D. If
two cracke (ref - ShRypaia SR8 260 T ehs Bt R pufferty b sAdinthEl b e
revolution in the signal results, as shown in Figure 2E. Figures 3A, 3B
and 3F show a t hFPasambotighents deflesedpiadat 43mwhen oiei eragh cnaches
transmtter 22b is positioned below the optical 10 disc, and the |ight
signal 31b (see PpgitidR)41= (sbea Eigt @A apdv@BisThis reauls il end sharpddig retheaner
edge 35b of the disc. Wen no crack is present, the light path 31b
traverses the pl agmapfpéheetbiGton,aBs shewn! idiRiged DDt Feml IFadkLNEfPat h
39b without being detected by the receiver 24b. Wien a crack is present in
the disc at the peseLideda and 45a) are present, two dips per revolution in the

signal results, as shown in Figure 2E.

Figures 3A, 3B and 3F show a third embodiment of the present
invention in which the transmitter 22b is positioned below the optical
10 disc, and the light signal 31b (see Fig.3F) is directed upwards at an
angle towards the inner edge 35b of the disc. When no crack is
present, the light path 31b traverses the plane of the disc, and the
light exits the ldisc along path 39b without being detected by the
receiver 24b. When a crack is preéent in the disc at the prescribed

15 distance d2 (see Fig.3A) from the inner edge 35b and rotates to the
prescribed position 41b during the course of rotation, the light will be
reflected ba'ck along path 43b and detected by the receiver 24b. Thus,
the signal detected by the receiver is a constant low signal in the
absence of a crack near the inner edge as shown in Figure 3C. When
20 a crack is present, as shown in Figure 3F, the signal is reflecfed to

the opposite side of the normal line to the crack along path 43b.

Examples of the signals received by receiver 24b are shown in

Figure 3C-3E. In this embodiment, the receiver will receive a constant



15 di stance d2 (see Fig.3A) fromthe inner edge 35b and rotates to the

prescribed position 41b during the course of rotation, the |i hz w be
refl ected back al ong path 43b and detected by the receiver 24pb.% T 2004 he
signal detected by the receiver is a constant |ow signal in the absence of
a crack near the inner edge as shown in Figure 3C. Wien 20 a crack is
present, as shown in Figure 3F, the signal is reflected to the opposite
side of the normal line to the crack al ong100ath 43b. Exanpl es of the
signals received by receiver 24b are shownin Figure 3C-3E. In this

embodi ment, the F‘I%W'éf%ﬁal"és“ d 8581 pinirf éﬁé‘éncf(e bi %@a@@oés PowlrP
signal as the di sc spins |nt e absence of a crac hown I n Flgure 3C.
to the

I f one crack is e transmtted t . wl fle

Fecel ver | resutt PN 36nel duld AR i eregﬁﬁl" t%wﬁ&? SR SRS
Fi gure 3D. If two cracks 41b and 45b are pr esent peaks per

revol uti on in theeflgdedionte daereceiysr, s"ﬁ‘é%'“ﬂnm If’i“&upéabli‘" &I%ﬁf&naﬁi BBbows
one exanple of a sinple electrical circuit for practising the present

i nvention. |n threvautiomnlas sholingin Fegaret 80g Idtwalecragks idd bpradi 46b are t he
transmtter 22c. The receiver 24c contains a light 10 sensor 52 that is

coupl ed to asm cpresedin! fid beakdper TBEoINIEH n 1RO Rid !l RIsulté, ia8 sRowHT Th
coupled to a second |ight emtting di ode (LED) 6 and the spi ndl e not or

driver 59 that dFlg‘(ﬁé 3@| ndl e notor 34 of the

( Figure 4 shows one example of a simple electrical circuit for
practising the present invention. In this examble, a light emitting diode

50 is provided in the transmitter 22¢. The receiver 24¢ contains a light

10 sensor 52 that is coupled to a micro-controller 54. The micro-

controller 54 is in turn coupled to a second light emitting diode (LED)

56 and the spindle motor driver 59 that drives spindle motor 34 of the

CD drive. Thus, the loading of a normal disc without cracks gives a

constant high or low signal to the receiver, depending its position, as

( 15 discussed in the embodiments shown in Figures 1A-E, 2A-E and 3A-
E. When the signal is interrupted due to the presence of one or more

cracks, the micro-controller sends a command to LED (light emitting

diode) 56 to start blinking to warn the user of the presence of cracks

in the disc, and to apply a brake to the spindle motor, either to stop it

20 or slow it down.
Figure 5A shows a flowchart illustrating a process

microcontroller in a CD drive for detecting disc cracks and preventing

further deterioration. |In step 502, the optical disc is inserted into the



CD drive. Thus, the loading of a normal disc w thout cracks gives a
constant high or low signal to the receiver, depending its pOSitLESE agw%S
di scussed in the enbodi nents shown in Figures 1A-E, 2A-E and SA- . %h

the signal is interrupted due to the presence of one or nore cracks, the
m cro-controller sends a command to LED (light emtting diode) 56 to start
blinking to warn the user of the presence of cracks in the disc, and to
apply a brake to the spindle notor, eitheryqto stop it 20 or slowit down.
Figure 5A shows a flowhart illustrating a process mcrocontroller in a CD
drive for detectdisg diige Theacksckacrebakirgy enitineg 508 uat hdssatitieer abbadé, aml | n
step 502, the optical disc is inserted into the 1 4 SEP 2004 11 disc

drive. The crackbéfwfsrﬁ@drtgtﬁﬁéaﬁ 8PéracRs. l?'ﬁ%cdré&@‘i’s 6%%%ev‘ﬂhleldm;éewnl

performed to check for cracks. If no crack I1s detecte drive wl
erform nor nal n f__norm
Iroeadl ng and wri tﬁ%tyfg%erﬁi‘éﬂﬁ%néﬂé‘%l %%Z‘l)]]ﬁ%{*o%é %ﬁg@ﬁ@ %Zml”?% eﬁ@t”éc? d,
the light emtti ng di ode (LED flash (st ep, 506) and/ or the speed of
the nmotor will i8Rk FeRriPgt 8!’1’5)”9 BRegt @I“ts (slep| 2QP) Eeherack ﬂ'ﬁ@ is

conputer to ask for further instructions fromthe user 510. The users
manual will @l sodetested, theHightremitting diodenéLEDhsvill tpstti (step 5086)s laovivior n
step 506. Then the user has to decide whether to 10 perform a backup
operation as a diwngeeéd siethecinetbr will be Idiwaeed |(ktdps 508). An alert is also
( sent to the computer to ask for further instructions from the user 510.
The users manual will also expfain the meaning of the flashing diode
as shown in step 506. Then the user has to decide whether to
10 perform a backup operation as a damage is detected in the disc. Itis
clear that the speed of the initial monitoring phases (step 504) and
subsequent reading phase (either 505 or 508) may be determined by

the manufacturer,

Figure 5B shows the parts of a CD drive containing a crack

( 15 detection system according to the present invention. In this figure,
some of the details of the CD drive, such as the loader gears are not

shown so as not to obscure the iliﬁstration of the present crack

detection system. It is understood by one skilled in the art that CD

drives contains loader and traverse mechanisms with the appropriate

20 gears to function. In the embodiment shown in Fig.5B, an optical disc

60 is loaded into the chassis 62 of a CD drive. Transmitter 22d and

receiver 24d are mounted on the same side of the chassis a short

distance apart. Transmitter 22d generates a light signal 31d that is



cl ear that the speed of the initial nonitoring phases (step 504) and
subsequent readi ng phase (either 505 or 508) may be deternined1by SEpeﬂw4
manuf acturer. Figure 5B shows the parts of a CD drive containing a crac

15 detection system according to the present invention. In this figure,
some of the details of the CD drive, such as the | oader gears are not

shown so as not to obscure the illustration of the present crack detection
system It is understood by one skilled inhe art that CD drives contains
| oader and traverse nechanisns with the appropriate 20 gears to function.

In the enbodi rrentc%@p@gatédw wiihGn e didt ephilaralo SatBC31 &9 Fig1AOREeiven2adt he

chassis 62 of a drive. Transmtter 22d and receiver 24d are nounted on
t he sane side of i{he.& ' | Trﬁglam't

generates a i ghtlgsﬁ%ﬁg?ﬁéqzt_oﬁeg%g{és r?%‘%%%@@%ﬁéqza rc):r opagsapgécfeﬁm&ﬁﬁi n
e e o et o S G s o EP RRLShoY i aR0 laiGe e

m crocontrol ler (not shown) is used to anal yse the signals received and
noti fy the user &gdalgi fgceivedhandetnadidy thedaseri Beepridmgri g the mrethad 5A.

Wil e the present invention has been described particularly with

references t& Fi ghestAbed ibBig tO-dhphd<dss on a CD drive, it should be
understood that the figures are for illustration only and should not be

While the present invention has been described particularly with

(. 7 references to Figs 1A to 5B with emphasis on a CD drive, it shouid be
understood that the figures are for illustration only and should not be

taken as limitation on the invention. In addition, it is clear that the

10 method and apparatus of the present invention has utility in many

applications where crack detection is required. It is contemplated that

many changes and modifications may be made by one of ordinary

skill in the art without departing from the spirit and the scope of the

invention described. For example, there are many other positions that

( 15 the transmitter and the receiver may be placed to practice the present
invention. The sensor in the receiver and the light emitting diode of

the transmitter may also be positioned a distance from the spinning

disc, and the light signals transmitted to the disc (and from the disc to

| the receiver) through optical fibers. Other types of disc drives can also

20 be installed with the present features, examples include, but are not

limited to, CD-ROM, CDRW, CDR, DVD-ROM, and rewritable DVD

drives. Furthermore, the present invention may be practised as a

stand-alone crack monitoring device for optical discs, in which case




t:aken.as limtation on the invention. In addition, it is clear that the 10
nmet hod and apparatus of the present invention has utility in naqy
applications where crack detection is required. It is contenplateﬁ §E%IZMH
many changes and nodifications nay be made by one of ordinary skill in the
art without departing fromthe spirit and the scope of the invention
descri bed. For exanple, there are nmany other positions that 15 the
transmtter and the receiver may be placed1%o practice the present
invention. The sensor in the receiver and the light emtting diode of the
transmtter may dhsadibe grve tanrbed aasitipié amotor P RBIARINGP HHE ik, Wﬁﬁca and
the light signals transmtted to the disc (and fromthe disc to the

receiver) througheesiveeand bResmittdt @%té,%‘ﬁﬂ@ Pfac@idsgo %@i&\%ﬁjpg%ﬁ% 50520 be

installed with the present features, exa nclud 1Tm ted
to, CD-ROM CDRW..: i tabl e, DVD, drives. Furthernore,
the present i nveﬂ'%%@&%%é@%é&% userdf ﬁﬁ?&f‘ﬁl%ﬁéieez(?fééﬂ- moni t ori ng
device for optical discs, in which case 1 4 SEP 2004 13 the disc drive can
be a sinple notor for spinning the disc, with a receiver and transmtter
strategically placed to check for cracks. A mcrocontroller can then alert
the user if cracks are detected. 1 4 SEP 2004 14 CLAI M5



p—

, 1. An apparatus for detecting cracks in optical discs, said disc having an

outer 5 edge and an inner. edge, said apparatus conprising: a disc drive

for spinning said optical disc; at |east one transmtter for prﬁq'a%?gj r?gﬁa
i ght signal parallel to the surface through the interior of sai'd™opti g:l

di sc; at |east one receiver for receiving said propagated |ight energing
fromsaid 10 disc; and a mcrocontroller coupled to said receiver for

anal ysing signals received thereof. 2. An apparatus according to claim!l
wherein said |ight signal is propagated 15 across the plane of said disc
and in a direction approximtely tangential to the inner edge of said disc,
the cl osest distance between the path of said propagated light and said

i nner atlgdgmbei ng the | ength of shortest crack to be detected. 3. An
apparatus according to claim2 wherein said receiver is adapted to 20
receive unrefl ected propagated signals energing fromsaid disc. 4. An
apparatus according to claim?2 wherein said receiver is adapted to received

propagat ed ahgipphatusabl @ste@ihglayacks in Bptichl €iSes, ehidalisd Wavingi 4h elitec. 1 4 SE P
2904 15 5. An apparatus according to claim1l wherein said light signal is

pr opagatigslaml snipnér dtehsdidappdratay ebmpasihdie pl ane of said optical disc, said
path traversing said disc at a position proximate said inner edge. 5 6. An
appar at us ag ek dringfdr spibhing &haid opfiedl dise; sai d receiver is adapted to
at least one transmitter for propagating a light signal parallel to the surface
through the interio_r of said optical disc;
at least one receiver for receiving said propagated light emerging from said
10 disc; and

a microcontroller coupled to said receiver for analysing signals received

thereof,

2. An apparatus according to claim 1 wherein said light signal is propagated
15  across the plane of said disc and in a direction approximately tangential to the inner
edge of said disc, the closest distance between the path of said propagated light

and said inner edge being the length of shortest crack to be detected.

3. An apparatus according to claim 2 wherein said receiver is adapted to

20 receive unreflected propagated signals emerging from said disc.

4. An épparatus according to claim 2 wherein said receiver is adapted to




.receive uninterrupted propagated signals energing fromsaid disc. 7. An
apparatus according to claim5 wherein said receiver is adapte? Lo EQCﬁjxed
propagat ed signals reflected by at |east one crack in said disc. 18 8. &
optical disc drive conprising a traverse nmechani smfor spinning said disc
and retrieving information fromsaid disc, a |oader nechanismfor | oading
said disc onto said traverse nechanism and a crack detection nechani sm
said crack detection mechanismconprising: 15 a transmtter, nounted on
said disc drive, for propagating a isi ght signal parallel to the surface

through st he ARt fiphRitusPhccdrding SPEBM NY whBkdirt 3aid dhBCsigrAl & Ropsfafider mount ed
on said disc drive and having a |ight sensor positioned to Treceive

unr ef | eglopg pAR ¥R tiGdersedite RARS 6 Sty bptRAD §idd, Saflf S4th 130Eksig said .
m crocontrol ler, coupled to said receiver, for analysing signals received

20 ther @Rk at § podiibriftblifate idmndfddge. comprising a traverse mechani sm for
spinning said disc and retrieving Information fromsaid disc, a | oader

mechani sm for | oading said disc onto said traverse nechanism and a crack
detecti on nmechanismand a 25 m crocontroller for controlling the operations

of sai dgdr | Vn SPbAANE 86dbrdlRg 3514 & vhe RDIcckaTE RBHEM HOTP i Sing: 2

transmtter for propagating I ght sign parallel to the surtace through

the i niRENUniftentpled pPopdBIdAGidRls dritrgflh Hom &l disc.

7. An apparatus according to claim 5 wherein said receiver is adapted to
received propagated signéls reflected by at least one crack in said disc.
10
8. An optical disc drive comprising a traverse mechanism for spinning said disc
and retrieving information from said disc, a loader mechanism for loading said disc
onto said traverse mechanism, and a crack detection .mechanism, ‘said crack
detection mechanism comprising:
15 a transmitter, mounted on said disc drive, for propagatiﬁg a light signal
parallel to the surface through the interior of said spinning optical disc; and
a receiver mounted on said disc d.rive and having a light sensor positioned
to receive unreflected propagated light emerging from said disc; and
a microcontroller, coupled to said receiver, for analysing signals received

20 thereof.

9. An optical disc drive comprising a traverse mechanism for spinning said disc

and retrieving information from said disc, a loader mechanism for loading said disc
onto said traverse mechanism, and a crack detection mechanism and a

25  microcontrolter for controlling the operations of said drive, said crack detection




. a.receiver conprising a receiving nmechani sm nounted on said disc drive at

5 a position that is adapted to receive reflected propagated |ight energing
fromsaid disc, said reflected propagated |ight generated by.ﬂ crsﬁ%kn
positioned along the path of said propagated |ight. 10 A nethédSESr 2004
detecting cracks in optical discs conprising: 10 rotating said optical

di sc; propagating an optical signal parallel to the surface through said
rotating optical disc; receiving said propagated signal; and anal ysing the
pattern of the received signal to determne if a crack is present 15 in
sai d opinegiRdnigih 86mprising: A met hod for detecting cracks in optical discs
conprising: loading said optical disc into a disc drive; rotating said

disc drive aétrandnquera@.e;ﬁdpa@n@@culmgs?gnanpa:anerwtnec@rfaae giraligtomeal 1 el to the
surface through said optical disc receiving said propagated signal from

sai d ophiefiot ofbiafiCspinmitgy optical Wiseaasl recei ved signal to determine if a crack
is present on said optical disc, and sending the appropriate command to

sai d di sc drd iReivébcomptisinga &Q%néheciaamspﬁ M&iMedoResiardiid@rivietcl ai m 11

wherein a crack is present in said disc,
5 a position that is adapted to receive reflected propagated light emerging from said

disc, said reflected propagated light generated by a crack positioned along the path

of said propagated light.

10. A method for detecting cracks in optical discs comprising:
10 rotating said optical disc;
propagating an optical signal parallel to the surface through said rotating
optical disc;
receiving said propagated signal; and
analysing the pattern of the received signal to determine if a crack is present

15  in said optical disc.

11. A method for detecting cracks in optical discs comprising:

loading said optical disc into a disc drive;
rotating said disc drive at a low speed;

20 7 propagating an optical signal paralle! to the surface through said optical disc;
receiving said propagated signal from said optical disc; |
analysing said received signal to determine if a crack is present on said

~ optical disc, and

sending the appropriate command to said disc drive.

25




.and said command conprises: sending information to the user to indicate
that. a crack has been detected; and 5 requesting said user to sel ect
between a first and a second option, said first option conpria,sg NSEP 2p

mai ntai ning said optical disc rotating in a slow speed, and ‘retri e\/% r%
information fromsaid optical disc, said second option conprising stopping
said rotation. lo 13. A nethod according to claim 10 said optical signal is
further propagated along a path that is approximtely tangential to the

i nner edge of said disc. 14. A nethed according to claim210 wherein said

light signal Al meba@nrreating tal e B PRhdrehNRtrack 3 presest hhgiPbgpe of said
optical ABSTRACT METHOD AND SYSTEM FOR DETECTI NG CRACKS | N OPTI CAL DI SCS A

devi ce hAd sal8cmrand cdmpriseek i n an optical disc including a transnmitter to
propagate an optical signal through the optical disc and a receiver to

detect the psamiHIBhRMStidNB!the G MoliNdcAS HAR ANer SGRIChES dét%&ga;t he received

signal, a mcrocontroller nmakes an analysis to determne IT a crack is
present g@n the optical disc. The nmethod may be incorporated into a
conventional disc drive as a new crack detection nechanism FIGURE 1B

5 requesting said user to select between a first and a second option, said first
option comprising maintaining said optical disc rotating in a slow speed, and
retrieving information from said optical disc, said second option comprising stopping

said rotation.

10 13 A method according to claim 10 said optical signal is further propagated

along a path that is approximately tangential to the inner edge of said disc.

14. A method according to claim 10 wherein said light signal is propagated

along a path that traverses the plane of said optical





