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tnvention This invention relates to information recording nedia i he for
of light-readable discs, and nore particularly to such nedia mhlc & made
up of ;two such discs secured to one anot her back to back to forn1a

two- §i ded stack. Light-readable information recording nedia in the form of
discs are well known as shown, for exanple, by Kraner U S. patent

5, 068, 846. Commercial ly avail abl e conpact discs ("CDs") and conp3%464038
read- only nmenories ("CD-ROVs.") are exanples of recording nedia of this
general type. Mre recently, digital versatile discs ("DvDs") have energed
wherein |light-readable information technol ogy is enployed to record novies
and other simlar real-tine audio/visual progranm ng (hereinafter "program
i nformati on”) on discs. To increase programinformtion storage capacity,
DVDs are - -

e Drssnuiar opvicar prscs v

Backaround of the Invention

This invention relates to information
5 recording media in the form of light-readable discs,
and more particularly to such media which are made up
of two such discs secured to one another back to back
to form a two-sided stack.
Light-readable information recording media in

10 the form of discs are well known as shown, for example,
by Kramer U.S. patent 5,068,846. Commercially
available compact discs ("CDs") and compact disc read-
only memories ("CD-ROMs") are examples of recording
media of this general type.

15 More recently, digital versatile discs
("DVDs") have emerged wherein light-readable
information technology is employed to record movies and
other similar real-time audio/visual programming
(hereinafter "program information") on discs. To

20 increase program information storage capacity, DVDs are
formed from two discs (similar in appearance to

conventional audio CDs} bonded back to back (see, for
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forned from1 i mlar in appearance to conventional audi o CDs)
bondedmg@m& ac _(see, for REPLACEMENT SHEET -2- exanple, U S patent
5,729, er 27, 1995, the entire contents of which are hereby
|ncorpo ,@m nce) Bonding of the two discs is nornmally
perfor each disc's back side (i.e., the side of a disc which
S bonded to another disc) with a |light-curable bonding material, stacking
the disc back to back, and curing the 2ponding material by

si mul t aneousl y exposi ng each disc's front side to ultra- violet light. This

bondi ng technique is commonly referred to as "simnmultaneous exposure." 10
Wien the two di Rlfmithe o BIAESRE ARRI i tien |No 6 P85 79 ,c302pr Ebladr wi se

structurally pecember 27, 1995, the entire contents of which are
hereby incorporated by reference). Bonding of the two
discs is normally performed by coating each disc's back

5 side (i.e., the side of a disc which is bonded to

another disc) with a light-curable bonding material,
stacking the discs back to back, and curing the bonding
material by simultaneously exposing each disc's front
side to ultra-violet light. This bonding technique is

10 commonly referred to as "simultaneous exposure."

When the two discs forming a DVD are
structurally symmetrical or otherwise structurally
similar (e.g., both discs contain program information),
the transmissivity of each disc is also similar.

15 Accordingly, light of approximately the same
characteristics (e.g., wavelength and intensity) may be
used to expose each disc during simultaneous exposure.
However, when the discs to be bonded are structurally
asymmetrical or otherwise structurally dissimilar

20 (e.g., one disc contains program information and the
other disc contains printed images or other artwork),
the transmissivity of each disc may differ greatly. As
a consequence, during the simultaneous exposure of a
DVD formed with structurally asymmetrical or '

25 sfructurally dissimilar discs (hereinafter "an
asymmetrical DVD"), unequal amounts of light reach the
bonding material through each disc (assuming a similar
light source is used to expose each disc). For
example, when a disc contains a printed image, the

30 characteristics of light transmitted through the disc
vary with the transmissivity variations inherent in the
printed image (e.g., due to ink thickness or color
variations). By curing through such an image, the

underlying bonding material will be cured non-uniformly
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simlar (e.g., both discs contain programinformation), the transm ssivity
of each disc is also simlar. 15 Accordingly, |ight of approximtely the
same char.acteristics (e.g., wavelength and intensity) nay be used to expose”
each disc during sinmultaneous exposure. However, when the discs to be
bonded are structurally asymetrical or otherw se structurally dissimlar
20 (e.g., one disc contains programinformation and the other disc contains
printed i mages or other artwork), the transkissivity of each disc nay
differ greatly. As a consequence, during the sinultaneous exposure of a DVD
formed wth structurally asymretrical or 25 structurally dissimlar discs
(hereinafter " @PAhsYtTIRREr DVetated nequbhe aspahial otranghissiuihyt he
bondi ng mat er | dlaAfutonsils (s HECiA AU bR eg g | | BRtsHHrGe (S used
to expose each disc). For "exanpl e, when I SC contarns a printéd inmage,
the 30 charact &858 AR ofMmagyHilesehgnresembl ine e tteigisgl varyntedh t he

transm ssivity jupidet { . | W od Ndie RSE 'EE PRYMLF Hnaglfenk§ 'K
be visible through a program information disc bonded to
the printed image disc. This type of bleed-through
phenomenon is referred to as "image pass-through."” 1In
addition to producing an unattractive mirror image of
the original printed image, the non-uniformly cured

10 bonding material responsible for image pass-through may
actually degrade DVD playability.

One technique for reducing image pass-through
in an asymmetrical DVD is to cure the light-curable
bonding material by exposing only the program

15 information side of the DVD to light (commonly referred
to as "one-sided exposure”). In this manner, the
spatial transmissivity variations present in the
printed image have no effect on the curing process, and
image pass-through is eliminated. Unfortunately, a

20 one-sided exposure also results in non-uniform curing
of the bonding matérial as bondiﬁg material proximate
the disc being exposed to light is éured more rapidly
than bonding material distal the exposed disc. Because
bonding material expands during the curing process,

25 bonding material receiving more light (e.g., the
bonding material proximate the exposed disc) expands
more rapidly than bonding material receiving less light
(e.g., the remaining bonding material). This non-
uniform bonding material expansion strains the bonding

30 material and the discs of the DVD and causes the DVD to
warp or tilt. Thereafter, the warped/tilted DVD will
not play properly. This problem is exacerbated by the
non-uniform infrared heating associated with the curing

process.



variations); By curing through such an inmage, the underlying'bonding

material wll

be cured non-uniformy -3- and in a manner related to th
spatial transm ssivity variations present in the printed inage.

case, an inmage closely resenbling the original printed image (e.g., a
mrror inmage of the original inage) may 5 be visible through a program
I nformati on disc bonded to the printed i mage disc. This type of

bl eed-t hrough phenonenon is referred to as4'image pass-through.” In
addition to producing an unattractive mrror inmge of the original printed

| mage, the non-uniformy cured 10 bonding material responsible for inmage

pass-through may actual | P &&gdaddeneSqne erdigtia orome thadsifpre f or

reduci ng i mgepBaggnloh’ | ggyﬁﬁé' 3l DV i : t he
| i ght - curabl e bondi Rghr?g;ig%tg}ag;lygxp Sl n&frg%%ayl the %%ég}rvgltngee
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structurally dissimilar optical discs which minimize
both disc tilt and image pass—through; Such methods
will allow a program information disc to be bonded to a
graphical image disc without experiencing the drawbacks
associated with either phenomenon.

In view of the foregoing, it is an object of
this invention to provide methods for bonding
structurally asymmetrical or otherwise structurally
dissimilar optical discs which reduce both disc tilt
and image pass-through.

f vent i

This and other objects of the invention are
accomplished in accordance with the principles of the
invention by providing methods for reducing both disc
tilt and image pass—-through in structurally
asymmetrical and otherwise structurally dissimilar
optical disc stacks.

A DVD.is formed from a first and a second
optical disc by coating the back side of at least one
of the optical discs with a light-curable bonding
material and stacking the first and second optical
discs back to back. Preferably, the second disc
comprises program information, while the first disc
comprises some form of artwork. To cure the light-
curable bonding material without suffering detrimental
effects from disc tilt and image pass—-through, a three
step curing process is employed.

The front side of the second optical disc is
exposed to light for a first predetermined time period.
This first exposure partially cures thé light-curable

e

In such a



15 ‘information side of the DVD to light (comonly referred to as.
"one-sided exposure"). In this manner, the spatial transm ssivity

vari ations present in the printed i mage have no effect on the curing

process, and inmage pass-through is elimnated. Unfortunately, a 20

one-si ded exposure also results in non-uniformcuring of the bonding

mat eri al as bonding material proximte the disc being exposed to light is
cured nore rapidly than bondi ng naterim.TH%ral t he exposed di sc. Because
bondi ng material expands during the curing process, 25 bonding nmateri al
receiving nore_light (e.g., the bonding nmaterial_ proximte the exposed

di sc) expands mngl i“tﬂq%ﬁ Iy BEHHInG Hatkich lest suserptdate | tght
(e.g., the remimzigad daaydi Il ' = [ lng_nmateri a
expansi on strains ﬁe bonc‘?%gf‘?(lﬁ3 n.gﬂt%er iﬁé{ﬂ}}] %aefgldigsgsé%wgéegﬁm and
causes the DVDFESWdr plorthiig onerdided exposure war ped/tilted DVD will not

play properly. This problgmiisii (¥nggﬁgiggaé&méigggdggfégr%ﬂ@frared
heati ng associated with the curing process. '
second optical disc, the front sides of both the first
optical disc and the second optical disc are
simultaneously exposed to light for a second
predetermined time period. Because the light-curable
bonding material is partially cured during the first
10 exposure, the second exposure cures the light—curéble
bonding material without producing image pass-through.
Finally, the front side of the first optical
disc is exposed to light for a third predetermined time
period. This third exposure completes the curing of
15 the light-curable bonding material and reduces disc
tilt within the DVD through expansion of bonding
material proximate the back side of the first optical
disc. In this manner, any disc warpage produced during
the first exposure is reduced or eliminated during the
20 third exposure. Thus, an asymmetrical DVD is formed
without suffering from disc tilt or image pass—through.
Further features of the invention, its nature
and various advantages will be more apparent from the
accompanying drawings and the following detailed
25 description of the preferred embodiments.

Brief Description of the Drawings
FIG. 1A isla cross—sectional representation
of a DVD formed via simultaneous exposure;
FIG. 1B is a top view of the DVD of FIG. 1A;
30 FIG. 1C is a bottom view of the DVD of
FIG. 1A;



<4- A need theref ists for methods for bondi ng structurally
asy rical -or otherMAse structurally dissimlar optical discs which

m ni mﬁ‘%s}ﬂ&thasd;eed{ and i mage pass-through. Such nethods 5 will allow™a
progra sc to be bonded to a graphical inmage disc wthout
exper i n&mm acks associated with either phenonmenon. In view of
the for I's an object of this invention to provide nethods for

bondi ng 10 structurally asymetrical or etléerwi se structurally dissimlar

optical discs which reduce both disc tilt and i nage pass-through. Summary

of the Invention 15 This and ot her objects of the invention are
acconpl i shed i n accordan®&Gui 2h isha mnm—[sleeﬂ:minaﬂhevuewem |20 DTy

provi ding nEth?g§mL8rv&%d%C|n%1%ed exposure,

FIG. 3 is an elevational view of illustrative

curing apparatus which can be operated in accordance
-5 with the present invention to produce improved

asymmetrical DVDs; and

FIG. 4 is a flow chart useful in describing
the operation of the curing apparatus of FIG. 3 in
accordance with the present invention.

10 il D iption of

In order to understand how the present
invention improves the bonding of structurally
asymmetrical or otherwise structurally dissimilar
optical discs, it is first necessary to understand the

15 shortcomings of conventional optical disc bonding
techniques. These shortcomings are discussed with
reference to FIGS. 1A-1C and FIG. 2.

FIG. 1A shows a DVD 11 formed using a
conventional simultaneous exposure technique. DVD 11

20 contains an image disc 13 {containing a graphical
image 15) bonded to a program information disc 17 with
a light-curable bonding material 19. Program
information disc 17 contains program information 21 in
a form similar to the format shown by Kramer U.S.

25 Patent 5,068,846. Graphical image 15 contains pit art
(see, for example, U.S. patent application No.
08/579,302, filed December 27, 1995), enhanced pit art
(see, for example, U.S. patent application No.
08/714,302, filed September 18, 1996), generic or

30 specific artwork (see, for example, U.S. patent
application No. 08/816,661, filed March 13, 1997},
holographic artwork, printed labels, printed images,

“THIS SHEET HAS BEEN
REPLAGED




tilt and.i mage pass-through in structurally asymetrical and otherw se
structurally dissimlar 20 optical disc stacks. A DVDis fornmed froma
first and a second optical disc by coating the back side of at |east one of
the optical discs with a |ight-curable bonding material and stacking the
first and second optical 25 discs back to back. Preferably, the second disc
conprises programinformation, while the first disc conprises sone form of
artwork. To cure the light- curable bondirng material w thout suffering
detrinmental effects fromdisc tilt and i mage pass-through, a three 30 step
curing process is enployed. The front side of the second optical disc is
exposed to |ighilkoscaekhning,ppedther diiked t BIS.pdB sthowEhias topr stiewkposur e

partially CureéftﬁngthRéﬁﬁrgﬂkge dié%‘13) wherein graphical
image 15 is represented by the word GRAPHICS.
As shown in FIG. 1A, during a simultaneous
5 exposure light-curable bonding material 19 is cured by

simultaneously.shining light through both the front
side of image disc 13 and the front side of program
information disc 17. As a consequence of spatial
variations in the transmissivity of image disc 13

10 (e.g., due to variations in ink thickness, color, etc.
of graphical image 15), light-curable bonding material
19 cures non-uniformly and in a manner related to the
spatial transmissivity variations of graphical
image 15. This non-uniform curing produces a mirror

15 image 15' of graphical image 15 which is visible
through program information disc 17 as shown in
FIG. 1C. That is, image pass-through of the graphical
image 15 results from the simultaneous exposure of
DVD 11.

20 To avoid image pass—-through, DVD 11 can be
cured by performing a one-sided exposure through
program information disc 17. During a one-sided
exposure, bonding material 19 is exposed to an
ultraviolet light source located on the program

25 information side of DVD 11. By only exposing bonding
material 19 through program information disc 17,
bonding material 19 is unaffected by the spatial
transmissivity variations of graphical image 15.
Bonding material 19 therefore cures independently of

30 graphical image 15, and image pass-through is
eliminated.

While a one~sided exposure eliminates the
non-uniform curing of bonding material 19 (due to the

spatial transmissivity variations of graphical



bonding material, nmaking it much | ess susceptible to i nmage pass-t hrough.
The DVD may warp slightly as a result of this one-sided exposure. Foll ow ng
t he one-sided exposure of the 5 second optical disc, the front sides of
both the first optical disc and the second optical disc are sinultaneously
exposed to light for a second predeterm ned tine period. Because the

| i ght-curable bonding material is partially cured during the first 10
exposure, the second exposure cures the Fight-curable bonding materi al

wi t hout produci ng i mage pass-through. Finally, the front side of the first
optical disc is exposed to light for a third predeterm ned tine period.
This third expimage tdipkespsnshbleufongingges patsise thirgugheurtie erdsndi ng

e 8 o SEMEE: bRk, bR, e TR BB, of Pond! 10
any di sc war pageifosnduberdddngi mgterdafli catriegposbDuring rkedmeeds icted
ELLgégated durég o%ﬁ%a?oboh 35% %é %%ﬁ% 'prggﬁ%hfgqﬁ%ggggﬁrical DVD i's
5 information disc 17 (e.g., near the light source used
to expose bonding material 19) cures more rapidly than
bonding material near graphical image 15. Because
bonding material 19 expands during curing, bonding
material proximate program information disc 17 expands
10 more rapidly than bonding material near graphical
image 15. To relieve the strain produced by the non-
uniform expansion of the bonding material 19, DVD 11
warps as shown in FIG. 2. When DVD 11 warps, much of
program information 21 is no longer readable (as
‘15 described below). .
- With reference to FIG. 2, program
information 21 of DVD 11 is read (i.e., the DVD 11 is
"played") via an optical pick-up 23. Optical pick4
up 23 contains a laser source 25, a detector 27, and
20 various optical and digital signal processing
components (not shown) for maintaining the focus of a
transmitted laser beam 29 (emitted by laser source 25)
on program information 21. To read program
information 21, laser source 25 emits and directs
25 transmitted laser beam 29 (focused via optical pick-
up 23) toward program information disc 17. Transmitted
laser beam 29 trévels through program information
disc 17, strikes program information 21, and generates
a reflected laser beam 31 which is modulated by the
30 surface features of program information 21.

When optical pick-up 23 reads a planar
portion of DVD 11 (e.g., a non-warped portion),
reflected laser beam 31 reflects toward and is detected
by detector 27 as shown in FIG. 2. Detector 27



wi thout suffering fromdisc tilt or inmage pass-through. Further features of
the invention, its nature and various advantages wll be nore apparent from
t he acconpanyi ng drawi ngs and the followi ng detailed 25 description of the
preferred enbodi ments. Brief Description of the Drawings FIG 1A is a
cross-sectional representation of a DVD forned via sinultaneous exposure;
FIG 1B is a top view of the DVD of FIG 1A, 30 FIG 1Cis a
bottom view of the DVD of FIG 1A -6= FIG 2 is a cross-sectional view
of a DVD forned via one-sided exposure; FIG 3 is an el evational view of

illustrative curing apparatus which can be operated in accordance 5 with
the present inREA¥Yisies dipfomatiompioertical pick-up 23 regarding

the intensity of the detected reflected laser beam 31.
Optical pick-up 23 interprets this information, and
extracts program information 21 therefrom.

5 FIG. 2 also shows an optical pick-up 23' in
phantom (identical to optical pick-up 23) disposed
beneath the warped portion of DVD 11. Optical pick-
up 23' contains a laser source 25', a detector 27', and
various optical and digital signal processing

10 components (not shown) for maintaining the focus of a
transmitted laser beam 29' on program information 21.
As with optical pick-up 23, to read program
information 21, laser source 25' emits aﬁd directs
transmitted laser beam 29' toward program
15 information 21. Transmitted laser beam 29' travels
through program information disc 17, strikes program
information 21, and generates a reflected laser
beam 31'. As with reflected laser beam 31, reflected
laser beam 31' is modulated by the surface features of
20 program information 21.
Unlike reflected laser beam 31, reflected
laser beam 31' does not reflect toward the
detector 27'. Rather, because transmitted laser
beam 29' strikes a warped portion of DVD 11, reflected
25 laser beam 31' reflects away from detector 27' as shown
in FIG. 2. Detector 27' fails to detect reflected
laser beam 31' such that optical pick-up 23 is unable
to read program informétion 21 from the warped portion
of DVD 11. . Thus, because DVD 11 is warped, all program
30 information 21 located on the warped portion of DVD 11
is unreadable. A disc tilt angle o is assigned to DVD
warpage and must not exceed 0.8° for the DVD to remain

playable. f\\\““\-~\\\\\\\‘
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asynnetrlcal DVDs; and FIG 4 is a flow chart useful in describing the
operation of the curing apparatus of FIG 3 in accordance with the present
invention. 10 Detailed Description of the Preferred Enbodi nents In order
to understand how the present invention inproves the bonding of
structurally asymmetrical or otherwi se structurally dissimlar optical
discs,, it is first necessary to understand the 15 shortcom ngs of
conventional optical disc bonding techniqué®. -These shortconi ngs are

di scussed with reference to FIGS. |A-ICand FIG 2. FIG 1A shows a DvVD 11
formed using a conventional sinultaneous exposure technique. DVD 11 20
contains an imge disc ﬁ?QQQﬁdknqﬂYE)wntﬂemﬁntﬂmtlamgb D¥D bondﬂﬂgto a

b ogr am i nf or et S igs ) AtAek Al R L OF FuaBR b ERs JEnFRhdn Brst
simlar to thebeortrdierafmcth byThe presants. igerat emt s indbBatdéus Gyaphi cal
I mage 15 cont Al Ridmel hoth problems as described below.

5 ' FIG. 3 shows an illustrative curing
apparatus 33 for curing bonding material 19 in
accordance with the present invention. Curing
apparatus 33 comprises an array of top lamps 35/1,
35/2, and 35/3 separated from an array of bottom lamps

10 35/4, 35/5, and 35/6 by a conveyor 37. Conveyor 37 is
used for transporting DVD 11 through curing
apparatus 33 during the curing of bonding material 19,
and is sufficiently transparent to allow the DVD 11 to
cure via light emitted from lamps 35/4, 35/5, and 35/6.

15 Each lamp 35 comprises an ultra-violet light
source 39 and a reflector 41 for directing light
emitted from light source 39 toward DVD 11 as shown in
FIG. 3. Preferably, each lamp 35 is independently
controllable. |

20 To overcome image pass-through associated
with simultaneous exposure and disc warpage'associated
with one-sided exposure, a hybrid simultaneous/one-
sided exposure is employed. Conveyor 37 is used to
move DVD 11 underneath lamp 35/3 and above lamp 35/6

25 and lamp 35/6 is lit for a first predetermined time
period while lamp 35/3 remains extinguished. A one-
sided exposure is thereby performed through program
information disc 17. This exposure partially cures
bonding material 19 and may cause DVD 11 to warp

30 slightly in the direction shown in FIG. 2.

Following this first exposure, conveyor 37

moves DVD 11 beneath lamp 35/2 and above lamp 35/5.
Thereafter, both lamp 35/2 and lamp 35/5 are lit for a

second predetermined time period. Because bonding



(see, for exanple, U S. patent application No. 08/579,302, filed Decenber
27, 1995), enhanced pit art (see, for exanple, U S. patent application No.
08/ 714,302, filed Septenber 18-, 1996), generic or 30 specific artwork
(see, for exanple, U S patent 5,766,496 filed March 13, 1997), hol ographic
artwork, printed |abels, printed inages, -7- silk screening, or the
like. FIG 1B shows a top view of DVD 11 (and inmage disc 13) wherein
graphical inmage 15 is represented by the wbotd GRAPHI CS. As shown in FI G

1A, during a sinmultaneous 5 exposure light-curable bonding material 19 is
cured by simultaneously shining |light through both the front side of inmage
di sc 13 and t hwategialsil@ewas pagiiahliyhicsmest bon ldmpe 357.6 ,ALhe consequence

of SPatia' VarEﬁEE?Qi EQaBQﬁi%%ﬁ%ﬁ@&s%E@fﬁﬁf@hg T%ﬂ%fgﬁ%:fﬁggraphical
image 15 have a reduced impact on the curing of bonding
material 19. Accordingly, image pass-through does not
5 result during this simultaneous exposure.
Following the second exposure, conveyor 37
moves DVD 11 beneath lamp 35/1 and lamp 35/4.
Lamp 35/1 is then lit for a third predetermined time
period while lamp 35/4 remains extinguished. This
10 third exposure completes the curing of bonding
material 19 and reduces any disc tilt within DVD 11
(through expansion of bonding material 19 near
graphical image 15) produced during the first exposure.
Accordingly, both image pass-through and disc tilt are
15 substantially reduced by employing the inventive curing
method disclosed herein.
_ The above-described hybrid simultaneous/one-
sided exposure may be employed with any DVD containing
a graphical image disc and a program information disc.
20 The particular type of graphical image (e.g., pit art,
enhanced pit art, printed image, holographic artwork,
etc.) will influence the first, second and third
predetermined time periods for each exposure step.
As an example, when DVD 11 is formed by bonding a pit
25 art containing image disc 13 to a‘program information
disc 17 via a bonding material 35um in thickness, the
following exposure times and lamp intensities may be

employed.



0 (e.g., due to variations in ink thickness, color, etc. of graphical

i mge 15), light-curable bonding material 19 cures non-unifornmy and in a
manner related to the spatial transmi ssivity variations of graphical inage
15. This non-uniformcuring produces a mrror 15 inmage 15 of graphical

I mage 15 which is visible through programinformation disc 17 as shown in
FIG IC That is, imge pass-through of the graphical inmge 15 results from
t he simultaneous exposure of DVD 11. 20 ~— 12 - To avoi d i nage
pass-through, DVD 11 can be cured by perform ng a one-sided exposure

through programinformation disc 17, During a one-sided exposure, bonding
material 19 is exposed téﬁﬁmpultra@ﬁ@#ﬁ%—ﬂggﬁllsodﬁﬂ&ﬁﬂaaaﬂﬁamhniﬂﬁﬁl

program 25 information side of DVD 1§g By only exposigg bondi ng materi al
19 through programinformation disc 17, bonding material 19 is unaffected
by the spati al transnissiv?ty variati®s of graphi cal ie¥e 15. Bonding

material 19 therefore cureg independengly of

5. 4 0 ——
5 80 | 5.3
6 80 5.3

Note that during an exposure the light energy at the
front side of image disc 13 and at the front side of
10 program information disc 17 is approximately 0.83
Joules/cm?’. The light energy at bonding material 19 is
approximately 1.2% of this wvalue.
FIG. 4 shows an illustrative sequence of
steps in accordance with the invention for operating
15 the curing apparatus of FIG. 3 as described above. To
some extent these steps have already been mentioned and
the discussion of them here can be somewhat
abbreviated.
In step 100 (subsequent to forming DVD 11 by
20 coating at least one of the back sides of image disc 13
and program infarmation disc 17 with bonding material
19 and stacking the discs back-to-back), DVD 11 is
moved beneath lamp 35/3 and above lamp 35/6. Lamp 35/6
is then 1lit for a first time period t; while lamp 35/3
25 remains extinguished. This one-sided exposure
partially cures bonding material 19 and may cause DVD
11 to warp slightly in the direction shown in FIG. 2.
Step 102 then follows.
In step 102, DVD 11 is moved beneath
30 lamp 35/2 and above lamp 35/5. Thereafter, both
lamp 35/2 and lamp 35/5 are lit for a second time
period t,. Because bonding material 19 was partially

cured by lamp 35/6, the spatial transmissivity



30 graphical image 15;- and inmage pass-through is elimnated. Wile a
one-si ded exposure elimnates the non-uniformcuring of bonding material 19

(due to the spatial transm ssivity variations of graphical - 8- "i'nmage15)--

responsi bl e for inmage pass-through, the one- sided exposure produces an
alternate form of non- uniform bonding matl&¥i-al curing. During a one-sided
exposure, bonding material proximate program5 information disc 17 (e.g.,
near the |light source used to expose bonding material 19) cures nore

rapi dly than bvagiagieaseinhergadr igr appobikcalmigeges 15Bdemes&@ bondi ng

"ot or mati on af Leofoed ThBRcE, b ne 207 RY, B Borduol SRR I0,
gr aphi cal i maghceerdingiyli éregehpassrinropobddoes bptt keswdit during
this simultaneous exposure. Step 104 then follows.

5 In step 104, DVD 11 is moved beneath o
lamp 35/1 and lamp 35/4. Lamp 35/1 is then 1lit for a
third time period t; while lamp 35/4 remains
extinguished. This third éxposure completes the curing
of bonding material 19 and reduces any disc tilt within

10 DVD 11 produced during step 100. Accordingly, both
image pass~-through and disc tilt are substantially
reduced by employing the ‘inventive curing steps of FIG.
4.

It will be understood that the foregoing is

15 only illustrative of the principles of this invention,
and that various modifications can be made by those
skilled in the art without departing from the scope and
spirit of the invention. For example, by adjusting
exposure parameters (e.g., wavelength or intensity) the

20 time period for each exposure step may be widely
varied. The requirement for an intermediate
simultaneous exposure may even be eliminated in some
cases. Furthermore, appropriate first, second, and
third predetermined time periods depend on a number of

25 other factors including bonding material thickness and
curing properties, the type of disc materials employed,
the type of graphical image on image disc 13, and the
like. While the present invention is particularly
useful for reducing image pass—-through and disc tilt

30 during asymmetrical DVD formation, it also may be
employved during the formation of structurally
symmetrical or otherwise structurally similar DVDs
(e.g., DVDs with two program information discs) if so
desired.



uni form expansi on of the bonding material 19, DVD 11 warps as shown in FIG
2. \Wen DVD 11 warps, much of programinformation 21 is no |onger readable
(as 15 described below). Wth reference to FIG 2, programinformation 21
of DVD 11 is read (i.e., the DVD 11 is "played") via an optical pick-up 23.
Optical pick- up 23 contains a |aser source 25, a detector 27, and 20
various optical and digital signal processing conponents (not shown) for

mai ntaining the focus of a transnmtted |-ask4 beam 29 (enitted by | aser
source 25) on programinformation 21. To read programinformation 21, |aser
source 25 emts and directs 25 transmtted | aser beam 29 (focused via
optical pick- up 23) tom@mimqogmnamm 2@ may desased fomrssiherd | aser

it or mat i on 21535 P8R LARa by T o Sitfedl i athS, PIAIOT e
by the 30 surfansthaakuré@roh monyearhiiomfadr redmudit sleouseaxpgEual pi ck- up
23 reads a p'aB%b 11 travels along conveyor 37 and stops beneath
5 lamp 35/3 and above lamp 35/6. Lamps 35/3 and 35/6 are
then lit so that bonding material 19 is exposed to
light through both image disc 13 and program
information disc 17. After a first predetermined time
period, lamps 35/3 and 35/6 are extinguished and
10 conveyor 37 moves DVD 11 beneath lamp 35/2 and above
lamp 35/5. Lamps 35/2 and 35/5 are then lit so that
bonding material 19 is again exposed to light through
both image disc 13 and program information disc 17.
After a second predetermined time period, lamps 35/2
15 and 35/5 are extinguished and conveyor 37 moves DVD 11
beneath lamp 35/1 and above lamp 35/4. Lamps 35/1
and 35/4 are then lit for a third predetermined time
period to complete the curing of bonding material 189.
For a one-sided exposure of DVD 11, the above sequence
20 is repeated with lamps 35/6, 35/5, and 35/4
extinguished during the entire curing process.

Sheet Has Been Re laced
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portion of DVD 11 (e g., a non-warped portion), reflected | aser beam 31
reflects toward an ted by detector 27 as shown in FIG 2. Detector

”mmmn tion to optical pick-up 23 regarding the '~

| ntenS| ty mm Hmr efl ected | aser beam 31. Optical pick-up 23
interprets”tHis 4 niormat+on, and extracts programinformation 21 therefrom
5 FIG 2 also shoms an optical pick-up 23" in phantom (identica
to optical pick-up 23) disposed beneath thd5war ped portion of DVD 11.
Optical pick- up 23" contains a |aser source 25, a detector 27', and
various optical and digital S|gnal processing 10 conponents (not shown)
for mai nt ai ni ngthselnveneion ixmednisted | aser beam 29' on program
information 21. As with optlcal pICk up 23, to read programinformation 21,
| aser source 25' emts ant. di r'Bee smethod of bonding optical discs

comprising:

providing a first and a second optical
disc, each optical disc comprising a front 51de and a
back side;

coating said back side of at least one
of said first and second optical discs with a light-
curable bonding material;

stacking said back side of said second
optical disc adjacent said back side of said first
optical disc;

exposing said light-curable bonding
material to light by shining light through said front
side of -said second optical disc for a first
predetermined time period;

further exposing said light-curable
bonding material to light by simultaneously shining
light through both said front side of said first
optical disc and said front side of said second optical
disc for a second predetermined time period; and

further exposing said light-curable
bonding material to light by shining light through said
front side of said first optical disc for a third

predetermined time period.

2. The method defined in claim 1 wherein

said second optical disc comprises program information.

3. The method defined in claim 1 wherein
said first optical disc comprises at least one of
program information, pit art, enhanced pit art,

holographic artwork, and a printed image.



transm.tted | aser—beanm29' toward program 15 information 21. Transmtted

| aser beam 29’ hrough programinformation disc 17, .strikes program
[ nformaU! m“ “jﬁm rates a reflected | aser beam31'. As with reflected
| aser | aser beam 31' is nodul ated by the surface
features of 20 programinformation 21. Unlike reflected | aser beam 31,
reflected | aser beam 31' does not reflect toward the detector 27'. Rather,
because transmitted | aser beam 29" strikeslé warped portion of DVD 11,
reflected 25 | aser beam 31' reflects away fromdetector 27' as shown in
FIG 2. Detector 27" fails to detect reflected | aser beam 31' such that
optical pick-up 23'is unable t'Ihaf emt}md)gimﬁéd OIrEchtia)ﬂnZII whereihe warped

portion of DVD beca DVD ed, all program 30

i nformation 219 Jiga;&g?%tn Jtsneu t'ts'lolr\,\méq'b’f DVD 11 i s unreadable. A

disc tilt angle a is assigned to DVD war page and must not exceed 0.8 for

the DVD to remain playablge. ) optical disc stack formed by the
method of claim 1.

6. The method of reducing disc tilt and
image pass-through during the bonding of optical discs
comprising:

providing a first and a second optical
disc, each optical disc comprising a front side and a
back side;

coating said back side of at least one
of said first and second optical discs with a light-
curable bonding material;

stacking said back side of said second
optical disc adjacent said back side of said first
optical disc to form a disc stack;

warping said disc stack by shining light
through said front side of said second optical disc for
a first predetermined time period so as to expose said
light-curable bonding material to light; and

reducing the warpage of said disc stack
by shining light through said front side of said first
optical disc for a second predetermined time period so
as to further expose said light-curable bonding

material to light.

7. The method defined in claim 6 wherein

said second optical disc comprises program information.

8. The method defined in claim 6 wherein

said first optical disc comprises at least one of



. 10 - rdingly, w onventionaI DVD bondi ng techni ques, either..disc

tilt or gh nust be tolerated. The present invention
simulta bot h probl ens as described below. 5 ' '

FIG 3 shows an f'll#&strative curing apparatus 33 for curing bonding
material 19 in accordance with the present invention. Curing apparatus 33
conprises an array of top lanps 35/1, 35/2, and 35/3 separated from an
array of bottomlanps 10 35/4, 35/5, and 33/6 by a conveyor 37. Conveyor
37 is used for transporting DVD 11 through curing apparatus 33 during the
curing of bonding material 19, and is sufficiently transparent to allow the
DVD 11 to cur e pragramhinfornasion, qed t aapls, ISikaneed SpitnarBs/ 6. 15

Each | anp 35 Cﬁgga{#gsleaspm Lﬂﬂ:tfv?oflﬁ,maeﬁdlé%iﬁ@é'&cﬁngge?nd a reflector 41

for directing

9. The method defined in claim 6 wherein
said light is ultra-violet light.

10. An optical disc stack formed by the
method of claim 6.



em.tted fromlight source 39 toward DVD 11 as shown in FIG 3. Preferably,
each llanp 35 is independently controllable. 20 ~To overcone |nage
pass-through associated with sinultaneous exposure-and di sc war page '
associ ated wi th one-sided exposure, a hybrid sinultaneous/one- sided
exposure i s enployed. Conveyor 37 is used i@ nove DVD 11 underneath |anp
35/ 3 and above lanp 35/6 25 and lanp 35/6 is lit for a first predeterm ned
time period while lanp 35/3 renains extinguished. A one- sided exposure is
t hereby performed through programinformation disc 17. This exposure
partially cures bonding material 19 and nay cause DVD 11 to warp 30
slightly inthe direction shown in FIG 2. Followng this first exposure,
conveyor: 37 ‘noves DVD 11 beneath |lanp 35/2 and above | anp 35/5. Thereafter,
both lanp 35/2 and lanp 35/5 are Iit for a second predeterm ned tine

peri od. Because bondi ng

Abstract of the Disclosure

Methods for bonding structurally asymmetrical
or otherwise structurally dissimilar optical discs are
provided. A bonded optical disc stack is formed from a

5 first and a second optical disc by coating the back
side of at least one of the optical discs with a light-
curable bonding material and stacking the first and
second optical discs back to back. The front side of
the second optical disc is exposed to light for a first

10 predetermined time period. The front sides of both the
first and second optical discs are then exposed to
light for a second predetermiﬁed time period. Finally,
the front side of the first optical disc is exposed to
light for a third predetermined time period. 1In this

15 manner, when the second optical disc comprises program
information and the first optical disc comprises a
graphical image or other artwork, image pass-through
due to simultaneous exposure and disc warpage due to
one-sided exposure are significantly reduced.
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material 19 was partially cured by lanp 35/6, the. spatial transmssivity
vari ations inherent in graphical inmage 15 have a reduced inpact on the
curing of bonding material 19. Accordingly, inage pass-through does not 5
result during this sinmultaneous exposure. Follow ng the second exposure,
¢onveyor 37 noves DVD 11 beneath lanp 35/1 and |anp 35/4. Lanp 35/1 is then
lit for a third predeterm ned tinme period | le lanp 35/4 remains
extingui shed. This 10 third exposure conpl s the curing of bonding
material 19 and reduces any disc tilt within DVD 11 (through expansi on of
bondi ng material 19 near graphical imge 15) produced during the first
exposure. Accordingly, both inma pa8s-through and disc tilt are 15
substantially reduced by enpl oyi e inventive curing nethod digglesed
herei n. The above-descri bed hybsgg st nmul t aneous/ one- si ded expos&ié Eiy be
0g

enpl oyed with any DVD containin g8aphi cal image dgc artg, a pr a:
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20 The particul ar type of graphical inmage (e.g., pit art, enhanced pit art,
printed i mage, hol ographic artwork, etc.) will influence the first, second
and third predetermned tine periods for each exposure step. As an exanple, ™
when DVD 11 is fornmed by bonding a pit 25 art containing image disc 13 to a
progiraminformation disc 17 via a bonding material 35 err]min thickness,

the foll owi ng exposure tinmes and lanp intensities nmay be enpl oyed. - 12
- Power (Wcnierr]) Exposure Tine (sec)ll 80 , 5.3 2
80 5.3 3 o 2/4 --- 5. 4

0 --- 5 80 5.3 6 80

5.3

FIG.2
(PRIOR ART)

4l N\




Note that during an exposure the light energy at the front side of inmage
disc 13 and at the front side of 10 programinformation disc 17 is -
approxi mately 0.83 Joules/cnferr]. The light energy at bonding material™19™"
is approximately 1.2%of this value. FIG 4 shows an illustrative sequence
of steps in accordance with the invention for operating 15 the curing
apparatus of FIG 3 as described quve. Eﬁgfone extent these steps have

al ready been nentioned and the di sgussi o t hem here can be sonmewhat
abbreviated. In step 100 (subsequégg to forming DVD 11 by 20 coating at

| east one of the back sides of ingg? disc 13 and programinformation disc
17 with bonding material 19 and stacking the discs back-to-back), DvVvD 11 is
noved beneath | anp 35/3 and above SBagp 35/ 6. Lanp 35/6 is then lit for a
first tinme period t[err] while |la 5/3 25 remains extingui shed. This
one-si ded exposure partially cure nding material 19 and nmay cause DVD 11
to warp slightly in the directionﬁsp wn in FIG 2.
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Step 102 then follows. In step 102, DVD-11 is noved beneath 30 | anp 35/2
and above | anmp 35/5. Thereafter, both [anp 35/2 and |anp 35/5 are |it for a
second tine period t2. Because bonding material 19 was partially cured” by ™
| anp .35/ 6, the spatial transmssivity - 13 - variations inherent in
graphlcal i mge 15 have a reduced inpact on the curing of bonding material
19. Accordingly, inage pass-through does not result during this

si mul t aneous exposure. Step 104 then follows. 5 In step 104, DVD
11 is noved beneath lanp 35/1 and | anp 354#4 Lanp 35/1 is then lit for a
third tine period t3 while lanp 35/ 4 remai ns extinguished. This third
exposure conpletes the curing of bondin al 19 and reduces any disc
tilt within 10 DVD 11 produced durj di ngly, both

Expose only program _
information disc 17 100
(via lamp 35/6) for ~
a first time period t,

Expose both program
information disc 17 (via lamp
35/5) and image disc 13 (via f~\102
lamp 35/2) for a second time

period t,

Expose only image disc
13 (via lamp 35/1) fora 104
third time period t,

F/G. 4



| mage pass-through and disc tilt are substantially reduced m/_’wa@ t—hél»
I nventivé curing steps of FIG 4. It will be understood that the fore90|

is 15:00nly illustrative of the.principles of thi-s invention, ddd-tba gf
vari ous nodi-fications can be made by those skilled in the art m“gpa
departlng fromthe scope and spirit of hhe I nvention. For exanpl gs

adj usting exposure paraneters (e.g., wa ngth or intensity) the 20 tine
period for each exposure step may be widely varied. The requirenent for an
i nt ermedi ate sinultaneous exposure nay even be elimnated in sonme cases.
Furthernore, appropriate first, second, and third predeterm ned tine
peri ods depend on a nunber of 25 other factors including bonding materi al

t hi ckness and curing properties, the type of disc materials enployed, the
type of graphical inage on inmage disc 13, and the |ike. Wile the present
invention is particularly useful for reducing i nage pass-through and disc
tilt 30 during asymetrical DVD formation, it also may be .

DISSIMILAR OPTICAL DISCS

Background of the Invention
This invention relates to information
recording media in the form of light-readable discs,
and more particularly to_such media which are made up
of twe such discs aecured to one another back to back
~— | té form a two-sided stack. ' |
Light-readable information recording media in
the form of discs are well known as shown, for example,
by Kramer U.S. patent 5,068,846. Commercially
available compact discs ("CDs") and.compact disc read-
only memories ("CD-RoHsﬁ) are examples of recording
media of this general type.
| More recently, digital versatile discs
("DVDs") have emerged whereln llght readable
information technology is employed to record mov;es and
other similar real-time audlo/v1sual programmlng
(hereinafter “program information") on discs. To
increase program information. storage capac1ty, DVDs are
formed from two discs (31m11ar in appearance to

conventional audio CDs) bonded back to back (see, for

TREPLACEMENT SHEET
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enpl oyed_during the formation of structurally symetrical or otherw se
structurally simlar DVDs (e.g., DVDs with two programinformation discs)
i f so~desired. - 14 - Curing apparatus 33 may be used for either

si mul t aneous exposures or one-sided exposures. For instance, for a
conventi.onal sinmultaneous exposure, DVD 11 travels al ong conveyor 37 and
stops beneath 5 | anp 35/3 and above Ianﬁ'3%967 Lanps 35/3 and 35/6 are then
lit so that bonding material 19 is exposed to |ight through both inmage disc
13 and programinformation disc 17. After a first predetermned tine
period, lanps 35/3 and 35/6 are extingui shed and 10 conveyor 37 noves DVD
11 beneath | anp 35/2 and above | anp- 35/5. Lanps 35/2 and 35/5 are then |it
so that bonding nmaterial 19 is again exposed to |ight through

- METHODS FOR BONDING STRUCTURALLY
- DISSIMILAR  OPTICAL DISCS

Abstract of the Disclosure

Methods for bonding structurally asymmetrical
or otherwise structurally dissimilar optical discs are
provided. A bonded optical disc stack is formed from a
first and a second optical disc by coating the back
side of at least one of the optical discs with a light-
curable bonding material and stacking the first and
second optical discs back'to back. The front side of
the second optical disc is exposed to light for a first
predetermined time period. The front sides of both the
first and second'optical discs.are then exposed to
light for a second predetermined time period. Finally,
the front side of the first optical disc is exposed to
light for a_third,prédéfgfmiﬁgd time period. 1In this
manner, when the §econdfop£igalfa;s; comprises program
information and the first optical ‘disé éﬁmprises a
graphical image or other artwork, image pass-through
~due to simultaneous exposure and disc warpage due to
one-sided exposure'are'éignificantly reduced.

"Figure 3
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,both. i mage di sc D40 anornatgon dISC 17. After a second
"predet er ni ned tﬂm HE¥Y 35/ 2 15.and:35/5 are extingui shed 7 qq
conveyor 37 tene lamp 35/1 and above |anp 35/ 4. Lanpa?@g

he

and-35/4 are tfh i §d predeterm ned tine period to conpl
~curing of bondi “al” | Ror -a one-sided exposure of DVD 11, the

above sequenceg 2A0..i sat-ed-lwiit h Ianps 35/3, 35/2 and 35/1 extanU|shed

during the entlre curlng proces-. 155 _The Invention Clained Is 1.

The met hod of dr'scs conprising: providing a first and a
second optical disc, each optical disc conpr|5|ng a front side and aback

_S'de Coatlngé§yﬁ%lggcﬁ §'dSa9Ln§t !?E&ES??? filed December 27, 1995,

the entire contents of which are hereby incorporated by
 reference) . Bonding of the two discs is normally
performed by coating each disc's back side (i.e., the
side of a disc which is bonded to another disc) with'a
light-curable bonding material, stacking the disc back
to back, and curing the bonding wmaterial by
simultaneously exposing each disc’s front side to ultra-
violet light. This bonding technique is commonly

U referred to as "simultaneous exposure."
- 10 '

When the two discs forming a DVD are
structurally symmetrical or otherwise structurally
similar (e.g., both discs contain program information),
the transmissivity of each disc is also similar.

15 Accordingly, light of approximately the same
characteristics (e.g., wavelength and intensity) may be
used to expose each disc during simultanecus exposure.
However, when the discs to be bonded are structurally
astmetrical or otherwise structurally dissimilar

20 (e.g., one disc contains program information and the
other disc contains printed images or other artwork),

- the transmissivity of each disc may differ greatly. As
a consequence, during the simultaneous exposure of a
DVD formed with structurally asymmetrical or

25 structurally dissimilar discs (hereinafter "an
asymmetrical DVD"), unequal amounts of light reach the
bonding material through each disc (assuming a similar
light source is used to expose each disc). For
example, when a disc contains a printed image, the

30 characteristics of light transmitted through the disc
vary with the transmissivity variations inherent in the
printed image (e.g., due to ink thickness or color
variations). By curing through such an image, the
underlying bonding material will be cured non-uniformly



of said first and second optlcal dlscs vuth a Ilght- curabl e hmndlna
material; stacking said back side of said: secend optical dis gﬁm ' SﬁEET
back si'de of said first optical disc? exposing said I|ight-curda :
‘material.to light by shining |ight through'said front side of a;f secon&
optical disc for a first predeternined tine period; further g¢xpost AgJtthi 133
| i ght -curabl e bonding material to |ight by sinmultaneously shini
through both said front side of said fiLsyg aptical disc and gaid front'side
of said second optical disc for a second predeternmned time ;
further exposing said |ight-curable bonding material to Ilght by shlnlng
l'ight through said fron d fe §ai ILGal di ird :
predeterm ned tinme peri tgg@ 2(2 s T%eC%gt k?{)_?teﬁ?'ton% vq'e§1:a| m°L %V‘\’It’]ﬂ;rel n said
second opti cafoamed Fdaponses igiedyexposirermt i on.

FIG. 3 is an elevational view of lllustratlve'
curing apparatus which can be operated in accordance
5 with the present invention to produce improved
asymmetrical DVDs; and |

FIG. 4 is a flow chart useful in describing .
the operation of the curing apparatus of FIG. 3 in
o accordance with the present lnventlon |
P\ s - : | |
10 Detailed T it s >raf | Eml .
| In order to understand how the present
invention improves the bonding of structurally
asymmetrical or otherwise structurally dissimilar
optical discs,;, it is first necessary to understand the
15 . shortcomings of conventional optical disc bondihg
techniques. These shortcomings are discussed with
reference to FIGS. 1A-1C and FIG. 2. _
FIG. 1A shows a DVD 11 formed using a
conventional simultaneous exposure technique. DVD 11
. i.) 20 contains an image disc 13 (containing a graphical
image 15) bbnded to a program information disc 17 with
a light-curable bonding material 19. Program
information disc 17 contains program information 21 in
a form similar to the format shown by Kramer U.S.
25 Patent 5,068,846. Graphical image 15 contains pit art
{see, for example, U.S. patent application No. _
08/579,302, filed December 27, 1995), enhanced pit art
(see, for example, U.S. patent application No.
08/714,302, filed September 18, 1996), generic or
30 specific artwork (see, for example, U.S. patent

5,766,496 filed March 13, 1997), holographic artwork,
printed labels, printed images, '




3. -The met hod deflned inclaiml mhereln said first optlcal ——
eonpri ses at | east. one of program;nformatlon pit art, enha EchmgNtT SHEET

holographlc artwork, and a printed i mage. - 16 -'4... Thejmpt hod defi ned
in claim1l wherein said light is ultra-violet light. 5. An] opt iZAl Hil <1899
stack forned by the nethod of -claim1. 6. The net hod of reflugi ng di sc
tilt and i nage pass-through during the bonding of optical digcs conmpr T STTIg?
providing a first and a second optical d&i gc~ each optical di conprising a

front side and a back side; coating said back side of at |east one of said-
first and second optical discs with a light-

provides information to optical pick-up 23 regarding
the intensity of the detected reflected laser beam 31.
Optical pick-up 23 intérprets this information, and
extracts program information 21 therefrom.

5 FIG. 2 also shows an optical pick-up 23; in
phantom (identical to optical pick-up 23) disposed
beneath the warped portion of DVD 11. Optical pick-
up 23' contains a laser source 25', a detector 27', and
various optical and digital signal processing

o 10 components (not shown) for maintaining the focus of’a
transmitted laser beam 29' on program information 21.
As with optical pick-up 23, to read program
information 21, laser source 25' emits and directs
transmitted laser beam 29' toward program
15 information 21. Transmitted laser beam 28' travels
through program information disc 17, strikes program
information 21, and generates a reflected laser
beam 31'. As with reflected laser-beam 31, reflected
laser beam 31' is mpduléted by the surface features of
20 program information 21.
Unlike reflected laser beam 31, reflected
laser beam 31' does not reflect toward the
detector 27'. Rather, because transmitted laser
beam 29' strikes a warped portion of DVD 11, reflected
25 laser beam 31' reflects away from detector 27' as shown
in FIG. 2. Detector 27' fails to detect reflected
laser beam 31' such that optical pick-up 23’is unable
to read program informa;ion 21 from the warped portion
of DVD 11. Thus, because DVD 11 is warped, all program
30 information 21 located on the warped portion of DVD 11
is unreadable. A disc tilt angle a is assigned to DVD
warpage and must not exceed 0.8° for the DVD to remain
playable.



¢ur ahl e bonding material; stacking sai d back Si de of said se BEMMEW SHEET
di sc adjacent sai d back S|de of sajd- first: optical disc.to f¢
stack; ‘warping said disc stack by shining |ight through said f o?t ﬁlg @5
sai d second optical disc for a first ‘predetermned time peripd|s %sJ 9
~expose:said light-curable bonding material to light; and redjckag-the

war page of said disc stack by shining light through said froht si de of said
first optical disc for a second predetermged time period soas—to ftr-t-hes
expose said |ight-curable bonding material to light. 7. . The method
defined in claim6 wherein said second optical disc conprises program
Information. 8. The mm@le&pmtﬁg cj;almﬁ poenska gardefichal opt i cal

di sc conpri ses | east one of
1multaneous exposures or one-sided exposures. For

instance, for a conventhnal simultaneous exposure,
DVD 11 travels along conveyor 37 and stops beneath
S5 lamp 35/3 and above lamp 35/6. Lamps 35/3 and 35/6 are
then lit so that bonding material 19 is exposed to
light through both image disc 13 and program
information disc 17. After a first predetermined time
period, lamps 35/3 and 35/6 are extinguished and
= 10 conveyor 37 moves DVD 11 beneath lamp 35/2 and above
lamp 35/5. Lamps 35/2 and 35/5 are then lit so that
bonding material 19 is again exposed to light through
both image disc 13 and program information disc 17.
- After a second predetermined time period, lamps 35/2
15 and 35/5 are extinguished and conveyor 37 moves DVD 11
beneath lamp 35/1 and above lamp 35/4. Lamps 35/1
and 35/4 are then lit for a third predetermined time
period to complete the curing of bonding material 189.
For a one;sided exﬁosure of DVD 11, the above sequence
20 1is repeated with lamps 35/3, 35/2 and 35/1
extinguished during the entire cﬁring process.




217 - program i nf or mat i on, pit art, enhanced pit art, hol ographic artwork,
gnd a printed image. 9. The rrethod deflned In cla|m6 wherein said |ight .
i‘s ultra- VI olet light. 10. An optlcal di sc stack formed by the met hod of

cIa|m6
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( PRIOR ART)
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