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manufactured by such processes and disks replicated using such stampers.
2. Description of the Related Art .

Optical data storage disks are widely used, for example, as audio
and video disks, e.g., compact disks, and in computer systems as part of compact
disk read-only-memory devices for data storage and retrieval. An optical data
storage disk may contain digital data in a spiral track of binary codes. These
codes are formed on the disk as data patterns of minute pits and lands. Fig. 1
depicts an enlarged portion of a spiral track 1 from a compact disk (not shown)
showing a sequence of pits 1a and lands 1b. In an audio disk, for example, the
pits and lands in track 1 represent various types of binary codes, such as left-
hand and right-hand stereo sound codes and codes which control disk reader
motor speed and provide timings. Disk readers for decoding such tracks are well
known.

For example, an optical data storage disk reader may rotate a disk
with a diameter of about 125 mm at a playing speed of about 500 revolutions per
minute at the center of the disk, at which a track begins, and at about 200
revolutions per minute at the end of the track near the outer edge of the disk.
Nevertheless, the linear speed of the disk remains substantially constant, as it
passes over an optical read-out device that decodes the track. Such optical read-
out devices may include a configuration of mirrors and lenses, which directs a
beam of light, such as a laser beam, at the spiral track. As the disk rotates, the
directed beam may move outward from the center of the disk toward the disk's

edge across the rotating track. When the beam is directed at a land portion of the



with a diameter of about 125 mm at a playing speed of about 500 revol utions
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sectional illustrations showing steps in a conventional process for manufactunng
an optical data storage disk stamper. In such a conventional process, a
10 photoresist master disk includes a photoresist layer 3 deposited on the main
surface of a glass substrate 2, such as plate soda-lime glass, as shown in Fig. 2a.
-Soda lime glass is made by fusion of sand with sodium carbonate or sodium
sulfate and lime or limestone. |
A laser beam La, which flic_kers according to a digital signal,
15 exposes photoresist layer 3 to helically or concentrically form a data pattern 6
consisting of a latent image of a track of spots, e.g., pit locations. Either, a
positive or a negative photoresist may be used. When a positive photoresist is
used, areas exposed to light are removed by the development process.
Conversely, when a negative photoresist is used, areas not exposed to light are
20 removed by the development process. The exposed photoresist master disk then
is developed to create a track of minute pits 3a corresponding to a digital signal
to be recorded on the photoresist master disk, thus producing a developed master
disk which has pit-carrying photoresist layer 3 and glass substrate 2, as shown
in Fig. 2b.
25 Photoresist layer 3 of the developed master disk then is dried and
fixed on glass substrate 2 to produce a dried master disk, as shown in Fig. 2c.
A conductive metal, such as silver or nickel, may be sputtered on or applied by
wet metalization to photoresist layer 3 to form a conductive film 4, rendering the
surface of the developed master disk conductive and creating a mastering disk 4a
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a mastering disk 4goxrespond to one of pits 3a created in photoresist layer 3. Nickel layer or
stamper 5 is separated from glass substrate 2, as shown in Fig. 2f, to create a
negative die of the spiral track to be replicated on the optical data storage disk.

10  Because nickel stamper 5 is extremely delicate, stamper 5 may be removed from
glass substrate 2 by hand. Photoresist layer 3 {(and conductive film 4) then may
be removed from stamper 5, yielding nickel stamper 5 with a mold surface 6’
bearing a negative image of data pattern 6, as shown in Fig. 2g. If conductive
film 4 is formed from nickel, however, it may be left in place and may simply

15 become part of stamper 5. After photoresist layer 3 (and conductive film 4) has
(have) been removed from stamper 5, stamper 5 is rinsed, and a protective
lacquer coating (not shown) may be applied to the surface of the negative die.
The lacquer coating then may be cured, and the surface of stamper 5 opposite the
negative die may be polished to remove any imperfections caused during the

20 nickel plating.

_ After stamper 5 has been lacquered and polished, a hole may be
punched in the center of stamper 5 in order to fix it to an injection molding
apparatus. Punching the hole in stamper 5, however, may create stresses in the
nickel and cause imperfections in the spiral track. Such stresses are unavoidable

25  and nickel stamper 5 then is fixed in 2 mold of the injection molding apparatus.
After the injection mold is closed, a thermoplastic resin, such as flowable
;;olymethyl methacrylate, polycarbonate, acrylic resin, epoxy resin, unsaturated
polyester resin, or the like, is injected onto the mold filling the track formed in
stamper 5 with resin. After the resin has hardened, it is separated from stamper
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Conductive film4 may have a thickness of only a few nol ecul es. Mastering
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hole may be finishing process to produce a donble-sided optical data storage disk.

The electroforming of a nickel stamper in conventional processes
10 is a relatively time cons'uming procedure. Further, because of the delicate
procedures associated with the electroforming step, current processes have not
been fully automated. Manufacturing a conventional nickel stamper may take
longer than about 180 minutes. The additional time required to manufacture
stamper 5 by conventional processes makes such processes inefficient for
15 replicating recently developed optical data storage disks which may involve small
production quantities of a variety of types of audio/visual software. Moreover,
current electroforming procedures employ toxic chemicals and require the
disposal of hazardous materials, including solutions containing heavy metals,
e.g., nickel. The lacquering procedure used as part of the finishing process also
20 may produce significant quantities of toxic fumes and hazardous materials.

As mentioned above conventional stampers made from an
electroformed layer of nickel are delicate and have limited lives. Repeated
handling of conventional stampers may result in their deformation or other
damage. Further, disk finishing procedures, e.g., lacquering, polishing, and

25 hole punching, may result in the uneven application of lacquer and imperfection
of or damage to the spiral tracks due to hole punching or polishing. Stampers
suffering from such manufacturing imperfections or damage are discarded, and
the manufacturing process is repeated to create new stampers. Finally, because
electroformed nickel is susceptible to oxidation or pitting due, for example, to

30 the presence of alkalis in the glass substrate, when stored, nickel stampers are



punched in the center of stanper 5 in order to fix it to an injection
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Thus, a need has arisen for a process for manufacturing an optical
data storage disk stamper which does not require the electroforming, e.g., nickel

10 electroforming, step or lacquering procedure and eliminates the chemical waste
associated with the electroforming step and the lacquering procedure. Moreover,
a need has arisen for a process for manufacturing an optical data storage disk
stamper which achieves a reduction in manufacturing time and, in particular,
which achieves a reduction in stamper machining time. Further, a need has

15 arisen for a process for manufacturing such disk stampers, which may be fully
automated. In addition, a need has arisen for a process for manufacturing such
disk stampers, which produces a durable stamper that is less prone to
deformation or other damage in use or deterioration in storage than stampers
produced by conventional processes.

20 An embodiment of this invention is a process for manufacturing
an optical data storage disk stamper for use in replicating compact disks. The
process comprises the steps of providing an ion machinable ceramic substrate,
such as chemically vapor-deposited silicon carbide (CVDSIC), having a
toughness of at least about 1 MPav'm and depositing a layer of photoresist on a

25 surface of the substrate. The photoresist is exposed with a source of
electromagnetic energy, such as a laser, to form a data pattern in the photoresist.
After exposure, the photoresist is developed to form a mask of the data pattern.
The data pattern then is ion machined, such that a spiral track of at least one
ridge and at least one land is formed in the substrate. Suitable ion machinable

30 substrates may be machined without increasing surface roughness (R)). After the
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depositing a second layer of photoresist on the first layer of glass. The

photoresist then is exposed with a source of electromagnetic energy to form a

sul t
he

data pattern in the photoresist. After exposure, the photoresist is developed to .

form a mask of the data pattern on the first layer. The data pattern is etched,
e.g., etched using an acid, such as hydrofluoric acid, in the first layer to form
a glass mask on the substrate. The data pattern then is ion machined, such that
a spiral track of at least one ridge and at least one land is formed in the substrate.
After the substrate has been ion machined, the developed photoresist and the
glass mask may be stripped from the substrate.

The present invention provides various technical advantages over
known optical data storage disk stampers. A technical advantage of this
invention is that the disk stamper is manufactured from a ceramic substrate. This
allows the stamper to withstand high injection molding temperatures without
suffering deformation. Further, ceramics present a smooth surface which may
be easily polished. Ceramics also are tough, and unlike brittle soda-lime glass
substrates, such as those currently used as templates on which to form
electroformed stampers, ceramic substrates are not easily broken, cracked, or
snapped under slight bending or deformation. Finally, ceramics may be readily
machined using an ion beam, e.g., etched by exposure to neutral ion
bombardment. It is a further technical advantage of this process that such
substrates may be fixed directly to an injection molding apparatus as stampers.
Such ceramic substrates are durable and can withstand the stresses and shock of
replicating optical data storage disks with less deformation and damage and lower

failure rates than conventional stampers.

in

to 30 the presence of alkalis in the glass substrate, when stored,
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Such deteriorated stanpers nay be unusable. Therefore, stanpers exhibiting
oxidation or pitting or other physical damage are al so di scarded, and new
stanpers are wgbypiAag ured to replace them In addition, nicREI/USIHIS8rs may
produce stains on the disk 5 replicas. D sks exhibiting such stains have
little or no cormercial value and are di scarded, and therefore, such stains
reduce the yield of the replicating processes. SUMVARY OF THE | NVENTI ON
Thus, a need has arisen for a process for manufacturing an optical data
st/or age di sk stanper which does not require’the el ectroforning, e.g.
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di sk stanper for uwpliciliataciidrageodibidhnd @biseGiently S$horterifidduction cycle times for
preparing new disks for market. Moreover, because stampers produced
10 according to the processes of this invention have longer lives, fewer stampers
may be required to manufacture such disks, and data may be inexpensively and
securely stored for longer periods. In addition, such improved stampers increase
the efficiency of injection molding apparatus by decreasing time spent to replace
deteriorated, deformed or damaged stampers. Finally, it is still another technical
15 advantage of these processes that because the data pattern is ion machined
directly into the ceramic substrate to create the stamper, a ﬁxiné hole may be
formed in, e.g., punched through, the substrate before it is ion machined. Thus,

the formation of the fixing hole does not create stresses in the spiral track.
Despite the disadvantages of CD stamper manufacturing processes
20  using electroformed metals, which are described above, metals, such as nickel,
are generally tough enough to withstand the about 30 tons of force, to which
stampers are subjected in injection molding processes; metal substrates are
inexpensive to mass produce relative to many sunitable ceramic substrétes; and
metal substrates have desirable thermal properties for use in injection molding
25 processes. For example, relatively brittle metals may have a toughness of at least
about 10 MPav'm, and electroformed nickel may have a toughness of about 50
MPavVm. Generally, however, metals are polycrystalline and are not ion
machinable. In their natural solid forms, metals possess various grain

orientations, which erode at different rates in response to a uniform ion beam.



process conprises the steps of providing an ion nmachi nable ceramc
substrate, such as chem cally vapor-deposited silicon carbide (CVDSI O,
havi ng a toughness of at |east about | MP[err]m and depositing a |ayer of
photoresist on a 25 surface of the substrate. The photoresist is exposed
wth a sourgﬁ) sEgect romagnetic energy, such as a |aser, pergSsmgdata
pattern in the Ehotoresist. After exposure, the photoresist Is developed to
forma mask of the data pattern. The data pattern then is ion machined,
such that a spiral track of at |east one ridge and at |east one land is
formed in the substrate. Suitable ion machi nable 30 substrates nmay be

machi ned wit hout increasing surface roughngss (Rlerr]). After the WO
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substrate has bedmeseaaryifg&osion ratésresulcinaufedopghehing datisg ionayachinim. r i pped
fromthe substrate. |In another enbodi nent of this invention, a process for
manuf acturing an optical data storage disk stanper conprises t he steps of 5

provi di ng an i on machi nabl ﬁe%é]&lsccefﬂn?
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exposure, the phqspeReitby welzhtas hdBffhold) If metals, such as electroless nickel, are
amorphous, they may be ion machined without increasing the surface roughness.

Amorphous nickel may be an especially desirable substrate material because

electroformed, polycrystalline nickel is a common stamper material used in
10 optical data storage disk stamper manufacturing processes, and nickel is a

material with which stamper manufacturers are generally familiar. However,

amorphous metal substrates are used in the new stamper manufacturing process,

e.g., a process utilizing ion machining. The amorphous nickel has a different

microstructure than, for example, the electroformed nickel employed in previous
15 manufacturing processes.

An embodiment of this invention is a process for manufacturing
an optical data storage disk stamper for use in replicating compact disks. The
process comprises the steps of providing an ion machinable amorphous metal
substrate, such as electroless nickel including phosphorus in a range of about 5

20 to 15 percent by weight, having a toughness of at least about 10 MPavm, c.g.,
about 100 MPav'm for amorphous electroless nickel; and depositing a layer of
photoresist on a surface of the substrate. The photoresist is exposed with a
source of electromagnetic energy, such as a laser, to form a data pattern in a
photoresist. After exposure, the photoresist is developed to form a mask of the

25 data pattern. The data pattern then is ion machined, such that a spiral track of
at least one ridge and at least one land is formed in the substrate. Suitable jon
machinable substrates may be machined without increasing surface roughness
(R). After the substrate has been ion machined, the developed photoresist may
be stripped from the substrate.
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etched, e.g., etched using an acid, such as hydrofluoric acid, in the first
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amorphous metal film may also be made from gold, nickel, and copper, or the

" like. As noted above with respect to electroless nickel, the'amorphous film

10 material may also include an element or compound which promotes the formation

of a smooth and amorphous film. Moreover, the amorphous metal film may
have a thickness in a range of about 200 to 1000 nm.

The photoresist may be a sputtered oxide photoresist or a negative-
tone photoresist, or the like. Further, the source of electromagnetic energy used

15 to expose the photoresist may be a laser, and the step of exposing the photoresist
may include utilizing a computer to direct the source of electromagnetic energy.

In another embodiment of the invention, a process for
manufacturing an optical data storage disk comprises the step of manufacturing
a negative, optical data storage disk stamper from an amorphous metal substrate

20 by the process described above. Further, the process may comprise the steps of
fixing the optical data storage disk stamper in a mold; injecting a thermoplastic
resin into the mold to form a positive disk replica of the stamper; and removing
the replica from the mold. The replica may then be overcoated with a reflective
material to obtain a reflective surface on the disk. The reflective material may

25 be a metal selected from the group consisting of aluminum and gold.

In another embodiment of this invention, a process for
manufacturing an optical data storage disk stamper comprises the steps of
providing an ion machinable amorphous substrate having a toughness of at least
about 10 MPavm, e.g., about 100 MPav'm for amorphous electroless nickel,

30 depositing a first layer of glass on a surface of the substrate and depositing a
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t hat because the electroformng step and the nanual procedures, e.g.,
removing the nickel stanper fromthe substrate and | acquering the stanper,
associ at ed g finishing of an electroforned stanper péegushiosionat ed;
the tinme an cost aSSOCIated 5 with manufacturing stanpers are reduced by
the processes of this invention. For exanple, manufacturing stanpers
according to a process of this invention may take no nore than 90 m nutes.
This permits greater flexibility in manufacturing optical data storage

di sks and consequently, shorter productionfcycle tinmes for preparing new
di sks for market. Moreover, because stanpers produced 10 according to the
pr-ocesses of thi seémemj&oﬂphmumsthrgﬁ;e first\layer ofgw Thepleossistatbeni’
required to nanufacture uch di s and dat.a na xpensi vel y and
securely stored fe5PoYed a JMrSS §‘°°frﬁméﬂlﬁt‘?|°8 é‘hﬁ‘ﬁmﬁf&% patere i s s

i ncrease the ef figph@pG OAﬁérrux B65ie e PHoMreist AOMAERDSELo TYfl 8 SRS (18 11 e
spent to replace deteriorated, def ormed or damaged stanpers. Finally, it is

still another te@ﬁm&ﬂl@thaMﬂ!ﬁgeTbedtm@s@el‘pﬂbﬁe@ges-&hmnmute t he

data pattern | S at create
t he stanper, f&%‘%‘?@ %é%*%?ﬂ@gfa?ﬂwgm'& gﬂé@a ’ﬁ‘gg #’N’ Eﬂﬁ%the
substrate bef ore'mieda& pavernthed isiofl. madhined, ﬁhﬁtﬁ@brﬁpﬁmm@foftahmﬁuoﬁbng hol e
does not create stresses in the spiral track. Despi te .t he di sadvant ages of

CD st anper manuf didgarandgt jrastonedand is dormeddn the BIbgmts. AR the sybstateshas hi ch
are described abyg, jolhfatified, fHédBvelopell phdtsiesist and the glass mask may be stripped

- from the substrate.

10 In a further embodiment of the invention, a process for
manufacturing an optical data storage disk may comprise the steps of
manufacturing a negative, optical data storage disk stamper from an amorphous
metal substrate by the process described above, in which a first layer of glass is
deposited on a surface of the substrate and a second layer of photoresist deposited

15 on the first layer. The process further comprises the steps of fixing the optical
data storage disk stamper in a mold; injecting a thermoplastic resin into the mold
to form a positive replica of the stamper; and removing the replica from the
mold.

The amorphous metal substrate may comprise either a monolithic

20 structure or a film of amorphous metal on a substrate base. A substrate
including a film of amorphous metal on a substrate base may be less expensive
to manufacture than a monolithic structure. The substrate may have an outer
diameter of greater than about 120 mm, and preferably, an outer diameter in a
range of about 120 to 160 mm. This diameter may be obtained by punching the

25 amorphous metal substrate from a larger substrate diameter either before or after
ion machining. Similarly, the substrate may have an inner diameter in a range
of about 15 to 36 mm. This diameter may be obtained by punching a core from
a larger substrate diameter before or after ion machining. Surface roughness on
the substrate face subjected to ion machining may be in a range of about 1 to 50

30 nm R, and the substrate may have a thickness greater than or equal to 300 xm.



are_general ly tough enough to withstand the about 30 tons of force, to

whi ch stanpers are subjected in injection nolding processes; netal
substrates are inexpensive to mass produce relative to many suitable

ceram c substrates; and netal substrates have desirable thermal properties
for use in inhaiseyas ol ding 25 processes. For exanple, relptwossigsmgittle
netal s may have a toughness of at |east about 10 MPaJerr]m and

el ectrof orned nickel nmay have a toughness of about 50 MPa[err]m Generally,
however, netals are polycrystalline and are not ion nmachinable. In their
natural solid fornms, netals possess various grain orientations, which erode
at different rates in response to a uniforntlon beam WO 97/ 37348

PCT/ US97/ 05398 8 These varying erosion rates result in surface roughening
during ion-machini ng. Never tApheserssist say sk pertions of theswbstratgshat preito be pits

ni ckel or electroles i ckel cantainin fiici ytive
to pronote fornatiSﬁFaB&s‘g‘@er?ﬁﬁ%@]om %%ﬁﬁﬁggﬁg{rwg%’aﬂgg&%&@d
phosphorous in an ﬁﬁ?%tab@f:t QB wWidd, andSn REBRARNST ABoul\OIBAB!3.5 Wik Iongdephous.
If metals, such as electrol ess nickel, are anorphous, they may be 1on

machi ned wi t hout i frenlarepticyl detastosage disks, and thesedimensiopsypasbe amalles Rerp fay be
an especially desi Bishsk : L‘tﬂhg £aUS ow .
pol ycrystalli ne%ni g@ﬂt&r@“a co% S %gnper pm?sg%ll %ﬂhggé%’ gtgg,ﬁs%:sél
dat a storage di sk siagbpeitherasphticred oxide photosesistsor negative-toneqphotoresist,cor the
like. The masked substrate may then be placed in a vacuum chamber, beneath

an ion beam gun with a diameter larger than the substrate. Alternatively, a

smaller ion source may be rastered across the substrate surface. The substrate
10 may be machined for a period determined by the size and intensity of the ion
beam, e.g., about ten minutes, to achieve the desired feature depth on the
stamper, e.g., less than about 150 nm. Further, for high density optical data
storage disks, the desired feature depth on the stamper may be less than about
100 nm.
15 Other objects, advantages, and features will be apparent when the
detailed description of the invention and the drawings are considered.
BRIEF DESCRIPTION OF THE DRAWINGS
For a more complete understanding of the present invention and
the technical advantages thereof, reference is made to the following description
20 taken in conjunction with accompanying drawings, in which:
Fig. 1 depicts an enlarged portion of a spiral track from a compact
. disk showing a data pattern of pits and lands.
Figs. 2a-g are a schematic of cross-sectional illustrations showing
steps in a conventional process for manufacturing an optical data storage disk
25 stamper.
Figs. 3a-f are a schematic of cross-sectional illustrations showing
steps in an embodiment of the process of the present invention.
Fig. 4 is a flow chart depicting the steps of the embodiment of
Figs. 3a-f.



material with which stanper manufacturers are generally famliar. However,
anor phous netal substrates are used in the new stanper manufacturing
process, e.g, a process utilizing ion machining. The anorphous nickel has a
different mcrostructure than, for exanple, the el ectroforned nickel

enpl oyed ing}%g7 7'-8@5 15 manufacturing processes. An enbodippie hi s

I nvention is a ﬁ ess for manufacturing an optical data storage di sk
stanper for use in replicating conpact di sks. The process conprises the
steps of providing an ion machi nabl e anor phous netal substrate, such as

el ectrol ess nickel including phosphorus in a range of about 5 20 to 15
percent by weight, having a toughness of at2 | east about 10 MPa[err]m e.qg.,
about 100 MPa[err]m for anorphous el ectrol ess nickel; and depositing a

| ayer of photoresist on a igsl SePareh séﬁbﬁmﬁwbﬁérbﬁtsecno'ﬁhﬁllﬁﬁﬁhﬁﬁﬁmbﬁingi S
exposed with a source of el ectromagnetl energ;f/G such as a |aser, to forma

data pattern in mmmrwbo dimedt of the progess O l??é”'?ﬁ%‘t’m@ﬁlpg-t i s devel oped
to forma mask of the 25
machi ned, such that a spiral tr;kai 8? tlg{’ﬂst one %g@“gﬁﬁ atﬂﬁe*e“gégt one

| and is formed i rFighdadubstrate. Swtabl e |on machi nabl e substrates may be

machi ned wi t hout i ncreasi n%,s f.acgr!P R[‘ﬁﬁﬁl% fter t he, gubstrate
has been ion nmichi ned, the*&velrbp $ 0 £ Arpesstiof MSm ¢ he
substrate. WO jRvénfién 48ing a stamper produced acoordmg to a process described in Fig. 4

PCT/ US97/ 05398
or 6 to replicate an optical data storage disk.

Figs. 8a-f are a schematic of cross-sectional illustrations showing
steps in an embodiment of the process of the present invention.
10 Fig. 9 is a flow chart depicting process steps including those of a
process in accordance with the embodiment of Figs. 8a-f.
DETAILED DESCRIPTION OF THE INVENTION
Figs. 3a-f are a schematic of cross-sectional illustrations showing
steps in an embodiment of the process of the present invention. Fig. 3a depicts
15 a ceramic substrate 32 with a substrate surface 32a. Such substrates may have
a diameter greater than about 120 mm and a thickness greater than about 1 mm.
A ceramic is one of a diverse group of nonmetallic, inorganic solids. Although
traditional ceramics may be crystalline or glassy, i_.e, amorphous, only ion
machinable ceramic substrates with a toughness of at least about 1 MPav'm are
20 suitable for the processes of this invention. Generally, crystalline ceramics with
a toughness greater than about 2 MPav'm possess high flexural strength and are
shock resistant, which makes them especially well-suited for use as part of an
injection molding apparatus.
Suitable ceramic substrates 32 are characterized by the ability to
25 repeatedly withstand high temperatures associated with the injection molding of
thermoplastic resins; a smooth, polishable surface; toughness sufficient to
withstand injection molding pressures and stress concentration created between
the minute ridges during the cooling of the thermoplastic resin; and ion
machinability. For example, ceramic substrates 32 are capable of withstanding

30 temperatures in a range of about 250 to 340°C, which are associated with the



9 The anor phous netal may be selected fromthe group consisting of gold,

ni ckel , and copper, or the like. In particular, the substrate may be

el ectrol ess nickel including phosphorous in a range of about 5 to 15
percent by weight or sputtered nickel. In addition, the substrate may

i ncl ude a sulassatrsas5 base with a catalytically active surfBEBHUSKIGSE

anor phous netal film The substrate base need not have an anor phous
structure and nay be nade froma netal selected from alum num nickel, and
copper, or the like; and the anorphous netal filmmy al so be nmade from
gol d, nickel, and copper, or the like. As noted above wth respect to

el ectrol ess nickel, the anorphous film 10 terial may al so include an

el ement or conpound which pronptes the formati on of ,a snooth_and anor phous

film Moreover, t/Hajediop of palygartonpts, [Fthera geramic ubstratess¥2 arg capablg e of
bout 200 to 1000 i jqd i st
or 2 0 o2 ¢ B Hepddiéay WitAding yelB eiferfuR aliehit alica 6y HBBhCS! o

or a negative- tone pﬁotore5| st
el ectromagnet i ¢ emaoldingusBhe sface of corpmicesubsteateshd basewi may bepolished td aser

d the step of ing (h tor esi st incl ude ptiljzi t
£ di rect the souiaae foughist HbFRrGHaR 1im 4B o Paliess o abous Sandn SR of
the invention, & RiRGH%E fa@h BRUA Aeldit dpPariils, BB Sidott Rirfos fOfR SRosth S K

conprises the step of manufacfuring a negative, optical data storage disk

stanmper from an araod pelestiverdands (notShawmlt eThese langs rendily, reflectsslectromagnetic d
L, berT o e LB gIEY RERRE 1 SCoP of [ X.00, Lhe optical
the nold to forma positiveGlissknd sqmé ceramics hfecchataeterieed byebrittieresowhich
causes them to break, crack, or snap when slightly bent or déformed. Suitable
10 ceramic substrates 32, however, are tough, e.g., having a toughness of at least
about 1 MPav'm, and possess sufficient rigidity to maintain an ion machined data
pattern without deforming under injection molding pressures. At the same time,
they possess sufficient flexibility to give to avoid failing under injection molding
pressures. Such ceramic substrates may be subjected repeatedly to pressures in
15 a range of about 70 to 140 MPa in an injection molding apparatus.

Suitable ceramic substrates are also characterized by the ability to
be ion machined. Ion machining is performed by bombarding substrate surface
32a with a neutral ion beam, whereby, substantially vertical walls may be cut in
ceramic substrate 32. Ceramics with suitable ion machining properties include

20 silicon, canasite, silicon carbide, including CVDSIC, glassy or amorphous
carbon, and the like. Although glass, such as soda-lime glass is ion machinable,
as can be seen from the representative toughness vatues in the following table,

such glass is not sufficiently tough to withstand injection molding pressures.

Table I
25 “ Amorphon
Soda-Lime Glassy Silicon Capasit | Silicon s
Glass Carbon e Carbide | Electroless
Nickel
Toughness [ 0.7-0.8 | 1MPaVm | 1.8 MPa/m | 4 4.5 ~100
MPavm) | MPaVm MPaVm | Mpavm MPavm




the replica fromthe nold. The replica nmay then be overcoated with a
reflective material to obtain a reflective surface on the disk. The
reflective material nmay 25 be a netal selected fromthe group consisting
of al um num and gol d. In another enbodinent of this invention, a process

for manuf aciyy dMgsgn optical data storage di sk stanper conpet/dssnsidg steps
of providing an 1on nmachi nabl e anor phous substrate having a toughness of at

| east about 10 MPa[err]m e.g., about 100 MPa[err]m for anorphous

el ectrol ess nickel, 30 depositing a first |layer of glass on a surface of

the substrate and depositing a WO 97/ 37348

PCT/ US97/ 05398 10 second | ayer of photoreddst on the first |ayer of glass.
The photoresist then is exposed with a source of electronmagnetic energy to
forma data pattern in theRefenting ®cFigt 3bAk tlgyer of phatoresist 3is depodited @ai st i s

devel oped to formag mask of the data patiern qn the _first |ayer. The data
pattern is etchecﬂ‘g@e&i’,mmcﬂﬁ’%@ﬁ é“%ﬂ“é@%?éﬂmhgf @ upifom i ¢ he
first layer to fQepinfadb@SsriiBs 820N FiCeaipl, phoforeslh aytat? May Ve at hen is
i on machi ned, such that a spiral track of at l'east one Tridge and at | east

one land is for nahickness in wogssefrabput 0.Afe 2 m.hE naychs: applied #scasdrydaminaten
rroh ned L1 SYRkPBPd PUGhEERF i T BT FER- Y, A RlRRRCC (O
process for negative photoresist may be used. As discussed above, when a positive
photoresist is used, areas exposed to light are removed by the development
process. Conversely, when a negative photoresist is used, areas not exposed to
light are removed by the development process.
| 10 Alternatively, substrate 32 may be an ion machinable amorphous
metal substrate, such as may be made from amorphous electroless nickel
including phosphorus in a range of about 5 to 15 percent by weight, and
preferably in a range of about 9 to 15 percent by weight. Generally, suitable
amorphous metals have toughnesses of at least about 10 MPavm. For example,
15 amorphous electroless nickel has a toughness of about 100 MPav'm, which makes
it well-suited for use in an injection molding apparatus. Thus, suitable
amorphous metal substrates also have the ability to repeatedly withstand high
temperatures associated with the injection molding of thermoplastic resins; a
smooth, polishable surface; and toughness sufficient to withstand injection
20 molding pressures and stress concentration created between the minute ridges
during the cooling of the thermoplastic resin; and ion machinability. In addition,
like the ceramic substrates described above, the amorphous metal substrates may
withstand the high temperatures and steep temperature gradients associated with
injection molding.
25 As shown in Fig. 3¢, a source of electromagnetic energy, such as
a laser La or other coherent, intense source of light, may be used to expose
photoresist 33 to form a data pattern 34. As laser La is scanned on photoresist
33, substrate 32 may be rotated to expose data pattern 34 in a spiral shape on
photoresist 33. Further, the size of the spot produced by laser La on the surface
30 of photoresist 33, the speed of revolution of substrate 32, and the scanning speed



manuf acturing an optical data storage disk may conprise the steps of

rmanuf acturing a negative, optical data storage di sk stanper from an

anor phous netal substrate by the process described above, in which a first
| ayer of glass is deposited on a surface of the substrate and a second

| ayer of photgwpaskaks deposited 15 on the first |ayer. The RCIAS9%0s398 t her
conprises the steps of fixing the optical data storage disk stanper in a
nold; injecting a thernoplastic resin into the nold to forma positive
replica of the stanper; and renoving the replica fromthe nold. The

anor phous netal substrate may conprise either a nonolithic 20 structure or
a filmof anorphous netal on a substrate bd8e. A substrate including a

filmof anmorphous netal on a substrate base may be | ess expensive to
manuf act ure than aofidassr iLahmay be vatied tocadjush daapatiemaide  Baser Aa\adsoamay be er

di aneter of greater_than ab 20 nd. pr ef.er , out.e l apeter in
a range of about 1288 yM’#&ﬁd%W@]&?gﬁ%}&gﬁﬁ@?asgé&gg&gﬁ‘)hz%e%ﬁﬁu I ng
the 25 amor phous nphfémS3dbforins acspiralonack dfodt Jedst Saebfidgecind alilea¥e by laad timer
before or after ion_machining. Simlarly, the substrate may have an inner

dianeter in ar ang@h?)‘P“’&iﬁb%ﬂ' 15 to 36 nm This diameter may be obtained by
Tachi ni g Surf ace. roughness einel § e EARY GChRELLls Balklindd it 2
machi ni ng may be i comstantlevnd, data palterni34Imayproduc8 @ singleRfidger |A rezoniabll eptical
substrate may have i i iaps sk mayl possess 2 single, continaous: spival gioove produded from
a stamper having data pattern 34 including a single, continuous, spiral ridge.
The groove of such a disk is at least partially filled with a recording medium,
10  such as a photo-curable resin or dye. If a photo-curable resin or dye is used, a
light source, such as a laser beam, may be used to produce a data pattern in the
resin or dye.
Referring to Fig. 3d, photoresist 33 then is developed to reveal
data pattern 34 on its surface. Regardless whether photoresist 33 is a positive or
15 negative photoresist, developed photoresist 33' remains on surface 32a of
substrate 32 identifying the locations of the at least one ridge (not shown). Thus,
the control of laser La is governed by the type of photoresist 33 deposited on
substrate 32.
As shown in Fig. 3e, substrate 32 is ion machined to form at least
20 one ridge 32b. The upper surface of ridge 32b is substrate surface 32a. Ion
machining cuts into substrate 32 to a vertical depth, ie., a ridge height, in a
range of about 20 to 200 nm, e.g., in a range of about 100 to 150 nm. As
discussed above, when ion machining, substrate 32 may be bombarded with a
neutral, ion beam Io. Developed photoresist 33’ forms a mask by which the
25 machining of ridges 32b is controlled. Once the desired height for each of ridges
32b is achieved, the remaining developed photoresist 33' is stripped away to
produce a stamper 35, as shown in Fig. 3f.
Fig. 4 is a flow chart depicting the steps of an embodiment
according to Figs. 3a-f. In step 40, a single phase, crystalline ceramic substrate
30 is provided. A suitable single phase ceraniic substrate is CVDSIiC, which
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I1 A photoresist may nask portions of the substrate that are to be pits or
| ands on the replicated optical data storage disks. These areas to be
masked may be about 0.6 [err]mw de, and in a range of about 0.8 to 3.5

[err]m] ongrvbcg., LGgul ar optical data storage disks, and thgefushiosssi ons
may be smal ['er 8y up to 5 half for high-density optical data storage

di sks. As noted above, the photoresist may be either a sputtered oxide

phot oresi st or negative-tone photoresist, or the |ike. The masked substrate
may then be placed in a vacuum chanber, beneath an ion beamgun with a

di aneter larger than the substrate. Alternstively, a smaller ion source may
be rastered across the substrate surface. The substrate 10 nay be nachi ned
for a period det gossessesia ipylytiystalline/singlechhaset strusture;  Most digorphious landisingle. g. |
about ten mnutes, t g‘%geve the desired feafur de&tph pn t he stanper,
e.g., less than /s PhAse eERMIGS, are [ign niac & fathoyt mereaung s

t di sks, t ' i th
storage aisks 15*}6119{3%&{. eﬁo&%@é&*ﬁ@p%@ﬁ&t@d ?E{YEME@&E'“% BitabfiSiont han

about 100 nm obj ec ages, and feat'ures wll
be apparent when mdchindbleaiNeverthibdoss,ra yinglophasé sulistrate aesipenor ion dachisingr awi ngs

are consi dered. BRI EE CRLPTO THE NGS ,For, .a nore,co ete
under st andi ng Y ?@c'ﬁ?Dggé'n “%h@%%@%ﬁ%e '88?41%‘&? f%ﬂ‘r‘??‘ﬁ'&@by
t her eof , ref er enGestical waltlsurtaced, he foll owi ng description 20 taken in

conjunction with acconpanying draw n&;, in which: Flg. 1 depicts an
enl arged portion of a spir&lteratively; the spbstrate pravided in step 40 may be an ion

machinable amorphous metal substrate, such as may be made from amorphous
electroless nickel including phosphorus in a range of about 5 to 15 percent by

10 weight, and preferably in a range of about 9 to 15 percent by weight. Suitable
amorphous metals have toughnesses of at least about 10 MPavm. For example,
amorphous electroless nickel has a toughness of about 100 MPav'm, which makes
it well-suited for use in an injection molding apparatus. Thus, suitable
amorphous metal substrates also have the ability to repeatedly withstand high

15 temperatures associated with the injection molding of thermoplastic resins; a
smooth, polishable surface; and toughness sufficient to withstand injection
molding pressures and stress concentration created between the minute ridges
during the cooling of the thermoplastic resin; and ion machinability. In addition,
like the ceramic substrates described above, the amorphous metal substrates may

20 withstand the high temperatures and steep temperature gradients associated with
injection molding.

In step 41, a negative photoresist is deposited on the surface of the
substrate. When exposed with a laser, as indicated in step 42, the negative
photoresist reveals a series of spots corresponding to the ridges of the spiral

25 track. When developed according to step 43, the 'unexposed photoresist
dissolves, leaving only spots of developed photoresist marking the ridges.

As indicated in step 44, using the exposed photoresist as a mask,
the substrate is ion machined to form a raised data pattern including a spiral track
of at least one ridge and at least one land. Ion machining may be accomplished

30 by bombarding the substrate with a stream of neutral ions, such as those of an



di sk showing a data pattern of pits and lands. Figs. 2a-g are a schematic
of cross-sectional illustrations showing steps in a conventional process
for manufacturing an optical data storage disk 25 stanper. Figs. 3a-f are a
schematic of cross-sectional illustrations showi ng steps in an enbodi nent

of the processw@birs present invention. Fig. 4 is a flow chacrusdeyssissi ng
the steps of the enbodi nent of Figs. 3a-f. WO 97/ 37348

PCT/ US97/ 05398 12 Figs. 5a-i are a schematic of cross-sectional
illustrations showi ng steps in another enbodi nent of the process of the
present invention. Fig. 6 is a flow chart depicting the steps of the
enbodi nent of Figs. 5a-i. 5 Fity 7 is a flow chart depicting
the steps of a process of the invention using a stanper produced according

to a process descri ined gan e qargon. Shheglepth of ign machining,is depandent|ondhe duration age

Steps i n-an embod e PR orbaRpir 354 o BharkceciBly B WSyt "o
Fig. 9 is a fl ow chyoreoverifahé st of tirdon beaft is Paallen ean dhenraboosfthe Subdtrate,
the ion beam may be rastered in order to attain uniform machining.

5 Ton machining as a precision material removal process may be
used in sub-aperture shaping of glasses, ceramics, and amorphous metal
substrates. Ion machining, which is distinct from the process of Reactive Ion
Etching (RIE), employs a plasma-generating source or “gun” that ionizes argon
gas in an evacuated chamber. For example, while still in the gun, ionized argon

10 atoms may be accelerated in a direct current (DC) electric field through a grid-
shaped aperture. As the ions leave the gun at high velocity, the collimated beam
of ions may be neutralized by an oblique beam of electrons emerging from an
adjacent source. This stream of argon atoms, now chemically and electrically
neutral, impacts a target surface and sputters molecules form the surface in a

15 finely controlled erosion process. Beam current densities may be in a range of
about 1 to 2 mA/cm?, accelerated by an about 1000 volt potential. For many
solids, this results in a sputtering rate of several tens of nanometers per minute.
The process of the present invention permits production of billions of
micrometer-sized lateral features with uniform high quality on a single substrate

20 by broad beam ion machining through a photoresist mask.

Although both ceramics and amorphous metals may be ion
machined, use of amorphous nickel as a substrate for stamper manufacturing has
certain advantages over ceramics in an optical data storage disk manufacturing
process. Amorphous nickel substrates may be less expensive, both in raw

25 material and in fabrication costs, than ceramic substrates. Amorphous nickel is
tougher, e.g., K, equals about 100 MPav/'m, than even the toughest ceramics,
e.g., K, in a range of about 2 to 5 MPavm. Therefore, although an amorphous
nickel substrate may plastically yield before a ceramic substrate, amorphous
nickel substrates may better withstand injection molding without catastrophic

30 fracture. Further, metals, and especially nickel, are materials whose thermal,



process in accordance wth the enbodi nent of Figs. 8a-f. DETAILED

DESCRI PTI ON OF THE | NVENTI ON Figs. 3a-f are a schematic of cross-sectional
illustrations showi ng steps in an enbodi nent of the process of the present
invention. Fig. 3a depicts 15 a ceram c substrate 32 with a substrate
surface 32a50gYsResuUbstrates may have a dianeter greater th@pyahasshs 120 nm
and a thickness greater than about 1 mm A ceranmc is one of a diverse
group of nonnetallic, inorganic solids. Although traditional ceram cs my
be crystalline or glassy, i.e., anorphous, only ion machinable ceramc
substrates wth a toughness of at |east about 1 MPa[err]mare 20 suitable
for the processes of this invention. Gener@8l |y, crystalline ceramics with a
toughness greater than about 2 MPa[err]m possess high flexural strength and

are shock resi stm&hﬁ&lmhdhﬁdﬁgp:bpemmmdﬁstopdnﬂhbsmpé@daﬁﬁcmm as

part of an injecti p aratus. Suitable ceram.c s trates, 32 are
characterized by ¥ blﬁﬂi"ggﬁo SzB“dr‘epratP&fF’gﬁ igyention.othe mieksh sybstfersat ures
associ ated with tisgrdsithénile 80 amBiphbtl) # vl P&tiﬁh%tdrE SRA R thbsé

pol i shabl e surface; tsgid&ﬁnessasu |€§ent to %l tand injection m)rpgo
pressures and st rpslysmuﬂmnemfomﬁrmdteéd bet ween the mi nute ridges dur| ng
the cooling of_the thernop nab|I| For exanpl e,

hj
ceram ¢ subst r%lt es 32 are t’ggé\%ﬁ‘g{ 3%' M‘Pﬁmsﬁggc %gf g!scuyln a
range of about 2%BamhbBer34Gi £Waduum vanfber,dinRrREMHOLE bétweeh thelibn bedn and air

molecules is eliminated. Nevertheless, because heat generated in the substrate
by ion machining is not easily dissipated within a vacuumn chamber, the
developed photoresist mask preferably is capable of withstanding temperatures

10 in a range of about 30 to 80°C, so that the data pattern may be ion machined in
the substrate without causing simultaneous deterioration the photoresist mask.
Referring to step 45, the developed photoresist then is stripped from the substrate
to produce an optical data storage disk stamper.

Figs. 5a-i are a schematic of cross-sectional illustrations showing

15 steps in another embodiment of the process of the present invention. Fig. 5a
depicts a ceramic or an amorphous metal substrate 52 with a substrate surface
52a. Referring to Fig. 5b, a first layer of glass 54, e.g., fused silica, is
deposited on surface 52a of ceramic substrate 52. First layer of glass 54 is
deposited uniformly over the surface 52a of substrate 52 to a thickness in a range

20 ofabout0.1to1 um. Asshown in Fig. Sc, a second layer of photoresist, e.g.,
negative photoresist, is deposited on first layer of glass 54. Second layer of
photoresist 53 also is deposited uniformly over first layer of glass 54. The
thickness of second layer of photoresist 53 may be in a range of about 0.1 to 2
p“m.

25 As indicated in Fig. 5d, a source of electromagnetic energy, such
as a laser La or other coherent, intense source of light, may be used to expose
photoresist 53 to form a data pattern 56. As laser La is scanned on photoresist
53, substrate 52 may be rotated to expose a spiral-shaped data pattern 56 on
photoresist 53. As discussed above, the size of the spot of laser La on the

30 surface of photoresist 53, the speed of revolution of substrate 52, and the
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PCT/ US97/ 05398 13 injection m)l di ng of polycarbonate. Further, ceramc
substrates 32 are capabl e of repeatedly w thstandi ng steep tenperature
gradi ents caused by injection nolding. The surface of ceram c substrates 32
has or may bgppldsped to a surface roughness (R) of about PCHESHNEM

fl atness of abou [Terr]m In addition, 5 when fixed in an injection
nol di ng apparatus, such snmooth surfaces formsnooth and refl ective | ands
(not shown). These lands readily reflect el ectromagnetic energy, e.g.,
light or |aser beans. d ass and sone ceram cs are characterized by

brittl eness which causes themto break, cra@, or snap when sli ghtly bent
or deformed. Suitable 10 ceranic substrates 32, however, are tough

havi ng a toughnessscminmgtspéedaﬁhsaﬂ@unaylbd\mpémi}lmd@tﬂmm és%flﬂala&q"gh?’

rigidity to maintain I on. machi.n nder
i nj ection mol di ng Bae Hﬁ'@é‘t WH?IH@%%‘%Q%E&&{"%%%ESS%SGE(?JI{@C| e
fllexibility to givgsdres aF filighsf(Aétshogn) NGérerdlly] dath ipattern st dorms q)spmbmaks
Such ceram c substrates may be subjected r(e)gleat ed| tlfga)l ressur%? in 15 a
range of about 70 ofatmwgennahowm@a eilyg ﬁyg L T

ﬁ:gﬁwngdsu:azhr ﬁégﬁl %‘Faﬁg I'S pmg%&q%%ng subst lrléae'ghegggl}dﬁ ?gceeaSSZa
with a neutral i ondlbcmmi abbwe eby, substantially vertical walls nmay be cut
0 cerame substrale 32 Coraul ore k. B bt 3 BB RS NEHL
anmor phous car bon, - gl pithien bé bk firdidyePuOilad! 535 Regardtdis heth@rchotorestst 3 &ss i s
on machinable, a positive or negative photoresist, developed photoresist 53’ remains on first
10 layer of glass 54 identifying the locations of the at least one ridge (not shown).
Thus, data pattern 56 and the control of laser La are governed by the type of
'phohoresist 53 applied to first layer of glass 54.
Fig. 5f depicts the etching, e.g., etching with an acid, such as
hydrofluoric acid, of first layer of glass 54 to produce glass mask 54’. As shown
15 in Fig. 5g, any portion of layer of developed photoresist 53, which was not
etched away during the creation of glass mask 54, is stripped from glass mask
54’. Referring to Fig. Sh, substrate 52 is then ion machined to form at least one
ridge 52b to substrate 52. As discussed above, when ion machining, the
amorphous metal substrate is bombarded with a neutral, ion beam Io to cut into
20 substrate 52 to a vestical depth, ie., a ridge height, in a range of about 20 to 200
nm, e.g., about 100 nm. The upper surface of each of ridges 52b is substrate
surface 52a. Glass mask 54’ controls the machining of ridges 52b. Once the
desired height for ridges 52b is achieved, glass mask 54’ remaining on substrate
may be stripped away to produce a stamper 55, as shown in Fig. 5i.
25 Fig. 6 is a flow chart depicting the steps of the embodiment of
Figs. 5a-i. In step 60, a single phase, crystalline ceramic substrate, such as a
CVDSIC substrate, or an amorphous metal substrate, such as an amorphous
electroless nickel substrate including phosphorous in a range of about 5 to 15
percent by weight, again is provided. As indicated in step 61, a first layer of

30 glass is deposited on the surface of the ceramic or amorphous metal substrate.



as can be seen fromthe representative toughness values in the follow ng
tabl e, such glass is not sufficiently tough to withstand injection nolding
pressures. Table | 25

Anor phou Soda- Li e d assy Silicon Canasit Silicon s d ass

car bon r.bj e Car bi de El ectrol ess N ughness
0.7-0.8 I’S@Fﬂ"g&r] m  1.8WPa[err]m 4 4.5 ; 105%@%?{"5?}] m

MPa[ err]m MPa[err]m MPa[err]m MPaferr]m WO
97/ 37348 PCT/ US97/ 05398 14

Referring to Fig. 3b, a layer of photoresist 33 is deposited on surface 32a
of ceramic substrate 32. Photoresist layer283 is applied to a uniformdepth
across surface 32a. For exanple, photoresist |ayer 33 may have a thickness

in-a range of abop ud 6, hSecénd Riérd dhnepdtivePpliotfesBiia lapplibdas i sifficd éithdat e 5
filmor as a liquid that is spin or spray applied to surface 32a. A
posi tive or negat figs lmtoé;gm-smﬁy;ﬂmesedsv@&.ame@iagem BEPt3, then a

Pt bbb S pUABECERSs FVARSH bt Lo EEI I "
not exposed to |i gidge cirthe spiribuack bWhein deviioped aqoondifg for stepats the unexposed
5 photoresist dissolves, leaving only spot(s) of developed photoresist marking the
at least one ridge.

As indicated in step 65, using the exposed photoresist as a mask,
the first layer of glass is etched with acid to form a glass mask. This acid
etching may remove the layer of photoresist from the first fayer of glass. After

10 the first layer is etched, however, the remaining developed photoresist is stripped
away, as indicated in step 66. In step 67, the ceramic or amorphous metal
substrate is ion machined through the glass mask to. form a negative die of the
data pattern including a spiral track of at least one ridge and at least one land.
Finally, according to step 68, the glass mask also is stripped from the substrate.

15 As previously discussed, ion machining may be accomplished by
bombarding the substrate with a stream of neutral ions, such as those of an inert
gas, e.g., argon. The depth of ion machining is dependent on the duration and
intensity of the bombardment and the characteristics of the substrate. Moreover,
if the size of the ion beam is smaller than the surface of the substrate, again, the

20 ion beam may be rastered in order to attain uniform machining. Nevertheless,
as discussed above, suitable ceramic materials are ion machinable without
increasing surface roughness (R,).

Fig. 7 is a flow chart depicting the steps of a process of the
invention employing a stamper, such as that described in Fig. 4 or 6, to replicate

25 optical data storage disks. See step 70. In step 71, the disk stamper, such as
stamper 35 or 53, is fixed in a disk stamper mold of an injection molding
apparatus. Such injection moiding apparatus and their use are well known. As
indicated in step 72, a thermoplastic resin, such as acrylic resin, epoxy resin,
polycarbonate resin, unsaturated polyester resin, or the like, may be injected into

30 the mold to form a disk replica.



10 Altematively, substrate 32 may be an ion nachinabl e

anor phous netal substrate, such as may be nade from anor phous el ectrol ess
ni ckel including phosphorus in a range of about 5 to 15 percent by weight,
and preferably in a range of about 9 to 15 percent by weight. Generally,
suitabl e anu&§§%gg“getals have toughnesses of at |east aboRCTISIWWErr] m
For exanpl e, anor phous el ectrol ess nickel has a toughness of about 100
MPal[err]m which nmakes it well-suited for use in an injection nolding
apparatus. Thus, suitable anorphous netal substrates also have the ability
to repeatedly wthstand hi gh tenperatures associated with the injection
mol di ng of thernoplastic resins; a snooth, 2bol i shabl e surface; and

toughness sufficient to withstand injection 20 noldi ggdgr essures and
stress concentration creat edftbrshevmold copls asrindicated in stgp ¢ disk ‘?Pi’é‘ 3% i ng

of the thernoplastic resin; d_i [ L] hdv 1% brindnd t he
ceranm c substrat e?ed'gg@rpggg@atggg\pgt{; sﬁgﬂa%@aﬁgﬁéﬁep%cﬁgﬁeq% strat engéﬂ;l%y

wi thstand the hi ghehevBeiceds ihemoplasticiesin) Beease thatstampeg isaniderftam asmghi at ed
with injection nolding. 25 As shown in 3c, .a source of

Fi g,
el ectromagnet i c erveragys subspiectbe stampekis desigad tBt'W“’E’éilt’?gFlﬁﬁP‘? the AressWE
source of |1 ght?ag@? @&p&ﬁﬁﬁ’e \rﬁiﬁgﬁﬁ’%ﬁt Qﬁé’i@%?ﬁ molding 8, @ithéut

pattern 34. As a‘'l's scanned on photore 33, sUbsStrate 32 may be
rotated to expose difdrinimgot physicilly damagingithe stamperapln step T deeodisk replicais.

Further, the size of the spot produced by.|laser La.on the surface of
phot or esi st 33, t Hvespaledty e SPE%%.’JFII ﬁ%q gL such as %{H@'Wﬁ‘eor&%gdnni ng
speed including alloys containing these metals. This reflective material ensures that

light beams from an optical read-out device are reflected when they strike the at

10 least one land of the spiral track data pattern on the disk replica.

Production of metal substrates, whether by electroforming or by
amorphous electroless forming, is a source of hazardous chemical waste.
Further, as noted above, nickel may transfer unacceptable visible stains to the
optical data storage replica disks. This may lower process yields. Finally,

15 unlike the pre-machined ceramic substrates, amorphous electroless nickel
substrate may be punched at the end of the substrate machining process, but
before injection molding.

There are several methods of producing an amorphous metal
substrate. The amorphous metal may be formed as a film either by use of an

20 electroless chemical bath or by sputtering. Either of these processes may be used
to adhere an amorphous metal film to a catalytically active surface of a base
substrate, e.g., the surface of an electroformed, rolled, or wrought base substrate
of aluminum, nickel, or copper, or the like. The amorphous film may only be
as thick as the desired ion-machining depth. Although thicker films are not

25 undesirable, they may be more expensive to produce. The amorphous film may
also be deposited to full thickness on a non-metallic stamper substrate platform.
The amorphous film may be made smooth by lapping and polishing or by
growing it on a smooth surface, such as a polished glass substrate platform, from
which it may later be removed. In each of these methods, the amorphous metal
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15 of laser La nay be varied to adjust data pattern 34. Laser La al so may
be intensity nodul ated to produce a series of ridges (not shown).

Generally, data pattern 34 forns a spiral track of at |east one ridge and

at | east on%v+w photoresist 33. 5 Al t er plosetokaesi T t he
intensity of ' rasef La is maintained at a constant |evel, data pattern 34

may produce a single ridge. A recordable optical data storage di sk may
possess a single, continuous, spiral groove produced froma stanper having
data pattern 34 including a single, continuous, spiral ridge. The groove of
such a disk is at least partially filled wpph a recordi ng medium 10 such
as a photo-curable resin or dye. If a photo-curable resin or dye is used, a

li.ght source, suckubs@atémapbeinaleing 1ARRY sdal® bafchProcessps, Gtbtekindefiilley, @ad t ern .
in the resin or dye. Referring to Fig, 3d, photoresist 33 then is devel oped
to reveal data paStoekniledfordater jop machiningby StepRer MABNGRCHFEDS-her phot or esi st 33

e RO e, 1o M AR i of AR SO RLE ol
| east one ridge (detriteddndetail below, Fitse acgladsiphite,aipoh adiich aneldcarolgssdcied by -
SUbst ate 5219 | B AN AT & RAURar Beeas thokjoss e fmabedoBectmifss Lppor
surface of ridge RBizRel deposiRaldnteue ghiss pRAKToRRAa smBbth surface at the nickel/glass
interface. Second, the glass surface may be activated, for example, by
nucleation in a colloidal palladium suspension or the like. An amorphous nickel
film with a depth in a range of about 200 to 1000 nm is deposited by a chemical
10 electroless nickel process. Sufficient phosphorous, £.g., in a range of about 5
to 15 percent by weight, is added to induce growth of a smooth and amorphous
electroless nickel film. Third, a substrate base of electroformed nickel or another
metal may be grown on the amorphous film to a achieve cumulative thickness of
greater than or equal to about 300 um. The substrate base and the amorphous
15 film are permanently atomically bonded and may be removed from the glass.
Finally, the amorphous metal substrate may be punch to an oversized diameter,
such as about 138 mm.
Figs. 8a-f are a schematic of cross-sectional illustrations showing
steps in an embodiment of the process of the present invention. Fig. 8a depicts an
20 amorphous metal substrate 80 comprising a substrate base 81 and an amorphous
metal film 82 with a substrate surface 82a. Such substrates may have a diameter
greater than about 120 mm and a thickness greater than or equal to about 300 um,
and such amorphous metal films may have a thickness in a range of about 200 to
1000 nm. Suitable amorphous metal substrates are characterized by the ability to
25 beion machined. lon machining is performed by bombarding substrate surface 82a
with a neutral ion beam, whereby, substantially vertical walls may be cut in
amorphous metal film 82.
Referring to Fig. 8b, a layer of photoresist 83 is deposited on
surface 82a of amorphous metal film 82. Photoresist layer 83 is applied to a

30 uniform depth across surface 82a. For example, photoresist layer 83 may have a



machining cuts into substrate 32 to a vertical depth, i.e., a ridge height,
in a range of about 20 to 200 [err]m e.g, in a range of about 100 to 150
nm As di scussed above, when ion nachining, substrate 32 nay be bonbarded
with a neutral, ion beam | o. Devel oped photoresist 33" fornms a mask by

whi ch the 25yogeRkdi ng of ridges 32b is controlled. Once tREF/USEHSAN

hei ght for each of ridges 32b is achieved, the renai ning devel oped
photoresist 33" is stripped away to produce a stanper 35, as shown in Fig.
3f. Fig. 4 is a flow chart depicting the steps of an enbodi nent accordi ng
to Figs. 3a-f. In step 40, a single phase, crystalline ceram c substrate 30
i provided. A suitable single phase ceranmd substrate is CVDSi C, which

WD 97137348 ) PCT/ US97105398
16 possesses a polthicknessing rangeof ebowy 0d toRage Kimaybegprlied gy a drydamingte il ang

single crystallsi jghea g@iﬁ?ha??{sgm&%ﬁpggﬁl%t%&:@ﬁﬁ.%g&im%_nk #gasi ng
surface roughness. wever, on sel ectet polycrystalline ceramcs are
sui tably i on machiphatblesist nidybe ngelle |As discussedsaboyge, avheh a pesitvephbtosgsist isased,

machi ned 1o 1 or m STBLERRIH R R VERTIC Sl FEERPREBI GAPRER, aTn t ne
substrate provigled hegatitecphoféledi@Vis bedaarehdfotNEpbied 26 lightare rphioved byethal
substrate, such as may be made from anorphous
development process.
As shown in Fig. 8c, a source of electromagnetic energy, such as a
laser La or other coherent, intense source of light, may be used to expose
photoresist 83 to form a data pattern 84. As laser La is scanned on photoresist 83,
10 substrate 80 may be rotated to expose data pattern 84 in a spiral shape on
photoresist 83. Further, the size of the spot produced by laser La on the surface of
photoresist 83, the speed of revolution of substrate 80, and the scanning speed of
laser La may be varied to adjust data pattern 84. Laser La also may be intensity
modulated to produce a series of ridges (not shown). Generally, data pattern 84
15 forms a spiral track of at least one ridge and at least one land in photoresist 83.
Alternatively, if the intensity of laser La is maintained at a constant
level, data pattern 84 may produce a single ndge. A recordable optical data storage
disk may possess a single, continuous, spiral groove produced from a stamper
having data pattern 84 including a single, continuous, spiral ridge. The groove of
20 such a disk is at least partially filled with a recording medium, such as a photo-
curable resin or dye. If a photo-curable resin or dye is used, a light source, such as
a laser beam, may be used to produce a data pattern in the resin or dye.
Referring to Fig. 84, photoresist 83 then is developed to reveal data
pattern 84 on its surface. Regardless whether photoresist 83 is a positive or
25 negative photoresist, developed photoresist 83’ remains on surface 82a of
amorphous metal film 82 identifying the locations of the at least one ridge (not
shown). Thus, the control of laser La is governed by the type of photoresist 83
deposited on film 82.
As shown in Fig. 8¢, amorphous metal film 82 of substrate 80 is ion
30 machined to form at least one ridge 82b. The upper surface of ridge 82b is



el ectrol ess nickel including phosphorus in a range of about 5 to 15 percent
by 10 weight, and preferably in a range of about 9 to 15 percent by

wei ght. Sui tabl e anmorphous netal s have toughnesses of at | east about 10
MPa[ err] m For exanpl e, anorphous el ectrol ess nickel has a toughness of
about 100 MRglhGhhdssg Whi ch nmekes it well-suited for use in aynfloResadsn

nol di ng apparatus.m%hus, sui tabl e anor phous netal substrates al so have the
ability to repeatedly withstand high 15 tenperatures associated with the
injection nolding of thernoplastic resins; a snooth, polishable surface;
and toughness sufficient to withstand injection nolding pressures and
stress concentration created between the n24ute ridges during the cooling
of the thernoplastic resin; and ion nachinability. In addition, like the
ceram c subst r at esuteate sirfaeei82ab fomnachining ams inpd substrare 82 ko & wirtital démls, igny 20

wi t hstand the high tenperatuyres, and s t er at yr radi ents gssoci at ed
with injection rml"'dﬁdﬁgﬁ)e‘&hh °g{‘§dhaﬂfg°"5t]ﬁ€8"ﬁt 3@ %ﬁiﬁ?&f‘a’ga @lc’ie"i‘gnﬁ' " ed on
the surface of thgyisisie B0 Mhpbe BohdErded Wk & fleutral ibndedn e Develdpedshiotaesid i n

step 42, the negative photoresist reveals a series of spots corresponding

to the ridges of SReforpsesmask by whichthe maghining efrideenPibis somtenligd.nQneeothet ep

43, the unexposed | §S I N8k o0 . ped
phot or esi st marki r?g ce)ﬁer?%i‘?jgers.g&cxssﬁ ﬁgé%a%%§¥i%%§?égbxﬁi?%@ d’?ﬁe‘éﬁggposed
phot oresi st as a iphstoresisti#3’ sudispped away ®© producemactaimper8s, as siowmin FigaBEed dat a

Pand.  1on mmchi ning may be Eife b aifen:thed iepipane et AEoPhEmeRRet Bo i h
a stream of neut r Yrodesy 6T theSittGentias, ikdhafidy @ enddiment in accordance with Figs. 8a-f.
In step 90a, an amorphous metal film, such as a film of amorphous electroless nickel

10 including phosphorous in a range of about 5 to 15 percent by weight, is formed in
an electroless chemical bath on a substrate base, for example, of electroformed,
wrought or rolled metal, to proviﬂe a substrate. In step 91a, the substrate may then
be lapped and polished. Alternatively, in step 90b, a monolithic substrate of
amorphous metal may be provided by creating a substrate comprised of a single

15 layer of amorphous metal formed in an electroless chemical bath on a non-metallic
substrate platform, such as glass. In step 91b, the monolithic substrate is removed
from the substrate platform. However, because the substrate platform may have a |
smooth surface, the amorphous metal substrate may not require further lapping or
polishing.

20 In step 92, a negative photoresist is deposited on the surface of the
substrate. When exposed with a laser, as indicated in step 93, the negative
photoresist reveals a series of spots corresponding to the ridges of the spiral track.
When developed according to step 94, the unexposed photoresist dissolves, leaving:
only spots of developed photoresist marking the ridges.

25 As indicated in step 95, using the exposed photoresist as a mask, the
substrate is ion machined to form a raised data pattern including a spiral track of at
least one ridge and at least one land. Ion machining may be accomplished by
bombarding the substrate with a stream of neutral ions, such as those of an inert
gas, e.g., argon. The depth of ion machining is dependent on the duration and

30 intensity of the bombardment and the characteristics of the substrate. Moreover,
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17 inert gas, e.g, argon. The depth of ion machining is dependent on the
duration and intensity of the bonbardnment and the characteristics of the
substrate. Mreover, if the size of the ion beamis smaller than the
surface of th@goyhmugate, the ion beam may be rastered i n orkarUSIOSIPR ai n
uni form machining. 5 | on machining as a precision nateri al
renoval process may be used in sub-aperture shaping of glasses, ceranics,
and anor phous netal substrates. lon machining, which is distinct fromthe
process of Reactive lon Etching (R B), enpl gg/s a plasma-generating source-
or 'gun" that ionizes argon gas in an evacu ded chamber. For exanple, while
still in the gun, ionized argon 10_ atoms may be accelerated in a direct

current (DC) el ect rifthe sizeq &‘%"Pﬂ‘?ﬁﬁ@‘ﬂs smaller than the spedare ope suhsirate tbe fandepig s
| eave the gun at h'rﬂef}l K amaoxtd&emcaiam dHifofifl nRERAhS! RERReTE %P %6, the

neutral i zed by an am of electrons energing from an adj acent
source. This streardevslonsd glmor&ﬂ&lﬂwn isrstrippedfcom the|shlystratedo produceranaptital data
neutral, inpacts a ED 5%%3 g ace and sputters nolecules formthe surface
inal5 finely con (5‘ I’CPSI on process. Beam current densities may be

in arange of abput 1 to 2 mhlacighiardetailaldeatription 6fthdinvéition bas beed pRIVideal t
potential. For many solids, this results in a sputterlng rate of several

tens of nanomet ers 49@Ye i in iR be undeestond shatdhe wppe picthy inventinn is AOidAbe dimitedr i t s
production of billigQgs )beumg%ﬁgﬁh@fmxﬁéciﬁﬂmk%h%%hfcﬁ%ﬂﬂvﬁs Wi th uniform

hi gh quality onasmg strat



20 by broad beamion machi ning t hr oughTHISHESHEETT 44$ BEENTHSK. nﬂ“lmmm“l& "I“l
ceram cs and anorphous netals may be ijon magBEPPACED use gf anbl O U8 Al :
as a substrate for stanper nmanufacturi ' 'ant ages over

ceram cs in an optical data storage di sk manufacturing process. Anorphous

ni ckel subsyhetPsgmy be | ess expensive, both in raw 25 rreraIshzEls3snd i n
fabrication costs, than ceram c substrates. Anorphous nickel is tougher,
e.g, KC equal s about 100 MPa[err]m than even the toughest ceramcs, eg.,
Kc in a range of about 2 to 5 MPa[err]m Therefore, although an anorphous
ni ckel substrate may plastically yield before a ceram c substrate,

anmor phous ni ckel substrates may better w 2fstand injection nol di ng without
catastrophic 30 fracture. Further, netals, and especially nickel, are
mat eri al s whose CRAIMA WO 97/ 37348

PCT/ US97/ 05398 1 chani cal, and handling properties are understood in the
st anper manuf act %r;‘ﬁbsq? ﬁ‘ﬁéfsry. Al t hough, as used in the present invention,

the nickel substnate' a pigeesasforUfidnufahirihgad opticalisiata sterabe:|diskpstampert i es ar e
simlar to those of polycrystalline, electroforned nickel. 5

I'n addition, ioncomprsing theswpsefpe performed within a vacuum chanber. In a
e T LB REE YF D B0 Rl i e s
toughness of at least about 10 MPav'm;
depositing a layer of photoresist on a surface of said substrate;
exposing said photoresist with a source of electromagnetic energy
to form a data pattern in said photoresist;
10 developing said photoresist; and
jon machining said data pattern, such that a spiral track of at least
one ridge and at least one land is formed in said substrate.
2. The process of claim 1, wherein said photoresist is a sputtered oxide
photoresist.
15 3. The process of claim 1, wherein said photoresist is a negative-tone
photoresist.
4. The process of claim 1, wherein said substrate has a surface roughness
(R,) in a range of about 1 to 50 nm and a flatness of about 6 m.
5. The process of claim 1, wherein said substrate has an outer diameter
20 greater than about 120 mm, an inner diameter in a range of about 15 to 36 mm.
6. The process of claim 1, wherein said substrate has a thickness greater than
or equal to about 300 um.
7. The process of claim 1, wherein said at least one ridge has a height of less
than about 150 nm.

25 8. The process of claim 1, wherein said source of electromagnetic energy is
a laser.
0. The process of claim 1, wherein said step of exposing said photoresist

includes utilizing a computer to direct said source of electromagnetic energy.
10.  The process of claim 9, wherein said step of ion machining further

30 includes rastering said ion beam.
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tenperatures 10 in a range of about ¢ et

that the data
pattern may be ion machined in the substrate w thout causing sinultaneous

deteriorati owoigyg7qagot oresi st mask. Referrng to step 45, thRCTESHNSHRA
photoresist then is stripped fromthe substrate to produce an optical data
storage disk stanper. Figs. 5a-i are a schematic of cross-sectional
illustrations showing 1 5 steps in another enbodi ment of the process of
the present invention. Fig. 5a depicts a ceram c or an anor phous net al
substrate 52 with a substrate surface 52a. feferring to Fig. 5b, a first

| ayer of glass 54, e.g., fused silica, is depaosited on surface 52a of

ceranic substrate 5b.  Flhesprocesy of clgim §y whegein said substrpieds amarphonst dectrolesover
h f 52 f . ' ' b 0.1
the surtace 52a o 1%9&?%1’@{9? Jﬁgsgg?roﬁs frﬂ'%%?ﬁbdtﬂ Sg? rlgﬁ%en%%g Iv}gtghf“‘ out

to 1l /[err]m As shown N a sec ayer otore e. g,
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el ectromagnetic energy, such as a |laser La or other coherent, intense

source of |ight, n#ithigcaglytigaliyactiye sprfaceanst ¥y amerphousanetd) filwr m a dat a
tt 56. As | L h ' b
pattern asey Loqy, gr?ﬁgsgg;g@gg? allé %%ﬁ?k@% sﬁuaﬁ%m {s¥hide e

rotated to expose a spira pattern on photoresi st . As
di scussed above, t inetat selectedffron ¢hesgroup cinsistingeof abanioum{ hickdandseapperce of

photoresist 53, thgs spagd Bl Le%Pkiih 39, FhedtiPSid BhSmhaus 05 AliSis made
10 from a metal selected from the group consisting of gold, nickel, and copper.
16.  The process of claim 12, wherein said amorphous metal film has a
thickness in a range of about 200 to 1000 nm.
17.  The process of claim 1, wherein said at least one ridge is a single,
continuous, spiral ridge, such that a single, continuous groove is stamped in a
15 recordable optical data storage disk.
" 18.  An optical data storage disk stamper produced by the process of claim 1.
19. A process for manufacturing an optical data storage disk, comprising the
steps of:
manufacturing a negative, optical data storage disk stamper by the
20 process of claim 1;
fixing said optical data storage disk stamper in a mold;
injecting a thermoplastic resin into said mold to form a positive
disk replica of said stamper; and
removing said replica from said mold.
25 20. The process of claim 18, further comprising the step of overcoating said
replica with a reflective material to obtain a reflective surface on said disk.
21.  The process of claim 19, wherein said reflective material is a metal
selected from the group consisting of aluminum and gold.
22. A process for manufacturing an optical data storage disk stamper,
30 comprising the steps of:
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\1/\8 222%??\% spegd of !aser La may be&TzﬁrllseSgHJ@%ﬁ QEEM At a pattmﬂmmnﬂﬁmmm
s %

La al so may be intensity nodul ated t &—e+ea desirpd data patternmn

for producing a series of ridges (not shown). Generally, data pattern 56
forms a spirnghotkAagk of at |east one ridge in photoresist S5T/US97/05398
Alternatively, 1f the intensity of laser La 5 is naintained at a constant
| evel , data pattern 56 may produce a single ridge as di scussed above.
Referring to Fig. 5e, photoresist 53 then is devel oped to reveal data
pattern 56 on first |ayer of glass 54. Regardl ess whet her photoresist 53 is
a positive or negative photoresist, devel o@28d photoresist 53" renmins on
first 10 layer of glass 54 identifying the |locations of the at |east one
ri dge (not shown). Thus, dapmvidhgtamelecﬁﬂesamid:k@lmbmwtinm&ngplhqsphmousainare

governed by the type of r I|ed t flrst | ayer of gl ass 54.
Fig. 5f depicts the et@ H&Pﬁj of gﬂ"‘%‘?iﬁ"ﬁ% tacid, such as

hydr of l uori ¢ acid, of fi rStdép%ﬁﬁﬁ ggﬁ%oﬁﬂ-eﬁghw@ymcm%a%&4' As
shown 15 in Fig. Sg, any portion of layer of devel oped photoresist 53

whi ch was not etched aﬂwt%%ﬂm@%mm PR nmsk 54', is
stripped fromgd ass nmask 54' £l %hé t,ﬁség,i hen
i on machi ned tgéfor mat |eatP g geug%blftvgmsaggs? at 2 hf sa%%ssed

above, when ion machi npﬂmnhhmdphotozesxst

developing said photoresist;
ion machining said substrate, such that a spiral track of at least
one ridge and at least one land is formed in said substrate, wherein each

10 of said ridges has a height of less than about 150 nm; and
stripping said developed photoresist.

'23.  The process of claim 21, wherein said substrate has a diameter greater
than about 120 mm.
24.  The process of claim 21, wherein said substrate has a thickness greater

15 than or equal to about 300 zm.

25. A process for manufacturing an optical data storage disk stamper,
comprising the steps of:
providing an ion machinable amorphous metal substrate having a
tonghness of at least about 10 MPav'm;

20 depositing a first layer of glass on a surface of said substrate
depositing a second layer of photoresist on said first layer;
exposing said photoresist with a source of electromagnetic energy

to form a data pattern in said photoresist;
developing said photoresist;

25 etching said data pattern in said first layer to form a glass mask;

and

ion machining said data pattern through said glass mask such that
a spiral track of at least one ridge and. at least one land is formed in said
substrate.
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anor phous netal substrate is bonbar gL meuttak, ion b m lmjﬂﬂtl ﬂ
into 20 substrate 52 to a vertical EE&%“&F@Ag BEEN; dge heig “H I I llll
of about 20 to 200 nm e.g, about 1J00 nmREPLAC per sjurface of” each “of "
ridges 52b is substrate surface 52a. d ass nmask 547 controls the nachining

of ridges 52odmesngt he desired height for ridges 52b i s achCPUsa05398 ass

mask 54' remaining on substrate may be stripped away to produce a stanper

55, as shown in Fig. Si. 25 Fig. 6 is a flow chart depicting
the steps of the enbodiment of Figs. 5a-i. In step 60, a single phase,
crystalline ceram c substrate, such as a CVDSi C substrate, or an anorphous
metal substrate, such as an anorphous el ect?®dl ess ni ckel substrate

i ncl udi ng phosphorous in a range of about 5 to 15 percent by weight, again

is provided. As in#f-catEne procesnafglaim 23 wherein saifl sybstratgris wherginsgid substrate
deposited on the s 0 G, I WO
97/ 37348 oS Lubbibfie 65 Win%a SradiBROPLAHR IR an@%}h@@fyﬁ%?,%

20 In step 62, a smemhflim.ayer of negative photoresist is applied to the

surface of the first |ayer of glass, en expose ith | aser, . a
indicated in step 3, t PFQ@%?PS@?“BH)%OW@H%‘I s’é‘?é&l{s&w a8 1S; '@%deoé"‘gﬁots
correspondi ng tgq theupleldcRASton? e ',gggo tifig 6 ahithinfifh, hicRQKan devel oped
according to stgp 64, te e unexpose%b Sﬁ%torem st g‘%nssgl ves, aving only
spot (s) of devel op28 plBheoprocdss of plaik i2d4g whersinasaid amerphousemetabifjlm is made

from a metal selected from the group consisting of gold, nickel, and copper.

29. The process of claim 24, wherein said amorphous metal film has a

thickness in a range of about 200 to 1000 nm.

10 30. The process of claim 23, further comprising the steps of:
stripping said developed photoresist; and
stripping said glass mask.
31.  The process of claim 23, wherein said first layer has a thickness in a
range of about 0.1 to 1 zm.
15 32.  The process of claim 23, wherein said second layer has a thickness in a
range of about 0.1 to 2 um,
33.  The process of claim 23, wherein said step of etching said data pattern in
said first layer comprises applying an acid to said first layer.
34.  The process of claim 23, wherein said at least one ridge has a height of
20 less than about 150 nm.
35.  An optical data storage disk stamper produced by the process of claim 23.
36. A process for manufacturing an optical data storage disk, dompr-ising the
steps of:
manufacturing a negative, optical data storage disk stamper by the
25 process of claim 23;
fixing said optical data storage disk stamper in a mold;
injecting a thermoplastic resin into said mold to form a positive
replica of said stamper; and

removing said replica from said mold.
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As indicated in step 65, using the exposed photoresist as a mask, the first
layer of glass is etched with acid to forma glass mask. This acid etching
may renove the |ayer of photoresist fromthe first |ayer of glass. After 10
the first layer is etched, however, the renaining devel oped photoresist is
stripped awawp9as7indi cated in step 66. In step 67, the cermruusIwos39g

anor phous netal substrate is ion machined through the glass mask to forma
negative die of the data pattern including a spiral track of at |east one
ridge and at | east one land. Finally, ac&gﬁding to step 68, the glass mask
also is stripped fromthe substrate. 15 As previously

di scussed, ion machining nmay be acconplished by bonbardi ng the substrate
with a stream of neutral ions, such as those of an inert gas,e.g , argon.
The depth of ion nmachining is dependent on the duration and intensity of

t he bonbardment and the characteristics of the substrate. Mreover, if the
size of the ion beamis snmaller than the surface of the substrate, again,
the 20 ion beamnay be rastered in order to attain uniform machining.
Nevert hel ess, as di scussed above, suitable ceramc materials are ion

machi nabl e wi t hout increasing surface roughness (R). Fig. 7 is a flow
chart depicting the steps of a process of the invention enploying a
stanper, such as that described in Fig. 4 or 6, to replicate 25 optica
data storage disks. See step 70. In step 71, the disk stanper, such as
stanmper 35 or 55, is fixed in a disk stanper nold of an injection nolding
apparatus. Such injection nolding apparatus and their use are well known.
As indicated in step 72, a thernoplastic resin, such as acrylic resin,
epoxy resin, polycarbonate resin, unsaturated polyester resin, or the like,
may be injected into

FIG.I

PRIOR ART
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30 the nmold to forma disk replica. WO 97/ 37348

PCT/ US97/ 05395 21 After the nold cools as indicated in step 73, the disk
replica may be renoved fromthe nold, step 74. Each disk replica then may
be trimed to renove excess thernoplastic resin. Because the stanper is
made from a tQy@ksmgs am ¢ substrate, the- stanper is desi gneRCIUSITRMat edl y
withstand the pressure 5 and tenperature variations within the injection
nol di ng apparatus, w thout deform ng or physi%plly damagi ng the stanper. In
step 75, the disk replica is overcoated, e.g.%gsputtered, with a reflective
material, such as alum numor gold, including alloys containing these
netals. This reflective nmaterial ensures that |ight beans froman opti cal
read-out device are reflected when they strike the at 10 |east one | and of
the spiral track data pattern on the disk replica. Production of netal
substrates, whether by electroform ng or by anorphous el ectrol ess form ng,
is a source of hazardous chem cal waste. Further, as noted above, nickel
may transfer unacceptable visible stains to the optical data storage
replica disks. This nay | ower process yields. Finally, .15 wunlike the
premachi ned ceram ¢ substrates, anorphous electrojgss nickel substrate may

be punched at the end of the substrate machiXin roggis, but before
i njection nolding. F'GZQ ,
PRIOR ART 2

FIG2b p=—ala?

PRIOR ART
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substrate. The
by use of an 20 electroless

There are several
anor phous net al

met hods of produci ng an anorphous net al
may be fornmed as a filmeither

chemi cal bath or by sputtering. Either of these processes nay be used to
adhere an anorphous nmetal filmto a catalytically active surface of a base
substrate, ewod¢/3mssurface of an electroforned, rolled, or PHURMOSBYse

substrate of alum num nickel, or copper, or the |ike. The anorphous film
may only be as thick as the desired ion-machining depth. Although thicker
films are not 25 wundesirable, they may be n3/8 expensive to produce. The
anor phous filmmay al so be deposited to full thickness on a non-netallic
st anper substrate platform The anorphous fil mnmy be nmade snooth by

| appi ng and polishing or by growing it on a snooth surface, such as a
pol i shed gl ass substrate platform fromwhich it may |ater be renoved.
each of these nethods, the anorphous netal WO 97/ 37348

PCTI US97/ 6398 22 substrate may be made using | arge scal e batch processes,

In

stored indefinitely, and stockpiled for |ater ionaggchining by stanper

manuf acturers.

el ectrol ess ni ckel

For exanpl e,
filmis described in det

a nethod o

fllrl(ifisijbeFlr

It, a glass plat

ectrol ess ni ckel
-3@pon whi ch an
Because the gl ass

plate is polished, electroless nlckel
snoot h surface at the nickel/glass

deposited on the glass plate forns a

33

|~

~32

FIG.3b

La

1 1 1 1 I

FIG.3c

F1G.3d

Io Ai) c
32b Vv (/3233.
FI1G.3e 32
32p 32 ::'/Zc 35
FI1G. 3f 32
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interface. Second,
nucl eation in a coll oi dal
ni ckel
a chem cal 10

a range of abowip9r3t3as 15 per cent

snoot h and anor phous el ectrol ess ni ckel

el ectrof ornmed ni ckel or anot her

a achi eve cunul ative thickness of greater thé&f

[err]m The substrate base and t

atom cally bonded and nmay be renoved fromthe gl ass.

netal substrate may be punch to
mm+ Fi gs.

depicts an 20 anorphous netal

the glass surface may be activated,
pal | adi um suspensi on or the |ike.
filmwith a depth in a range of about 200 to 1000 nmis deposited by
el ectrol ess ni ckel

8a-f are a schematic of cross-sectional
steps in an enbodi nent ofthe prq

for exanple, by

An anor phous

process. Sufficient phosphorous, e.g., in
by weight, is added to i nducecTgsowesdisof a
film Third, a substrate base of
may be 2romm on the anorphous filmto
or equal to about 300
he anorphous 15 film are permanently
Finally, the anorphous
an oversized di ameter, such as about 138
illustrations show ng
invention. Fig. 8a
g a substrate base 81

nmet al

ubstrate 80 conpri si

and an anorphous netal film 82 With e tmurf ce 82a. Such
substrates nmay have a di aneter érgﬁ%gwrr ggg ﬁZ and a thickness
greater than or equal to about 30 nor phous netal filns

may have a thickness in a range

of about 200 to 1000fnm Suitabl e anor phous

nmet al

lon machining is performed by bonbarding

neutral ion beam whereby, subst
anor phous netal film82. Referri
deposited on surface 82a of anoi
is applied to a

ubstrate surface 82a with a
CTAIEICTHRYAR T=Y8 SWar-1| |l s may be cut in
ng to Fig. 8b, a lay¢r of photoresist 83 is

phouDepasitNegativen 82. | Phgjoresi st | ayer 83
Photoresist
on Surface of Substrate

substrates are characterized by thei:blllfy to 25 be ion nmachi ned.

A}

l

Expose Photoresiat with
Laser to Form Negative Data
Partem

L~ 42

Develop Photoresist

t

lon Machine to Form Pattern

Including Spiral Track of At

Least One Ridge and At Least
One Land In Substrate

|

Strip Developed Photoresist

FIG.4
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30 uniform depth across surface 82a. For exanple, photoresist |ayer 83 may
have a WD 97/ 37348

PCT/ US97/ 05398 23 thickness in a range of about 0. 1 to 2 [err]m It may be
applied as a dry lamnate filmor as a liquid that is spin or spray applied
to surface Bgg.o9Ay@sSi tive or negative photoresist nmay be UBETAUSIABS3IS

di scussed above, when a positive photoresist is used, areas exposed to

| ight are renoved by the devel opment process. Conversely, when 5 a
negative photoresist is used, areas not expgysed to light are renoved by the
devel opment process. As shown in Fig. 8c, a source of electromagnetic
energy, such as a laser La or other coherent, intense source of light, may
be used to expose photoresist 83 to forma data pattern 84. As laser La is
scanned on photoresist 83, 10 substrate 80 may be rotated to expose data
pattern 84 in a spiral shape on photoresist 83. Further, the size of the
spot produced by | aser La on the surface of photoresist 83, the speed of
revol ution of substrate 80, and the scanni ng speed of |aser La may be
varied to adjust data pattern 84. |52er La also may be intensity nodul at ed
to produce a of ridges (not ghown). Cenerally, data pattern 84 15
fornms a spi r?eiés at |east one riB@e and at |east one land in
phot or esi st 83. AIternatichy, f—t+e—i ntensity of laser La is maintained
at a constant |evel, data pattern 84 may produce a single ridge. A
recordabl e optical data sfiorage

FIG.5b Bs

53

FI1G.5¢ N

52

La
5 || s3 sy, *izc

P 1 F 1 1.1 ] J
FIG.5d e FFLAFI FiGsh

52
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slmlsln 52b 52a 52¢

FIG5e 54 INF1G.5i
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di,sk may possess a single, continuous, spiral groove produced froma

st anper having data pattern 84 including a single, continuous, spiral
ridge. The groove of 20 such a disk is at least partially filled with a
recording medium such as a photo- curable resin or dye. If a photo-curable
resin or dyeW®97B3¥8 a |ight source, such as a |laser beanPCHE"%sed to
produce a data pattern in the resin or dye. Referring to Fig. 8d,

phot oresi st 83 then is devel oped to reveal d&/8 pattern 84 on its surface.
Regar dl ess whether photoresist 83 is a positive or 25 negative
phot or esi st, devel oped photoresi st 8% 82a of anor phous
nmetal film82 identifying the Iocathns east ¢pne ridge (not
shown). Thus, the control of |aser L§ m the ygrg of

phot oresi st 83 deposited on film 82. anor phous net al
film82 of substrate 80 is ion 30 nmac st one ridge 82b.
The upper surface of ridge 82b is WO 97/ 378

PCT/ US97/ 05398 24 substrate surface 2a | on machining cufs into substrate
82 to a vertical depth, i.e, a ridge hel ! g ess ha about 150 nm As

di scussed above, when ion machi ning, arded with a
neutral, ion beam | o. Devel oped phot by whi ch the
machi ning of ridges 82b is controlleq. Chce t he 5 desir d hei ght for each
of ridges 82b is achieved, the remaining develibed

Deposit Second Layer of J,ez
Negative Photoresist
on First Layer of Giass

Expose Photoresist with
Laser to Form NegativeData ™\ g3
Pattern

Y
FIG6 Develop Photorenist 64

v

Acid Bich First Layerto /65
Form Glass Mask

T

&ﬁpommyﬂ '\66

Y

Jon Machine to Form Pattern

Including Spiml Track of At R 67

Least One Ridge and At Least
One Land in Substrate

'

Suip Glass Mask

fGB
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photoresist 83" is stripped away to produce a stanper 85, as shown in Fig.
8f. Fig. 9 is a flow chart depicting the steps of enbodi nents of the
process of the invention, including an enbodi ment in accordance with Figs.
8a-f. In step 90a, an anorphous netal film such as a flln1gﬁ,ﬁggéphous

el ectrol esswaivox3#8 10 i ncl udi ng phosphorous in a range g to 15
percent by weight, is forned in an electroless chemcal bath on a substrate
base, for exanple, of electroformed, woughy or rolled netal, to provide a
substrate. In step 91 a, the substrate may then be | apped and poli shed.
Alternatively, in step 90b, a nonolithic substrate of anorphous netal may
be provided by creating a substrate] conprlsed*BT a single 15 |ayer of

anor phous netal fornmed in an el ectrg on a non-netallic
substrate platform such as glass. | Ot hic substrate is
removed fromthe substrate platform the substrate

pl atform may have a snooth surface, ] | substrate nay not
require further lapping or polishing. 20 In step 92, a
negative photoresist is deposited on the surflace of the substrate. Wen
exposed with a laser, as indicated in step 93, the negative photoresi st
reveals a series of spots corresponding to tife ridges of the spiral track.
When devel oped according to step 94} the unexposed phatoresist di ssol ves,

| eaving only spots of devel oped photjor egi *W t He g%t dges. 25
R . . ;

Xpose g@@% esi stf™as a mask, the
i patterln including a spiral

jeast one land. |lon nachining may be
a stream of neutral ions,

track of at |east one ridge and at
acconpl i shed by bonbardi ng the substrate wt
such as those of an inert

Inject Thermoplastic into
MoldtoFormDisk  [\.92
Replica
FIG.7 |
73
Cool Mold

Remove Disk Replica ["\_74

Overcoat Disk Replica | ~75
With Aluminum
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gas, e.g., argon. The depth of ion nmachining is dependent on the duration
and 30 intensity of the bonbardnent and the characteristics of the
substrate. Moreover, WD 97/ 37348

PCT/ US97/ 05398 25 if the size ofthe ion beamis smaller than the surface of
the substrat ¥O¥AB* on beam may be rastered in order to at TV UPYor m
machi ni ng. Referring to step 96, the devel oped photoresist then is stripped
fromthe substrate to produce an optical d8% storage disk stamper. 5

Al though a detailed description of the |nvent|orbi$s been pr OVI ded above,
it,is to be understood that the scope of the invgntion is not B& be Iinited
thereby but is to be determ ned by the clains ich fol | ow 26 CLAI M5
What is clained is: 1. A pi r1rgan cal data

storage disk st §=}g, Qaprly ng-the steps ofi 5 8 provi di ng

an ion nachi nabl'e &nor phous mgtal substrate having _~—81

83
|

FIG. 8b |82
\_ 81

84IJ \‘-"/

FiG, 8c — ~_ 82

FIG. 8d —~—82

Y
C Io ) o

Bz" v d /82_,83'

FIG. 8e - 82

82¢c
82a
82b 3 / 85
L LU=

FIG. 8f [ e

81
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a toughness of at |east about 10 Moa[err]m depositing a |ayer of
photoresist on a surface of said substrate; exposing said photoresist wth
a source of electronagnetlc energy to forma data pattern in said

phot or esi st ; devel opi ng sai d photoresi st g

machi ni ng deﬂ’Hﬁ?ﬁ pattern, such that a spiral track of QF% gggﬂgne ri dge
and at least one land is formed in said substrate. 2. The process of
claim1l1, wherein said photoresist is a sput?géed oxi de photoresist. 15
The process of claim1, wherein said photor st is a negative-tone

3.

phot or esi st .
surface rou
about 6 [erf]
outer diane
of about 15]t
has a thick
process of

t han about

of electronagnetlc
said step of exposi

direct saidls

The process of claim1, wherein said substrate has a
tlhness (Ra) _in a range of about 1 to 50 nm and t ness of

ﬁ%g The procpss of clai mgoRM KNI AMORPHOUSS$t rate has an

gljgater than about 120 mgrAEnnmeQNdlparret r iggp range
5(.T nm

Th ?‘(ﬁs of AWMES ei n sai bstrate
‘gﬁ;ﬁ Sl to a swasmrtﬁmom The
? sald at least one ri d as a height of |ess

The process
9

. of claim1, [wherein said source
: The procegs of claim1, wherein
sai d _photoresist includ utjli puter to

nergy Is a |l aser.
CAS" KR0CPOLISH TREIINe! © eNerdREMOVE AMORPHOUS
SURFACE OF THE METAL SUBSTRATE

AMORPHOUS METAL FROM SUBSTRATE
FILM PLATFORM

91a ~—91b

92

-

DEPOSIT NEGATIVE
PHOTORESIST ON
AMORPHOUS METAL
SURFACE

l

EXPOSE PHOTORESIST
WITH LASER TO

FORM NEGATIVE

DATA PATTERN

FIG. 9

A J

94
DEVELOP PHOTORESIST|

1

ION MACHINE TO FORM
PATTERN INCLUDING
SPIRAL TRACK OF AT
LEAST ONE RIDGE AND
AT LEAST ONE LAND

)

STRIP DEVELOPED
PHOTORESIST
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10. The process of claim?9, V\/ner i.on o s
30 using a rasterized ion beam mllllﬁlmnmﬁmi eroce /(us glgn ]1 39 8
wherein said substrate i s anorphous' electrolfess nickel i MAY 199.&
- phosphorous in a range of about 5 to 15 percent by weight. The Wl EEE
praocess of claim1, wherein said armrphogg rret al is selected fromthe gr oup
consi sting of gold, nickel, and copper. The process of claim1,
wherein said substrate conpri.ses a substrate base wi'th a catalytically

acti ve surfaceChadMS anorphous metal film 14.  The process of claim 13,
wherein said s%ﬁ}%n? S Is made froma netal selected fromthe group
consisting of a keI and copper. 15. The process of claim13,
wherein said amorph@uﬁme@gs%rﬁmﬂxﬂhdt&u@ﬂﬁopmaldawétbﬁgeaisalstaﬁﬁieect ed from

the group consisting of gold, nickel, and copper. 16. The process of

cl ai m 13, wher eompssing theraiepsiedus net al filmhas a thickness in a range of

about 200 tp 1000 nm 17. £EQce of . cl ai a Ieast
one ridge is a single, c R “‘%ﬂ%&@‘%‘ﬂﬁa’é’ﬂab nh%‘&?c’\ﬁtﬁ%’t“’n‘ééﬁ%}f‘

conti nuous groove i g &k flaﬂleastjagoutrmqul e optical data stor age di sk.
18. An optical data storage di sk stanper produced by the process of claim

1. 19. A process for nelapdsiting s layer of phototesishbn d surfacetofisaig substeake;
~conprisi ng the exposing said photoresist with a source of electromagnetic
energy to form a data pattern in said photoresist;
10 developing said photoresist; and

ion machining said data pattern, such that a spiral track of at

least one ridge and at least one land is formed in said substrate.

2. The process of claim 1, wherein said photoresist is a sputtered oxide
photoresist. |
15 3. The proeess of claim 1, wherein said photqresist is a negative-tone
photoresist. ‘ |
4, The process of claim 1, wherein said substrate has a surface roughness

(R.) in a range of about 1 to 50 nm and a flatness of about 6 pum.
5. The process of claim 1, wherein said substrate has an outer diameter

20  greater than about 120 mm, an inner diameter in a range of about 15 to 36 mm.
6. The process of claim 1, wherein said substrate has a thickness greater
than or equal to about 300 um.

7. The process of claim 1, whereih said at least one ridge has a height- of

less than about 150 nm. '

25 8. The process of claim 1, wherein said source of electromagnetic energy is
a laser.. |
9. The process of ¢laim 1, wherein said step of exposing said photoresist -
includes utilizing a computer to direct said source of electromagnetic énergy.
10.  The process of claim 9, wherein said step of ion machining comprises

30 using a rasterized ion beam.
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The' process of ol aim 1o {1 Q?ﬁgtééfdlﬂllﬂlﬂﬂlllm i lll[ag%ﬁﬁ“a / Bﬁ5§39 ¢

mol d; injecting a thernoplastic resi ifito*sald hold to S:TL%M%! 19
«di sk replica of said stanper; and renoving said repllca m

20.. The process of claim 18, further cogprising the step of overcoating
said positive disk with a reflective nmatefial to obtain a reflective '
surface on said disk. 21. The process of claim20, wherein said

refiective matelh.al The progessaif caéthd wherein said substrate tamarpheussi¢atuplass

al um num and gol. rocess for nufact urin tical data
storage di sk st%fglﬁﬂrmd‘&q}ﬂﬁppgﬁpﬁﬁp ﬁl—f‘%fa(?ﬁgc‘g% gt%gyB?rS%}tgﬂyﬁbé)

el ectrol ess ni ckel S?Héf)foéés% of e d! %eﬂéﬁps%ﬂf‘é}ﬁ&gﬂoﬁsﬁn@ta[ﬁ@%c@fi ut 5 to

15 percent by wei ght; depositing a hegative photoresist having a thickness
in a range of aﬂhegro@dbntswtlxig{)ﬁgoic]lnndcel andnoppme of said substrate 5

exposing s aiSd p{1£t or Sla‘ﬁé S}ocg\ésto cﬁirln lile:rem sfa?c[ Substrate %grgllpt\!lges a substrate
base with a catalytically active surface and an amorphous metal film.
14.  The process of claim 13, wherein said substrate base is made from a
metal selected from the group consisting of aluminum, nickel, and copper.
15. The piocess of claim 13, wherein said amorphous metal film is made
10  from a metal selected from the group consisting of gold, nickel, and copper.
16.  The process of claim 13, wherein said amorphous metal film has a
- thickness in a range of about 200 to 1000 nm. _
17.  The process of claim 1, wherein said at least one ridge is a single,
continuous, spiral ridge, such that a single, continuous groove is stampedina
15 recordable optical data storage disk. |
18.  An optical data storage disk stamper produced by the process of claim 1.
19. A process for manufacturing an optical data storage disk, éomprising the
steps of: ' _
' manufacturing a negative, optical data storage disk'stamper by
20 the process of claim 1;
fixing said optical data storage disk stamper in a mold;
injecting a thermoplastic resin into said mold to form a positive
disk replica of said stamper; and
. removing said replica from said mold. ,

25 20.  The process of claim 18, further comprising the step of overcoating said
- positive disk with a reflective material to obtain a reflective surface on said
disk. |

21.  The process of claim 20, wherein said reflective material is a metal
selected from the group consisting of aluminum and gold.
30 22. A process for manufacturing an optical data storage disk stamper,

comprising the steps of:
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xﬁ%nawyﬁﬁaﬁywmwmﬁmﬁwmwwnmgf
one land 1s 1orned | n sal substrate, * rern ‘ea 'PEA"$ ping ial d

'l east one ridge has a height of |ess than about 150 nm

devel oped photoresist. .23. The process claim 22, wherein said
substrate has a dianeter greater than abolUt 120 mm 24. The process of
claim 22, wherein said substrate has a_thickness greater t han or equal

to -about 300 [err]m 25. Pfoxld@ﬁgﬁb%@tt%?ssﬁtﬁkﬁt%@ﬁt@#tﬁwwquﬁ oWt a
storage di sk stanper; @HE{}&FA%&HBEI u%ﬁp&t%“%e @viding an ion machinable
0

anor phous net al subs aving a to ness ’ | east about 10
MPa[err]m 20 depositiag @diepativg phoforésidt hhviyig b thitkilsahta mpgaofur f ace
of said substrate depositing a second |ayer of L‘ghot oresist on said first

| ayer; exposing sai dahm@t)drteé’rumowatsnrfacesqféa@es Waéftectrorragnetic energy to

forma data pattern in said photore | opi aid .0 St ;
etching said data pattern ’fﬂ?ggl&sﬁldﬁ%?gqréﬁlg %Ol%s g?iﬂ é eﬁéé% and i on
nmachi ning said data pateheinsaldpiseresisei d gI ass mask such that a spiral

track of at |least one ridge and at | east one land is formed in
. : eveloping said photoresist;

jon machining said substrate, such that a spiral track of at least
one ridge and at least one land is formed in said substrate, wherein each
10 of said at least one ridge has a height of less than about 150 nm; and
stripping said developed photoresist. '
23.  The process of claim 22, wherein said substrate has a diameter greater
than about 120 mm.
24.  The process of claim 22, wherein said substrate has a thickness greater
15  than or equal to about 300 pum.
25. A process for manufacturing an 'optical data storage disk stamper,
comprising the steps of: _
providing an ion machinable amorphous metal substrate having
a toughness of at least about 10 MPaVm;
20 depositing a first layer of glass on a surface of said substrate .
| depositing a second layer of photoresist on said first layer;
exposing said photoresist with a source of electromagnetic
energy to form a data pattern in said photoresist;
. developing said photeresiSt;
25 . etching said data pattern in said first layer to form a glass mask;
and | , '
ion machining said data pattern through said glass mask such
that a spiral track of at least one ridge and at least one land is formed in
said substrate. .
30 26.  The process of claim 25 wherein said substrate comprises a substrate
base with a catalytically active surface and an amorphous metal film.
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éal d substrate. 30 26. The pr Tﬂmnlllﬂnlﬂummlnl V\,hergGTMSJI 91840@5339

conprises a substrate base with a Ive nd M

~anor phous netal film = 29 27. Thetprbcebs of *claim 26 | nlsal (ﬁY 1998
substrate base is nade froma netal selected fromthe group COI’ISI sting of

al um num nickel, and copper. 28. The pygocess of claim 26, wherein said

amS_r'phous metal filmis made froma netal selected fromthe group

consi sting of g@ld; qnickel, e e roce s. of claim 26,
wherein sai d arfdr photi PREes 0?1% ﬁéwar?lﬂl @éﬁ@g?aﬁhb fBmanout 200
to 1000 nm  30.metalldifechidUrdia théddrofip Sori¥ising of‘hth'xﬁImCxﬁEHH 'aﬁﬂ@ggﬁé?e Steps of :

stripping said devel oped phot oresi’st; and stripping sai d gl ass mask.
' 31. The proceéss ofThr:Ipmcnsﬂﬁfclaimﬁé,lwherandarﬂlaxmrphmxymetaiiﬂmsmadekness in

f ab 0.1 : Th f, 25, wh [
2l o ‘Second | aylbemiAuetEl iR egR e Groun CoiSistEs SEERGRIOREL 3G copgesy [ [ m 33,
The processg of 22) ai mge‘;gmmggﬂlgm?%’q”}grﬁﬂs&ﬁ?ﬁ{t&lﬁﬁo oy lqng,q.fagapattern 15

in said flrst I"ayer corprises applying an aci Irst layer
The process of thickhess#ba radpeio abowt 200t1000aent one ridge has a height of

30.  The process of claim 25, further comprising the steps of:

stfipping said developed photoresist; _and
stripping said glass mask.
10 31.  The process of claim 25, wherein said first layer has a thickness in a
range of about 0.1 to 1 um. . '
32.  The process of claim 25, wherein said second layer has a thickness in a
range of about 0.1 to 2 um., |
33.  The process of claim 25, wherein said stép of etching said data pattern
15  insaid first layér comprises applying an acid to said first layer.
34.  The process of claim 25, wherein said at least one ridge has a height of
less than about 150 nm.
35.  Anoptical data storage dlsk stamper produced by the process of claim
-
20 36. A pfocesé for manufacturing an optical data storage disk, comprising the -
steps of:
manufacturing a negative, optical data storage disk stamper by
the process of claim 25; |
| fixing said optical data storage disk stamper in a mold;
25 injécting a thermoplastic resin into said mold to form a positive
replica of said stamper; and
removing said replica from said mold.

30
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. . IBeE221-0
| ess than about 150 nm 35. An optical data storage di sk stanper remducsrd 4+
“by the process of claim25. 20 36. A process for manufacturing gege4 AnnEXES
optical data storage disk, conprising the steps of: manufacturing a '
negati ve, optical data storage di sk stanper by the process of g#am 25;
fixing said optical data storage disk stanper in a nold; 25 @
I njecting a therpgjgast | C I €WORLD INTELDECTRALGIROPERTY ORGANEZANION a POSI

;o an

of said stanper renoving sai d r dEPPER ¥ m said nold. 30
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(59) Title: PROCESS FOR MANUFACTURING OPTICAL DATA STORAGE DISK STAMPER
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{57) Abstract
A process for manufacturing an optical data storage disk ms mﬂu ONA | 9ob
stamper includes the steps of providing an amorphous electroless MEI FLM ON A [~000 it
nickel substrate including phosphorous in the amount in a range of
about $ to 15 percent by weight having a toughness of about 100
MPavm, a roughness in a range of about 1 to S0 am, and a flatness
of about 6 pm and depositing a negative photoresist on a surface LAP AND POLISH EEI REMOVE AMORPHOUS
of the substrate. The substrate has a diameter greater than about R N Mey h—91a M SUBSTRATE N~ o
120 mm and a thickness greater than about 300 am. The negative FILM . | PLATFORM
photoresist then is exposed with a laser to form a negative, data
pattern in the photoresist. The photoresist is developed, and the ) 02
ceramic substrate is ion machined to form the data pattem, in the Z
substrate, such that a spiral track of ridges and lands is formed DEPOSIT NEGATIVE
wherein cach ridge has a height of less than about 150 nm. After R L
the data pattern has been fon machined into the substrate, the SURFACE
developed photoresist is stripped from the substrate.
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