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METHODS FQR BONDING STRUCTURAL;:y 
DISSIMILAR OPTICAL DISCS 

Background of the Invention 

This invention relates to information 

03546/038 

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 ha.ck 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, tor 
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example, U.S. patent application No. 08/579,302, 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 

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 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 
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and in-a manner related to the spatial transmissivity 

variations present in the printed image. In such a 

case, an image closely resembling the original printed 

image (e.g., a mirror image of the original image) may 

5 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." In 

addition to producing an unattractive mirror image of 

the original printed image, the non-uniformly cured 

10 bonding material responsible fo.r 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 material as bonding material proximate 

the disc being exposed to light is cured 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. 
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A need therefore exists for methods for 

bonding structurally asymmetrical or otherwise 

structurally dissimilar optical discs which minimize 

both disc tilt and image pass-through. Such methods 

5 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 

10 structurally asymmetrical or otherwise structurally 

dissimilar optical discs which reduce both disc tilt 

and image pass-through. 

15 

Summary of the Invention 

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 

20 optical disc stacks. 

A l)VD.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 

25 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 

30 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 the light-curable 



- 5 -

bonding material, making it much less susceptible to 

image pass-through. The DVD may warp slightly as a 

result of this one-sided exposure. 

Following the one-sided exposure of the 

5 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-curable 

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. 

30 

Brief Description of the Drawings 

FIG. lA is a cross-sectional representation 

of a DVD formed via simultaneous exposure; 

FIG. lA; 

FIG. lB is a top view of the DVD of FIG. lA; 

FIG. lC is a bottom view of the DVD of 
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FIG. 2 is a cross-sectional view of a DVD 

formed via one-sided 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 Detailed Description of the Preferred Embodiments 

In order to understand how the present 

invention improves the bonding of structurally 

asymmetrical or otherwise structurally dissimil~r 

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. lA-lC and FIG. 2. 

FIG. lA 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, 
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silk screening, or the like. FIG. lB shows a top view 

of DVD 11 (and image disc 13) wherein graphical 

image 15 is represented by the word GRAPHICS. 

As shown in FIG. lA, 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 

20 

FIG. lC. That is, image pass-through of the graphical 

image 15 results from the simultaneous exposure of 

DVD 11. 
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 
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image 1_5) responsible for image pass-through, the one­

sided exposure produces an alternate form of non­

uniform bonding material curing. During a one-sided 

exposure, bonding material proximate program 

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 pick­

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 travels 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 
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provides information to optical 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 and 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 information 21 from the warped portion 

of DVD 11 .. Thus, because DVD 11 is warped, all program 

30 in.formation 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. 
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Accordingly, with conventional DVD bonding 

techniques, either disc tilt or image pass-through must 

be tolerated. The present invention simultaneously ..... 

overcomes both 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 

15 

20 

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. 

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. 

To overcome image pas·s-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 
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material 19 was partially cured by lamp 35/6, the. 

spatial transmissivity variations inherent in graphical 

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 35µm in thickness, the 

following exposure times and lamp intensities may be 

employed. 
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Power CW/cm.2 > Exposure Time (sec) 

80 5.3 

80 5.3 

0 

0 

80 

80 
5.3 

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/cm2
• 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 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 information 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 lit for a first time period t 1 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 2 • Because bonding material 19 was partially 

cured by lamp 35/6, the spatial transmissivity 
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variations inherent in graphical image 15 have a 

reduced impact on the curing of bonding material 19. 

Accordingly, image pass-through does not result during 

this simultaneous exposure. Step 104 then follows. 

5 In step 104, DVD 11 is moved beneath 

lamp 35/1 and lamp 35/4. Lamp 35/1 is then lit for a 

third time period t 3 while lamp 35/4 remains 

extinguished. This third exposure 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 

employed during the formation of structurally 

symmetrical or otherwise structurally similar DVDs 

(e.g., DVDs with two program information discs) if so 

desired. 

. ...... ,: ... ~: 
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Curing apparatus 23 may be used for either 

simultaneous exposures or one-sided exposures. For 

instance, for a conventional simultaneous exposure, 

DVD 11 travels along conveyor 37 and stops beneath 

5 lamp ~5/3 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 19. 

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. 

THIS SHEET HAS BEEN . 
· RE.PLACED 111mii1Hr 



111111111111111111111111111111 
* C l M S * 

- 15 -

The Invention Claimed Is 

1. The method of bonding 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; 

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. 
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4. The method defined in claim 1 wherein 

said light is ultra-violet light. 

5. An 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 lighc. 

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 
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program information, pit art, enhanced pit art, 

holographic artwork, and a printed image. 

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. 

? 


