22 - - ' -2 - Screeni ng or Pex(L - .
generally S|n1Iar printing t echni ques can produce extrenely a@bfgc&;%ﬂ
.resufts, but these techni ques add extra steps to the disc
mﬁnufacturlng process and therefore increase the cost 5 of the discs. It
Is al so known to use so-called "pit - art" on discs (see, for exanple,

U S. patent application No. 08/579,302, filed Decenber 27, 1995,

whi ch is hereby incorporated by reference herein). Such pi t328€/039 be
produced using technology similar 10 to that used to record or store

I nformation on the di sc, but instead of the features being generally

m croscopi ¢ (and apparently randomto the naked eye) for information
recordi ng, nore macroscopic features are enpl oyed to produce a visible
imge. Pit art can 15 provide many interesting visual effects, and because
It I's produced during nolding of the disc, it may reduce or
elimnate the need for separate printing steps. However, there nay be
sonme conplexity associated with translating a desired visual inage into
pit art form 20 In view of the foregoing, it is an object of
this invention to inprove and sinplify the provision of - visible inmges
on di scs. It is a nore particular object of this

“invention to provide inproved and sinplified methods

METHODS FOR PROVIDING
TW N T IION D

f nvention

This invention relates to plastic information -
5 discs such as digital video discs ("DVDs"), compact
discs ("CDs"), compact disc read-only memories ("CD
ROMs"), and the like, and more particularly to
providing visible image infofmation ("artWork") on such
discs. For convenience herein, all such discs will be
10 referred to generically as discs, although it will
sometimes also be necessary to spec1f1cally mention
certain kinds of these discs.
Labels and other ornamentation are needed on
~discs for such purposes as identifying the information
15 content of the disc, identifying the source
(manufacturer and/or distributor) of the disc, making
the disc more interesting and appealing to the eye,
etc. Such artwork is frequently applied by "silk
screening” one of the two major surfaces of the
20 substantially planar disc (the other major surface
being the surface through which information recorded on
the disc is read by machine.from the disc). Silk
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25 for nolding visible iﬁages into discs. Sunmmary of the Invention
These and' ot her objects of the invention are acconpl i shed i n accordance
with the principles of the i nvention by providing inproved nethods for
30 transferring or translating a desired visible inmage into a formin
which it can be rendered in a nold menber to be used in nolding discs.
A | ayer of photoresist material, typically disposed on a substrate

- 3 - surface, is exposed to the desrr@d-visible inmage (e.g., by
placing a transparency of the visible inmge over the phot oresi st | ayer
and shining |ight on the photoresist | ayer through the visible inmge).
The 1i ght fron1§ﬁ§e§nlnﬂgerph§b§rcHGNE@&HHW shimides @r@%$d§EB") t he

phot oresi st mat [ r t Iif e t he

i mge. \Were tthFﬁglgafg %é %@ @%§f%§é ?fgéggﬁétl nly a réﬁ%tlvely
smal | amount of but ithﬁgsmtycmmzsse@dldq gtreestteps thee theotdirsssi st | ayer

manufacturing process and therefore increase the cost
5 of the discs. It is also known to use so-called "pit
art" on discs (see, for example, U.S. patent
application No. 08/579,302, filed December 27, 1995,
which is hereby incorporated by reference herein).
Such pit art may be produced using technology similar
10 to that used to record or store information on the
disc, but instead of the features being generally
microscopic (and apparently random to the naked eye)
for information recording, more macroscopic features
are employed to produce a visible image. Pit art can
15 provide many interesting visual effects, and because it
is produced during molding of the disc, it'may reduce
or eliminate the need for separate printing steps.
However, there may be some complexity associated with
translating a desired visual image into pit art form.
20 In view of the foregoing, it ‘is an object of
this invention to improve and simplify the provision of
visible images on. discs.
It is a more particular object of this
invention to provide improved and simplified methods
25 for molding visible images into discs.

Summary of the Invention
- These and other objects of the invention are

accomplished in accordance with the principles of the
invention by providing improved methods for

30 transferring or translating a desired visible image
into a form in which it can be rendered in a mold
member to be used in molding discs. A layer of
photoresist material, typically disposed on a substrate
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10 and exposes that |ayer to random depths which are | ess than the ful

thi ckness of the layer. \Were the inage- Is relatively light or
trangparent, enough |ight reaches the photoresist |ayer to expose that
l.ayer all the way through to the substrate. 15 After -the
above- descri bed exposure, the phot oresi st |ayer is "devel oped" (e.g.,

pl aced in a phot or esi st devel oper solution). This renopves the exposed
photoresi st material. The resulting pattefnad- surface of the remaining
phot oresi st material and sone 20 now uncovered substrate surface is used to
produce a simlar pattern in the surface of a form ng nenber to be

used in form ngsdrfase(i bsperposedatp thenﬂagimnd ofisiblet Hmaggo,(e.g.,
Tubst anti o Y Pho"aLactRU0h, BHALABEReREy°A% the ois3bhe UhddIovao
pattern anabhgbusesmsthéayetaandnshuplhgtWaghtpomlthmepmmtoreslmdgatlve
oL, 1 o Ol o e SOEREGRETRRA A by, imRR) S, it WiGphoIeRp w15
30 nol ded in50_lhagdlphoturthemlaalﬂgrthahgebe(dexposes"mﬂﬁhem]process
ot oo BARTBIREEsE BRRER o, g RHORCefifly asban A o
resulting disc aebﬁghs,oEruhEedmagpearﬂheeed&hawlmaqe 1s relatively

dark or opaque, only a relatively small amount of

randomly scattered light reaches the photoresist layer

10 'and exposes that layer to random depths which are less
than the full thickness of the layer. Where the image
is relatively light or transparent, enough light
reaches the photoresist layer to expose that layer all
the way through to the substrate.

15 After the above-described exposure, the
photoresist layer is "developed" (e.g., placed in a
photoresist developer solution). This removes the
exposed photoresist material. The resulting patterned
surface of the remaining photoresist material and some

20 now-uncovered substrate surface is used to produce a
similar pattern in the surface of a forming member to
be used in forming discs (in particular, forming one of
the two, substantially planar, major surfaces of each
disc). (In this context, "similar pattern" means

25 either the same pattern or a complemeﬁtary pattern
analogous to the relationship between positive and
negative forms in molding processes generally.)
Preferably the forming member is used in the mold in
which discs are molded so that the visible image is

30 molded into the disc surface as part of the disc
molding process. Where the forming member surface is
randomized (corresponding to dark or opaque areas in
the original image), the forming member gives the
resulting disc a light, frosted appearance due to the



-4 - random scattering of |ight inpinging on those portions of the
disc. Wiete the fornmi ng nenber surface is snoot her (corresponding to

| i ght’ or transparent areas in the original image), the form ng nmenber
gives the 5 resulting disc a dark, polished or mrror-Ilike appear ance
due to the nore regular reflection of |ight | mpi ngi ng on those portions
of the disc. The substrate surface may be snmooth (as is
assumed above) or roughened (e.g., by sandé WMl asting or 10 chem cal

etching). A roughened substrate surface gives the portions of the
visible image that are associated wi th uncovered portions of the
substrat e surfacendom sdatirerdsgamiedrigte iwphinginm o dithosestpartionde

above- ment i @n frost ed- ri rti, of .the i e

Further featur eso(}'o gtehg?‘i%r?\/en?@%% |tt@% %%trwg&s meng%e \F%f)&é a%%ant ages,
will be nore appaverthefr dwoirire sponddaeoheayiight dmavirgsparenteafeds owi ng
detail ed description.of. the .preferr enbodi.nents. | ef

Descri ption of Ret eaﬂr&génago ihiage’, e goéquq gnea{nbsgwﬁergdthe

el evati onal %i ewesilaing diisld astdaatk,vealiishedhcer imimcamoslddoee with this

I nventi on.

along the line 2FF ePﬁaIBIcﬁFld%e %Slr %&aﬁez‘{o el ge:gfqi%?céﬁgegéﬁv%ﬁ%# ﬁt’g&h‘éve
not been enpl oydopinginG o dhomey portiwns lvef silesedjsot Fl GS.
The substrate surface may be smooth (as is
assumed above) or roughened (e.g., by sand blasting or

10 chemical etching). A roughened substrate surface gives
the portions of the visible image that are associated
with uncovered portions of the substrate surface a
brushed appearance (which may contrast with the above-
mentioned frosted-appearing portions of the image).

15 : Further features of the invention, its nature
and various advantages, will be more apparent from the
accompanying drawings and the following detailed
description of the preferred embodiments.

Brief I ot f the Drawi

20 FIG. 1 is a simplified elevational view of an
illustfative disc made in accordance with this
invention.

FIG. 2 is a simplified sectional view taken
along the line 2-2 in FIG. 1. For greater clarity,

25 section lines have not been employed in FIG. 2 or any
of the subsequent FIGS.

FIG. 3 is a simplified sectional view of
illustrative structure used in accordance with this
invention. o

30 ~ FIG. 4 shows portions of the structure of
FIG. 3 at a later stage in their use in accordance with
the invention.



. £ . A,
FIG 3 is a sinplified sectional view of illustrative structure used in

accordance with this I nvention. 30 FIG 4 shows portions of
the structure of FIG 3 at a later stage in their use in accordance
with the invention. ' - 5 -

FIG 5 shows a still later stage of use of t he above-nentioned structure
i n accordance with the I nventi on. FIG 6 shows a further-
‘devel opnent of the 5 structure of FIG 5 insaecordance with the invention.
FIG 7 shows further processing of one of the elements fromFI G 6.

FIG 8 shows further processing of one of the el enments fromFIG 7. 10
Det ai | ed Descri ption of tmEGPrsfehbﬂé Eﬂh&dﬂﬂeﬂb&er stage of use fff

pur poses of ill étrablgn . nvention wi Il be de%frlbed HS{ the nost
part in the con e-men ioned structure 1n accordance wi

invention.
FIG. 6 shows a further development of the
5 structure of FIG. 5 in accordance with the invention.
) FIG. 7 shows furfher processing of one of the
elements from FIG. 6.
FIG. 8 shows further processing of one of the
elements from FIG. 7.

10 Detailed Description of the Preferred Embodiments

For purposes of illustration, the invention
will be described for the most part in the context of
its application to digital video discs ("DVDs"). It
will be understood, however, that the invention is

15 equally applicable to other types of information
recording discs. _

As shown in FIGS. 1 and 2 a DVD 10 is.

'typically made of two CD-type discs 20 and 30 glued
back-to-back. FIGS. 1 and 2 illustrate the case in

20 which only one of these two discs is needed for
information recording. The other disc can then be used
entirely fof artwork in accordance with this invention.
If both discs are needed for information recording,
then artwork in accordance with this invention can be

25 confined to portions of either disc that are not needed
for such information recording.

In the illustrative embodiment shown in
FIGS. 1 and 2, lower disc 20 is used for information
recording, while upper disc 30 is used for visible

30 image information in accordance with this invention.
Discs 20 and 30 are held together by a layer of-
adhesive 40 between the "backs" of the discs.

Information is recorded on disc 20 in the form of a
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itss application to digital video discs ("DVDs"). It = Wil be under st ood,
however, fhat the invention is 15 equally applicable to other types of

inforfmation °~ recording discs. As shown in FIGS. 1 and 2 a
DD 10 is typically nade of two CD-type discs 20 and 30 gl ued
back-to-back. FIGS. 1 and 2 illustrate the case in 20 which only one of-
these two discs is needed for i nformati on recording. The other disc can
t hen be used entirely for artwork in ac®&rdance with this invention.

| f both discs are needed for information recording,- then artwork in

accordance with this invention can be 25 confined to portions of either
di sc that are noeryeddady spirfadr "turack™hf alatg whircdc & dduaression of

oot Eor | by SepYE S  TIG Komad | (g T W o) AEToARSC 20,12
30 image infor I’Tpﬂ.lalSItlICl‘l samf(alumnca‘hﬂstdw piliss and/ drgndsn.are J.rmmtecm bynd 30
oS el toget Databhbe 305, fla 2pn SRS £0 WIMERD s tApIE of Lhe
- 6 - 5 alumlnum is applled to this surface to make the pits

and lands machine-readable by light reflection through

the substantially clear plastic 21 which is the major

component of the disc. Then a protective layer 26 of

resin such as lacquer is applied over the aluminum.

10 Visible image disc 30 may be constructed in a
generally similar way. The visible image information
is formed into a surface of the plastic as represented
by features such as 32a and 32b. This surface is
covered with a thin layer 34 of aluminum, and the

15 aluminum is covered with a protective layer 36 of
resin. The image information is visible to a user of
the disc by the way light is reflected from aluminum
layer 34 through substantially clear plastic 31.

The start of an illustrative embodiment for

20 capturing a visible image in disc 30 in accordance with
this invention is shown in FIG, 3. Element 50 is a
substrate member such as a glass plate. One surface of
substrate 50 is coated with a layer 60 of photoresist .
material such as Shipley S$1818 AZ photoresist having a

25 15% concentration. An illustrative thickness of layer
60 is approximately 1 micron. The substrate and
photoresist layer are baked (e.g., for about 30 minutes
at 80°C) to set the photoresist material.

A transparency 70 containing a representatién

30 of the desired visible image is then placed over the
photoresist layer. Transparency 70 may be a
conventional positive film and a diffusion sheet. The
diffusion sheet is a translucent film with a frosted
appearance for helping to ensure that the frosted-
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very long spiral "track", along which a succession of "pits" and "l ands"
are forned (e.g., nolded) in the pl astic surface. These pits and | ands
are indi cated by features 22a and 22b in FIG 2. Athin layer. 24 of 5
aljumnumis applied to this surface to make the pits and | ands

machi ne-readabl e by light reflection through ~ the substantially clear
plastic 21 which is the mgjor conponent the disc. Then a protective

| ayer 26 of resin such as | acquer is appl'ied over the alumnum 10
Visible imge disc 30 may be constructed in a generally simlar way.

The vi si bl e imge i nfarmat,ion I.s, forned into surface of th lastic
as represent ed SPPERFING iA%e RAFFLANSSEscRibed, badgw anf reradyced.
COVﬁred with a IAlmlyil"l dmea:rB s’iﬂfua’blad Udygensalrktd hfayi.':_bej alsgd num i s covelroled
with a protective |ayer 0 resin., The i e i r lon is visible
to a user of the disc tnr?é“?/veﬁj:% gt hﬁ% %Iglf%%cf’e%‘tfn?% 2R uni num

I ayelrI 34 througlprmﬁm&te@ﬁsnb . 'm:cllawen:i 60 tHmaiglc ﬂﬂage-lﬁaring membdhe7@tart of
an illustratiwve odi nent rr. 20 __capturj visi bl e i.mage |j isc,30 in
accor dance wt hf%r APy 1S osr?urrs“pestﬂjé/v&%i%’tﬂ@ may Ek?%?r%nit&%g V@tg
substrate nenbemedadh had ialegllandp Mitich iQepardttat f9r abowtibstrate 50 is
coated with a | gyer 60 %I phaqt, or siii qgterial such, as Shiﬁle S1818 AZ
phot or esi st havi“tg SES8 51'5%)1&{?!1?61‘& LERERIng, 13Yek 8% FXROTHF ckiess of

: ayer gOKi prwés{cﬁtelmtbmé%arwf tHet subgdsr at8c8 a&luh;:Cth phot or ef‘i st
ayer are baked (e.qg., .for _ahout m nut es . at err o set, the
phot or esi st mat @,(:ioa%r’tlonal o the %qq%s%r]e‘ré% 7'5%%%‘}%% nthgeach
represent atilon Hegioh idf tiRsiVaAfkw) SikHere agye S70 hid PéIseivolerdabe

photor esi st | ayer. qRANSPAISGY /O JBY A% fly snalPHENLAOEE POSALLYS F11 M

scattered light reaches photoresist layer 60 and
exposes that layer to random depths which are less than
* the full thickness of the layer. Where the image 70 is
15 relatively light or transparent, enough light reaches
photoresist layer 60 to expose that layer all the way
through to substrate 50.
The term "expose" or the like is used herein
to refer to the photo-chemical change which occurs in
20 photoresist material when it receives light. This
photo-chemical change renders the exposed material
soluble in photoresist developer solution.
After layer 60 has been exposed to the
lighted image as described above, light 80 is
25 extinguished, image bearing member 70 is removed, and
substrate 50 and layer 60 are placed in a photoresist
~ developer solution (e.g., a 20% concentration of
Shipley microposit developer solution for 25 seconds).
This removes the exposed photoresist material from
30 layer 60. FIG. 4 is a simplified depiction of how
substrate 50 and what remains of layer 60 may appear
after development as described above. In regions such
as 62a some of photoresist layer 60 remains, albeit

with a randomly roughened surface due to the relatively
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diffusion sheet is a translucent filmwith a frosted appear ance for
hel ping td ensure that the frosted- : -
7 - 7 appearing i mage portions described bel ow are produced. . Any
ot:her suitable image source may be used. The next step is to
shine light 80 on phot oresi st | ayer 60 through image-bearing nmenber 70.
5 For exanple, the source of light 80 may be a 1000 watt netal halide
| anp which is operated for about 30 secorfds: The light reaching |ayer 60
exposes the photoresi st material of that layer to a depth
proportional to the amount of light received in each 10 region of the
| ayer. Were i megeall0 amourd] aifi veEndaielk scatteregpatight obhgt areathedvel y

S A ol P iong S LA 0TV SaaRcaabal g ot vy B0
full thickness afeliate.\tal;gerdax\bhene apmuernyE Vions df imageively Inght or
| ayeral It he vy 9Len g P A sty G 41l WEehE bhoLEPEgEatn™
"expose" or t&emaﬂee:nasl d@lhmmemoved cto aincover tacp@hbion chEnthal
change whi ch chﬂf%éék of substrate 50. Regions 62b are therefore
associated with relatively light or transparent
portions of image 70 through whiéh sufficient light
passed to expose photoresist layer 60 all the way
10 through to substrate 50. For convenience in what
follows, regions 62a and 62b are sometimes referred to
collectively as surface 62.
The next steps are performed to transfer the
shape of surface 62 to a member that can be used to
15 form disc surfaces. In a particularly preferred
embodiment this is done in the same general way that is
conventionally used to produce the forming member that
is used to record information (pits and lands) in a
disc. Elements 50 and 60, as shown in FIG. 4, are
20 placed in an atmosphere of metal vapor such as nickel
vapor. A thin layer 90 of metal deposits or condenses
on surface 62 as shown in FIG. 5. The structure shown
in FIG. 5 is then put in a metal plating solution to
plate more metal (e.g., more nickel) on surface 62 as
25 shown in FIG. 6. For simplicity the thicker metal
layer shown in FIG. 6 continues to be identified by the
reference number 20. Note that the lower surface of
layer 90 conforms exactly to surface 62. Accordingly,
the lower surface of layer 90 is randomly rough in
30 regions corresponding to surface regions 62a, but
smooth in regions corresponding to surface regions 62b.
Next, metal layer 90, which is now
sufficiently thick and strong to retain its shape
unsupported, is removed from elements 50 and 60. Metal
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20 photoresist material when it receives light. This phot o- chem cal
change renders the exposed materi al sol ubl e i n photoresist devel oper
sol utiron. After |ayer 60 has been exposed to the | i ght ed
i rage as described above, light 80 is 25 extinguished, inmage bearing nenber
70 i s renoved, and substrate 50 and | ayer 60 are placed in a
phot or esi st devel oper solution (e.g., a 20% concentrati on of
Shi pl ey mcroposit devel oper sol ution for 2% seconds). Thi s renoves the
exposed photoresist material from30 layer 60. FIG 4 is a sinplified
depiction of how =~ substrate 50 and what remains of |ayer 60 may appear -
after devel opnedtayer d&crs imedibawa "master'brto ssivdpe complérentany of

photor esist | 2§ B dbinedt il da 92 'h4 "ol "G O¥ghegs S ace

due to the relative
smal | anount of exawidid,y sevanak cthferpedidmies e32 hmaly bethade foomi one of

Ve 0 TR L, sofelal Eliedftls hogiatloRe ot BEegl, TR0
has been rendveduch wadihe folblowing: ofl) passivate the surface of the
master, (2) plate metal on the passivated surface, and
(3) separate the newly plated metal from the master to
produce the intermediary. Several forming members 94
(FIG. 8) may then be produced from each intermediary 92

10 by repeating, with the intermediary, steps like those
used to make the intermediary from master 90. Each
forming member 94 (also known as a "stamper") is usable
as an interior surface of a mold in which the plastic
portion 31 of discs 30 (FIGS. 1 and 2) are molded.

15 Accordingly, a forming member 94 used in this way
imparts its surface shape to the surface 32 of the
plastic part of the disc. To complete disc 30, a layer
34 of a light-reflective metal such as aluminum is
deposited on patterned plastic surface 32, and then a

20 protective layer 36 of resin such as lacquer is
deposited over the metal layer.

The artwork embossed in surface 32 is
rendered highly visible by light reflected through
substantially clear plastic 31 by similarly patterned

25 metal layer 34 on surface 32. For example, surface
regions 32a may correspond to surface regions 62a in
FIG. 4. 1In that case regions 32a are randomly rough
(like regiohs 62a) and scatter light that falls on
them. Regions 32a therefore appear light or frosted

30 and prbduce light areas in the disc artwork.

Regions 32b, on the other hand, may correspond to
surface regions 62b in FIG. 4. Regions 32b therefore
have the surface features of substrate 50 (assumed in
this embodiment to be smooth). Accordingly,
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surface of substrate 50. Regions 62b are therefore associated with
relatlvely | i ght or transparent portions of inmage 70 through which
sufficient |ight passed to expose photoresist layer 60 all the way 10
tthrough to substrate 50. For conveni ence in what foll ows, regions 62a
and 62b are sonetines referred to collectively as surface 62.
The next steps are perfornmed to transfer the shape of surface 62 to a
menber that can be used to 15 form di sc sulfaces. In a particularly
preferred enbodi ment this is done in the same general way that is
conventional ly used toié(the the form ng menber that Is used to
.record infor matiS8r O t buhﬁveumﬂﬁelunxiorm-lﬁqht ¢ thectivibyaand60, as
shown in FIG 4h@ eap%gaq} %&eﬂrdf]- p(gga,_[ ﬁhé@éﬁ%oﬁﬁwﬁcfﬁ&h as
ni ckel vapor. A thin | ayer I Ts or enses
surface 62 as 9k a%heay @n Sihel'H%lqu rmm@eholndeed, i coltutngs theE N
ut in a netal walg i st nor e ni cke
(F;n surface 62 ;gtg% t‘siﬁaoﬁélﬁrxldﬁl&rp tha&oglg%sﬁ:p ICIty tﬁé %'EII C e’r nmet al
| ayer shown i nBegdons 3k itanss to have demaekishedyapprarance efehicke

number 90. Not @drftatasithe ét‘}‘éﬁf ﬁwlaaﬁ tHe froé%fv a 3@9 %g& QL nggexactly to

surface 62. Accordingly, | ower surface 'S Tandom y
rough in 30 re&egﬁ§n@bﬁ@@9pondlng to surface regions 62a, but snooth in
regions correspondi ng toaygtage RIS fce images of thdeg{pe Mt al
| ayer 90, which is now sufficiently™t and strong tore nits

shape unsuf§scEdded abavevisy o cﬁﬁr@temgflao e¥Rb$9. theetentire
10 surface of the photoresist layer to light through a

diffusion sheet of the type described above. This
exposes the photoresist layer all over to relatively
shallow random depths (less than the full thickness of
the photoresist layer). Then the photoresist layer is

15 further exposed to light through a transparency bearlng
image information. 1In partlcular, the transparency
includes relatively light or transparent regions
through which sufficient light can pass to expose the
photoresist 1aYer all the way down to the substrate. .

20 Elsewhere the transparency does not allow significant
alteration of the photoresist layer exposure produced
by the diffusion sheet. The photoresist layer is then
developed and further processed as described above.
Portions of the resulting disc image that are

25 associated with photoresist layer exposure due
primarily to the diffusion sheet have a frosty or light
appearance. Portions of the resulting disc image that
are associated with photoresist layer exposure all the
way down to the substrate have a polished, dark, or

30 mirror-like appearance. Similar results are produced
if the sequence of exposures of the photoresist layer
is reversed (i.e., if the photoresist layer is first
exposed to light through the'image bearing transparency
and then exposed to light through the diffusion sheet).



-9 - Iayer 90 is used as a "master" to shape conplenentary nmet al

"internedirari es" 92 as shown in FIG 7. For exanpl e, several

i nterredi aries 92 may be made from one master 90 by several successive
repetitions of steps 5 such as the follow ng: (1) passivate the surface of
t he master, (2) plate netal on the passivated surface, and (3)
separate the nemﬁy'plated netal fromthe naster to produce the

internedi ary. Several formng nenbers 94 - 14FG 8) may then be produced

- fromeach internediary 92 10 by repeating, with the internediary, steps

- li ke those used to nmake the internediary frommaster 90. Each form ng
menber 94 (al so known as Mérmsy adbPféyent kindseof geaphilci effects sanface
of a nold in which the, Iastl rtion 31 of .disgs and 2)
ore molded 15 AR AR Prafpaed B HEE it &l E FRT5 | [ovEnsToR]

imparts its surfBome etanyyele 0 varicws fsitead@® of 1heht angdl darkccparbeof the
disc. To conplete metal such

as"ai umi num s Brodiigedtudh Siskeanr el cBeveRbiopal RS ERRR, fen™a 20
protective | &erofSfigirial emrtwork h7@s | hcgsechi an origipaki Vedtheesitzlae
?‘;ﬁlglar Lgyﬁir th y Qﬁ s‘frb? eh%Jyf W‘g’h?r#%? e%?g%?%fsli&%ﬁg guglf’g%%g?ﬁ {’?'SFFQACI ear
pl astic 31 by sihidlttnesgpabt edawekhess of each image region. These dots
are effectively preserved in a forming member made in
accordance with this invention as roughened regions
10 (corresponding to regions 62a in FIG. 4) in the surface
of the forming member. The dimensions of these
roughened regions, as well as their spacing from
adjacent similar features, affect light reflection from
the resulting metal layer 34, and thereby impart
15 different sensations of lightness or darkness similar
to the tone variations in thé original image.

If, instead of being smooth as is assumed
above, the surface of substrate 50 on which photoresist
layer 60 is deposited is textured (e.g., by sand

20 Dblasting or by chemical etching such as with
‘hydrofluoric acid if substrate 50 is glass), then
portions of the disc image associated with regions 62b
(FIG. 4) will have a brushed metal appearance.

To be more specific about the possible use of

25 textured or roughened substrate surfaces as has just
been mentioned, the roughening of that surface is
preferably such that the maximum height of substrate
surface features under photoresist layer 60 is in the
range from about 300 nanometers to about 1000

30 nanometers. Layer 60 is preferably initially thick
enough to more than fill in all the surface features on
the substrate surface. For example, the average
initial thickness of layer 60 may be in the range from
about 300 nanometers to about 1000 nanometers. The
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25 netal |ayer 34 on surface 32. For exanple, surface . regions 32a may

correspond to surface regions 62a in FIG 4. In that case regions 32a
are randomy rough (l'i ke regions 62a) and scatter light that falls on
them Regions 32a therefore appear light or frosted 30 and produce |ight
areas in the disc artwork. Regi ons 32b, on the other hand, may
correspond to ~surface regions 62b in FIG 4. Regions 32b therefore
have the surface features of substrate 56 (&suned in - t hi s enbodi nent
to be snooth). Accordingly, - 10 -
regi ons 32b have nore uniformlight reflectivity and t hus appear

rigrog-liketand}ﬂ@hk,aregsebﬁ prigivahgimageddPkadlows lighth80ditec art wor k.
ndeed, continuin e S t] b ' th, 5
Shon iV ADCARESHAR L0 Bl Bibshecbeniirbee e

regi ons 32b t enth ed "appea contrasts
strongly with téerfacstedThppeaausee bhe rougbghedssgpstrate surface

LT woce BRCBCTLAVAESAChe UE BBCy mrdeoar PERIRNANE o 11t
through a 5 causes a forming member 94 ultimately produced in
accordance with the invention to have the roughened
texture of the substrate surface. This roughened
texture is imparted to corresponding portions of the
disc image, giving those portions the above-described
10 brushed metal appearance. .

It will be understood that the foregoing is
only illustrative of the principles of this invéntion,
and that various modifications can be made by those
skilled in the art without departing from the scope and

15 spirit of the invention. For example, instead of
random roughening of the surface of substrate 50, that
surface could be roughened with a particular pattern
such as a series of parallel lines, a grid, or a moire
pattern. As another example of modifications within

20 the scope of the invention, it may be possible to
project the original image onto photoresist layer 60.
Rather than being used as a mold member, forming member
94 may be used to stamp the embossed image into the
plastic of the disc. The various dimensions and

25 materials mentioned herein are preferred, but other

dimensions and materials can be used if desired.



di ffusion sheet of the type described above. This exposes the

phot oresi st | ayer all over to relatively: shal | ow random de S
than the full thickness of t he phot oresi st IayeFTT—TﬂEﬁ—?ﬁngﬁaftfisist
| ayer is 15 further exposed to light through a transp mmmu“\

i mage information. In particular, the transparency F“““Emu MHlvel y
| i ght or transparent regions t hrough which sufficientelilght® cdn pass to
expose the photoresist layer all the wa¥3dewn to the substrate. 20

El sewhere the transparency does not allow significant alteration of the
phot oresi st |ayer exposure producpd by the diffusion sheet. The

phot oresi st | aydihe davention Glajmedhells and further processed as descri bed

above. Portions of the resulting disc image that are 25 associated with
phot or esi st | ayer exposurel due A megthodhrof yfoxmimg alivisdhbe thage dnva a

frosty or I|ight mﬁjﬁ%ﬂgg?fo{ témﬂt{méﬁﬁéépgpfﬁglgmg t hat

are associated w oresi st layer exposure fo the
substrate have xomprnistiedy tther ksteps 3Emirror-1i ke appearance. Sim | ar

results are produced if the ;flﬁcg%e (gf%o; fﬁéﬁ’é’f”éfspﬁét#f?g?get or esi st

| ayer Is reversed (i.e., if ep resi ayer-is exposed to
i ght through tmatiemwigel heard mphstarestpar ency and then exposed to |ight
through the diffusion sheet). providing.a representation of said |
visible image on a medium in which said visible image
is represented by different degrees of opacity of
different portions of said medium;

shining light through said medium onto
said layer in order to expose said layer to different
depths in different regions indicative of the opacity
of the portion of the medium associated with each
region;

removing exposed photoresist material
from said layer; ' '

forming an impression of what remains of
said layer and any uncovered substrate in a forming
member; and |

using said forming member to make an
impression in said major surface of said disc.

2.. The method defined in claim 1 further
comprising the step of exposing the photoresist layer
to light through a diffusion sheet prior to performing
said shining step.

3. The method defined in claim 1 further
comprising the step of exposing the photoresist layer
to light through a diffusion sheet after performing
said shining step.



- 11 - Nﬁh§ di fferent kinds of graphfz effects can be
easily produced by the nmethods of this invention. For various
shades of |ight and dark can be pr oduced frontsubst g@ll conven al

hal f-tone 5 original artwork 70. In such an original 7 the
hal f -t one dots determnines the apparent overall | i ght me of
each image region. These dots are effectively preserved in a"foﬁm
menber made in accordance with this invepgien as roughened regions 10
(corresponding to regions 62a in FIG 4) in the surface of the form ng
menber. The di nensions of these roughened regions, as well as their

spaci ng from adj acent g mM e fn@ﬁnu@sjeﬁfﬂmtlﬁiqralmel | wltéereinfrom
the resulting netal layer 34, an reb art 1 feren S i ons of
li ght ness or darSi@dcsdayes (L in CL"'ﬁr;ﬁt%egIt ‘F% Jr‘ftr‘%%eﬁg??fgcr nal

I mage. If, instead of being snooth as |s assuned above,

t he surface of substrate 50 on o] ] St er 50 i ogj.ted
is textured (e.g., by san®<20 ﬁq'v{-]%t’??t@“?# ‘%?/fjcxh%% ché|0€¥{;’fln ﬁgwégggfgsi%}m th
hydrof | uoric acighid sniisin@tstdd ssid! boger weéxpos@@ralbmshefwaye dl sc

I mage assocrated mnth re |ons

2b FIG 4)_wll,have a sh
appear ance. hrough §HP§;éﬁﬁﬁiT?%f%ﬁ%utntﬁ%mﬁoggﬁ ?gg gs of 25
textured or rouqﬂé%&t&:@@i&t@ 6ﬂr§ﬁ&slai5%efla55¢ushat ihesaideficrmang, the
rougheni ng of that surface IS referably, su h,that_the naxLt herght of
substrat e surfteR % t%ﬂﬁﬁﬁﬁﬁ&éﬁ %ﬁiﬁ delis u?%§e?n6me§eFﬁn¥ °L “range
from about 300 rgiUBh&StELt@boukfdO90vhere said layer was exposed all
the way through to said substrate surface.

6. The method defined in claim 5 wherein
said substrate surface is substantially smooth.

7. The method defined in claim 5 wherein
said substrate surface is roughened.

8. The method defined in claim 7 wherein
the maximum depth of roughening of said substrate
surface is in the range from about 300 nanometers to
about 1000 nanometers.

9. The method defined in claim 8 wherein
said step of pro&iding a layer of photoresist material
on a substrate comprises the step of:

covering said substrate surface with a
thickness of photoresist material substantially greater
than the maximum depth of said roughening.

10. The method defined in claim 9 wherein
said thickness of photoresist material is in the range
from about 300 nanometers to about 1000 nanometers.



30 nanonet ers. Layer 60‘1s preferably initially thLEL_____4¥uugy+44}4#Dre

tthan fill in all the surface features on t he substrate surface. For

exanpl e, the average initial thickness of |ayer ﬂm “ﬂ“ﬁ range
from . about 300 nanoneters to about 1000 nanorretel “ m““mmm
12 - | ight areas of original inmge 70 a||OM/|Ight 8b expose

| ayer 60 all the way down to the substrate surface.

Thi s causes t he

roughened substrate surface to be uncovelr®das at 62b in FIG 4. This in

turn 5 causes a formng nenber 94 ultimtely produced

n accordance with

the invention to have the roughened texture of the substrate surface.
Thi s roughened t ext urelils | Fper metthod defivedoddi odadsy {7 whersin he

disc imge, givingyt DgRE:PAEL QN3 rhRE IROYELIRAHEPEY M Wit 3

appear ance. _ € under st
only illustratithabf stirfapei.nci pl es of this |nvent|on

at the foregoing 1s

and that various

nodi fi cati ons can be nade by those skilled in the art w thout departing

fromthe scope and 15 spirit of the invention. For exanple, instead of
12. The method defined in claim 7 wherein

said substrate surface is roughened by chemically

etching that surface.

13. The method defined in claim 1 wherein

said medium is a transparency, and wherein prior to

said shining step said transparency is placed on said

layer.

14. The method defined in claim 1 wherein

said representation of said visible image includes

half-tone image information.

15. The method defined in claim 1 wherein

said removing step comprises the step of:

‘placing said layer in photoresist

developer solution.

16. The method defined in claim 1 wherein

said forming step comprises the steps of:

coating what remains of said layer and

any uncovered substrate with metal; and

separating said metal from said layer

and substrate.

17. The method defined in claim 16 wherein

said coating step comprises the steps of:

exposing said layer and uncovered

substrate to a vapor of said metal so that metal

condenses on said layer and uncovered substrate; and



tandom r ougheni ng of the surface of substrate 50, fﬁat surface could be

roughened with a particular pattern such as a series of parallel |ines,
agrid, or a noire pattern. As another exanple of nodifications within
20 the scope of the invention, it may be possible t

original inmge onto photoresist |ayer 60. Rat heﬂmmmﬁem"w Hm as a
nmol d nmenber, form ng nenber . 94 may be used to stanpct essed i mag
into the plastic of the disc. The varilfus . di nensions and 25 naterlals
mentioned herein are preferred, but other di mensi ons and naterials can
be used if desired. The Invention Clainmed Is A

met hod of forming a visible i FAgéing adddftdenadr mesaloPny thepsetal al Iy
pl anar p'aSt'Ctﬁhﬁchﬁg”EBhaéﬁQeHhSnSEEEE QE er and uncovered’ Oviding a

| ayer of photoresist material on a substrat provi ding a
represent ati onS8PsEEAgeyi sibl e i nage on a nedlun1|n whi ch said visible
i mage
18. The method defined in claim 16 wherein
said forming step further comprises the step of:
using the metal separated from said
layer and substrate as a master for making said forming
member.

19. The method defined in claim 18 wherein
said step of using the metal comprises the steps of:
removably depositing additional metal on
said master;
separating said additional metal from
said master to produce an intermediary:;
removably depositing further metal on
said intermediary; and
| separating said further metal from said
intermediary to produce said forming member.

20. The method defined in claim 1 wherein
said using step comprises the step of: |
employing said forming member as a
‘surface of a mold in which said disc is molded.

21. A plastic disc made by the method of
claim 1.
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s represented by different degrees of opacity of different portions of
shining_Light through said medi umonto said

sai d nedi um

fayér in order to expose said layer to different depths in different
vegions indicative of the opacity of the portion.of the nmedi um associ at ed

wi th each region

said | ayer;

sai d di sc.
conprising t
di ffusi on sh

met hod defined in claim1 further conprising the step of exposing the

phot or esi st

10

15

renovi ng exposed photoresist material,

from

formng an inpression of what renmains of said
| ayer and any uncovered substrate in a fotwi ng nenber; and
using said form ng nmenber to make an inpression in said major surface of

2. The nethod defined in claim1 further

he step of exposing the photoresist layer to |ight through a

eet prior to performng said shining step. 3.

The

| ayer to light through a diffusion sheet after performng said
shi ni ng step.

Abstract of the Disclosure

Artwork is imparted to plastic discs such as
CDs, CD ROMs, and DVDs (digital video discs) by
exposing a layer of photoresist material on a substrate
to light from an original image of the artwork. The
material of the photorésist layer is exposed to
different depths by different intensity light from
different image regions. Where the image is dark, the
exposure is to relatively shallow, random depths.
Where the image is light, the full thickness of the
photoresist layer is exposed. Development of the
photoresist layer removes the exposed photoresist
material. The surface features of the developed
photoresist layer and any uncovered substrate are
transferred to a member used in forming a surface of
the plastic disc, thereby visibly embossing the image
in the disc.

This Sheet Has Been Re;

L] lill

THIS SHEET HAS BEEN
REPLACED




- 14 - . 4. The nethod defined in claim1l wherein said |ayer is
initially approximately 1 mcron thick.. 5. The nethod defi ned
inclaiml wherein in said shining step said |layer is exposed all the way
through to said substrate surface in some but not all of said regions of
said layer, so that in said formng step the inpression fornmed includes an
i npression of said substrate surface where said | ayer was exposed all the

way through to said substrate surface.. 6. The nethod defined
inclaim5 wherein said substrate surface |i §3substantially snooth.

7. The method defined in claim5 wherein said substrate surface is

r oughened. 8. The net had aim7 wherein the
maxi num dept h of rougheni ng of sajd substrate surfats is in the range from
about 300 nanometers to about 1900 nanoneters.

IMAGES,
LETTERING, ETC.

0




9. The pethod defined in claim8 wherein said step of providing a |ayer of
- photeresist material on a substrate conprises the step of:

covering said substrate surface with a thickness of photoresist nmateri al
substantially greater than the maxi rum depth of said roughening.
10. The method defined in claim9 wherein said thickness of photoresist
material is in the range from about 300 nanoneters to about 1000

nanomnet ers. %)/ 3 - 15 - 11. The
met hod defined in claim7 wherein said substrate surface is roughened by
sand bl asting that surface. 12. The method defined in claim?7

wherein said substrate surface is roughered§f)y chemnically etching that
surface=

D w0
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13. The jrethod defined in claim1 wherein said nediumis a transparency,
and wherein prior to said shining step said transparency is placed on said
| ayer. 14. The method defined in claim1 wherein said
representation of said visible imge includes half-tone image information.
15. The method defined in claim1 wherein said renoving step conprises the

step of: pl aci ng said | ayer in photoresist devel oper

sol ution. . 16. The nethod defined in claim1l wherein said

form ng step conprises the steps of: coating what remains of
said | ayer and any uncovered substrate it B net al; and

separating said netal fromsaid | ayer and substrate. 17. The
met hod defined in claim 16 wherein said coating step conprises the steps

of : exposing said | ayer and uncovered substrate to a vapor

of said metal so that 3@tal condenses on said | ayer and uncovered

substrate; and
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fplating additional nmetal on the netal that has condensed on said‘W%Nbpogﬁd

uncover ed substrate. 18. The met hod defined in claim16 wherein
said formng step further conprises the step of: usi ng the
nmetal separated fromsaid | ayer and substrate as a master for naking said
form ng nmenber. 19. The nethod defined in claim 18 wherein said
step of using the nmetal conprises the eps of: renovabl y
depositing additional netal on said master; separating said

additional nmetal fromsaid master to produce an internediary;
renovably depositing further nmetal on said internediary; and

separating said further netal fromsaid internediary to produce said
form ng nenber. .

METHODS FOR PROVIDING
ARTWORK ON PLASTIC INFORMATION DISCS

Background of the Invention
This invention relates to plastic information
5 discs such as digital video discs ("DVDs"}, compact
discs ("CDs"), compact disc read-only memories ("CD
ROMs"), and the like,-and more particularly to
providing visible image information ("artwork") on such
discs. For convenience herein, all such discs will be
10 referred to generically as discs, although it will
sometimes also be necessary to specifically mention
certain kinds of these discs.
Labels and other ornamentation are needed on
discs for such purposes as identifying the information
15 content of the disc, identifying the source
(manufacturer and/or distributor) of the disc, making
the disc more interesting and appealing to the eye,
etc. Such artwork is frequently applied by "silk
screening” one of the two major surfaces of the
20 substantially planar disc (the other major surface
being ihe surface through which information recorded on

the disc is read by machine from the disc). Silk
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20. The method defined in clain11:mhérein said using step conprises the

7 step of: enpl oyi ng said, forn1ng menber as a surface of a

nold in which said disc is nol ded. it 21, A plastic disc nade by
t he met hod of claiml.

- 17 -

METHODS FOR PROVIDING
ARTWORK ON PLASTIC INFORMATION DISCS

Abstract of the Disclosure

Artwork is imparted to plastic discs such as
CDs, CD ROMs, and DVDs (digital video discs) by
exposing a layer of photoresist:material on a substrate

5 to light from an original image of the artwork. The
material of the photoresist layer is exposed to
different depths by different intensity light from
different image regions. Where the image is dark, the
. exposure is to relatively shallow, random depths.

10 Where the image is light, the full thlckness of the
photoresist layer is exposed. Development of the
photoresist layer- -removes the exposed photoresist
material. The surface features of the developed
photoresist layer and any uncovered substrate are

15 transferred to a member usea in forming a surface of
the plastic disc, thereby visibly embossing the image
in the disc.

Figure 3




