Title OPTICAL D SK MOLD AND METHOD OF FORM NG THE SAME Background of the
Invention 1. Field of the Invention The present invention relates to
optical disk nolds, and nore particularly, to an optical disk nold having
a heat - keeping surface |ayer formed by a spraying process that inproves
pattern transfer of the optical disk nold, and shortens a cycle tine for
produci ng optical disks. 2. Description of the Prior Art As opti cal
storage technol ogy and di sk-burning technol ogy nature, conpact di sks (CDs)
and digital versatile disks (DVDs) are poised to replace traditional
magneti c di sks, audiotapes, and videotapes, and already dom nate the

mar ket . Opfrité%ll storage devices are characterized by |arge storage
capacity, reliable data stability, and convenient portability, so they are

Accor di ngl PP isA K s 0 SAEELETE o EBMARGTbRARE o h a6 conpact
di sk read only nenory (CD-ROM, conpact
Background of the Invention
1. Field of the Invention
The present invention relates to optical disk molds, and more
particularly, to an optical disk mold having a heat~keeping surface layer
formed by a spraying process that improves pattern transfer of the

optical disk mold, and shortens a cycle time for producing optical disks.

2. Description of the Prior Art

As optical storage technology and disk-burning technology mature,
compact disks (CDs) and digital versatile disks (DVDs) are poised to
replace traditional magnetic disks, audiotapes, and videotapes, and
already dominate the market. Optical storage devices are characterized
by large storage capacity, reliable data stability, and convenient
portability, so they are one of the most popular storage devices

available on the market. Accordingly, usage of various optical storage



disk digital audio (CD DA), conpact disk interactive (CD-1), conpact disk
recordable (CD-R), conpact disk-rewitable (CD-RW, digital versatile disk
recordable (DVD-R), and digital versatile disk-rewitable (DVD RW,
increases daily. Please refer to Fig. 1 . Fig. 1 is a diagramof a prior
art digital versatile disk 10. As shown in Fig. 1, the digital versatile
disk 10 includes two plastic substrates 11 and 18, which are both 120

m |1 met er deyiaey, istchi asnsoenpactddGhkeread omly knemesyplA3tROMusoMmpad 1 1

i ncludes a substrate base 12, a reflective layer 14, and a netal film 16.

First, a plastic material jis turned into a transparent e. by inj ectlon
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Subsequently, the subst rat e base 12 is coated with the reflective |ayer
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(DVD-RW), increases daily.

Please refer to Fig. 1. Fig. 1 is a diagram of a prior art digital
versatile disk 10. As shown in Fig. 1, the digital versatile disk 10
includes two plastic substrates 11 and 18, which are both 120
millimeters (mm) in diameter and 0.6 mm thick. The plastic substrate 11
includes a substrate base 12, a reflective layer 14, and a metal film 16.
First, a plastic material is turned into a transparent base by injection
molding, thereby forming a recess 13 in the substrate base 12.
Subsequently, the substrate base 12 is coated with the reflective layer
14, so that DVD-format signals can be written onto the digital versatile
disk 10 through modulation of a laser signal. After drying, a sputtering
process forms a metal film 16 on the substrate base 12. Finally, the
plastic substrate 11 and the plastic substrate 18 are combined by

means of a thermo-press adhering treatment or an adhesive, after



whi ch an exterior label is printed to conplete the manufacture of the
digital versatile disk 10. Please refer to Fig. 2. Fig. 2 is a diagramof a
prior art optical disk injection nold 20. As shown in Fig. 2, the optical
disk injection nmold 20 includes a core plate 22, a cavity plate 24, and a
plurality of cooling Iines 26. The shape of products fabricated by the
optical disk injection nold 20 depends substantially upon the sha%e of a
nol d cavi t whigh arhegtetier labelrisdpbstesdn completecthn ananefacinee ohdheavity
plate 24. The nold cavity 28 is substantially symetric around a symetric
axis 27 that is approximtely the center axis of injected nolten plastic.
The optica.‘gﬁﬁ@%ﬂﬁﬂpgtgi I8l d 20 further includes a sprue 21 by which
nolten plastic material (also called "nolten plastic" for short) flows
into the nold cavity 28. Cooling lines 26 are provided in the core plate
22 and the cavity plate 24 respectively for keeping the optical disk
injection nold 20 at a relatively |low tenperature, so as to reduce the
tenperature of the plastic material located in the nold cavity 28. For

some hi gh- pr eqi s} QN GRIMBNERL . FHYCH RSa UGradh C¥SS pridr art optical disk
injection mold 20. As shown in Fig. 2, the optical disk injection mold 20
includes a core plate 22, a cavity plate 24, and a plurality of cooling lines
26. The shape of products fabricated by the optical disk injection mold
20 depends substantially upon the shape of a mold cavity 28, which is
formed between the core plate 22 and the cavity plate 24. The mold
cavity 28 is substantially symmetric around a symmetric axis 27 that is
approximately the center axis of injected molten plastic. The optical
disk injection mold 20 further includes a sprue 21 by which molten
plastic material (also called “molten plastic” for short) flows into the
mold cavity 28. Cooling lines 26 are provided in the core plate 22 and
the cavity plate 24 respectively for keeping the optical disk injection
mold 20 at a relatively low temperature, so as to reduce the temperature

of the plastic material located in the mold cavity 28.

For some high-precision components, such as data access



substrates of the optical disks, mcrostructure patterns are usually nade
on the surfaces thereof. To fabricate the conponent and its surface
pattern sinmultaneously using injection nolding technology, the optical

di sk injection nold 20 usually contains a stanper 23 positioned on the
surface of the cavity plate 24 in the nold cavity 28. The surface of the
st anper 23 conprises the mcrostructure pattern so as to transfer the

ni crost rucsubstrpses eofnthe onpticat slipks, PBicrestruetwgt ipaiterassare dmdlyat e
during the injection nolding process. Since the surface patterns needed

for the high-precision copponents, such as optical disks, are very fine,
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chem cal etching process, or a lithography process and an el ectroform ng
process. The above-nentioned injection noldi t echppl r,.farmng the
ot cal st nEceAreg +endNapEbiEl) FhpBlinledten FESRRNARhRIRLILES, ana
the cavity plate 24 are conbined. The | owtenperature nold 20 is
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termed "packing pressure") is maintained to make the plastic

on the surface of the cavity plate 24 in the mold cavity 28. The surface of
the stamper 23 comprises the microstructure pattern so as to transfer
the microstructure pattern of the stamper 23 to the optical disk
substrate during the injection molding process. Since the surface
patterns needed for the high-precision components, such as optical
disks, are very fine, the microstructure pattern of the stamper 23 is
typically formed through a chemical etching process, or a lithography

process and an electroforming process.

The above-mentioned injection molding technology for forming the
optical storage device is a cyclical process. First, the core plate 22 and
the cavity plate 24 are combined. The low-temperature mold 20 is
subsequently filled with the high-temperature molten plastic, such as
polycarbonate, through the sprue 21. In the meanwhile, pressure

(typically termed “packing pressure”) is maintained to make the plastic



4 materials contract during the filling process, which is also called a
t her no- press nol di ng process. After a period of cooling, the

hi gh-tenperature nolten plastic cools down, and gradually solidifies,
after which steps, such as nold opening, ejection, and nold closing, are
carried out. As known to those skilled in the art, tenperature change of
partial of nolten plastic, which is in contact mnth the nold reatly
affects queaterialofcanicagr eunbg dbei fijinmepiatesst ivemichoisdiahep magl@ s 3.

Pl ease refer to Fig. 3. Fig. 3 1is a graph illustrating tenperature

di stribution curves of nol t en pl ast in the r|or art i dISk
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axis and the vertical axis is the tenperature of the nolten pl astlc
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tenperature of the nolten plastic after the nol ten plastic has been
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after the nolten plastic
carried out.

As known to those skilled in the art, temperature change of partial
of molten plastic, which is in contact with the mold, greatly affects
quality of the product during the injection molding process. Please refer
to Fig. 3. Fig. 3 is a graph illustrating temperature distribution curves of
the molten plastic in the prior art optical disk injection mold, where the
horizontal axis is the distance from the center axis and the vertical axis
is the temperature of the molten plastic varying with time. The curves
represent temperature distribution with time. Curve 1, curve 2, curve 3,
curve 4, curve 5, and curve 6 show the temperature of the molten plastic
after the molten plastic has been injected into the mold for 0.01
seconds, 0.055 seconds, 0.24 seconds, 0.55 seconds, 1.0 seconds, and
2.0 seconds, respectively. As shown in Fig. 3, after the molten plastic

has been injected into the mold, which is at a relatively low temperature,



has been injected into the nold, which is at a relatively |ow tenperature,
5 parts of the nolten plastic that are adjacent to the nold (that is, parts
of the nolten plastic at a distance of about 300 mcrometers (pm fromthe
center axis) cool down quickly in the prior art. Afterward, heat in the
nolten plastic is transmtted toward the nold, and dissipates outward, so
that all of the nolten plastic can cool down gradually. However, the

above- descpatsdobthemelten péastiotimtsreradjane mgtn thawer di(beattisnpartstefr e of
the nolten plastic which contacts the nold, (also referred to as "boundary

tenperature') decreases too rapidly, hi gher packi ng pressure nust be
appl i ed tot'ﬂ%uén@lfﬁ?@dﬁ%trﬁc AbR Iﬁ@nqer@fﬁ&@ut BOOTBICronnsters by @l feam;
operating cost, but also increases the difficulty of formng the nolten

plastic into _the_designed,product  sha | n_.order prevent the boundary
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nol di ng product, the traditional nethod changes the operation of the
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so that all of the molten plastic can cool down gradually.

However, the above-described prior art has some shortcomings.
When the temperature of the molten plastic which contacts the mold,
(also referred to as “boundary temperature”) decreases too rapidly, a
higher packing pressure must be applied to the injection molding
process. It not only increases the operating cost, but also increases the

difficulty of forming the molten plastic into the designed product shape.

In order to prevent the boundary temperature from decreasing
over-fast, and thereby deforming the injection molding product, the
traditional method changes the operation of the cooling system in the
mold, increasing the initial temperature of the mold slightly, and thus

reducing the initial temperature difference between the mold and the



6 nmolten plastic. However, this increases the required cycle tinme of the
injection nolding process, and results in a disappointing yield of the

i njection nolding apparatus. Sunmary of the Invention As a result, the
primary object of the present invention is to provide an optical disk nold
t hat has a heat-keeping surface layer forned by a thermal spraying
process, so that the optical disk nold transfers patterns nore

ef f ect i vel ynolged plasticy Howvevare this pradasengheneanitdd gicledtisie ©drthse
reduced. According to one preferred enbodi nent of the present invention,

an optical disk nold s disclosed.@;he opti cal g%sk nol d inqlﬁpe? first
mol d pl at e/NUECHEROAWIHHIG AEPEL S, aMA0 A SSUASPRY 3 isaPPeiiag ndel 9 is
positioned corresponding to the first nold plate, and a nold cavity is

i ncl uded betmeﬁg thelfjrst nnhg glate and the second nold plate. A surface
of the secOHEHBNIMAIANG FRBAIAIES: a first heat-keepi ng surface Iayer in
the nold cavity. The stanper |ies between the first nold plate and the
first heat-keeping surface |layer, and a surface of the stanper

Summary of the Invention

As a result, the primary object of the present invention is to provide
an optical disk mold that has a heat-keeping surface layer formed by a
thermal spraying process, so that the optical disk mold transfers
patterns more effectively, and the cycle time of producing the optical

disk can be reduced.

According to one preferred embodiment of the present invention,
an optical disk mold is disclosed. The optical disk mold includes a first
mold plate, a second mold plate and a stamper. The second mold plate
is positioned corresponding to the first mold plate, and a mold cavity is
included between the first mold plate and the second mold plate. A
surface of the second mold plate includes a first heat-keeping surface
fayer in the mold cavity. The stamper lies between the first mold plate

and the first heat-keeping surface layer, and a surface of the stamper



7 including a mcrostructure pattern thereon According to another preferred
enbodi nent of the present invention, a nmethod of form ng an optical disk
nold is disclosed. First, a first nold plate and a second nold plate are
provided. A nold cavity is included between the first nold plate and the
second nold plate, and the nold cavity has a di sk-shape. Subsequently, a
first spraying process is performed so as to forma first heat-keeping
surface | ayreluding a migrostaicsfire patiegodhereond plate in the nmold cavity.
Since a heat-keeping surface |ayer forned by a spraying process is
included in the optical disk nold of the present invention, and the
heat - keepi ng surface |ayer is characterized by a | ow heat-conductivity,

t he heat - keepi ng surface | ayer can increase the contact tenperature

betvveenthermten |ca t he no nthe b nni n t he
nol ten pl ast i .Ccﬂﬁﬂ Fé‘ﬁgﬁ?%u BF%‘JQ(SfeCﬂh nﬁ?}?‘?’gﬂ ‘iagﬁ ih h?g%eé@r ease
steadily and quickly after the nold caV|ty|sf|IIed so that the optical

di sk mold gan faye fn%%h?ﬁ oﬂ“f%trhﬁép aldli 2SI rrﬁzgﬂ'léwscflé‘?é’dtﬁ%t athe

cycle tinme of produclng tic can ten

first mold plate and a second mold plate are provided. A mold cavity is
included between the first mold plate and the second mold plate, and
the mold cavity has a disk-shape. Subsequently, a first spraying process
is performed so as to form a first heat-keeping surface layer on a

surface of the second mold plate in the mold cavity.

Since a heat-keeping surface layer formed by a spraying process is
included in the optical disk mold of the present invention, and the
heat-keeping surface layer is characterized by a low heat-conductivity,
the heat-keeping surface layer can increase the contact temperature
between the molten plastic and the mold in the beginning of injecting
the molten plastic. Thus, the temperature of the molten plastic can
decrease steadily and quickly after the mold cavity is filled, so that the
optical disk mold can have a better pattern—transferring ability, and that

the cycle time of producing the optical disk can be shortened.



8 These and ot her objectives of the present invention wll no doubt becone
obvious to those of ordinary skill in the art after reading the follow ng
detail ed description of the preferred enbodinment that is illustrated in
the various figures and drawings. Brief Description of the Drawings Fig. 1
is a diagramof a prior art digital versatile disk. Fig. 2 is a diagram of
a prior art optical disk injection nold. Fig. 3 is a tenperature

di stribution graph of nolten plastic in the prior art optical disk

injection nmold. Figs. 4-7 are diagrans illustrating a nmethod of form ng an
optical disk | d havi ng a heat - keepi surface | ayer.in agcordance with
the first prefé§5%eandn® FrRRkeCEves Rl %ﬁ%ﬁﬁ%ewvﬁmtmﬂ wi{lgno qubt,

tenperature distribution graph of nolten plastic in the optical disk nold

in accordapce with,the firs referr enmbadi nent, of ih pr n
| nvent on- DEcgMe 8oV ahiBEuoE S A Sruon e ent Mis RS hevor o a
0.24 seconds in accordance with the first preferred enbodi nent of the

following detailed description of the preferred embodiment that is

itlustrated in the various figures and drawings.

Brief Description of the Drawings

Fig. 1 is a diagram of a prior art digital versatile disk.

Fig. 2 is a diagram of a prior art optical disk injection mold.

Fig. 3 is a temperature distribution graph of molten plastic in the prior
art optical disk injection mold.

Figs. 4-7 are diagrams illustrating a method of forming an optical disk
mold having a heat-keeping surface layer in accordance with the
first preferred embodiment of the present invention.

Fig. 8 is a temperature distribution graph of molten plastic in the optical
disk mold in accordance with the first preferred embodiment of the
present invention.

Fig. 9 is a temperature change graph of the optical disk mold at 0.24

seconds in accordance with the first preferred embodiment of the



9 present invention. Fig. 10 is a tenperature change graph of the optical
disk nold at 0.55 seconds in accordance with the first preferred

enbodi ment of the present invention. Fig. 11 is a diagramillustrating an
optical disk nold having a heat-keeping surface |ayer in accordance with
the second preferred enbodi nent of the present invention. Fig. 12 is a
diagramillustrating an optical disk nold having two heat-keeping surface
| ayers in accqr@éandkinwariieme third preferred enbodi ment of the present
invention. Detailed Description Please refer to Figs 4-7. Figs. 4-7 are

diagrans illustrating a nethod of formng n opti cal | d 40_having a
heat - keepi hitg- k@ﬁacr@ma%aftuzi% Ghangecaranin ek theapiea 3 .Sﬁsmggqi@ﬁi}ﬁg

enbodi ment of the present invention, vvhere l'i ke nunbers designate parts,
iig'mgr”fhir of * SGPRYEHE: Aeeedgre Wi O PREE ritawed o abar nEnB L dhee oniy'
or
present invention.

Fig. 11 is a diagram illustrating an optical disk mold having a
heat-keeping surface layer in accordance with the second preferred
embodiment of the present invention.

Fig. 12 is a diagram illustrating an optical disk mold having two

heat-keeping surface layers in accordance with the third preferred

embodiment of the present invention.

Detailed Description

Please refer to Figs. 4-7. Figs. 4-7 are diagrams illustrating a
method of forming an optical disk mold 40 having a heat-keeping
surface layer 46 in accordance with the first preferred embodiment of
the present invention, where like numbers designate parts, regions or
elements similar to, or the same as, those of the prior art. It is worthy of
note that the drawings are not drawn to scale and serve only for

illustration purposes. In order to describe the embodiment briefly and

10



illustration purposes. In order to describe the enbodinment briefly and 10
to the point, a sinplified optical disk nold 40 is shown in Figs. 4-7 as
an exanple. However, it should be noted that the optical disk nold 40 can
contain further conmponents, such as a rocket ring, a sprue bush, a return
pin, a support, a knock-out pin, a sprue, a runner, and a gate. According
to different configurations of the conponents, the optical disk nold 40
can be desit@rbe peing sisigindifist opticsl djsiamalde40 gk shewn mwIFdgs.ad pf aisn nol d,
an automatic nold, a nulti-cavity nold, and so on. As shown in Fig. 4, a

first nold plate 44 and a secon ld plate 4 e provided. The s cond
mol d pl at e BBXRXAHBRIYIEVEYRE gﬁ&ﬁé%q n@a@%ﬁﬁg,t S i cﬁs cmp%f*ﬁ
process, to adjust t he shape and the thickness thereof, and subsequently

d h d fa
et 90 Bal GRS PR ol B Stk SRR SR 25,
cl eaned rough surface 422. The first nold plate 44 is | ocated above the
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optical disk nold 40

According to different configurations of the components, the optical
disk mold 40 can be designed as a single-sprue mold, a three-plates

mold, a plain mold, an automatic mold, a multi-cavity mold, and so on.

As shown in Fig. 4, a first mold plate 44 and a second mold plate 42
are provided. The second mold plate 42 undergoes some surface
treatments, such as a polishing process, to adjust the shape and the
thickness thereof, and subsequently undergoes a surface-roughing
treatment and cleaning to turn a surface region of the second mold
plate 42 adjacent to the mold cavity 48 into a cleaned rough surface 422.
The first mold plate 44 is located above the second mold plate 42, and a
mold cavity 48 is therefore formed between the two mold plates 42 and
44, Similar to the mold shown in the prior art, the optical disk mold 40
can further include at least a sprue (not shown in the figure) and at least

a cooling system (not shown in the figure). The sprue is used for

A



can further include at |east a sprue (not shown in the figure) and at |east
a cooling system (not shown in the figure). The sprue is used for 11
directing the nolten plastic to flowinto the nold cavity 48, and the
cooling system keeps the optical disk nold 40 at a relatively | ow
tenperature, so as to decrease the tenperature of the nolten plastic in
the nold cavity 48. The first nold plate 44 and the second nold plate 42
are usual | diregtiend then rapltemg prestisr kel flowi inito gidied nielgl caviti udt,i and ythe such
as steel. Furthernore, as shown in Fig. 5 a hot-spraying plating process

is perfornmed to forma connecting coating, |ayer 462, a heat-insulating
coating | afeplinga sysiedn akeepsthemstical odisikn gnelg 0 zmaaoﬁaﬁﬁaeﬁfo&aw

surface 422 of the second nold plate 42. The connecting coating |ayer 462
can be forped of ceranic terials or t al terigls, such a 1 r.coni um
oxi de or alRPRIAHRCREIA%]q Bycreavs thy TRnprEAtERgl D Fioter Biastisihi e

second nold plate 42 with the first heat-keeping surface layer 46 firmy
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42 are usually made from strong materials with good heat conductivity,

such as steel.

Furthermore, as shown in Fig. 5, a hot-spraying plating process is
performed to form a connecting coating layer 462, a heat-insulating
coating layer 464, and a first smooth coating layer 466 on the rough
surface 422 of the second mold plate 42. The connecting coating layer
462 can be formed of ceramic materials or metal materials, such as
zirconium oxide or aluminum-nickel alloy, that bind the rough surface
422 of the second mold plate 42 with the first heat-keeping surface
layer 46 firmly and tightly, and have a thickness of about 50 um. The
heat-insulating coating layer 464 can include some heat-insulating
materials, which have a lower heat-conducting coefficient than the
optical disk mold 40. For instance, ceramic materials, such as aluminum
oxide, zirconium oxide, or yttrium oxide can be applied to the

12



material s, which have a | ower heat-conducting coefficient than the optical
di sk nold 40. For instance, ceramc materials, such as alum num oxi de,

zi rconium oxide, or yttrium oxide can be applied to the 12 heat-insul ating
coating layer 464. In addition, the thickness of the heat-insulating
coating layer 464 is approximately in a range from 100 pmto 1000 pm and
preferably in a range from 150 pmto 250 pm Furthernore, the first snooth
coati ng | apeat4@sutatingecontiieg flager 2464.nén addidicnal thes iblckaessuasthen
carbide or alumnumsilicide, and has a thickness of about 50 pm Detailed
structure, and the thickness of the first heat-ker_i ng surfafce I?ﬁgr 46
are not |i heatdnsblathia ceabing It¥at 464 ist Meprpasmtely ivadanes, rafy ' P8n be
adj usted according to the actual design of the optical disk nold 40. After

the first snoqth ting |layer .466 . s sprayed, .a ld shin e can be
carried outgPi Bﬁﬁ | YTBARG Prefer Iyéﬂngtrﬁ}q@Saﬁrpﬂgql éxrmgtéjgﬁggg 'n and
snooth the surface of the first heat-keeping surface |layer 46. As shown in

9 %, SRR S8 Rk Rl YR AR b ek 201 o
material, such as tungsten carbide or aluminum silicide, and has a
thickness of about 50 um. Detailed structure, and the thickness of the
first heat-keeping surface layer 46 are not limited to this embodiment
of the present invention, and can be adjusted according to the actual
design of the optical disk mold 40. After the first smooth coating layer
466 is sprayed, a polishing process can be carried out optionally on the

first smooth coating layer 466 to even and smooth the surface of the

first heat-keeping surface layer 46.

As shown in Fig. 6, a chemical mechanical polishing (CMP} process,
or another plating process, can then be performed to form a second
smooth coating layer 468 on the surface of the first smooth coating
layer 466. The second smooth coating layer 468 can be made from finer
materials, such as a diamond-like carbon coating (DLC) or titanium

nitride (TiN), and has a thickness of about 2 um. In the preferred

13



snooth coating |layer 468 on the surface of the first snooth coating |ayer
466. The second snooth coating | ayer 468 can be made fromfiner materials,
such as a di anond-|i ke carbon coating (DLC) or titanium nitride (TiN, and
has a thickness of about 2 pm In the preferred 13 enbodinent, the
connecting coating |layer 462, the heat-insulating coating |ayer 464, and
the first snooth coating |ayer 466 are all formed by neans of hot-spraying
processes. eHoedinent,otihmtdiomattingecdandayensidy, thatheaf-insdatings is
not limted to the hot-spraying process. Next, as shown in Fig. 7, a
stanper 43 is provided. The stanmper 43 is positioned aon the side of the
second ol goptisggdayer 4b4ernchihesfise gnooth&opting laysr 468 ateaiformedne nol d
cavity 48, and the optical disk nold 40 is therefore fabricated. In this

mbodi t, the st 43 i I d the fi heat - keepj f
ayer 46 oPYIMEABEEUMP PR NGUS OfsseartiOMekfar TR Of IBOSERARE 43

has a mcrostructure pattern (not shown in the figure). The m crostructure

pattern | sl o ATl Bafle €T RN oB 6L BT OGRR i TprbBEGUON 2

| i t hogr aphy 'process rmng proces i s?use
fabricate an optical disk having

Next, as shown in Fig. 7, a stamper 43 is provided. The stamper 43
is positioned on the side of the second mold plate 42 or on the side of
the first mold plate 44 in the mold cavity 48, and the optical disk mold
40 is therefore fabricated. In this embodiment, the stamper 43 is placed
on the first heat-keeping surface layer 46 of the second mold plate 42,
and the surface of the stamper 43 has a microstructure pattern (not
shown in the figure). The microstructure pattern is usually formed by a
chemical etching process, or through a lithography process and an
electroforming process, and is used to fabricate an optical disk having
the microstructure pattern. The stamper 43 can be fixed to the second
mold plate 42 by means of inlaying or adhering, or it can be formed
directly on the second mold plate 42. Since the shape formed by the
optical disk mold 40 substantially depends on the shape of the mold

cavity 48, the mold cavity 48 of the present invention should be

14



the mcrostructure pattern. The stanper 43 can be fixed to the second nold
pl ate 42 by nmeans of inlaying or adhering, or it can be formed directly on
the second nold plate 42. Since the shape forned by the optical disk nold
40 substantially depends on the shape of the nold cavity 48, the nold
cavity 48 of the present invention should be 14 disk-shaped. The nold
cavity 48 is substantially symetric to a symetric axis 47 that is

appr oxi mat @isktshapeeht dheaxneldbfcaviey 14§ eist stbshantially phyevmetricThe a
tenperature change of part of nolten plastic in contact with the optica
disk nold 40 greatly affects the quality of the product d*ring,the

i nj ection AYMHNAYIQR¥ERSL. thatdsapnrepxdmatelyrihgsce et @xiguaf dheinjededat e
tenperature change conditions of the nold. The chart data shown in Figs.
8-10 are obtqinedffron1sinulating and anal yzing the nold coating |ayers by
the finitelePErRM 2%t ware ANSYS(r). The analysis is conducted under
operating conditions, where the heat-conducting coefficient of the nolten
plastic is 0.204 watts per neter per degree centigrade (WnC), the density
of the nolten plastic is 1194.8 kil ograns per cubic

The temperature change of part of molten plastic in contact with the
optical disk mold 40 greatly affects the quality of the product during the
injection molding process. Please refer to Figs. 8-10, which illustrate
temperature change conditions of the mold. The chart data shown in
Figs. 8-10 are obtained from simulating and analyzing the mold coating
layers by the finite element software ANSYS®. The analysis is conducted
under operating conditions, where the heat-conducting coefficient of
the molten plastic is 0.204 watts per meter per degree centigrade
(W/m®°C), the density of the molten plastic is 1194.8 kilograms per cubic
meter (kg/ms3), the specific heat of the molten plastic is 1384 joules per
kilogram per degree centigrade (J/kg°C), the heat-conducting
coefficient of the mold 40 is 20 W/m°C, the density of the mold 40 is
7740 kg/m3, the specific heat of the mold 40 is 460 J/kg°C, the
heat-conducting coefficient of the stamper 43 is 10.9 W/m°C, the

density of the stamper 43 is 8080 kg/m3, the specific heat of the
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meter (kg/nB), the specific heat of the nolten plastic is 1384 joul es per
kil ogram per degree centigrade 0/kgC), the heat-conducting coefficient of
the nold 40 is 20 WnC, the density of the nold 40 is 7740 kg/ nB, the
specific heat of the nold 40 is 460 j/kgC, the heat-conducting coefficient
of the stanper 43 is 10.9 WnCC, the density of the stanper 43 is 8080

kg/ n8, the specific heat of the 15 stanper 43 is 462 J/ kgC, the

heat - condustamgecoéBfici4od Likghe theerhmdtecondactiaps cosfficienwolC thehe
density of the ceramc materials is 6000 kg/nB, the specific heat of the
ceramic materials is 400 J/kgC, the initial tenperatures of the first nold
plate 44 aRBramic Bwdenalsis 8.8 W /AnCathegensiypfiite ceragnie maserialst isal
tenperature of the nolten plastic approaches 340 T. Fig. 8 is a graph

illustrati he te ature distribution curves of the.no n,plastic in
the opt | caPOROKo HEPa thE Shecifle tear bl cRHEmES masedtdlS iSAGT a5 ons rent
of the present invention, where the horizontal coordinate is the distance

from the ognt gl tondfaliies SPEAL Ffbt ARAATHAR 94 nbMhe! SIRFIAHIIA Of the

nol ten pl asti ryi

plate 42 approach 107 °C, and the initial temperature of the molten

plastic approaches 340 °C.

Fig. 8 is a graph illustrating the temperature distribution curves of
the molten plastic in the optical disk mold 40 in accordance with the
first preferred embodiment of the present invention, where the
horizontal coordinate is the distance from the center axis and the
vertical coordinate is the temperature of the molten plastic varying with
time. The curves represent the temperature distribution varying with
time. Curve 101, curve 102, curve 103, curve 104, curve 105 and curve
106 represent the temperatures of the molten plastic after the molten
plastic has been injected into the mold for 0.01 seconds, 0.055 seconds,
0.24 seconds, 0.55 seconds, 1.0 seconds and 2.0 seconds, respectively.
As shown in Fig. 8, at 0.0]1 seconds, when the molten plastic just

contacts the optical disk mold 40, part of the molten plastic adjacent to
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time. The curves represent the tenperature distribution varying with tine.
Curve 101 , curve 102, curve 103, curve 104, curve 105 and curve 106
represent the tenperatures of the nolten plastic after the nolten plastic
has been injected into the nold for 0.01 seconds, 0.055 seconds, 0.24
seconds, 0.55 seconds, 1.0 seconds and 2.0 seconds, respectively. As shown
in Fig. 8, at 0.01 seconds, when the nolten plastic just contacts the
optical di ke melativily qedd toptficalhdiskoimode 40,asei thedjaat @ftmodeniplastis
relatively cold optical disk nold 40, i.e. the part of nolten plastic 300

pmfromthe center axis of the nolten plastic, drops in t,engerature. From
0.01 second®0iemoiross tkecentrr axisAl Wenmalieauriastichdraps iR MPCLAYTE: 1 ai ses
the tenperature of the partial nolten plastic adjacent to the optical disk

nold 40 (the nolt | astjc bej part fromthe center , axis. of the nolten
plastic fo r%@bop(ﬁ?_g%qr@rs 690@2%5'2@%89?% Sentainnd a'innt@e irﬂoitﬁ nol t en
plastic is transmtted toward the optical disk nold 40, and di ssipates

t d ; fi .t : ' ' t
ol ton pi' 281t B uf2ig¥p shectesBesfFS S s PR o bR adlacinid
steadily, and the whole nolten plastic can drop in

the optical disk mold 40 (the molten plastic being apart from the center
axis of the molten plastic for 300 um). After 0.055 seconds, the heat
contained in the molten plastic is transmitted toward the optical disk
mold 40, and dissipates outward gradually, so that all parts of the
molten plastic, i.e. the molten plastic at 0 ym to 300 um from the center
axis, can cool down steadily, and the whole molten plastic can drop in
temperature and solidify bit-by-bit. Compared with Fig. 3, the optical
disk mold 40 having the first heat-keeping surface layer 46 indeed
increases the temperature of the molten plastic that is in contact with
the optical disk mold 40 in the present invention, and makes the
temperature of the molten plastic decrease steadily and quickly after the
mold cavity 48 is filled. Since the over-fast decrease of the boundary
temperature is prevented, a lower initial temperature of the optical disk
mold 40 can be set by adjusting the cooling system. Accordingly, when

the optical disk mold 40 having the first heat-keeping surface layer 46
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tenperature and solidify bit-by-bit. Conpared with Fig. 3, the optica

di sk nold 40 having the first heat-keeping surface |ayer 46 indeed

i ncreases the tenperature of the nolten plastic that is in contact with
the optical disk nold 40 in the present invention, and makes the
tenperature of the nolten plastic decrease steadily and quickly after the
mol d cavity 48 is filled. Since the over-fast decrease of the boundary

t enper at ur és iwdilizesk etitee fipllawlingustepai sugh agrpotdcitapenio, wehectopdi ead di sk
nol d 40 can be set by adjusting the cooling system Accordingly, when the

optical disk nold 40 having the first heat-keeping Turface Iag/elr 4?‘ 17 is
utilized, fHRIKk SIODRADNgCHR eB@ Caiiad RUhoNarepereedy-efscii hg>ullindhenol d
cl osing, can be carried out nore speedily. As a resul t, the

pattern-transf er b||| f the tical (di krml can increased, and
Phe cyci e PRRETBr iansiererRyitmar Bt i dticall S RiclyeRa i BRaimrRrEErs | o3
gr aph |IIustrat|ngtheterrperature di stribution curve of the optical disk

ol 9,40 2t oBheSERIP b HAGRRAIARGINE SN Sl bEIEFRE Rk enbodi e

of the present ion I's’a ustrating
tenperature distribution curve of t he optlcal dISk nmol d

Fig. 9 is a graph illustrating the temperature distribution curve of
the optical disk mold 40 at 0.24 seconds in accordance with the first
preferred embodiment of the present invention, and Fig. 10 is a graph
itlustrating the temperature distribution curve of the optical disk moid
40 at 0.55 seconds in accordance with the first preferred embodiment
of the present invention. The horizontal coordinate shows the thickness
of the first heat-keeping surface layer 46 in the optical disk mold 40,
and the vertical coordinate shows the contact temperature of the
contact area between the molten plastic and the optical disk mold 40.
As shown in Fig. 9 and Fig. 10, as the thickness of the first heat-keeping
surface layer 46 increases, the contact temperature also increases.
Increase of the contact temperature is especially excellent when the
thickness of the first heat-keeping surface layer 46 is under 400 um. On

the other hand, when the thickness range of the first heat-keeping
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40 at 0.55 seconds in accordance with the first preferred enbodi nent of
the present invention. The horizontal coordinate shows the thickness of
the first heat-keeping surface layer 46 in the optical disk nold 40, and
the vertical coordinate shows the contact tenperature of the contact area
between the nolten plastic and the optical disk nmold 40. As shown in Fig.
9 and Fig. 10, as the thickness of the first heat-keeping surface |ayer 46
i ncreases, stlf@ceolyactdt enpeeds $P ansothainegase. quanitiyels thotonkcicont act
tenperature is especially excellent when the thickness of the first

heat - keepi ng surface | ayer 46 is under 400 p t he ot her hand, en the
thi ckness Fam@eraturers ipferder Fféélﬁa%égﬁ?% rstlgééi???ﬁea@éngéyé&%gag%é ds 400

pm the increase quantity in the contact tenperature is inferior to that
of the first heaf:keepi surface | ayer 46 ,under 400 pm Sin
Cenper at ur BNGRESo P radt sh de mbt iy re dotoRbr 08kt B 19F &
heat - keepi ng surface | ayer 46, and the tenperature does not increase
enough for , i yel i b LES t- i 0g f I r , the
t hi ckness Baathﬁg%i ?@fxﬁéaltfﬁsgegltehg%eseﬁﬁgceﬁﬁggg&? Jl%wsrhgﬁﬁ’d %be{&i ntﬁg range
from 100 pmto 800 pm
temperature does not increase enough for a relatively thinner first
heat-keeping surface layer 46, the thickness of the first heat-keeping
surface layer 46 should be in a range from 100 ym to 800 um,
preferably 400 um, for the above operating conditions of the present
invention. Taking the current optical disk process for forming standard
optical disks as an example, the contact temperature increases from the
original 123.7 °C to 131.3 °C when the first heat-keeping surface layer
46 having a thickness of 400 um is included in the optical disk mold 40.
As known to those skilled in the art, the preferred thickness range of the
first heat-keeping surface layer 46 can be adjusted according to factors,

such as mold type, product design, properties of raw materials, and

operating temperature,.

In addition, please refer to Fig. 11. Fig. 11 is a diagram illustrating

an optical disk mold 50 having a heat-keeping surface layer 56 in
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preferably 400 pm for the above operating conditions of the present
i nvention. Taking the current optical disk process for form ng standard
optical disks as an exanple, the contact tenperature increases fromthe
original 123.7 Cto 131.3 C when the first heat-keeping surface |ayer 46
havi ng a thickness of 400 pmis included in the optical disk nold 40. As
known to those skilled in the art, the preferred thickness range of the
first heat akeeplangeswithcthé asanontb pradfebredadinubodimant ovfdithg poesatt or s,
such as nold type, product design, properties of raw materials, and
operating tenperature. In addition alease refer to F i 11 is a
S

ig. 1 1. Fig.
di agram i | INMENRMNAS sheVEDbi Ei. b ehﬁpaicgbd'rﬁé«/mﬂjdg%%ﬁluréééé ﬂ@s"sur face

| ayer 56 in 19 accordance with the second preferred enbodi nent of the
D Tiret nAlooiiRe S8 SEcoh WOl Blaiteo2o.d VA A4V B 58, PR | rat
heat - keepi ng surface layer 56, and a stanper 53. In this enbodinent, the
[115% et pSRBLIENT 984 B 56, FRUTH MR S @ iE¥mbBaHhehino
the first heat-keeping surface Ilayer 56 mainly contains a
heat-insulating coating layer 564 having a low heat-conducting
coefficient, where the connecting coating layer, the first smooth coating
layer, and the second smooth coating layer are optional components.
For instance, the first heat-keeping surface layer 56 can include merely
a heat-insulating coating layer 564 and a first smooth coating layer 566,
omitting the connecting coating layer and the second smooth coating
layer shown in the first preferred embodiment. The thickness of the
heat-insulating coating layer 564 can be 100 um to 1000 um,
preferably ranging from 100 um to 400 um. The first smooth coating

layer 566 can be made from fine materials, such as tungsten carbide or

aluminum silicide, and has a thickness of about 50 um.

Furthermore, a second heat-keeping surface layer and a first

heat-keeping surface layer can be formed respectively on the first mold
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coefficient, where the connecting coating layer, the first snooth coating
| ayer, and the second snooth coating |ayer are optional conponents. For
i nstance, the first heat-keeping surface |layer 56 can include nerely a
heat-insul ating coating |ayer 564 and a first snooth coating | ayer 566,
omtting the connecting coating | ayer and the second snooth coating |ayer
shown in the first preferred enbodi nent. The thickness of the

heat - i nsul piatecarabshé sgcoagaenokbg!atarinibel®@ spnt iroverGimn phipasprefesrtabl y
ranging from 100 pmto 400 pm The first snooth coating |ayer 566 can be
made fromfine materials, such as tungsten carbide or alumnumsilicide,
and has a fHi.ckhekig.dr2 Bbawiagmmpnilustreging asrantical ghskmaolb&0- ha¥pong
surface layer and a first heat keepi ng surface | ayer can be forned

tivel the first 0 pla d, t d th
oresent | bR Rek KpEBIS SLBrase (e bba d 8D Fhacterditagyiivine |

illustrating an optical disk nold 60 having two heat-keeping surface

the. pr esent TR FRC STBCRARRG O Puk WisshBt Sl TREFIIEEIRY, Deer

simplified. As shown in Fig. 12, the
mold 60 shown in Fig. 12 has been simplified. As shown in Fig. 12, the
optical disk mold 60 includes a first mold plate 64, a second mold plate
62, a mold cavity 68, a first heat-keeping surface layer 66a, a second
heat-keeping surface layer 66b, and a stamper 63. The second mold
plate 62 and the first mold plate 64 have a cleaned rough surface 622
and a cleaned rough surface 642, respectively, and the two rough
surfaces 622 and 642 are adjacent to the mold cavity 68. Subsequently,
the first heat-keeping surface layer 66a and the second heat-keeping
surface layer 66b are formed on the rough surface 622 and the rough
surface 642, respectively, by means of the hot-spraying processes
disclosed in the above-mentioned embodiments. The first
heat-keeping surface layer 66a and the second heat-keeping surface
layer 66b are both made from heat-keeping materials having low

heat-conducting coefficients, and range between 50 um and 1000 um

in thickness.
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opti cal

62, a nold cavity 68, a first heat-keeping surface |ayer
heat - keepi ng surface | ayer 66b, and a stanmper 63. The second nold plate 62
and the first nold plate 64 have a cl eaned rough surface 622 and a cl eaned
rough surface 642, respectively, and the two rough surfaces 622 and 642

are adjacent to the nold cavity 68. Subsequently,
surface | ayer 66a and the second heat - keepi ng
on the rough surface 622 and the rough surface 642, respectively, by neans

disk nmold 60 includes a first nold plate 64, a second nold plate

66a, a second

of the hot-spraying processes disclosed in the above-nentioned

enbodi nment s.
heat - keepi ng
havi ng | ow heat-conducting coefficients,
pm in thig
contains four steps: raw material nelt, particle acceleration, particle
and solidification. In the raw nmaterial nelting step, solid raw

i npact,
mat eri al

el ot SO A iRt it doans ke
ks sraw Infaeaanhlhylts pealtidhg, acciotat i, apangcler degast,mandl y
i solidification. In the raw material melting step, solid raw material is
melted into the liquid state by heating. Afterward, the particles are
accelerated, so that the molten particles can impact the surface of the
second mold plate. Accordingly, the molten particles can have flat
shapes and adhere to the rough surface of the second mold plate. Next,
the molten material solidifies and turns into a heat-keeping surface
layer immediately. Depending on different heat sources utilized in the
raw material melting step, the raw material melting process can be
divided into plasma spraying treatments, high velocity oxy-fuel
spraying treatments, combustion flam spraying treatments, and arc
spraying treatments. Each of the said spraying treatments, or a
combination of the above-mentioned spraying treatments, can be
adopted as a hot-spraying process in the present invention. For
example, the plasma spraying treatment, the high velocity oxy-fuel

spraying treatment, and the combustion flam spraying treatment are

appropriate for handling powdery raw materials, while the arc spraying

22

the first heat-keeping
surface | ayer 66b are forned

e from heat-keeping materials
and range between 50 pm and 1000



nelted into the liquid state by heating. Afterward, the particles are

accel erated, so that the nolten particles can inpact the surface of the
second nold plate. Accordingly, the nolten particles can have flat shapes
and adhere to the rough surface of the second nold plate. Next, the nolten
material solidifies and turns into a heat-keeping surface |ayer

i mredi ately. Depending on different heat sources utilized in the raw

mat eri al nédetatoge et eould hee rinappaopriase. Mel addigioo, othes plasmabésprayingded
into plasma spraying treatnments, high velocity oxy-fuel spraying
treatnments, conbustion flam spraying treatnents, and arc ra

tr eat nent stre@émertsfartd]éhg&llahs\mlayithgmwéaehﬁﬁf@'martrgatra%ﬂgaﬁ%ﬁ? fof the
above-nmenti oned spraying treatnents, can be adopted as a hot-spraying

process in the, prese i tion. For exanple, the plasma spraying
treat ment , YPAHItRAGR 6@”@@ ;] BYeMatepAyi ng treat ment, and the
conbustion flam spraying treat ment are appropriate for handling powdery
raw materials, while the arc spraying 22 treatnent woul d be i nappropriate.
In addition, the plasma spraying treatnent and the high velocity oxy-fuel
spraying treatnent are rather

The present invention simplifies the process of forming the
heat-keeping surface layer, and makes the structure of the produced
optical disk mold firmer and more stable, because the heat-keeping
surface layer is formed by the hot-spraying process. If the heat~keeping
surface layer is formed by an electroplating process, only an extremely
thin coating layer can be coated on the surface of the target, and a
heat-keeping surface layer having the preferred thickness cannot be
fabricated easily. On the other hand, if a heat-insulating object is
applied by means of insertion, the process of forming the
heat-insulating object will be over-complicated. Moreover, the
structure of the heat-insulating object installed by insertion is not as
firm as the structure of the heat-keeping surface layer fabricated by the
hot-spraying process. As a result, the temperature adjusting ability and
the mold operating efficiency of the heat-insulating insert less
impressive than the heat-keeping surface layer fabricated by the
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unsuited to handling linear raw materials. The present invention sinplifies
the process of formng the heat-keeping surface |ayer, and makes the
structure of the produced optical disk nold firmer and nore stable,
because the heat-keeping surface layer is forned by the hot-spraying
process. If the heat-keeping surface layer is fornmed by an el ectroplating
process, only an extrenely thin coating |ayer can be coated on the surface
of the tardet;spragirg pieaeskeepi ng surface | ayer having the preferred

t hi ckness cannot be fabricated easily. On the other hand, if a

heat-insul ating object is applied by neans of insertion, the process of
formng the heat-insulating object will be over-conplicated. Mreover, the
structure of the heat-insulating object installed by insertion is not as
firmas the structure of the heat-keeping surface |ayer fabricated by the

hot - sprayi ng Brixfpsspeaking/ dsdauset tiee teppedladigie adjdisofi nheaprésdant and
the nol d operating efficiency of the heat-insulating insert |ess

i npressive than the heat-keeping surface |ayer fabricated b?; the 23

hot - spr ayi inyentaoeswinly contains a heat-keeping surface layer, which is formed

by a hot-spraying process and has a low heat-conducting coefficient,
the heat-keeping surface layer can retain the heat briefly when the
molten plastic is just injected. Thus, the heat-keeping surface layer can
indeed increase the contact temperature of the interface of the molten
plastic and the optical disk mold. Accordingly, no residual stress exists
in the border of the molten plastic adjacent to the optical disk mold, and
the pattern-transferring ability of the optical disk mold is improved. On
the other hand, since the temperature of the molten plastic decreases
steadily and quickly after the mold cavity is filled, the present invention
meets the injection requirement, “Inject at a high temperature, and cool
at a low temperature”. It not only shortens the cycle time of producing
the optical disk, but also increases the tensile strength of products, the

photoelastic property, and the appearance of the welding line.

Those skilled in the art will readily observe that numerous

24



Briefly speaking, because the optical disk nmold of the present invention
mai nl y contai ns a heat-keeping surface |ayer, which is fornmed by a

hot - sprayi ng process and has a | ow heat-conducting coefficient, the
heat - keepi ng surface |layer can retain the heat briefly when the nolten
plastic is just injected. Thus, the heat-keeping surface |layer can indeed
i ncrease the contact tenperature of the interface of the nolten plastic
and t he optedificitidnsnand. alterasiadisngf yhe mbevies ianchimeathosk sa bet gadien t he
border of the nolten plastic adjacent to the optical disk nmold, and the
pattern-transferring ability of the optical disk nold is inproved. On the
ot her handWhileretaimiag dipteaghings of thRENKBNTIBA: pl asti ¢ decreases steadily
and quickly after the nold cavity is filled, the present invention neets
the injection requirenent, "Inject at a high tenperature, and cool at a

| ow tenperature”. It not only shortens the cycle tinme of producing the
optical disk, but also increases the tensile strength of products, the

phot oel astic property, and the appearance of the welding Iine. Those
skilled in the art will readily observe that nunerous 24 nodifications and
alterations of the device and nethod may be nade
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while retaining the teachings of the invention. 25 Clains Wat is clained
is: 1. An optical disk nold, conprising: a first nold plate; a second nold
pl ate positioned corresponding to the first nold plate, formng a nold
cavity di sposed between the first nold plate and the second nold plate,
conprising a first heat-keeping surface |ayer disposed on a surface of the
second nold plate in the nold cavity; and a stanper positioned between the
first nol dGhdimme and the first heat-keeping surface |layer, and having a
m crostructure pattern positioned on a surface of the stanper. 2. The
optical disk nold of claim1l, wherein the nold cavity is disk-shaped. 3.
The opti caWhitsig aidiraedfiscl aim 1, wherein the first heat-keeping surface
| ayer conprises a ceranmic naterial.
1. An optical disk mold, comprising:
a first mold plate;
a second mold plate positioned corresponding to the first mold
plate, forming a mold cavity disposed between the first mold
plate and the second mold plate, comprising a first heat-keeping
surface layer disposed on a surface of the second mold plate in
the mold cavity; and
a stamper positioned between the first mold plate and the first

heat-keeping surface layer, and having a microstructure pattern

positioned on a surface of the stamper.

2. The optical disk mold of claim 1, wherein the mold cavity is

disk—-shaped.

3. The optical disk mold of claim 1, wherein the first heat-keeping

surface layer comprises a ceramic material.
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26 4. The optical disk nold of claiml1l , wherein the first heat-keeping
surface | ayer conprises al um num oxi de, zirconium oxide, or yttrium oxide.
5. The optical disk nmold of claiml, wherein the first heat-keeping

surface | ayer conprises a connecting coating |ayer, a heat-insulating
coating layer, a first snooth coating |ayer, and a second snooth coating |
aye r. 6. The optical disk nold of claim5, wherein the heat-insul ating
coating | dyefhe opticilt d ke drald Dlﬂeciatmnéctwh@’emimalﬂ'len@r‘shmlat kérpinor st
snooth coating layer is positioned on the heat-insulating coating |ayer,
and the second snmooth coating |layer is positioned on the first snooth
coating | ayéfraceﬂawhéomprléaqs ady BUNHB @Xdele c ziceniy MypEIds.nOt WEtTEYMnect i ng
coating |ayer conprises a netal material or a ceramc material. 8. The
optical disk.nold of claim5, wherein the heat-insulating coating 27 |ayer
conprises X4 -anmi c material .

5. The optical disk mold of claim 1, wherein the first heat-keeping
surface layer comprises a connecting coating layer, a heat-insulating
coating layer, a first smooth coating layer, and a second smooth coating

layer.

6. The optical disk mold of claim 5, wherein the heat-insulating coating
layer is positioned on the connecting coating layer, the first smooth
coating layer is positioned on the heat-insulating coating layer, and the
second smooth coating layer is positioned on the first smooth coating

fayer.

7. The optical disk mold of claim 5, wherein the connecting coating

layer comprises a metal material or a ceramic material.

8. The optical disk mold of claim 5, wherein the heat-insulating coating
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9. The optical disk nold of claim5, wherein the first snooth coating

| ayer conprises tungsten carbide. 10. The optical disk nold of claimb,
wherein the second snooth coating |ayer conprises a dianond-I|ike carbon
coating or titanium nitride. 1 1 . The optical disk nold of claiml,
wherein the first nold plate conprises a second heat-keeping surface | ayer
on a surface of the first nold plate in the nold cavity. 12. A nethod of
f or mi ng anlaysri aahpdisek ao¢@micomatésgbhg: providing a first nold plate and
a second nold plate, the second nold plate having a nold cavity di sposed
between the first nold plate and the second nold plate, the nold cavity
havi ng a disk-shape; and performng a first spraying process so as to

di spose a first 28 heat-keeping surface |layer on a surface of the second

ol 3 plat o L9, 11ie | Rl ol TS BRSOl KPS0 i1 EbEkRG 1

layer comprises tungsten carbide.

10. The optical disk mold of claim 5, wherein the second smooth
coating layer comprises a diamond-like carbon coating or titanium

nitride.

11. The optical disk mold of claim 1, wherein the first mold plate
comprises a second heat-keeping surface layer on a surface of the first

mold plate in the mold cavity.

12. A method of forming an optical disk mold, comprising:
providing a first mold plate and a second mold plate, the second
mold plate having a mold cavity disposed between the first mold
plate and the second mold plate, the mold cavity having a
disk-shape; and

performing a first spraying process so as to dispose a first
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conprises a plasma spraying treatnment, a high velocity oxy-fuel spraying
treatnent, a conbustion flamspraying treatnent, or an arc spraying
treatnment. 14. The nethod of claim 12, wherein the first heat-keeping
surface layer is forned on a rough surface of the second nold plate. 1 5.
The nethod of claim 12, further conprising a step of performng a

pol i shing process on the first heat-keeping surface |ayer. 16. The nethod
of claim 12, fuheherkespipg sinfaca lsteepnt urbadadofitha sesoadpuoldiptate t he
step of performng the first spraying process. 1 7. The nethod of claim 16,
wherein the stanper is positioned between the first nold plate and the
first heat-keepithgheuneiteayityer, and 29 conprises a microstructure
pattern on a surface of the stanper. 18. The nethod of claim 12, wherein
the first heat-keeping surface |ayer conprises a ceramc material. 19. The
met hod of claim 12, wherein the first heat-keeping surface |ayer conprises
a connecting coating layer, a heat-insulating coating |ayer, and a first

smoot h Coat1i3r.]gThgy%ethod of claim 12, wherein the first spraying process
comprises a plasma spraying treatment, a high velocity oxy-fuel
spraying treatment, a combustion flam spraying treatment, or an arc

spraying treatment.

14. The method of claim 12, wherein the first heat-keeping surface

fayer is formed on a rough surface of the second mold plate.

15. The method of claim 12, further comprising a step of performing a

polishing process on the first heat-keeping surface layer.

16. The method of claim 12, further comprising a step of providing a

stamper after the step of performing the first spraying process.

17. The method of claim 16, wherein the stamper is positioned between

the first mold plate and the first heat-keeping surface layer, and
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20. The nethod of claim 19, wherein the heat-insulating coating |layer is
formed on the connecting coating |layer, and the first snooth coating |ayer
is formed on the heat-insulating coating layer. 21. The nethod of claim 19,
wherein the connecting coating |layer conprises a netal material or a
ceramic material. 22. The nmethod of claim19, wherein the heat-insulating
coating layer conprises a ceramc material. 30 23. The nethod of claim19,
wher ei n t heofriprise savntdrostraicitnge pagtern croapuirface ofibpes stameearbi de. 24. The
met hod of claim 19, further conprising a step of performng a polishing
process on the first snmooth coating |ayer. 25. The nethod of claim19,
further conprising a step of performing a chem cal vapor deposition
process to forma second sm)oth coati ng Iayer on a surface of the first

snoot h coatin ayer D, n_the $Eco nd snoot h
coating | a§§rgr ?Fhfég E’é’%hg Egredg H’S‘élvﬁ]er‘i'ﬁ IS?EP'intgaﬁPﬂrﬁ “fitride.
27. The net hod of cI aim 12, further conprising perform ng a second

layer comprises a ceramic material.

19. The method of claim 12, wherein the first heat-keeping surface
layer comprises a connecting coating layer, a heat-insulating coating

layer, and a first smooth coating layer.

20. The method of claim 19, wherein the heat-insulating coating layer is
formed on the connecting coating layer, and the first smooth coating

layer is formed on the heat-insulating coating layer.

21. The method of claim 19, wherein the connecting coating layer

comprises a metal material or a ceramic material.

22. The method of claim 19, wherein the heat-insulating coating layer

comprises a ceramic material.
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spraying process to forma second heat-keeping surface |l ayer on a surface
of the first nold plate in the nold cavity. 31
23. The method of claim 19, wherein the first smooth coating layer

comprises tungsten carbide.

24. The method of claim 19, further comprising a step of performing a

polishing process on the first smooth coating layer.

25. The method of claim 19, further comprising a step of performing a
chemical vapor deposition process to form a second smooth coating

layer on a surface of the first smooth coating layer.

26. The method of claim 25, wherein the second smooth coating layer

comprises a diamond-like carbon coating or titanium nitride.

27. The method of claim 12, further comprising performing a second

spraying process to form a second heat-keeping surface layer on a

surface of the first mold plate in the mold cavity.
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